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Forward & Executive Report 

 
The organizers of the International Conference on Systematic Innovation (ICSI) and Global 

Competition on Systematic Innovation (GCSI) are pleased to present the proceedings of the 

conference and the Program of Innovative Project Exhibition which includes 60 papers and 24 finalist 

innovation projects.  

This conference is co-organized by International Society of Innovation Methods (I-SIM), Society 

of Systematic Innovation (SSI), iCenter of Tsinghua University, Chinese Ergonomics Society, Hebei 

University of Technology, Chinese Society of TRIZ, Maker Education Base Alliance, and the Journal 

of Systematic Innovation (IJoSI). Whether the papers included in the proceedings are work-in-

progress or finished products, the conference and proceedings offer the authors opportunities to 

disseminate the results of their research and receive early feedback from colleagues, without the long 

waiting associated with publication in peer-reviewed journals. On the other hand, the presentations 

and the proceedings do not preclude the option of submitting the work in an extended and finished 

form for publication in any peer-reviewed journal. 

The organizers are greatly indebted to a number of people who gave their time to make the 

conference a reality. In particular, Professors S.S. Lee, R.H. Tan, Wei Zhang, Ben Koo, and their 

wonder teams from the local host greatly contributed to the conference. Special credit should also go 

to the secretriat team of I-SIM/SSI. The list of organizations and working team who have contributed 

tremendous amount of time and efforts to create this conference are acknowledged at the end of this 

program brochure. There are more contributors who are beyond the list. 

The conference is a leading SI/TRIZ international conferences in the world in the field of 

innovation methods typical has one of the best quality programs. The next ICSI conference will be in 

National Tsing Hua University, Hsinchu, Taiwan. Hsinchu is known as the Silicon Valley of Taiwan 

famous for many high-technology companies. There will also be the tradition of Scenic and Technical 

tours immediate before conference days. You are invited to continue joining the 2018 ICSI/GCSI 

events in mid-July.  We welcome proposals for locations of future conferences in various countries. 

Please submit your proposal to myself.  In addition, you are cordially invited to submit scholarly 

papers to the IJoSI at www.IJoSI.org. The conference and the journal are synergetic and closely 

related. The journal is intended to be with academic rigor while addressing real-world problems and 

opportunities.  

We are confident that you will find this conference very rewarding. If there is anything needing 

assistance, please feel free to let the attendant(s) at the service desk know. We are here to serve you. 

 

 

With best regards,  

D. Daniel Sheu, Ph.D., MBA, CMfgE 

General Co-Chair, the 2017 ICSI/GCSI 

President, International Society of Innovation Methods 

Honorary President, Society of Systematic Innovation 

Editor-in-Chief, the International Journal of Systematic Innovation (IJoSI) 

Professor, National Tsing Hua University, Taiwan, R.O.C. 

2017.07.11 
  

http://www.ijosi.org/
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Paper ID : 107 

Patent around Target Definition to patent group 
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1School of Mechanical Engineering，University of Jinan,Jinan 250022,China；2School of 

Resources and Environment，University of Jinan, Jinan 250022,China 

Yuansong Zheng : yyyyzz11@163.com  Changqing Gao: me_gaocq@ujn.edu.cn 

Abstract 

Patent circumvention based on TRIZ is divided into single patent circumvention and patent group 

circumvention. Because of huge data features of patent group, patent group circumvention based on 

TRIZ applies IPC cluster analysis to determine target patent group and combined with market research, 

patent strategy and technology maturity prediction to make up for the shortcomings of cluster analysis. 

In this way, we can determine core patent. And then combined with the analysis of element weight, 

we get the target. Through the target definition of the multi-color 3D printer patent group, we find out 

the problems in patent group design around, and put forward some new ideas for further research. 

Keywords: Patent Circumvention; TRIZ; Patent Group; IPC Cluster Analysis; the Multi-Color 3D 

Printer 

1. Target definition of patent group 

More and more countries attach importance to intellectual property rights in the age of knowledge 

economy. For example, America has been having a strong sense of intellectual property 

protection[1].Patent circumvention is a positive and feasible patent strategy to break through patent 

barriers[2].Innovation is the soul in the age of knowledge economy[3],and patent circumvention is also 

one kind of innovation. 

A large scale and complex of data is generated in patent group design around. In this progress, 

data analysis is the key to success. Facing a large amount of data, how to analyze their relationship is 

very important. We can use the method of cluster analysis to analyze patent data. Cluster analysis is 

simple and straightforward, but it can’t automatically give an optimal clustering result and the results 

are given after our further analysis. The characteristics of patent considered, We use IPC clustering 

analysis to analyze the patent group[4].And then combining technology evolution and patent analysis 

strategy to determine core patent. At last, we can get core element through the analysis of component 

weight. 

In general, our target is to break patent barriers of the existing technology in patent circumvention 

based on TRIZ. The core patent and element are the breakthrough that we break patent barriers.  
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We determine the object what we want to study through investigation and analysis so as to search 

the patent. The steps to determine the target of the patent group are as follows. 

(1) Determination of patent circumvention technology. In patent circumvention, we firstly face a 

common problem. And we determine patent circumvention technology by data survey, market research 

and industry survey and the like.  

(2) Determination of search term and retrieving patent. In the process of patent retrieval, we 

should relax the search conditions to get the comprehensive and accurate patent data. In this step, it is 

very important to determine a good keyword for the following research. 

(3) Determination of core patent. There are many ways to identify core patent, one of the main 

steps is to build a patent model. Because patent have their own classification, it can be classified 

according to the international patent classification number (IPC) when constructing a patent model[5]. 

Ping Jiang[4] recommend to find the core patent by using IPC clustering analysis, we get core patent 

through the establishment of the patent IPC clustering analysis diagram to find out the vacancy of 

technology and the dynamic of Technology and combined with technology system evolution. 

(4) The analysis of core patent. This step is after determination of core patent. Analysis of core 

patents, mainly related to data analysis, technical analysis. 

(5) Determination of core technology and core element. The method presented by Ping Jiang[4] 

focuses more on the analysis of element weight and to get technical features of patent group, and 

through building element—function matrix to analyze component weight so as to get the element of 

circumvention. The element of circumvention is set around by high and low scores. If the element gets 

the same score, we should combine with technology system evolution to analyze the problem. The 

specific implementation of 4 and 5 steps can refer to reference 4. Elements are divided into basic 

element, independent element of the functional structure, the necessary element and auxiliary element. 

It is necessary for getting the core element that basic element and independent element should be 

removed. And then the core components are selected from the necessary elements and auxiliary 

elements included in the core technology. 

(6) After determining the core element, we should appraise and analyze it combined with 

technical problems, and then getting the target. 

In general, target definition of patent group circumvention is divided into 3 steps. The first step 

is to determine the core patent after obtaining patent data; The next step needs us to determine the core 

technology of core patents, and then determine the core elements of the core technology. The last step 

is target definition that should be combined with the analysis and evaluation of the technical problems. 

With the aim of patent group circumvention design can break through the patent array that firstly 

layout in the market. In this way, we can avoid patent infringement and produce the new scheme and 

design, and then produce the new product. In the process of patent circumvention, we can fully grasp 

the technical status quo and prospects of the field so as to make a favorable decision for the company. 

2. Target definition to patent group of the multi-color 3D printer 
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As one of the representative technologies of the third industrial revolution, 3D printer 

increasingly gets attention by industry and investment circles. Along with the social demand, the 

development of 3D printing in the industrial field makes us want to achieve the printing that is not 

limited to the color of the material. This led to the generation of multi-color and mixed color of 3D 

printer[6]. In this paper, we will determine the target based on the analysis of the patent group and 

establish foundation for technological breakthroughs in the future study. 

Table 1. The main IPC classification of multi-color 3D printer patent group 

IPC 

classification 

Technical topic Patents 

numbers 

B29C67/00 Molding techniques are not included in the B29C 39/00 

to B29C 65/00, B29C 70/00 or B29C 73/00 groups 

64 

B41M5/00 Reproduction or marking method; sheet material for use 1 

D06B1/02 Spray or belch 1 

C08L67/04 A polyester obtained from hydroxy acid such as a 

lactone 

1 

C09D11/322 Paste or solid for coloring or printing 1 

B41J2/21 Multi-color printing 4 

 

Figure 1. Technology readiness levels curves of different patent groups 
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(1) First of all, we are facing the problem of the multi-color 3D printer. The specific description 

is how to achieve the multi-color printing, and design a good device of multi-color printing head. 

(2) Through the combination of technical analysis and search technology, the search keywords 

are identified as "multi-color 3D printing", and the patent data is searched in the Soopat which is patent 

retrieval system. Through searching patent, we can get 72 objective patent after preliminarily 

analyzing the patent issue and removing the patents which has nothing with multi-color 3D printing.  

 (3) Determination of core patent. According to the method of searching core patents in literature 

4, we firstly classify the 72 patents by the International Patent No. of IPC (Eighth Edition). A patent 

may have multiple IPC numbers, so the total number of all types is greater than all patents. We can get 

the six main IPC patent after the classification: B29C67/00, B41J2/21, B41M5/00, C08L67/04, 

C09D11/322 and D06B1/02. Table 1 shows the results of classification. 

We can use the curve of the number of patents over time to predict the technology readiness 

levels[7]. According to the technical curve of different IPC classification patent groups, we can predict 

technology readiness levels of different IPC patent groups, so as to provide the basic determination 

for core patents. The predictable curve of technology readiness levels for different multi-color 3D 

printer patent group is shown in figure 1. According to the steps of literature 4, we build the IPC 

clustering model of multi-color 3D printing, and then the area of technology intensive and technology 

is sparse, so as to get the evasive target. Figure 2 is the clustering model of the multi-color 3D printer 

IPC patent group. 

According to the prediction of technology readiness levels, the multi-color 3D printing technology 

is in the early stages of growth, so the possibility of multi-color 3D printing patent group that can be 

avoided is very high. In the process of IPC patent group circumvention, it is also necessary to combine 

with the research. Although technology readiness levels curve of the B29C67/00 group is similar with 

the group of patent, the B29C67/00 patent group is   technology-intensive. It is difficult to 

circumvent, so we selected a group of technology that is not technology-intensive, namely B41J2/21. 

The technology of the B41J2/21 patent group fits our research very well, and the patent group is easy 

to circumvent.  

(4) Ping Jiang[4] recommend to build element-function table of patent. We can get the relationship 

between the components and the function by patent-function table, and we can find the different 

components and special functions of the multi-color 3D printers.  

(5) We can get the element and its function in the patent through fourth step. And then the basic 

elements and the irrelevant elements are removed after classification. The analytical elements are 

shown in Figure 3. We use the analysis of element weight to get core elements[4].  The analysis of 

component weight for target patent is shown in Figure 3.  

By analyzing components weight of multi-color 3D printing patents, the highest scoring element 

is the color changing element and fuse element. Combined with the protection of patent, technical 

requirements, the preferential object of evasion is the color changing element. The element in the 

patent CN201310422519.4 and the patent CN201410385539.3 is not in accordance with the evolution 



 

The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

8 

 

trend of the technical system, so the preferential element of evasion is the total spray tube in the patent 

CN201420041918.6. 

3. Summary 

(1) In this paper, according to the characteristics of the patent information, We refer to literature 

4 to analyze patent group by the method of IPC clustering analysis. The cluster analysis can not 

automatically give a conclusion, so it can be combined with market research, patent strategy and 

technology maturity prediction to make a comprehensive judgment. 

(2) In the process of element weight analysis we divide all the element into basic components, 

the necessary components, auxiliary components and independent components. And basic element and 

independent element is not in the process. Only in this way, can we improve the accuracy of element 

determination. In the determination of the core element, the trend of the evolution improved the 

accuracy of target determination, and it improved the success rate of patent circumvention. 

(3) When we circumvent patent group by IPC clustering analysis, we selected one class to 

circumvent. The result is easy to infringe other IPC class patents, and we can't achieve the goal.  

Future research can focus on the design idea of the whole patent circumvention. 
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Abstract 

    The concept of resources in the TRIZ (Theory of Inventive Problem Solving) is that the problem 

solver is to make the most use of existing free resources to solve problems with zero or near zero cost. 

Even though resources are one of the most powerful concepts in the TRIZ tools, there have been few 

systematic methods to identify resources for problem solving. 

This paper proposes a couple of systematic resource identification methods using Function-

Effect-Resource Checking with Thought-provoking Questions to locate available resources to solve a 

problem. These resource identification methods can be used to save costs while solving problems. 

Using the resource identification methods, a vacuum device mechanism was developed to solve wafer 

breakage problem in Chemical-mechanical polisher. The resource identification method can also be 

incorporated into any problem-solving approach to solve problems with minimum costs. 

The contributions of this paper include: 1) Providing a couple of systematic resource 

identification methods to solve problem with minimum added costs, 2) Solving a wafer breakage 

problem in chemical-mechanical polishing process using the proposed resource-based problem-

solving method with substantial cost savings to a company. 

Keywords: TRIZ, Resource identification, Polisher, Vacuum Device, Resources-Oriented Solution 

Search 

1. Introduction 

1.1 Background 

In traditional problem solving, in great majority of times, solutions were achieved by introducing 

additional resources to fight against the problem or replacing defective resources with good ones. In 

both cases, resources were used with substantial costs. Besides, most of the ways to identify resources 
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were based on brain-storming type of random innovation. The purpose of this paper is to present 

systematic resource identification methods so that free resources can be identified and used to solve 

problems with minimize costs in problem solving.  

The research presents a solution for semiconductor equipment wafer breakage avoidance by using 

resources-based problem solving process in which the systematic identification of resources is at the 

heart of the method. The method redesigns some parts of equipment, and reduced the frequency of 

breakage and solves the root problem of wafer breakage happening during the polishing process of 

semiconductor manufacture. The findings can be used for problem solving in other industries. 

1.2 Literature Review 

TRIZ is the Russian acronym of “The Theory of Inventive Problem Solving”. It has been known 

as one of the most effective set of problem solving tools to solve difficult engineering problems. 

Resources is one of the 5 most important key concepts which constitute fundamental TRIZ 

Philosophies. (Mann 2007)[5] 

1.2.1 Resource Identification Method 

The concept of Resources was noted early in ARIZ[1], but little systematic processes was used 

“substance-field resources” in ARIZ to generate solutions was used majorly. Resources are of great 

importance in TRIZ for problem solving, and the main concept is to provide a resource generation 

knowledge database to help users to search the resources which were not easy to identify in 

conventional ways. According to the resource classification by Mann (2007)[5], such methods could 

help users to identify the objects that did not belong to resource originally. There are two way to 

identify resources in a system. One was to use Evolution Trend to identify the current system and its 

evolutionary limits, and the difference of non-evolution could be found the useful resources that are 

not used, and the evolutionary potential meant the resource. The other way is to provide a database list 

for users to extend the complete resource space in system. Mann[5] proposed the resource trigger list 

as six types such as Resources in the Environment, Low-Cost/Plentiful Resources, Material Resources, 

Transforming/Modifying Substances, Manufacturing Re-sources, and Resources Associated. 

Resource Association with Humans can be found using following questions: “if system has 

components as useful resources?” and “how to transfer from harmful resources to useful resources in 

system?”, and the answers were the strategies of resources identification. That used resource in system 

effectively and to maximize the effectiveness[3][4][6]. 

Besides, Readily-available resources was published by Zlotin and Zusman (2005)[11] that had 

six items from the Ideation as follows. 

• Substance Resources: Any substance (including waste) available in the system or its 

environment. 
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•   Field (Energy) Resources: An energy reserve. 

•   Functional Resources: The ability to jointly perform additional functions. 

•   Space Resources: Unoccupied space. 

•   Time Resources: Free time. 

•   Informational Resources: Information. 

According to literature review, answering these questions provides users the list of searching 

resource direction and resources types, and helped them to find the resources in system, but did not 

indicate how to identify the resources. The research introduces the concept to use resources 

identification for systematic resource oriented solution method, the detailed research method is in next 

section. 

2. Methodology 

This paper develops the resource oriented solution and uses some tools from ISPAST. Section 2.1 

explains the underling concepts for Resources Identification and solving method. Section 2.2 explains 

the resource oriented solution process.  

2.1 Resources Identification and Solving Method  

Resources mean anything in or out of the surrounding system but don’t exhibit their effects or 

benefits, including hurtful resources and wasted resources. Resources are Substances, Fields, 

Attributes, Parameters, Time, and Space which includes Void, Empty, and Nothing. 

The concept of Resources is to use any kind of resources effectively to achieve the functions 

which we want. It’s different from Ideal Final Result (IFR) in that IFR don’t emphasize on using 

resources to achieve needed function. But it’s difficult to gain without using resources. Resources hope 

to obtain most benefit out of any substance surrounding the system. The basic concepts are Turning 

Waste to Wonderful (W2W) and Turning Harm to Help (H2H)[2][5][10].                                                                                                                                                                                                                            

The research provides Function-Effect-Resource Checking with Thought-provoking Questions is 

to list the Demand Side as needed functions or attributes for problem solving and to map the effects 

which are from Knowledge Database to generate the functions, and to list the resources in system as 

Supply Side. Next step is to ask resources the question “How to use the resource to generate the needed 

function or effect?”, and to find the way to solve the problems by mapping the Demand Side and 

Supply Side. The resource matching model is depicted in Figure 1. Hence the resource searching 

method is to show the Demand Side and Supply Side as lift side and right side. The first level of 

Demand Side is the needed changed functions and attributes in problem system, and needs to transfer 

to the generic functions and attributes. The Demand Side second level is to list the effects which 

generate the needed function or attributes. And the first level of Supply Side is to list the available 

resources to surround the problem system, and then to ask the Resource Questions until going through 
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all resources. The answers produced from effects are used to generate the trigger solutions for specific 

solutions. Usually, to ask effects Resource Questions could gain more immediate and concrete answers 

from to ask functions or attribute[7][9]. 

Demand and Supply Matching

Function List

§ Needed Function / 

Attribute in Own 

Industry

§ Generic Needed 

Function / Attribute

Resource List

§ Resource 1

§ Resource 2

§ Resource 3

§ Resource 4

§ …

Effect List

§ Effect 1

§ Effect 2

§ Effect 3

§ Effect 4

§ …

Demand Side Supply Side

Ask Resource Questions:

§ How to make Resource to perform Effect?

§ How to make Resource to provide Function?

§ How to make Resource to provide Attribute?   

Figure 1. Resource Matching Model 

2.2 The Resource Oriented Solution Process 

The resource oriented solution process is to achieve the needed functions or attributes and find 

the useable resources surrounding the system. It could also use other method to find solutions and then 

use resource search for solving problems without extra resources. The resource oriented solution 

process is shown in Figure 2. 

1) First Step: Problem appearance. The main purpose of Function Analysis (FA) is to help users 

to find the needed function to solve problem and the potential core problem in system, and to analyze 

the interaction functions between component and environment. 

2) Second Step: Needed function finding. After finishing the Function Attribute Analysis, the 

paper uses Cause Effect Contradiction Chain Analysis (CECCA) to find the key disadvantage in the 

problem. First, we find the target disadvantage and to get to the bottom of the problem until key 

disadvantage is found. 



 

The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

13 

 

Start

Find needed 

function

(FA)

Identify key  

disadvantage

(CECCA)

Identify useful 

resources in the 

problem system

Need Extra 

Resources

Find resources to 

generate needed 

function

Go to Next 

Solving Problem 

Tool

Use resources to 

find useful effects

(K/E DB)

Generate 

Trigger 

Solution

End
Yes

No

No

Yes

 

Figure 2. Resource Oriented Solution Process 

3) Third Step: Resources identification in problem system. The step defines the problem system, 

and the Operation Zone(OZ) and Operation Time(OT) in the problem point as shown in Table 

1, and to list the problem system, the resources within OZ. Then, it searches the existing 

resources including substance and field in the system and super-system in OZ. 

Table 1. Resources Searching Table(1) 

Resources Searching Table(1) 

OZ(Operation Zone): OT(Operation Time): 

System: 

Resource List 

 Substance 

w/i OZ (Operation Zone)  

w/i System  

Super system  

4) Fourth Step: Resources identification for generating needed function. This step is based on 

second step to identify needed function and then to search the effects for generating needed 

function from Knowledge Effect Database. Following which the user transfers from the 

original problem or specific problem which is according to the situation, characteristic and 



 

The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

14 

 

needed functions or attributes to change for problem solution to generic function and attribute, 

and enters Knowledge Effect Database to find the effects which helps user to generate the 

trigger solution and to find the specific solutions using their domain knowledge. 

5) Fifth Step: Resources generation by searching available effects. The step transfers from 

specific function/attribute to generic function/attribute, and uses last step to match the effects 

which could generate the needed function/attribute, and to review the resources which could 

generate these effects surrounding the system. The step uses Figure 1 and asks the below 

Resource Questions to identify the resources. The process is depicted in Table 2. 

     Question 1(For Effect): How to make Resource to perform the Effect? 

     Question 2(For Function): How to make Resource to provide the Function? 

     Question 3(For Attribute): How to make Resource to provide the Attribute? 

 

Table 2. Resources Searching Table(2) 

Resources Searching Table(2) 

Needed Function/Attribute: 

Needed Effect: 

Resource Q 

How to make Resource perform Effect? 

How to make Resource provide Function? 

How to make Resource provide Attribute? 

Resource Resource Question Resource State Method 

    

    

    

 

   The above steps analyses all the functions, attributes, and effects, by asking Resource Questions 

from the first resource to the last resource. Finally, we integrate all possible trigger solutions to develop 

the specific solutions. 

4. Case Study 

The study shows successful usage of resource oriented solution process to solve the wafer 

breakage during polishing done by polisher process in semiconductor industry, the problem solving 

process is as follows[8]. 

The purpose of polisher is to polish wafer to customer specifications and separate out fine and 

rough wafer polishing. The operation is to produce necessary thickness and surface flatness of the 

wafer and remove the defects such as abrasion, smudges, and pit from the prior processes. Total 
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Thickness Variation(TTV) is commonly used for flatness measure. The side view of physical 

equipment that does polishing work can be schematized as Figure 4. 

 

Figure 4. Side view of Polisher(Single Block) 

The cause of wafer breakage is the instantaneous force exists between pad and wafer and sucks 

the wafer from the template to hit other wafers. In the past, the solution was to introduce the vacuum 

line for sucking the wafers in the original polisher. But, there were three disadvantages. First, it needed 

to drill hole at center line of rotation. Many parts along the central line would be effected. Second, it 

also needed extra energy to produce vacuum. And third, vacuum leakage was happened between 

moving parts. The solution spent much higher costs. (Long vacuum lines, vacuum source costs, 

leakage costs) 

4.1 The Resource Oriented Solution Process for Problem Solving 

1) Step 1: Problem Statement 

The problem system of this case is polisher, and the main function is “Pad(Main Tool) 

polishes(Main Function) Wafer(Object)”. We illustrate the components and functions as Figure 5. 

Functional disadvantages are the “X” sign and dotted line in the figure. During polishing the pad and 

the wafer would have the momentary force between each other to suck the wafer, and also to abrade 

template that causes the template to hold the wafer with force that is not enough. Besides, slurry does 

not polish the wafer but only enter the space between the template and wafer that also causes the 

template to loosen wafer at the most of the time. The problem of this case is to solve the inadequate 

suction between template and wafer. 
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Figure 5. Functional Model of Wafer Breakage 

2) Step 2: Identify core problem cause 

The research uses CECCA to identify the slurry and air enter the template between wafer is a key 

disadvantage, and hope to generate the suction to suck wafer without adding other equipment. The 

problem needs to Move/Remove Gas or Liquid to solve problem. 

3) Step 3: Resources identification around problem system. The identification of resources starts 

from the point where the key disadvantage and gradually outward from nearby to distant areas. This 

is illustrated in Table 3. 

Table 3. Resources Searching Table(1) for Study Case 

Resources Searching Table(1) 

OZ(Operation Zone): Wafer and Template area OT(Operation Time): During polishing 

System: Pressure Plate Head assembly(PP Head, Block, Ring), Pad 

Resource List 

 Substance Field 

w/i OZ(Operation Zone) Wafer, Template Mechanical(rotating) 

w/i System PP Head, Block, Ring, Pad Mechanical(rotating, force) 

Super system Slurry, DI Water, Air Hydraulic(mechanical) 

    4 ) Step 4: Identify needed function(s) which can solve our problem. 

 “Slurry or air enters the space between the template and wafer causes the suction for template to 

suck wafer is not enough” is the key disadvantage of the case, and needed functions are “Move Liquid” 
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or “Move Air”. To use these two key words to search in Oxford Effect Database 

(http://www.triz.co.uk/cp12.php) we can find that “Move Liquid” has 192 effects or resources, “Move 

Gas” has 126 items, “Remove Liquid” has 102 items, and “Remove Gas” has 62 items. There are 

thirteen effects that can be used to develop the specific solutions, which are listed in Table 3. 

     5) Step 5: Resources generation by searching available effects.  

The step filters useless effects, and selects useful effects which could develop specific solutions, 

and are reflected in Table 4. There are twelve effects. We use Resource Question to build Table5, and 

then find that Wafer, Template, PP Head, Block, Ring, and Pad have rotation during polishing, so 

“Centrifugal Force” is most possible to develop the specific solution after integrating these trigger 

effects. We utilize centrifugal force from rotation to draw out the slurry and water within vacuum 

line. The solution does not need any extra resource and transfer “useless” resource to “useful” 

resource. Figure 8 presents the concept of resources matching of this case. 

Table 4. The most possible trigger effects of Move/Remove Liquid or Gas 

Adsorption Bernoulli Effect Capillary Action Centrifugal Force 

Convection Cyclone Separation Diffusion Freeze Drying 

Gravitation Pressure Gradient Sorption Suction 

 

Table 5. Resources Searching Table (2) for Study Case 

Resources Searching Table(2) 

Needed Function/Attribute: Remove/Move Air or Liquid(Vacuum Suction) 

Needed Effect: Centrifugal Force  

Resource 

Question 

How to make Resource perform Effect? 

How to make Resource provide Function? 

How to make Resource provide Attribute? 

Resource Resource Question 
Resource 

State 
Method 

Wafer 

 How to make Wafer perform Centrifugal 

Force? 

 How to make Wafer provide Vacuum 

Suction? 

Turing Can’t change target. 

Template 

 How to make Template perform Centrifugal 

Force? 

 How to make Template provide Vacuum 

Suction? 

Turing 

Template is too 

small to generate 

vacuum. 

Block 

 How to make Block perform Centrifugal 

Force? 

 How to make Block provide Vacuum 

Suction? 

Turing 
Centrifugal Force: 

Make channels. 

http://www.triz.co.uk/cp12.php
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Figure 8. Matching Function/Effect and Resources 

4.2 Results 

Based on foregoing thinking, the solution is to drill a hole in template to block and use centrifugal 

force during rotation which exhausts the air or slurry for producing suction to hold the wafer (It is 

necessary to add the one-way check valve on the outside of a hole to avoid air and water backflow 

along with wafer moving towards non-vacuum status at the beginning of polishing). 

 

 

Figure 9. The sketch for drilling of block. 
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Figure 10. Using Bernoulli’s Law to enhance suction 

 

Figure 11. The picture for reality drilling 

The prototypes above show side-view and bottom-view of proposed solution. The coarse black 

line is the hole/ passageway for simulation Figure 9 is a general sketch. Also the connection of hole is 

narrowed and Bernoulli’s Law is used to enhance suction shown in Figure 10. Figure 11 is a picture 

of reality block drilling and the circle mark represents location for drilling. 

5. Conclusions 

A patent has been applied for the design and solution in this paper, using the systematic innovation 

process to solve the problem of equipment or components breakage in processing and also can also be 

used in other industries. The core solution to the wafer breakage problem is to use the centrifugal force 

produced by rotation to prevent wafer breakage and does not increase need for any vacuum resource. 

         In TRIZ solution process, Resource is not only a solution generation tool but also uses resource 

oriented search to solve problems without any extra resources and cost after having trigger solutions 

from other solutions tools. Most systematic solutions use “Add” or “Exchange” to think and solve 

problems, but resource oriented solution process uses the existing resources to achieve the same. In 

the cost-oriented and high-complex-equipment industries, it can bring great benefit, and also raise the 
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quality and quantity of patents systematically to help patent circumvention for increasing company 

competitive edge. 
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A Study on Trimming Method Based on Root-cause Analysis 

Zhao Lei , Zhang Huan-gao, Yang Heng-can, Liu Li-meng, Zhang Jin-pu 

Abstract: Accurately identifying components for trimming is an essential precondition for the execution. However, 

the present method of causal analysis, which determines trim components through the designer’s personal 

experience, can be too subjective to guarantee the accuracy and comprehensiveness of this process. To solve this 

problem, what is brought forward in this essay is the trimming method based on root-cause analysis. To identify 

trim components, this method deals with the exterior problems first, and then, through analyzing the characteristics 

of substances and functions in the contradiction sections, switching such sections, and analyzing the controllability 

of causes, determines the final contradiction section. Its comprehensive and hierarchical way of problem analyzing 

can ensure the accuracy and integrity of the trim component confirmation. Thereafter, a root-cause-based trimming 

process is constructed. Finally, this essay is to verify the availability of this process through the case where the 

grain-leaking problem concerning the supermarket cereal vending machine is successfully solved. 

Key words: components for trimming； trimming method；root-cause analysis；contradiction sections 

0 Introduction 

Since our clients’ requirements of the products’ functions and performances are increasing constantly, the 

products are becoming more and more complicated, leading to the boost of costs and the reduction of reliability. 

This is the result of an “addition” designing, which is to realize new functions as the clients may request simply by 

adding new components or elements to the original products. Although along with the evolution of technical systems, 

there is a tendency of the products’ complication and a stage where such complication is inevitable, those 

complicated structures can be simplified using a “subtraction” designing, or Trimming. 

Purposes of system trimming are as follows. 

(1) Reducing the costs[1]. Trimming can realize the expectant functions while minimizing the components in 

the system. Compared to the original system, one with a much smaller number of components can have a 

considerably lower cost. 

(2) Removing negative functions, including the harmful, insufficient or excessive ones, from the system[2]. 

Trimming the components with negative functions can intensify the contradiction, and by employing systemic or 

extra-systemic resources and eliminating the contradiction, the unfavorable functions will be eliminated too. 

(3) Reducing the complication[1]. Trimming will lead to a smaller number of parts, a lower complication in 

using, operating or maintaining, a simplified operational interface, less faults, and ultimately a much less 

complicated system. 

(4) Circumventing opponent patents[3]. Patent circumvention is achieved by trimming partial characteristics of 

the opponent or changing some technical characteristics. 

(5) Engendering new products and creating new markets[4]. Moreover, trimming can adapt products for new 

markets through optimization. 

During trimming, choosing different trim components often means different degrees that the systemic 

idealization is enhanced. Therefore, accurately locating the trim component is the key to a successful trimming 

execution. Some important researches in this field include the method of value analysis of system components based 

on the software of Goldfire InnovatorTM[5], and the method of trimming priority based on the quantitative analysis 

of the components’ functions, which is brought forward by Lin Yunman using the software of Techoptimier[6]. These 
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two methods both involve quantitative analysis. However, in spite of their obvious operability, their evaluation angle 

is simplex and is not scientific enough. Yu Fei modified the method of choosing trim component based value analysis, 

and brought forward the idealized evaluation of trimming priority[7]. This method has an evaluating system of 

multiple factors, but lacks operability in addition to a strict requirement of the designer’s competence in unction-

analyzing. Another document[8][9] elaborates the method of casual analysis, in which the chosen trim component can 

solve the systemic problem thoroughly. But it fails to answer the following questions: ① How to describe the root 

cause of any link in the causal chain? ② How and where to find the direct cause? ③ How to make sure that all 

the possible causes are included? In a word, it is very necessary for trimming execution to create a set of effective 

and practical methods of finding the trim component. 

In the field of technology, root causes of any problem are closely related to substances and properties involved, 

and the subsequently engendered harmful functions. This paper deals with the exterior problems first, and then, 

through analyzing the characteristics of substances and functions in the contradiction sections, switching such 

sections, and analyzing the controllability of causes, determines the final contradiction section. Its comprehensive 

and hierarchical way of problem analyzing can ensure the accuracy and integrity of the trim component confirmation. 

Thereafter, a root-cause-based trimming process is constructed. Because this method finds causes and describes 

them on the property level, the issue that casual analysis can’t describe and locate the direct causes is solved. This 

method analyzes the causes layer-by-layer in order and with regularity, and thus ensures the integrality. 

1 Identifying trim components based on root-cause analysis 

1.1 Root causes 

Root causes refer to the most controllable, removable and unrepeatable ones of all causes that are identified 

through causal analysis. 

Generally speaking, when the end cause is solved, all the related problems will be eliminated as well. This 

seems the most exhaustive and convenient way, if the end causes are really so easy to eliminate. The truth is, they 

aren’t. So we can choose the intermediate causes to achieve the best solution. 

If an un-expectant result corresponding to a lower-level cause is brought about by two or several higher-level 

causes, we have to define the relationship between these causes in a logical way. The three categories of relationship 

are respectively And, Or, and Combine. 

And: Signified by letter A. It means that the problem is the result of two or more causes in series, which must 

co-exist simultaneously. As shown in Figure 1 (a). 

Or: Signified by letter O. It means that the problem is the result of two or more causes in parallel, any one of 

whose existence can trigger the problem. As shown in Figure 1 (b). 

Combine: Signified by the letter C. It means that the problem is the integrated result of two or more causes, 

and the problem happens only when these causes develop into a certain degree. 
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Figure 1 Relations between causes of different levels 

1.2 Construction of the technical process of root-cause analysis 

Aiming at the existing problems of Causal Analysis, we take advantage of property analysis and create the 

method of root-cause analysis by means of shifting contradiction sections on the functional model. Its fundamental 

is that every cause that leads to a higher-level result is relevant to the properties of components or functions that the 

very cause is directly connected with. When these properties develops in the un-expected direction, they make the 

higher-level result happen, and they are related to the insufficient property changes of components or functions of 

lower-level causes. Based on that thought and the net-work planning of functional model, we shift the contradiction 

sections, and indentify the correlatively influencing-and-dependent internal relations between systemic problems 

and the properties of components or functions from different sections. In this way, a saltatory way of cause-searching 

is avoided, and a rigorous casual logic is facilitated. Its fundamental and steps are shown in Figure 2. 

Step 1. Construct the systemic functional model[10][11]. 

Step 2. Locate the primary problem, and the relevant primary contradiction section on the functional model. 

Step 3. Analyze the relevant properties, called the problem properties, which belong to the components and 

functions in the contradiction section and have connection with the problem. 

Step 4. Analyze every problem property seriatim. If the property is inherent in the component and the 

component can not be divided, that property should be set down as an alternative root cause. If it is not inherent and 

results from the outside of the primary contradiction section, the problem property becomes a result, and then a new 

contradiction section is constructed. 

Step 5. Based on the previous step, we need to decide if the contradiction section can be shifted. If it can, we 

need to repeat what we did in step 3 and step 4, and modify the functional model after the result analysis. 

Step 6. When all the contradiction sections are found and analyzed, and all the alternative root causes in these 

sections are found too and their controllability are analyzed, we can find the root cause and complete the functional 

model ultimately. 
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Figure 2 Process of root-cause analysis 
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1.3 Confirmation of the trim components 

From the causes obtained from causal analysis, we choose as root causes the ones that are most easy to control 

or eliminate but impossible to re-emerge after being cleared up. The ultimate contradiction section is the one relevant 

to the root cause, and the components in it can be decided to be trimmed. 

The confirmation of root causes needs to follow three principles. 

(1) Root causes are controllable, and once eliminated the same or similar problems will not happen again. 

(2) Root causes usually are end causes on the casual chain, which are easier to be changed or eliminated. If the 

end cause can not be changed, we need to move to next higher level, until we find the causes that can be changed 

in other ways. 

(3) When we look at the root causes, we need to pay attention to the logic between causes on the causal chain. 

As shown in Figure 3. Suppose the ultimately located key causes are end Cause 8, 9 and 10. When we choose Cause 

9 and 10 as root causes, Cause 5 must be seen as a root cause too, so that Fact 1 and 2 won’t happen. However, if 

Cause 5 alone is chosen and solved as the root cause, Fact 1 and 2 are well avoid. 

 

Cause 1 Cause 2

Prombles

C

Cause 3 Cause 4

A

O

Cause 7Cause 6Cause 5

Cause 8 Cause 9 Cause 10

Symptom

Primary cause

Intermediat

e cause

End cause

 
Figure 3 Sample of logical relations of root causes 

2 Construction of a trimming process 

The ultimate purpose of trimming is to improve the idealization of the system, but varying with different 

specific purposes is the depth of trimming, which means the proportion of components that are trimmed in the 

system. In other words, the higher the proportion is, the deeper the trimming goes, and the larger the system is 

changed. 

Trimming mainly deals with existing products based on functional models. If new problems happen after the 

system is trimmed, they can be solved with other tools of TRIZ. As shown in Figure 4, a trimming process consists 

of three stages of Pre-trimming preparation, Trimming execution and Post-trimming treatment. 

2.1 Pre-trimming preparation 
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This stage decides the trimming target and purpose. 

(1) Choose the system to be trimmed 

What is to be trimmed can be concrete products, primary designs or certain patents. Not only a single system 

but the combination of several systems can be the trimming targets. First the systems combine, and then the useless 

resources are deleted. In this way, we can get a new single system with multi-functions. The process of deleting the 

useless resources is trimming. 

(2) Specify the expected purposes 

Essentially, the trimming purpose is to improve the idealization of the system, such as reducing the cost and 

complexity, eliminating the negatively influential functions in the system, circumventing patents and exploiting new 

products. There are specific emphases for specific design problems, and different purposes mean different depths 

of trimming. In addition, only with clear expected purposes, can the results of trimming be successfully evaluated. 

(3) Analyze relative patents 

This is a must in the circumvention of patents, because avoiding infringement is the basic requirement for 

designing in the modern industrial society. The circumvention of patents can also be achieved after we combine 

different patents and get a system of different technical feature. 

2.2 Trimming execution 

This is the process of trimming the components after we have decided their priority based on the functional 

models. 

(1) Analyze the functions 

To carry out function trimming, what first need to be constructed are functional models. If the trimming object 

is a combination of several systems, based on several functional models of single system and following the 

principles of resource sharing, a multi-system function should be constructed too. If the object is a patent, then we 

need to build up the functional model of the technical system that is involved according to the patent’s description. 

(2) Choose trim component seriatim 

First we get the trim components through causal analysis, and then we choose in iteration which to trim one by 

one. 

(3) Trim the target component 

After the target component of trimming is settled, we use trimming principles or heuristic trimming questions 

to discuss its possibility for trimming. After the trimming, according to different design objects, we should decide 

whether it necessary to choose new target components to be trimmed. This process goes until all the possible target 

components have been through the trimming-possibility analysis. 

2.3 Post-trimming treatment 

In this stage, we mainly analyze and solve the new problems that happen along with the systematic changes 

caused by trimming. 

(1) Problem-describing and model-shifting 

We describe the problems caused by trimming, analyze the root-causes, and then decide the new contradiction 

sections. There are three ways of changing the model. 

1) Try to eliminate the root cause, and see if it cause any contradiction. If so, it becomes contradiction solving. 

2) Take out the contradiction section represented in substance-field model, in preparation for applying the 

standard solution. 

3) Take out the function represented in black-box model, in preparation for applying solution. 

For each problem that happens, we can use more than one way to analyze and solve. 

(2) Problem solving 

For the problem model from last stage, we can solve it respectively with invention principles, effects and 

standard solution, and get one or more concept solutions. 
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Finally, we can judge whether or not the design result meets the objective. If not, we need to analyze and define 

the problems after trimming again, or do trimming analysis again. 

 

3 Case Study 
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Supermarket Cereal Vending Machine is employed to solve the problems of low efficiency and poor sanitary 

condition concerning bulk cereal products in the supermarkets, whose schematic representation is shown in Figure 

5. Its structure includes cereal holders, the output unit, the auto-packing machine, the scales, the auto-labeler, the 

hydraulic lifter and the controller. The work theory is, the weighing sensor of the holders sends out signal to control 

the output unit. When the product amounts to a certain weight, the dam board will be closed, and the auto-packing 

machine will be started to pack the bag. After the sealed bag is dropped to the auto-labeler and gets labeled, it will 

be sent to the opening by the hydraulic lifter. 

 

Figure 5 A sketch of the cereal vending machine 

Along with the introduction of the cereal vending machine, there happens leakage. Now we attempt to solve 

the problem using the trimming method based on root-cause analysis. 

(1) Choose the system to be trimmed 

The leakage mainly lies in the precision of the controller, so we choose the controller and the output unit as the 

targets. 

(2) Expected objective 

Hopefully the output unit is controlled so precisely that the cereal inside will not leak and be wasted. 

(3) Function analysis 

The working process of the controller and the output unit is as follows. When the customer by pressing the 

key-board buttons sends out signal to the controller, the controller will start the motor and the gear to compress the 

torque spring, which connects, drives and opens the dam board of the output unit. When the weighing sensor detects 

the required amount of cereal, it sends out signal to the controller, and then the controller sends out the signals of 

starting the packing machine and switching off the motor, so that the dam board of the output unit will be shut driven 

by the torque spring, at which time the food bag is being packed and sealed. The primary systematic functional 

model is shown in Figure 7 (a). 

(4) Decide the trim component 

Decide the primary contradiction section. On the surface, the problem is the leakage of the supermarket cereal 

vending machine. The directly-involved component is the cereal. The components functioning on the cereal include 

the holders, food bags, and the dam board. After we exclude the irregularity of the holders and the smallness of bags, 

the primary contradiction section is decided on where the dam board functions on the cereal. 

The property analyses of the relative problem are as follows. ① The abrasion of the dam board is so big that 

the its shape is changed. ② The driving power that the dam board receives is not big enough, whose modified 

functional model is shown in Figure 7 (b). ③ The density of some cereal products is relatively low. 

The properties lead to causes. “The dam board’s abrasion” is decided by the original design, and as the 

component’s internal property, is an alternative root cause. “The low density of cereals” is decided by the raw 

material, an uncontrollable factor. “The insufficient driving power to the dam board” involves the power source, in 



The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

 

28 
 

other words, involves the inner-system components, so we need to shift the contradiction section. 

1) The first shifting of contradiction section, as shown in Figure 7 (c). The contradiction section is shifted to 

the functions of the torque spring and the dam board. The property questions involved are as follows. ① The poor 

spring fatigue. ② The connection between the dam board and the spring. For instance, the lack of a force amplifier. 

③ The insufficient driving power to the spring. The first two are properties in the contradiction section, and 

alternative root causes, while the reason for the third property can be anyone of the first two, or some systemic 

components or devices, about which we need to shift the contradiction section. 

2) The second shifting of contradiction section, as shown in Figure 7 (d). The contradiction section is shifted 

to the function between the transmission device and the spring. And the properties involved are: ① the way of force 

transmitting, ② the insufficient lifting power from the transmission device, and ③ poor effect of the transmission 

device. To change the first property, we will need some external components. The third can be the result of the first, 

while the second can be caused by some systemic power-inputting components or devices, which needs the shifting 

of contradiction section. 

3) The third shifting of contradiction section, as shown in Figure 7 (e). This time, the contradiction section is 

shifted to the function between the motor and the transmission device. And the properties involved are: ① the 

sustainability of the motor, ② the motor’s time for achieving controlling, and ③ the insufficiency of power from 

the motor. The first one is a built-in property of the component, and it can be the reason to cause the third, while the 

second one is the result of systemic controlling component, and we can shift the contradiction section about it. 

4) The fourth shifting of contradiction section, as shown in Figure 7 (f). this time the contradiction section is 

in the function between the controlling system, the packing machine and the motor. And the properties involved are: 

① the robustness of the controlling software, ② the time difference in controlling (between starting the packing 

machine and shutting down the motor). The first is the built-in cause of the system component, and one alternative 

root cause. When it comes to the second, theoretically speaking there should be a time difference between shutting 

down the motor and starting the packing machine, because after the motor is shut the torque spring will need some 

time to close the cereal holder. But different springs mean different time for closing the holder, and a bigger difficulty 

for controlling. 

Based on the above analyses, the expanded structure of casual logic is shown in Figure 8. We choose the end 

causes in the shadow boxes as alternative root causes, and analyze them all, as shown in Table 1. After the analysis, 

we decide the torque spring and the dam board as the final contradiction section, and the two components as the 

trim components. 

Table 1 Alternative root cause for leakage of the cereal vending machine 

Alternative root 

causes 

Possible measures Controllability and changing 

difficulty 

Abrasion of the dam 

board 

Change the connection 

between the dam board and 

the cereal holder. Add some 

shims to reduce friction. 

Need to add new components and re-

design 

Fatigue of the spring Property of the spring. 

Change the component. 

Need to do space design for the 

added component. 

Connection between 

the dam board and the 

spring 

Enhance the force amplifier. Need to design new structure. Affect 

the connection among other 

components. 

Transmission of 

power 

Change for other 

transmission devices. 

Re-design the transmission device. 

Sustainability of the Change for other motor. Need to consider cost and space. 
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motor 

Robustness of 

software 

Re-design the software. Higher requirements for the 

designers. 

Elasticity of the spring Change for better device Need to consider cost and space 

Difference of time for 

the spring to shut the 

holders 

Change for better springs. Need to consider cost and space. 

Higher requirements for the 

designers. 
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 Figure 7 The 

process of shifting the contradiction section in causal analysis for the leakage of the cereal vending machine 
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Figure 8 Expanded structure of causal logic about the leakage of the cereal vending machine 

(6) Trimming 
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For the whole trimming process, what matters most is the identification of the trimming principles. In this 

essay, we follow the five trimming principles of Xu Dongliang to trim the torque spring and the dam board[1]. 

They are as follows. 

Rule 1: If when the functional object is trimmed the useful function of the function carrier is no longer 

needed, that function carrier can be trimmed. 

Rule 2: If the useful function of that function carrier can be trimmed, that function carrier can be trimmed. 

Rule 3: If the functional object has in itself the useful function of the function carrier, that function carrier can 

be trimmed. 

Rule 4: If the function of that function carrier can be done by other system of beyond-system function carriers, 

that function carried can be trimmed. 

Rule 5: If in some outside system or hyper-system there is one component that can take the place of the present 

function carrier and function the same or better, improving the systematic performance or effect, such as reducing 

the cost, that function carrier can be trimmed. 

Based on the above five rules, we carried out trimming to the torque spring and the dam board. Combine the 

torque spring and the dam board into a contradiction section, whose main function is to control the flow of cereal 

as a switch. According to rule 5, when the torque spring and the dam board are trimmed, we need to find a outside-

systematic or hyper-systematic component to control the flow of the cereal in the place of the torque spring and the 

lever. What’s more, the new component should response to the motor swiftly. The trimmed functional model is 

shown in Figure 9. 
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Control
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Figure 9 Trimming plan for the cereal vending machine 

(7) Post-trimming treatment 

Based on the trimming plan in Figure 9, after inquiring the patent portfolio and effect database of TRIZ, we 

find a gear wheel switch, as shown in Figure 10. The rubber on the wheel reduces the friction between the wheel 

and the holder. When the motor receives the signal from the controller, it will driver the wheel through the 

transmission device, and spin the cereal out. When the cereal reaches a certain amount, the wheel will stop spinning, 

and the flow of cereal stops too. In this way, we eliminate the time for the spring to close the holder, and through 

experiments, it proves that the leakage is effectively solved. 
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Figure 10 Sketch of the gear wheel switch 

Using root-cause analysis, we have found out all the causes for the leakage of the cereal vending machine, 

defined the very prime cause of the problem and effectively solved the problem through the trimming process. In 

the meantime, the output unit is simplified, the difficulty of controlling the system is reduced, and the reliability of 

the whole device is improved. 

4 Conclusion 

Root-cause analysis first deals with the problems from the surface. Taking the properties of functions and 

substances into consideration, it analyzes the causes for that problem layer by layer. It finds the final contradiction 

section through the shifting of contradiction sections and the analysis of controllability, and locates the trim 

component based on the final contradiction section. This method analyzes the causes of a problem in many aspects 

and from many angles before it decides the trim component which ultimately causes the problem. Trimming is a 

process of solving problem. Based on the five trimming rules of Xu Dongliang, we can trim the target components 

and get a model of trimmed system. Then according to the invention principles, scientific effects and standard 

solutions in TRIZ, we can get an integral solution to the systematic problems. The successful solution to the leakage 

problem of the supermarket cereal vending machine absolutely proves the effectiveness of the trimming method 

based on root-cause analysis. 
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ABSTRACT 

In today’s automotive industry, many changes and modifications take place later at the design 

stage. These changes, termed as Engineering Change Requests (ECRs), may be initiated 

by the customer due to their preferences, or by the manufacturer itself due to modified 

specification or process/material changes. Specifically, the later these ECRs occur, the more 

significant efforts for solution- finding and implementation are required. This research 

presented an integrated framework for the prompt resolution of ECRs. The framework 

consists of two engineering design and evaluation tools: TRIZ and FEA. The former deals 

with the tasks of problem modeling and idea generation; the later deals with idea 

evaluation and simulation. The combination of these tools enables us to find solutions 

for an engineering design problem in a systematic and efficient fashion. Specifically, we 

demonstrated this framework with a case of automotive aluminum wheel design. 
 

 

Keywords: Engineering Change, TRIZ, FEA, Aluminum Wheel 
 

 
1. INTRODUCTION 

In this era of “Globalization and Outsourcing”, as the products and parts are mostly designed at 

the automaker’s design or engineering centers elsewhere, there are frequently requests for change due 

to the difference of raw materials, processes, standards, methods, and labor forces training. These 

“engineering change requests” (ECRs) may occur before, during, or even after the actual assembly of 

vehicles. Specifically, the later these ECRs occur, the more significant efforts are needed to resolve 

and implement them. In this paper, we propose a framework consisting of two tools, TRIZ and FEA, 

for the resolution of an ECR associated with the design of aluminum wheels. Within this framework, 

TRIZ serves as a problem-solving idea generation tool and FEA serves as a CAE tool which 

evaluate/simulate the alternatives generated. 
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1.1 Problem Definition 

A cast wheel is made by pouring molten aluminum into a mold; the metal then takes the 

mold's shape as it cools and hardens. There are three types of casting methods, low 

pressure/gravity, counter pressure, and high counter pressure molding (HCM), each 

method has its place in today's market. A wheel manufacturer will select a particular 

method according to the weight, strength and finish that they have specified for a specific 

design. Naturally, the more sophisticated and costly methods produce lighter and stronger 

wheels but at a higher price. 

Bolt Load Retention (BLR) is the amount of load (actually the tensile force in the male 

threaded fastener) retained in a clamped joint after some duration. Typically it is expressed 

as a percentage of the initial fastener preload, i.e. 75% BLR means that the joint has relaxed 

enough to reduce the tension in the male threaded  fastener  to  75%  of  its  original value. 

Aluminum and magnesium are prone to reductions in BLR due to a combination of factors 

(creep, stiffness characteristics of the joint, etc.), especially if the service environment 

is characterized by variable amplitude loading and temperature fluctuations.  In our 

case, one of the concerned automaker’s assembly plants is located in a country where the 

quality of the aluminum raw material is lower than the specified level as defined in the 

original design. Consequently, the lug nuts area of the aluminum casting wheel, when 

under the stress of bolt load retention, is often broken in a driving test (Figure 1). For the 

automaker, there are a few options available: 1) total redesign of the wheel; 2) ship 

aluminum wheels from other sources (countries); and 3) resolve the problem domestically 

with an ECR. The first option is not economically feasible as the cost associated is 

very high since redesign will affect the entire vehicle family, including those assembled in 

other areas. Also, it will delay the product launch time. The second option is also 

unacceptable in terms of extra cost associated with transporting wheels from other 

countries to the plant. Considering both cost and time constraints, it is not surprising that 

the last option was adopted. However, the problem lies in the task of finding a quick, easy, 

and economic solution, which is the focus of this paper. 
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2. REVIEW 

Figure 1: Broken in lug nuts area 

TRIZ is the Russian acronym for the “Theory of Inventive Problem Solving” that 

originated from extensive studies of patent information by Altshuller, the founder of TRIZ. 

It is a technical innovation algorithm which assumes that there are universal principles of 

invention that are the basis for creative innovations that advance technology. If these 

principles could be identified and coded, they could be taught to people to make the process 

of invention and problem-solving more predictable. These principles enable the engineers 

and designers to develop preliminary product concepts subjected to a set of technical 

constraints and contradictions [1, 3]. 

Among all TRIZ components, the Contradiction Matrix is the core and can be used for 

inventive problem solving. Through resolution of a problem’s contradictions, solutions 

can be generated by the invention principles [1, 2]. Within TRIZ, there are two types of 

contradictions: Physical Contradictions and Technical Contradictions. A “Technical 

Contradiction” might be solved by using contradiction table that identifies 39 

characteristics most frequently involved in design process. A “Physical Contradiction” 

might be solved by separation principles. From the TRIZ standpoint, a challenging 

problem can be expressed as either a technical contradiction or a physical contradiction. 

TRIZ formulates and explores contradictions to develop accurate problem statements. 

However, new developments in the area of ARIZ has further 

Computer aided engineering (CAE) is concerned with the application of computerized 

equipment to the engineering function. The aim of CAE is to have an open and 

homogeneous flow of technical information; integration between the various computerized, 

automated and networked units within the product development function and between this 

and the rest of the organization. Finite Element Analysis (FEA) is a powerful engineering 
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design tool that enables engineers and designers to simulate structural behavior, make 

design changes, and observe the effects of these changes. In essence, FEA is a numerical 

method used to solve a variety of engineering problems that involve stress analysis, heat 

transfer, electromagnetism, and fluid flow. FEA can also be treated as a computer 

simulation of the whole process in which an electronic prototype is built and tested, and 

then rebuilt and retested until an acceptable design is created. 

 

 

  Table 1: 39 TRIZ Engineering Parameters   

1. Weight of moving object 21.Power 

2. Weights of non-moving object 22. Waste of energy 

3. Lengths of moving object 23. Waste of substance 

4. Lengths of non-moving object 24. Loss of information 

5. Areas of moving object 25. Waste of time 

6. Areas of non-moving object 26. Amount of substance 

7. Volumes of moving object 27. Reality 

8. Volumes of non-moving object 28. Accuracy of measurement 

9. Speed 29. Accuracy of manufacturing 

10. Force 30. Harmful factors acting on object 

11. Tension, pressure 31. Harmful side effects 

12. Shape 32. Manufacture ability 

13. Stability of moving objects 33. Convenience of use 

14. Strength 34. Adaptability or versatility 

15. Durability of moving object 35. Adaptability 

16. Durability of non-moving object 36. Complexity of device 

17. Temperature 37. Complexity of control 

18. Brightness 38. Level of automation 

19. Energy spent by moving object 39. Productivity 

20. Energy spent by non-moving objects 
 

 

Li, et. al. [5] developed a model of creative thinking for computer aided product 

innovation. The model integrates TRIZ method and intuition thinking methods (e.g. 

brainstorming) to improve design concept generation process. The model consists of five 

modules: creative thinking module, knowledge base module, web-based search module, 

concept design supporting module, and collaborative design supporting module. Chang 

and Chen [2] presented a conflict-problem-solving CAD software which integrates TRIZ 

into the design process. Design engineers can acquire the most feasible solution and 

inspiration through a software which possesses five major functions: design targets search 

by  the  analytic  hierarchy  process  technique,  product  evaluation,  TRIZ  engineering 
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Problem 

Identification 
Aluminum Wheel: broken in lug nuts area 

Concept 

Generation 
Using TRIZ for concepts generation 

Concept 

Evaluation/Testing 
Using FEA for testing and validation 

parameter recommendation reflecting eco-efficiency elements, TRIZ inventive principle 

exploration by the statistic technology, and TRIZ inventive principle interpretation. Kitto 

[4] explained how TRIZ, FEA and Fused Deposition Modeling (FDM) can be integrated 

altogether for engineering design tasks. The integrated approach has been tested with 

design projects in the academic environment and the results of the assessment testified the 

benefits of this combination. Killander [3] also demonstrated how FEA, QFD and TRIZ 

can be combined together for supporting engineering design projects. 

 

 

3. METHODOLOGY 

An integrated process is proposed for resolving the aforementioned problem in aluminum 

wheel design. The two key components of the methodology are TRIZ and FEA, where 

TRIZ is used to generate design change alternatives and FEA is used to simulate and 

evaluate these alternatives generated (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Proposed framework 

Step 1: Problem Identification 

Based on the Innovation Situation Questionnaire (ISQ) process used in TRIZ, the problem 

associated with the aluminum wheel design can be defined as following: 

• System: A wheel, which is a part of the wheel assembly. The technological system 

is designed to support the tire and roll over on the road. 

• Primary Useful Function (PUF) performed: The aluminum wheels support the tire 

and move the car; also, the aluminum wheel is attractive to the customer. 

• The Negative Effect or Drawback: The aluminum wheel is not as strong as the steel 

wheel. Crack is often happened in the lug seat (i.e., broken lug nut area). 

• With the increasing weight and speed of the vehicle, a stronger wheel was required. 
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• Identify the cause of the negative effect: the wheel will absorb all the impact from 

the road and the force from the engine. 

• General or known solutions:  For stronger wheel, a thicker aluminum wheel frame 

is required or a stronger material is needed.  Both are unaccepted for this problem. 

• Contradiction: (Reducing weight vs. Increasing mechanical strength) 

(Reducing weight vs. Reliability) 

(Reducing weight vs. Harmful factors acting on object) 
 

 

Step 2: Alternative Generations Using TRIZ 

Due to the conflicting nature of the problem in wheel design, Contradiction Matrix of the 

TRIZ method is used to resolve the technical contradictions among the engineering 

parameters, and potential ideas are generated based on the suggested TRIZ principles. 

Contradiction 

Attributes 

Selected attribute to improve: Weight of moving object 

Degraded attribute: Strength 

 

TRIZ Solution 

Principles 

Suggested 

• Principle 18: Mechanical vibration 

• Principle 27: Inexpensive, short-lived object for expensive, 

durable one 

• Principle 28: Replacement of a mechanical system 

• Principle 40: Composite materials 

 

Contradiction 

Attributes 

Selected attribute to improve: Weight of moving object 

Degraded attribute: Reliability 

 

TRIZ Solution 

Principles 

Suggested 

• Principle  1: Segmentation 

• Principle  3: Local conditions 

• Principle 11: Cushion in advance 

• Principle 27: Inexpensive, short-lived object for expensive, 

durable one 

 

Contradiction 

Attributes 

Selected attribute to improve: Weight of moving object 

Degraded attribute: Harmful factors acting on object 

 

TRIZ Solution 

Principles 

Suggested 

• Principle 18: Mechanical vibration 

• Principle 21: Rushing through 

• Principle 22: Convert harm into benefit 

• Principle 27: Inexpensive, short-lived object for expensive, 

durable one 

Altogether we have obtained nine principles (principles 18, 27, 28, 40, 1, 3, 11, 21, and 22, 

in order suggested by the TRIZ matrix) through the TRIZ Contradiction Analysis. Each of 

these principles has been considered in turn, yielding the following design change ideas. 
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Principle 18: Mechanical vibration 

a. Set an object into oscillation 

b. If oscillation exists, increase its frequency, even to ultrasonic 

c. Use the resonant frequency 

d. Instead of mechanical vibration, use piezo-vibrators 

e. Use ultrasonic vibration in conjunction with an electromagnetic field 

No idea generated. 

Principle 27:Substitute an inexpensive, short-lived object for an expensive, durable 

one 

Replace an expensive object by a collection of inexpensive ones, forgoing certain 

properties (e.g., longevity). 

IDEA 2: Use a disposable ring that will be destroyed while absorbing the energy. 

Principle 28: Replacement of a mechanical system 

a. Replace a mechanical system by an optical, acoustical or olfactory system 

b. Use an electrical, magnetic or electromagnetic field for interaction with the object 

c. Replace fields, for instance: 

1. Stationary fields with moving fields 

2. Fixed fields with those which change in time 

3. Random fields with structured fields 

d. Use a field in conjunction with ferromagnetic particles 

IDEA 1: Use a disposable ring to protect the more expensive aluminum wheel. 

Principle 40: Composite materials: 

Replace a homogeneous material with a composite one 

IDEA 3: Make the ring (or the entire wheel) from a stronger material 

Principle 1: Segmentation 

a. Divide an object into independent parts 

b. Make an object sectional 

c. Increase the degree of an object segmentation 

IDEA 6: Use a multi-layer ring containing additional strengthening rings of different 

hardness and elasticity. 

Principle 3: Local conditions 

a. Transition from a homogeneous structure of an object or outside environment/action 

to heterogeneous structure 

b. Have different parts of the object carry out different functions 

c. Place each part of the object under conditions most favorable for its operation 

IDEA 4: Use a ring that has a heterogeneous structure. 

Principle 11: Cushion in advance 

Compensate for the relatively low reliability of an object by countermeasures taken in 

advance. 

IDEA 5: Consider using additional protection from the cracking fragments 
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In summary, these ideas (alternatives), shown in order of feasibility, are: 

1. Use a disposable ring to protect the more expensive aluminum wheel. 

2. Use a disposable ring that will be destroyed while absorbing the energy. 

3. Make the ring from a stronger material. 

4. Use a ring that has a heterogeneous structure. 

5. Consider additional protection from the cracking fragments 

6. Use  a  multi-layer  ring  containing  additional  strengthening  rings  of  different 

hardness and elasticity. 

Based on these 6 alternatives, the combined solution of “using a disposable ring made of 

steel (which is invisible as it has been covered by the fastener) to protect the aluminum 

wheel” has been adopted. This alternative is further tested and verified by the associated 

FEA model in step 3. 

 
Step 3: Using CAE Tool for Testing and Validation 

In our case, the FEA tool is used to evaluate and optimize the ring design based on the 

distribution of stress. Model is built using solid element. Contact between parts is 

simulated. The model is analyzed using ABAQUS (Figures 3 to 6). 

 

 

Figure 3: Stress on the disc under clamp load without steel ring 

Principle 21: Rushing through 

Perform harmful or hazardous operations at very high speed. 

No idea generated. 

Principle 22: Convert harm into benefit 

a. Utilize harmful factors or environmental effects to obtain a positive effect 

b. Remove a harmful factor by combining it with another harmful factor 

c. Increase the amount of harmful action until it ceases to be harmful 

No idea generated. 
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Figure 4: FEA model with steel ring 

 

 

Figure 5: Stress on the disc under clamp load with steel ring 
 

 

 

 

 

 

 

 

 

 

Figure 6: Stress on the ring under clamp load 

Implemented Solution 

A ring made of steel will be pushed in the lug seat by machine during the wheel assembly 

process (Figure 7). This ring will alleviate the load on the aluminum wheel and meet the 

design specification. 
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Figure 7: Steel ring is pushed in the lug seat by machine 

 

4. CONCLUSION 

In this paper, we presented a framework for dealing with engineering change requests in a 

systematic fashion. The framework integrates two engineering design tools, TRIZ and 

FEA, for dealing with concept generation and concept evaluation/simulation. The 

proposed framework is demonstrated by a problem in the aluminum wheel design. A quick 

and cheap solution has been generated, verified, and implemented. This research can be 

further extended to more complex automotive design problems and to deal with 

collaborative conceptual design decision making scenarios. 
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Abstract 

It has been a great controversial discussion in the internet in Taiwan umbrella industry that who 

is the original inventor of the reverse umbrella since Kazbrella, a British brand, has its successful 

launch. The purpose of reverse umbrella is to keep wet side of umbrella away from the user in the 

rainy day. Some argued that Taiwanese inventor Mr. Li, Sheng Chun, the owner of Taiwan patent 

I254619 was the originator of the reverse umbrella. Though he did not put his patent into commercial 

practice. This paper traces the originality of the reverse umbrella and surveys patents in Taiwan, US 

and European patent data bases. Based on the time line of application dates of patents, the trend of 

evolution in Creax innovation suite is used to indicate the status of trend of dynamization of patents. 

It is discovered that the dynamic structure of Kazbrella based on US8893736 is far more advanced 

than that of I254619. The feature of I254619 includes a sliding ring, which is connected with two 

honeycombs, sliding along the central spine of umbrella. The honeycombs trigger the umbrella to fold 

inside out. Note that the umbrella is not foldable. Whereas in the US8893736 three moveable parts, 

including upper crown, outermost section and inner section, are connected to the central spine and a 

pulley system to control the relative movement of the upper crown and inner section. Obviously the 

patent US8893736 is in a higher status approaching the ideality in terms of the trend of object 

segmentation. 

Keywords: honeycomb, Kazbrella, patent, sliding support, trend of dynamization. 

1. Introduction 

An umbrella is used in rainy day to partially cover the body and it has been used for thousands 

of years in human history (Umbrella history, 2017). As the human society evolves, people starting to 

find out there should be more functions added to the umbrella. For example, when people get into car 

from outside rainy weather, it is desirable to keep the umbrella dry in order not to spoil the carpet or 

important paper in the car. But how to keep the wet umbrella dry? It seems an impossible mission. 

mailto:yjlin@must.edu.tw2


 

 

The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

43 

 

From the perspective of TRIZ physical contradiction, the umbrella must be wet because the weather 

is rainy; however, it must also be dry because we don’t want it spoils the things we like. This 

contradiction is solved by the principle of space separation (Altschuller, 1984; Bukhman, 2012). As to 

the rainy weather, the outer surface of the outside canopy of the umbrella must be wet; as to the things 

we like, the inner surface of the inside canopy of the umbrella must be dry. The principle number one, 

segmentation, of the 40 inventive principles is applied to solve the contradiction. The original canopy 

is segmented into two, the outside canopy and inside canopy. In this way, the rain drops are kept in the 

pocket formed by the outside canopy (which is collapsible) when the umbrella is closed by pulling the 

spine towards to the user. This procedure of closing the umbrella is just the reverse of the ordinary 

way. In this paper, we are going to discuss the originality of the reverse umbrella to settle down the 

issue raised in the internet, who was the originator of the reverse umbrella (Who invent reverse 

umbrella, 2017). Through the analysis of the patents with the reverse umbrella, the trend of 

dynamization is disclosed (Yoon and Kim, 2011).  

The rest is as follows: Section 2 provides a literature review on reverse umbrella and trend of 

evolution. Section 3 describes the detailed description of the technology used in reverse umbrella. 

Section 4 concludes the paper. 

2. Literature review 

There are hardly any literature concerning the reverse umbrella in the research literature database 

both in English and in Chinese. However, there are some patents exist in the patent database. There 

are three kinds of reverse umbrella shown in the internet, and their brand name and inventors can be 

obtained, which are李盛群 (Li, Sheng-Chiun) (Who invent reverse umbrella, 2017), 神美傘 (Shen-

Mei umbrella) (Shen-Mei umbrella, 2017) and Jenan Kazim (Reverse folding umbrella, 2017). The 

corresponding patents are TWI254619 (Li, 2006), TWM522603 (Wu, 2016), GB2346556 (Kazim, 

2001), US8893736 (Kazim, 2014), and US20150265013 (Kazim, 2015). Using the backward and 

forward citation of those patents in the European patent database (Espacenet patent search, 2017), it 

is easy to derive the cited documents and citing documents including Tables 1-3. Note that there is no 

citation for TWI254619 and TWM522603. And also the forward citation of US8893736 and the 

backward citation of US20150265013 are none. In each patent the filing date is stated and if the 

published patent (kind code A) is followed with an approved patent (kind code B), the approved patent 

is stated beside the published patent. Tables 1-3 show the technology history of reverse umbrella. It is 

clear that the earliest attempt to solve the problem starting in 1968 in the patent GB1233564. The 

patents show that nations like Great Britian, Italy, Japan, United States, Taiwan and China are involved 

in tackling the reverse umbrella problem. Due to the paper length limit, those patents will not be further 

pursued. 

After the patent search of reverse umbrella, the paper turns to the trend of evolution. One of the 

main tools in the TRIZ is the ideality concept, where ideality = conceived benefit/(cost + harm) (Mann, 

2002). The general TRIZ trend on ideality is that the most systems increase their ideality by changing 
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each trend phase, from low ideality to high ideality. There are 35 trends in the trend of evolution (Mann, 

2002). For example, in the trend of dynamization, the phases of the technology system could be 

immobile, single joint, multiple joints, completely flexible, liquid/gas and field. In the trend of object 

segmentation, the phases of the technology system could be monolithic solid, segmented solid, highly 

segmented solid, solid granules, solid powder, monolithic liquid, segmented liquid, aerosol, gas, 

plasma, field and sparse field (Creax innovation suite, 2001). By identifying the current status of the 

technology system, a possible jump can be sought out. 

Lastly, the product architecture (Pahl and Beitz, 1999; Fiorineschia, Frillicia, et.al., 2015) can be 

useful in analyzing the product (in our case, reverse umbrella) and group its components into different 

modules. The product architecture of a product is decomposed of two layers, one for components and 

the other for their functions. And the components and functions are linked together so that module can 

be easily identified through functions. A sample product architecture is shown in Figure 1. 

Table 1. Citation of GB2346556 

Kazbrella patent Backward citation (cited 

documents) 

Forward citation (citing 

documents) 

GB2346556  Filing date: 

2000-02-14 

GB1233564 (GB2019210) 

Filing date: 1968-02-14 

US20150265013 (GB2507649) 

Filing date: 2013-09-27 

 GB1581103 Filing date: 1978-

05-12   

US2013092206 (US8733378) 

Filing date: 2012-03-22   

 GB2239173 Filing date: 

1989-12-19 

US2012240969 (US8893736) 

Filing date: 2010-09-20   

 GB2320893 Filing date: 

1997-01-06 

US2010031984 (US8011379)  

Filing date: 2008-02-01 

 GB2329123 Filing date: 

1997-09-10 

US2006016465 (US7523759)  

Filing date: 2005-07-26 

 EP0596180 Filing date: 1992-

11-02 

 

 US3935874 Filing date: 1975-

12-18 

 

 US4456023 Filing date: 1981-

07-25 

 

 WO8703460 Filing date: 

1985-12-12 

 

 WO9748303 Filing date: 

1996-06-17 
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Table 2. Citation of US8893736 

Kazbrella patent Backward citation (cited 

documents) 

Forward citation (citing 

documents) 

US8893736 Filing date: 

2010-09-20 

US3435836 Filing date: 1967-

06-20 

 

 US3534752 Filing date: 1969-

02-03 

 

 US3709238 Filing date: 1971-

03-26 

 

 US4007753 Filing date: 1976-

01-22 

 

 US2004211451 Filing date: 

2004-04-27 

 

 US2007089768 (US8733378) 

Filing date: 2005-10-22 

 

 US2007169801 (US7484518) 

Filing date: 2007-01-22 

 

 JPH0467803 (JPH088882) 

Filing date: 1990-07-06 

 

 JPH0856725 Filing date: 

1994-08-19 

 

 JP2007181657 (JP4108720) 

Filing date: 2005-12-09 

 

 JP2013141462 (JP5912535) 

Filing date: 2012-01-06 

 

Table 3. Citation of US20150265013 

Kazbrella patent Backward citation (cited 

documents) 

Forward citation (citing 

documents) 

US20150265013 

(GB2507649) Filing date: 

2013-09-27 

 US9629426 Filing date: 2016-

05-04 

  US9538819 Filing date: 2016-

04-19 
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Figure 1. Product Architecture in terms of functional elements and physical elements. 

3. Technology of Reverse Umbrella 

Due to the limit of the paper length, description of five patents listed in previous section will be 

made in detail and are shown in Table 4. 

Table 4. Technology description of the patents. 

Patent Filing date Technology description Figures Status in the 

trend of 

dynamization 

GB2346556 2000-02-14 The compact umbrella is 

with one canopy 14 and 

uses several sets of four 

studs 9-12, a spoke 08 and 

an air tube 13 to make the 

canopy folded in such a 

way that its dry region is on 

the outside. The air tube is 

activated by a plunger to 

right itself when blown 

inside out. 

 

The stud is in 

the status of 

multiple 

joints. 



 

 

The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

47 

 

TWI254619 2004-09-01 There are two canopies, 

inside canopy 3 and 

outside canopy 4 where 

outside canopy 4 is 

foldable so that the outside 

of outside canopy 4 can 

form a cavity to collect 

rain drops. The extension 

of two canopies is 

operated by a sliding ring 

11 with two honeycomb 

structures attached therein. 

 

 

In the sliding 

rim 11 

structure, it is 

immobile. 

US8893736 2010-09-20 The compact umbrella is 

with a main canopy 18 and 

a collapsible canopy 

framework 16 including a 

pulley system housing 42, 

upper crown 24 and lower 

crown 38. The pulley 

systems trigger the relative 

movement of upper crown 

and lower crown. An inner 

strut 28 is connected to the 

upper crown, whereas the 

outer strut 30 is remotely 

connected to the lower 

crown an actuation system 

52. 

 

 

There are two 

crowns, upper 

crown and 

lower crown 

sliding on the 

central spine. 

It makes the 

collapsible 

canopy 

framework 

run smoothly. 
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US20150265

013 

2013-09-27 There is one canopy, main 

canopy 24 and optional 

internal canopy 34 and 36. 

And also there are four 

sliding supports, first 38, 

second 42, third 44 and 

fourth 50 sliding support 

which are connected to the 

central spline 12. The 

fourth sliding support 50 

contains a pulley system 

which controls the 

movement of the first and 

second sliding supports.  

In addition, sliding strut 40 

and sliding pivot 46 are 

provided to make the 

opening and closing of 

umbrella more smoothly. 

 

 

There are four 

sliding 

supports on 

the central 

spine where 

the fourth 

sliding 

support 

containing the 

pulley system.  

TWM522603 2015-11-03 This compact umbrella 

uses only one canopy. 

However, the outside of 

the canopy can be folded 

three times such that it 

forms a cavity to retain 

rain drops. Beside the 

main rib 23, there are there 

supporting ribs, first 24, 

second 25 and third 26 

supporting ribs, 

respectively.  

 

 

The rib 

structure is in 

the status of 

multiple 

joints. 
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    Looking at the Table 4, several key findings are observed. First, only patent TWI254619 tackles 

the rain drops problem in regular size umbrella, the other four patents GB2346556, US8893736, 

US20150265013 and TWM522603 belonging to compact umbrella. Second, the patent TWI254619 

does not provide rigid proof that its linkage of the struts can work properly in opening and closing 

umbrella. Beside there is no prototype to demonstrate its functionality. Third, although there are three 

patents GB2346556, US20150265013 and US8893736 on compact umbrella from Kazbrella, there is 

no commercial product yet. Kazbrella only presents reverse umbrella for regular size not for foldable 

umbrella. It makes us curious why there is no commercial foldable reverse umbrella from Kazbrella 

even though it has three patents on it. Perhaps, the technology presented in the patent is difficult or 

expensive to make. On the contrary, patent TWM522603 has put out its commercial product as 

compact reverse umbrella. Investigating the patent GB2346556 shows that using an air tube to self 

right the umbrella seems implausible. Fourth, two canopies are used in the regular size umbrella, 

whereas only one canopy can be used in the compact umbrella. Fifth, there are two types of evolution 

trend in the case of umbrella, one is the trend of dynamization and the other trend of object 

segmentation. In the trend of dynamization, the stud connecting to the central spine evolves from 

immobile (TWI254619) to single joint to multiple joints (US20150265013). In the trend of object 

segmentation, the sliding support evolves from monolithic solid (TWM522603) to segmented solid 

(US8893736).  

To further assist the understanding of patents TWI254619 and US8893736, their function attribute 

models (Mann, 2002) from the first independent claims are stated. Meanwhile, their working principle 

and product architecture will be stated in sequence. The function attribute model is augmented from 

function model with attributes of parts specified on the boundary of the parts. The function attribute 

model of the first independent claim of TWI254619 is shown in Figure 2. The attribute of the object 

is depicted in the corner of the box of object. For example two attributes including upper and preset 

position are attached to the main support 2 in the top left of Figure 2. The first independent claim is 

stated in the format of function attribute model as follows. And it can be read together with the 

umbrella structure in Figures 3 and 4. 

A main pole 1 is setup with a sliding ring 11 where the sliding ring 11 is setup with first honeycomb 

111 and second honeycomb 112. The main pole 1 is setup with hold member 14 and end pole 15 at its 

both ends respectively. Thereby both hold member 14 and end pole 15 is setup with buckles 141 

respectively to setup with a handle 16 for practical situation. An umbrella framework is composed of 

an inner brace 21 and an inner framework 22 where the inner brace 21 is setup with the first honeycomb 

111 and the inner framework 22 is setup with the second honeycomb 112 in a radial state. A bent 

outside brace 23 is setup to the low of the end pole 15. In the middle the bent outside brace 23 is 

pivoted with a moving brace 24. An inner canopy 3 is combined with the inner brace 21. An outer 

canopy is combined with the bent outside brace 23. Due to the interchangeable position of a handle 16 

between hold member 14 and end pole 15 through the buckles 141, the handle 16 can be placed at the 

hold member 14 during the normal weather whereas the handle 16 can be placed at the end pole 15 to 

collect rain drops during the rainy days. 
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In Figure 3 the umbrella is in a normal mode where it is expanded to protect the user. In this case 

the handle 16 is placed at the hold member 14. On the other hand, during the rain drops collecting 

mode the handle 16 is switched to the end pole 15 so that the outer canopy can hold the raindrops as 

shown in Figure 4. Practically, it is not necessary to install two buckles 141 both at hold member 14 

and end pole 15. Only one buckle 141 is needed at the hold member 14. When the user wants to collect 

the raindrops, he/she just pulls the sliding ring 11 towards the handle 16 so that the outer canopy 4 can 

collects them. In this way, it saves the operation of switching the handle 16 from the hold member 14 

to the end pole 15. Indeed, Kazbrella uses this method to collect the raindrops. 

Figure 5 shows the function attribute model based on the first independent claim of US8893736. 

And it can be read together with the umbrella structure in Figures 6-8. Figure 6 shows the open position 

of the umbrella. Figure 7 shows that the outer strut 30 is pivoted clockwise at the hinge 60 when the 

upper crown 24 is pulled close to the lower crown 38 to close the umbrella. In this way, the outer strut 

30 is bent inward and is surrounded by the inner strut 28 so that only the dry side of the canopy is 

shown outside as shown in Figure 6. The independent claim 1 is stated below. 

A foldaway umbrella moveable between an open configuration and a closed configuration, said 

umbrella comprising: a) a central spine 12; b) an upper crown 24 moveable with respect to the central 

spine 12; c) a lower crown 38 fixed with respect to the central spine 12; d) a canopy framework 16 

connected to the upper crown 24 and the lower crown 38; and e) a main canopy 18 covering the canopy 

framework 16 said main canopy 18 having an inside face closest to the canopy framework and an 

outside face remote from the canopy framework; wherein movement of the upper crown 24 from a 

position remote of the lower crown 38 to a position close to the lower crown causes the canopy 

framework, and thus the main canopy, to move from the open configuration to the closed configuration 

wherein the main canopy 18 is folded inside out such that only the inside face of the main canopy is 

exposed and wherein movement of the upper crown from a position close to the lower crown to a 

position remote of the lower crown causes the canopy framework, and thus the main canopy, to move 

from the closed configuration, wherein the main canopy is folded inside out such that only the inside 

face of the main canopy is exposed, to the open configuration; wherein the central spine 12 comprises 

an outermost section 44 and an inner section 50, the inner section 50 movable inside the outermost 

section 44, the lower crown 38 is fixed to the outermost section of the central spine and the upper 

crown 24 is moveable with respect to the outermost section 44 of the central spine 12 wherein 

movement of the inner section 50 of the central spine 12 out of the outermost section 44 of the central 

spine results in the movement of the upper crown from a position close to the lower crown 38 to a 

position remote from the lower crown 38 and wherein the inner section 50 of the central spine 12 is 

connected to the upper crown 24 by a string and pulley system 42. 
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Figure 2. Function attribute model of the first independent claim of TWI254619 
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Figure 3. An umbrella in normal usage 

 

 

Figure 4. An umbrella in rain drops collecting mode 
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Figure 5. Function attribute model of the first independent claim of US8893736 
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Figure 6. Umbrella in open position 

 

Figure 7. Umbrella framework 
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Figure 8. Umbrella in closed position 

The working principle of TWI254619 is stated as follows. A bent outside brace 23 is being pulled 

by the inner brace 21 and inner framework 22 which are radially spread out from the first and second 

honeycombs 111 and 112 when the sliding ring 11 slides downward the handle 16. In this way, a V 

shape is formed among the outer canopy 4 so that pocket are formed to collect the raindrops. 

 Pahl and Beitz (1999) define Product Architecture as the scheme showing the relationship 

between function structure of a product and its physical configuration; a graphical representation of 

this definition is showed in Figure 1. As seen in Figure 1, there are two layers in the graph, one is 

about components the other is about its corresponding functions. And it is possible to associate two 

functions with a sub-assembly. When the components getting larger, the graph will become messy. If 

in the case that each component and sub-assembly has only one corresponding function, then it may 

be better to separate the two layers into two separate graphs. Thus for the sake of clarity of presentation, 

we will separate the components and functions into two different graphs. They are presented in Figures 

9 and 10 for the product architecture of TWI254619. It can be seen clearly in Figures 9 & 10 that both 

hold member and end pole have identical functions. Thus one of them, which is end pole, and its 

associated buckle can be trimmed.  
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Figure 10. Product architecture of TWI254619 - functions 

The working principle of US8893736 is to pull the upper crown 24 close the lower crown 38 so 

that the push & pull rod 54 will be drawn near to central spine 12. Then, the outer strut 30 rotates 

around the hinge 60 clockwise so that the inner strut 28 surrounds around the outer strut 30. In this 

way, the dry side of canopy will be always on the outside so that raindrops will be kept within the 

foldaway umbrella. 

The components and functions graphs of product architecture of US8893736 are shown in Figures 

11 and 12 respectively. 
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Figure 11. Product architecture of US8893736 - components 
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Figure 12. Product architecture of US8893736 - functions 

Comparing the function attribute models of the first independent claims between TWI254619 and 

US8893736 shows that though the structure of TWI254619 looks clumsier than that of US8893736, it 

is indeed simpler. It is because the canopy framework 16 of US8893736 contains many components 

which are shown in the model. In terms of technology complexity, the one of TWI254619 is simpler, 

however, in terms of operation efficiency the one of US8893736 is better. Of course, these two patents 

are for two different categories, which including conventional umbrella and compact umbrella.  

Comparing the working principles of these two, the one of TWI254619 uses the inventive 

principle (IP) 1, segmentation, to convert one canopy into two canopies, which including inner canopy 

and outer canopy. However, the one of US8893736 uses three inventive principles 12, equipoentiality, 

and 15, dynamization, and 17, another dimension.  The use of pulley is related to IP 12 because the 

user does not need to stretch out his/her hand to reach the upper crown. The use of canopy framework 
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is related to IP 15 because the canopy framework can change its structure between open and closed 

position. The folding of outer strut in the canopy framework applies IP 17 so that the dry side can be 

erected during the closed position. 

Comparing the product architectures of these two, the main functions of these two are slightly 

different. The one of TWI254619 is collect & stop raindrops, however, the one of US8893736 has, 

beside the previous two functions, additional function of folding umbrella. In order to perform the 

folding umbrella, canopy structure applies the IP 15 to change its structure between open and closed 

position. 

By now, we are able to answer our original question, who is the original inventor of reverse 

umbrella? It seems that Mr. Jenan Kazim (GB2346556, filing date 2000-02-14) is the first one to tackle 

the foldable reverse umbrella problem. Note that GB2346556 uses only one canopy. His first patent 

GB2346556 was proposed much earlier than that of TWI254619 (filing date 2004-09-01). However, 

the concept of double canopy used in the conventional reverse umbrella was first proposed by Mr. Li, 

Sheng-Chiun, the inventor of patent TWI254619.  

In patent TWI254619, only one sliding support is connected to the central spine; whereas in patent 

US8893736 three moveable parts, including upper crown, outermost section and inner section, are 

connected to the central spine and a pulley system to control the relative movement of the upper crown 

and inner section. Obviously the patent US8893736 is in a higher status approaching the ideality in 

terms of the trend of object segmentation. 

4. Conclusion 

A study on the originality on the reverse umbrella is conducted to solve the dispute in the internet, 

who is the original inventor of the reverse umbrella. Five patents are investigated in detail about their 

technology aspect. They are GB2346556, TWI254619, US8893736, US20150265013 and 

TWM522603. Only patent TWI254619 tackle the rain drops problem in regular size umbrella, the 

other four patents GB2346556, US8893736, US20150265013 and TWM522603 belonging to compact 

umbrella. As for the foldable reverse umbrella, it seems that Mr. Jenan Kazim (GB2346556, filing date 

2000-02-14) is the first one to tackle the reverse umbrella problem. His first patent GB2346556 was 

proposed much earlier than that of TWI254619 (filing date 2004-09-01), yet it is never put into 

commercial product. However, the concept of double canopy used in the reverse umbrella was first 

proposed by Mr. Li, Sheng-Chiun, the inventor of patent TWI254619. Mr. Li and Mr. Kazim used 

different mechanism to solve the reverse umbrella problem, and it can be best demonstrated by patents 

TWI254619 and US8893736. In patent TWI254619, only one sliding support is connected to the 

central spine; whereas in patent US8893736 three moveable parts, including upper crown, outermost 

section and inner section, are connected to the central spine and a pulley system to control the relative 

movement of the upper crown and inner section. Obviously the patent US8893736 is in a higher status 

approaching the ideality in terms of the trend of object segmentation. 
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Further comparison of the function attribute models, working principles and product architectures 

between the first independent claims of TWI254619 and US8893736 reveals several technology 

insight. Comparing the function attribute models of the first independent claims between TWI254619 

and US8893736 shows that though the structure of TWI254619 looks clumsier than that of US8893736, 

it is indeed simpler. It is because the canopy framework 16 of US8893736 contains many components 

which are shown in the model. In terms of technology complexity, the one of TWI254619 is simpler, 

however, in terms of operation efficiency the one of US8893736 is better. Of course, these two patents 

are for two different categories, which including conventional umbrella and compact umbrella.  

Comparing the working principles of these two, the one of TWI254619 uses the inventive 

principle (IP) 1, segmentation, to convert one canopy into two canopies, which including inner canopy 

and outer canopy. However, the one of US8893736 uses three inventive principles 12, equipoentiality, 

and 15, dynamization, and 17, another dimension.  The use of pulley is related to IP 12 because the 

user does not need to stretch out his/her hand to reach the upper crown. The use of canopy framework 

is related to IP 15 because the canopy framework can change its structure between open and closed 

position. The folding of outer strut in the canopy framework applies IP 17 so that the dry side can be 

erected during the closed position. 

Comparing the product architectures of these two, the main functions of these two are slightly 

different. The one of TWI254619 is collect & stop raindrops, however, the one of US8893736 has, 

beside the previous two functions, additional function of folding umbrella. In order to perform the 

folding umbrella, canopy structure applies the IP 15 to change its structure between open and closed 

position. 
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Abstract  

In this paper, the concept and classification of the complexity of the design process are discussed, 

and to judge whether there is complexity in the design process, which kind of complexity. Then, the 

complexity of the system is analyzed by the tools of TRIZ, and a method to determine the system 

function cycle is introduced to reduce the complexity. Finally, according to the different theories, the 

influence of the complexity of the design process on the system structure is analyzed, thus it can be 

more intuitive to see the importance of reducing complexity, and to forecast the future trend of the 

complexity of the design process. 

Keywords: complexity of the design process,TRIZ, function cycle, elimination model 

1. Introduction 

Complexity studies have arisen since the middle of the 1980s，it has been widely used in the 

fields of manufacturing, design, economics, management and organization, and it has become a 

powerful weapon to solve difficult problems in the complex environment, such as organization 

decision, technological innovation, scale production, enterprise management and so on. Because 

complexity theory adopts multi discipline fusion and combines qualitative and quantitative methods, 

it opens up a new field of soft science research, which is called "science of the twenty-first Century". 

Khurana from Harvard Business School divides complexity into technical complexity, logistical 

complexity, organizational complexity, and environmental complexity. The technical complexity is 

the difficulty that a technology includes knowledge and skills, as well as the technical disciplines. A 

number of fusion technology included knowledge and skills more difficult to grasp, more discipline, 

complexity of the technology is higher. He subdivides technical complexity into complexity of 

product and complexity of design process. In the process, different stages of design and development 

in the same product is mutual connection, mutual influence, And it is difficult to make clear that such 
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multilateral interaction, in the design process, to remove the technical complexity of each link, grasp 

the difficulties between the degree is also great, this is the complexity of the process. 

The complexity theory of design process proposed by Suh of Massachusetts Institute of 

Technology is the latest achievement in the field of design theory. He defines the complexity caused 

by the low probability of system function realization as the complexity of the and classifies the 

complexities encountered in the design. The past research on the theory of complexity of design 

process focused on the research about methods to reduce complexity of design process, is the analysis 

of problems in the system from the complexity of design process perspective, seeking to reduce the 

complexity of the system design process, improve the method of realizing probability. The conflict in 

TRIZ will cause the system to realize the function of low probability, realize the function of low 

probability will increase the complexity of design process, so the application of the theory of the 

complexity of design process, to determine the conflicts existing in the system according to the type 

of the complexity of design process, has become a new method to determine the conflict. Based on 

axiomatic design, an important research result of complexity theory is to transform combinatorial 

complexity into periodic complexity, which is an important method to reduce the time complexity of 

system. 

In this paper, the definition and different types of complexity in the complexity of design process 

theory are introduced. The complexity of design process is mainly analyzed from the complexity 

theory of axiomatic design. According to the complexity and the relationship between complexity 

and the content of information, a unified representation of the complexity of design process is 

proposed; in this paper, the complexity theory based on axiomatic design is integrated with TRIZ 

tools, and a model is proposed to eliminate complexity ， it can reduce or even eliminate the 

complexity of design process in the system; the complexity theory of axiomatic design for the impact 

of product design and production on different scale does not focus, therefore, different theories are 

introduced to analyze the specific effects of complexity and to predict the complexity of  design 

process. 

2. The complexity of design process 

▪2.1 The concept of complexity theory 

According to the course of study and check data shows that the complexity is the degree of 

uncertainty on the functional requirements. Due to poor system design or lack of understanding of 

the system, may result in an increase in the uncertainty of the system. The complexity is a function 

of the relationship between the design scope and scope of the system. The complexity is a function 

of time, may also not related with time, depending on whether the scope of the system change with 

time. The complexity represented by shared scope intersects with the scope of design and the scope 

of the system, as shown in Figure 1. 
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Figure 1. This is the probability density function of demand 

According to figure 1, in the early stage of product design, the user or designer will give the 

design accuracy or tolerance range, after the design parameters satisfying the functional requirements 

are determined, the probability of system realization functional demand can characterize the 

complexity of the system: If the system needs more information to meet the functional demand, is 

also the shadow area is larger, the higher complexity of the system; If the shared scope between the 

design scope and the scope of the system is small, then the probability of the system design is low, 

the design is complex design. 

▪2.2  The classification of complexity of design process 

The complexity theory of design process in the practice classified as time independent 

complexity and time related complexity of two categories. According to the classification can see, 

complexity may be time dependent or may be independent of time, depending on how strong the 

extent of time is in the system design. When the scope of the system moves over time, it is time 

related complexity. If the scope of the system does not change with time, it is time independent 

complexity. Time independent complexity includes the real complexity and fictional complexity. 

Time related complexity includes combinatorial complexity and periodic complexity. The specific 

classification method is shown in Figure 2. 
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Figure 2. Classification of complexity 

The definition of time independent real complexity is due to the scope of the system is not fully 

within the design scope, to meet the probability of the functional requirements is less than 1 degree 

of uncertainty. The shadow area under the probability density function called uncertainty. The real 

complexity exist in the design for practical design scheme can not meet the functional requirements 

in the design range at any time. 

The definition of time independent fictional complexity is the designer can not understand the 

design requirements of users enough, also called unreal uncertainty. For a design, even if it is to meet 

the two axioms of axiomatic design, but the lack of adequate understanding of the design itself, 

regardless of the time complexity of fiction may still exist. Individually, the extent of time 

independent fictional complexity lies on the degree of understanding to the system design, system 

structure and function. Even if there is no time independent real complexity, time independent 

fictional complexity may also exist. As with the installation order of the assembly, it is much more 

complicated to assemble if it is not understood, but after the first step, it becomes simpler and 

complexity weakens a lot. In summary, time independent fictional complexity only exists in the 

fictional multiple functional requirements must be in a certain order can be achieved. 

When the scope of the system moves over time with the design scope, that is to say, the design 

process has a strong correlation with time, and there is time related complexity in the system. In 

Figure 2, according to the complexity theory of axiomatic design, time related complexity includes 

the time related combinatorial complexity and time related periodic complexity 

Combinatorial complexity refers to the increasing system complexity due to the increasing 

number of combinations over time. The combination refers to a set of things that cause the complexity 

of the system to increase, such as vibrations. Combinatorial complexity can eventually lead to a 

chaotic state or a system failure. Combinatorial complexity has a strong relation with time, which 

will influence the system more and more as time goes on, and make the function realization 

probability of the system smaller and smaller. 
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Periodic complexity refers to the time dependent complexity generated by finite combinations 

within a finite period periodic complexity refers to the time related complexity generated by finite 

combinations within a finite period, in this finite cycle, the scope of the system can be returned to the 

design scope, The system functions can achieve probabilistic periodic recovery. The periodic 

complexity and combinatorial complexity are shown in Figure 3,4 below. 

 

Figure 3. Periodic complexity diagram 

 

Figure 4. Combinatorial complexity diagram 
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▪2.3 Transformation of time related complexity 

If you want the system to stay stable, you must analyze the functional cycle of the system. 

The similarity between periodic complexity and combinatorial complexity is time. its FRs are 

related to time, and the probability of function realization changes with time. You can see from the 

above two diagram. The probability of realization of the system function is decreasing from 1t  to 

2t  .The biggest difference between combinatorial complexity and periodic complexity lies in The 

probability of function realization in combinatorial complexity between 2t   and 3t   has been 

decreasing, the periodic complexity can be restored to the initial state at the moment 3t . 

According to the two diagrams above, the periodic complexity can be recovered in a single cycle, 

the combinatorial complexity is growing. So, compared with combinatorial complexity, periodic 

complexity is relatively easy to reduce. Then, a method is needed to establish the cycle in which the 

system functional requirements can be duplicated, and the combinatorial complexity is transformed 

into periodic complexity.  

Suh applied the complexity transformation process solves the combinatorial complexity of some 

systems. However, in the several important steps such as the determination of the repeated set of 

functions and the acquisition of the function cycle, Suh has not put forward specific methods to 

determine it. At present, when applying the complexity transformation process of Suh, it can only be 

completed by the expert of complexity theory based on the definition of the repeated set of function 

and the function cycle. As shown in Figure 5. 

 

Figure 5. Specific steps in the complexity transformation process 

3. TRIZ and complexity theory 

▪3.1 Overview of TRIZ 
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TRIZ is the prefix of the theory of inventive problem solving in Russian. Since 1946, G. S. 

Altshuller from the Soviet Union, and a group of researchers they have led, have developed the theory 

of inventive problem solving based on the analysis of 2 million 500 thousand patents from all over 

the world. The core of TRIZ is the theory of technology system evolution. TRIZ summarizes the 

patterns in which various technologies develop and evolve. The technology evolution of TRIZ is 

based on the following philosophy: Any field of product improvement, technological change, 

innovation is same as the biological system, there is a process of producing, growing, maturing, aging, 

and dying, and there are laws to follow. By mastering these rules, we can generalize the product 

evolution model, all systems evolve toward “ultimate idealization”, the patterns of evolution can be 

found in past patent inventions and can be used in the development of new systems to avoid blind 

attempts and waste of time. 

▪3.2 Improvements to complexity 

The last chapter refers to time independent complexity, including real complexity and fictional 

complexity. The real complexity is the complexity of the design itself, and the designed complex 

systems itself have considerable complexity. This kind of complexity is objective existence, and 

human beings cannot reduce it for creation. The fictional complexity is mentioned in the previous 

description, it is the man-made complexity that designers do not understand about the design itself, it 

is unnecessary and can be avoided altogether. So, here is no longer talking about time independent 

complexity. 

For time related complexity, in order to eliminate the combinatorial complexity in the system, the 

transformation of complexity needs to be combined with the tools of TRIZ to supplement the 

complexity transformation process, in some critical steps, add the TRIZ tool to solve the difficult 

problems such as identifying the set of repeated functions and determining the functional cycle. 

The TRIZ divides the functions of the system: effective full function and non effective full 

function. The effective full function means that the requirements of the function exist and are effective, 

the designer pursues the functions. The non effective full function refers to the incompleteness of the 

elements in the function, it cannot achieve the results of the pursuit, or the elements of function exist, 

but conflict with the outcome of the designer's pursuit. According to complexity theory based on 

Axiomatic Design, the functional requirements of the system depend mainly on the repeated function 

sets, the combination is the reason for the complexity of the system. 

For functional cycles, the combination that causes the system to appear The combination of time 

complexity that causes the system to appear combinatorial complexity is dependent on time, Before 

the introduction of the functional cycle, it can meet the functional requirements of the system for a 

period of time, the initialization time of the function cycle is established according to each function 

in the repeated function set. The function that causes the system to exist combinatorial complexity, 

whose scope of the system is removed from the design scope, is defined as the function cycle 

termination time. Therefore, a reasonable functional cycle should be introduced into the system. 
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▪3.3 Elimination model of combinatorial complexity 

Combinational complexity transformation process with TRIZ, an elimination model of 

combinatorial complexity is proposed, in particular, the categories of complexity are first judged. The 

elimination model of combinatorial complexity as follows: 

The first step: to determine if there is complexity. In the process of complexity transformation, 

the judgment of combinatorial complexity is the first and most important step. Because the designer 

has to judge the time related complexity or not at different times according to the design scope and 

the scope of the system. 

The second step: after defining the complexity, the system is decomposed on the basis of 

Axiomatic Design. 

The third step: to analyze each function using TRIZ tools, such as material-field analysis, and 76 

standard solutions and so on. According to the characteristics of the system, the repeated function sets 

of the system are determined, and reasonable function cycles are introduced into the system. 

The fourth step: applying the TRIZ theory tool, the abstract function cycle is transformed into the 

improved design scheme. 

The fifth step: to judge whether the new scheme has combinatorial complexity, and if so, repeat 

the steps above. 

4. The influence of complexity of design process on the system 

Research Based on Khurana and British Industrial sociologist Woodward, technological 

complexity reflects the degree of mechanization of the manufacturing process, it is divided into 

product complexity and process complexity. They correspond to the time independent complexity 

and time related complexity of Axiomatic Design. Product complexity is also the objective 

complexity of product design and manufacturing. Process complexity is the complexity of product 

design and product processes. 

From small batch production to continuous process production, the degree of mechanization in 

the manufacturing process is on the rise, the number of people who maintain the production system 

is increasing, the interdisciplinary knowledge and skills of people are becoming more and more, 

organizing these people requires greater management strength. In terms of organizational structure, 

there is an increase in horizontal complexity and vertical complexity. Other characteristics, such as 

management span, standardization, centralization, for mass production systems, they are higher, 

however, the characteristics of single and continuous process systems are lower. In addition, both 

single and continuous processing systems have the characteristics of being organic, they have higher 

freedom of flow and adaptability, relatively few procedures and standardization. A mass production 
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system is mechanical, standardized, and formalized. So, in practice, the complexity of the design 

process changes according to the production model, the complexity of complex systems is not 

necessarily large. 

According to our research, the complexity of design process has the following trends: 

（1）The complexity of products is improved, and the content of knowledge and skills in the 

product is increased; 

（2）Trend of small batch production is enhancing，to meet the individual needs of customers; 

（3）Advanced manufacturing technologies are springing up, such as flexible manufacturing, 

agile manufacturing, CIMS, instant manufacturing and so on. 

These trends mean that both product complexity and complexity of design process are on the rise, 

enterprises are bound to face more complex technology on the future. In this case, enterprises must 

adopt an organic organizational structure with more flexibility and adaptability to meet the needs of 

technological complexity growth. 

5. Conclusion 

（1）Further study the complexity theory, the complexity of design process is classified mainly 

based on axiomatic design, the complexity of each classify is investigated, and focus on time  related 

complexity. 

（2）The combination of design process complexity theory and function sets in TRIZ theory is 

introduced, a model for eliminating complexity is generated. 

（3）Based on the theory of different fields, the influence of the complexity of design process on 

the product design and manufacturing system is summarized, and the conclusions are given, that 

is the complexity of design process is improving, that shows the importance of ways to eliminate 

complexity. 
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Abstract 

This paper mainly introduces a kind of ultra-thin combination type tire breaker.It comprises a 

base with a groove,a shell with needles, and a transmission shaft with connecting function.A pin 

inserted at one end of the transmission shaft makes the shell in a horizontal state so that the vehicle 

can pass through the tire breaker smoothly.When the power is switched on, the pin is pulled out.The 

motor drives the shell rises to a predetermined height, needle can puncture target vehicle tire.The 

design process uses the methods of functional analysis, causal analysis, cutting and resource analysis 

in the TRIZ theory.First of all, find out the shortcomings of the current product.Then use the technical 

contradiction and the physical contradiction to choose the proper invention principle.Finally, a 

complete innovation design scheme is formed. 

Keywords: tire breaker, TRIZ, innovative design 

1. Introduction 

The tire breaker is a special equipment used to crack down on illegal and criminal 

activities[1].After an emergency, police officers will install it on the main road to prevent the suspect 

from driving away.After the installation is completed, the needle rises to a predetermined 

height.When the target vehicle passes, the tire will be punctured and lost control in a few 

seconds[2].At present, the mainstream products on the market are divided into two types of buried 

and pavement type, and their structure is basically shown in figure 1.First of all, the transmission 

shaft is installed inside the mechanism, resulting in excessive volume.Secondly, the additional parts 

such as bearings, bolts and so on, increase the complexity of the structure.Finally, the installation time 

is long and the maneuverability is very poor[3].These shortcomings lead to tire breaker in the process 

of using the effect is not good, not only for the police to arrest the suspect is not helpful, but it will 

affect the general public's normal travel, and even create long traffic jams[4]. 
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Figure 1. Structure of existing products. 

The theory of inventive problem solving, abbreviated as TRIZ, was founded in 1946 by Soviet 

engineer and scientist Altshuler[5].After studying a large number of high-level patents in different 

fields of the world, he found the objective trend of the evolution of engineering systems, and further 

proposed the innovative design theory with a complete system[6].After the breakup of the Soviet 

Union, a large number of TRIZ experts emigrated to Europe and the United States.TRIZ began to 

enter western enterprises and gained widespread application.Over the past 30 years, many powerful 

tools for analyzing problems have been developed, such as functional analysis, causal analysis, 

cutting and resource analysis, which greatly compensate for the shortcomings of the classical theory 

in these areas[7].For individuals, the use of TRIZ can solve specific technical problems and generate 

innovative solutions.For companies, the use of TRIZ can avoid competitors' patents, and better patent 

layout [8]. 
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2. Systematic problem solving process 

 

Figure 2. Problem Solving process. 

TRIZ is quite different from conventional methods for solving engineering problems.First of all, 

we should change the specific problem into the model of problem.Then, use the tools for solving 

problems in TRIZ to find a solution model, that is, a generic solution.Finally, the solution model is 

translated into a specific solution[9].In practical use, the problem solving process is shown in Figure 

2, which consists of the following 5 steps. 

(1) put forward the problem: have a clear understanding of the problems that need to be solved. 

First put forward a valuable question, and lay a solid foundation for the following research work. 

(2) problem analysis: transforming the specific problem into the model of TRIZ problem. The 

models that can be used in TRIZ include technical contradiction, physical contradiction and material 

field model. It should be emphasized that after the problem model is established, it is no longer related 

to the specific problem. This model is a general TRIZ problem model [10]. 

(3) tool selection: for each model has a corresponding tool to solve the contradiction, 

contradiction matrix is a tool, the separation principle is to solve the contradiction of physical tools, 

76 standard solutions is to solve the tool material field model[11]. With these tools, we can find a 

series of preliminary solutions with different advantages. 

(4) the evaluation of the solution: Based on the actual situation, the feasibility of the preliminary 

solution proposed by the previous step is evaluated. The evaluation criteria usually include the ease 
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of the technology, the limitations of the manufacturing costs, and the requirements for the completion 

time. This screening process will save us a lot of valuable time and resources at the end. 

(5) implementation: the final solution chosen will be applied to actual production. After the 

problem is found, correct the plan in time, or go directly to the next round of systematic disintegration 

process. 

3. Innovative design process 

▪3.1 The establishment of functional model and cutting 

First of all, the function model of the tire breaker is established, and the function relationship 

between the parts is defined. The functional model of the mainstream products is shown in figure 

3.The causal analysis was then used to determine the underlying causes of the problem, as shown in 

figure 4.After completing the first two steps, we found that the shell was the reason why the height 

could not be reduced. The reason for the poor mobility was the bolt connection, so it was necessary 

to remove the two parts by cutting.After cutting the functional model, as shown in Figure 5, the new 

model solves part of the problem, but also loses the original deceleration effect.The needle and the 

transmission shaft becomes more easily damaged.In addition, there are some resources inside and 

outside the system that can help us better solve the problem. Resources available from existing 

products are shown in table 1.Problem analysis here, we have basically defined the next design 

direction. 

 

Figure 3. Functional model. 
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Figure 4. Root cause analysis. 

     

Figure 5. The functional model after cropping. 

Table 1. System resource analysis. 

System internal resources 

Resource Name category Availability 

Needle Material resources Available 

Motor Energy resources Available 

System external resources 

pavement Space resources Available 

Target vehicle location information resource Available 

Installation time Time resources Available 

 

▪3.2 Technical contradiction 

(1)Contradiction Description: in order to make the tire breaker wider range of application and 

stronger anti-interference ability, the height of the support system is also reduced. We need to reduce 
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the transmission shaft diameter, and simplify the rest of the internal structure. However, this will 

change the appearance of the tire breaker, reduce the strength of the transmission shaft and deteriorate 

the reliability of the overall structure. 

(2) Converted into TRIZ standard contradiction, the improved parameters are: length of 

stationary object(4), harmful factors affecting object(30), adaptability and availability(35). The 

deterioration parameters are: shape(12), strength(14), reliability(27). 

(3)Find the contradiction matrix and get the principle of the invention as shown in Table 2. 

Table 2. Partial contradiction matrix. 

Improved parameters Deteriorated parameters Inventive principle serial number 

Harmful factors affecting object(30) Shape (12) 22，1，3，35 

Harmful factors affecting object(30) Reliability (27) 27，24，2，40 

Adaptability and availability (35) Strength (14) 35，3，32，6 

Length of stationary object (4) Strength (14) 15，14，28，26 

According to invention principle(1), the first scheme is to divide a whole object into separate 

parts and ensure that the assembly process is easy to implement. As shown in Figure 6, each module 

of the tire breaker length of one meter, install nine needles, can be used alone, can also be a few 

assembly together, to meet the different needs of the road.  

 

Figure 6. First scheme. 

According to invention principle(6), second schemes are obtained: one object can perform many 

functions, and the number of objects that can be completed in the original design can be reduced. The 

structure of the former tire breaker is complex, and the volume can not be reduced. As shown in 

Figure 7, the shell and the needles together, thus greatly reducing the number of parts of the tire 

breaker, increase the reliability of the structure. 
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Figure 7. Second scheme. 

According to invention principle(27), third schemes are obtained: replacing some expensive 

objects with some low-cost objects. The needles are obtained through the casting process, high cost. 

As shown in Figure 8, use steel stamping technology to manufacture to meet the requirements of the 

body, not only reduces the cost, but also improve the productivity. 

 

Figure 8. Third scheme. 

According to invention principle(27), fourth schemes can be obtained: the transmission shaft is 

replaced by a torsional spring instead of an electric motor. As shown in Fig. 9, the position of the 

drive shaft is fixed by the pin at one end, when the torsion spring is in a state of force storage. When 

the pin is pulled out, the torsion spring will quickly lift the drive shaft. And the price of torsion springs 

and pins is much smaller than that of motors. 
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Figure 9. Fourth scheme. 

According to invention principle(28), fifth schemes are obtained: using electric field, magnetic 

field or electromagnetic field to work with each other. The tire breaker now is through the control of 

a motor transmission shaft, the transmission shaft lifting control needle. In order to simplify the 

control system, we use electromagnets to directly control the needle, only need to control the on-off 

current can finish the lifting. 

 

Figure 10. Fifth scheme. 

▪3.3 Physical contradiction 

    (1) Contradiction Description: when determining height, in order to make the tire breaker run 

normally, it needs a higher height to ensure enough inner space to install parts. In order not to affect 

the normal running of non target vehicles, it requires a lower height and will not touch the chassis of 

the vehicle. 

    (2) The method of solving physical contradiction is separation principle, including time 

separation principle, space separation principle, relation separation principle, direction separation 

principle and system level separation principle. As shown in Table 3, we choose the principle of 
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spatial separation, which means that the two sides of the contradiction are separated in different spaces, 

so as to reduce the difficulty of solving the problem. 

Table 3. Partial separation principle table. 

Separation principle Principle of invention 

Space separation 1、2、3、4、7、13、17、24、26、30 

According to invention principle(2), sixth schemes are obtained: the transmission shaft is the 

key part of the tire breaker, and it needs to occupy larger internal space. If you reduce the size, it will 

cause the problem of insufficient strength. Now the transmission shaft is placed in the air, only two 

axis support as a support. When the vehicle passes through the tire breaker, the transmission shaft 

will be greatly impacted and easily deformed. As shown in Figure 11, we move the transmission shaft 

to the outside. The height of the tire breaker can be greatly reduced without changing the 

specifications. 

 

  Figure 11. Sixth scheme. 

4. Conclusion 

▪4.1 Preliminary evaluation plan 

Program The principle of innovation solved problem 

1 division（1） Single piece length is too long 

2 Usability（6） Shell effect single 

3 Replace expensive objects with low cost objects（27） Transmission structure is complex 

4 Replace expensive objects with low cost objects（27） The external motor is bulky 

5 Replacement of mechanical systems（28） Unresolved problem 

6 Separation（2） Transmission structure is complex 
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▪4.2 Determine the final plan 

Combine scheme 1, 2, 3, 4 and 6 to get the final solution.As shown in Figure 12, this design 

consists of three parts: base, shell and transmission shaft.The upper surface of the base are used to 

store the needle.The power of the tire breaker is supplied by an external motor.The transmission shaft 

not only connects the base and the outer shell, but also drives the shell to rise to the preset height to 

perform the function of breaking the tire.Figure 13 is a high contrast between this design and existing 

products. 

 

Figure 12. The final plan. 

 

Figure 13. Contrast with existing products. 
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Abstract 

The C-K theory provides a clear explanation framework for the design process, which opens the 

black box of engineering design and problem-solving process. An analysis and comparison of 

different systematic innovative methods are carried out based on the C-K theory, depicting their basic 

procedures to suggest that classical contradiction matrix of TRIZ, together with USIT and ASIT, have 

their own merits, limitations and possible ways of improvement. On the basis of previous theory-

driven comparison, four prominent features of an "idealized innovative method" can be concluded, 

namely problem refinement, problem standardization, introduction of knowledge and verification of 

solutions. 

Keywords: Systematic innovative method, TRIZ, C-K theory, USIT, ASIT 

1. Introduction 

The theory of inventive problem solving (TRIZ) is a systematic innovative method or toolkit 

established by G. Altshuller in the 1960s and promoted by TRIZ researchers and practitioners 

worldwide. This theory is featured by idealized evolutionary directions, systematic problem-solving 

procedure and structured knowledge database (Yao, 2015)[1]. The ultimate objective of it is to 

provide several conceptual solutions to real engineering problems in non-compromised ways. The 

past few decades have witnessed the widespread of TRIZ theory and its effectiveness has been 

proved by various reports from the industry[2][3]. In the meanwhile, the simplification of TRIZ itself 

and the combination of TRIZ with other theories or tools have been the focus of research in recent 

years. Some improvements accepted by the academic community include USIT[4] and ASIT[5], 

while some attempted to combine TRIZ with six sigma[6], theory of constraints[7] and QFD[8], which 

has been proved to be successful by relevant case studies. Obviously, each of these TRIZ-oriented 
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methods has its own merits and drawbacks. A careful comparison between different toolkits will act 

as a useful guidance for further improvements. 

The existing research generally analyzes and compares several typical systematic innovation 

methods from the following aspects: the background, the theoretical basis, the analytical 

framework, the tools for solving problems, and the operational procedure. Most studies tend to 

adopt qualitative methods to compare and analyze different methods of innovation at the level of 

concepts and processes. Such analysis is usually descriptive, introductory, but lacks intrinsic unity. 

Another idea is to carry out comparison which uses different methods to solve the same typical 

problems. The results of different innovative methods can tell advantages and disadvantages of each 

method. The application of each method can also be explored. 

In order to ensure the objectivity of the results, one must choose the appropriate benchmark 

problem. But a series of difficulties can be foreseen from the outset. The first difficulty is to find 

such a "benchmark problem" to ensure its feasibility. Finding a widely accepted “benchmark 

problem” might be time-consuming. On the other hand, the conclusion of the comparison of each 

method still cannot tell root cause of the existence of such differences. In order to overcome all 

these difficulties mentioned above, a theoretical comparison that is not confined to particular field 

or engineering problem should be conducted to open the black box of creativity process, thus 

providing beneficial suggestion for future development. 

Such a theory-driven comparison can be conducted on the basis of C-K theory, which provides 

a clear explanation framework for engineering design and problem-solving process. Applying C-K 

theory to the evaluation of systematic innovation methods has proved to be inspiring by several 

preceding researches, revealing the reasoning process of the target method and the innermost cause 

of its limitations[9]. 

 

1. Literature Review 

The C-K theory envisions the process of engineering design and problem-solving as the 

transformation of deign propositions between the knowledge space and the concept space (Hatchuel 

and Weil,2003)[10]. The knowledge space (K space) contains propositions that have been proved to 

be true or not, while the concept space (C space) contains other propositions that cannot be proved 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

84 

 

temporarily, and the transformation between the two spaces can be realized by four operators, 

namely, C→K, K→C, C→C and K→K. 

(1) the C→K operator is searching for relevant knowledge and attributes to verify whether a 

certain proposition is true or not. If the answer is confirmative, it puts an end to a design process. 

Otherwise a new proposition is placed in the C space; 

(2) the K→C operator is following the problem-solving process or referring to structured 

knowledge database to generate novel ideas and solutions. This is K→C operator β. Another form 

of operator that transforms the proposition K0 into the original design proposition C0 can be named 

as the K→C operator α.  

(3) the C→C operator operates within the C space to partition a specific proposition. The 

partition can be divided into two kinds: the restrictive partition(C→C operator α) and the expansive 

partition(C→C operator β) (Hatchuel and Weil,2009)[11]. The concept of restrictive partition is that 

the process of generating new ideas should depend on the introduction of knowledge from the K 

space. While expansive partition focuses on generating totally novel ideas which are free from 

constrains; 

(4) the K→K operator operates within the K space to expand knowledge. It contains 

classification, deduction, reasoning and so on. 

Many researchers have carried out the interpretation of various design methods from the 

perspective of C-K theory, including the Infused design method (Shai, 2013)[12], the parameter 

analysis method (Kroll and Masson, 2014)[13], the application of TRIZ toolkits in the field of food 

processing (Boujut, 2009)[14]. The conclusions obtained are very enlightening. However, few 

researchers focus on the representative methods in the development of TRIZ theory, and provide 

suggestions for the improvement of the future TRIZ theory based on the Enlightenment of C-K 

theory.  In this paper, comparison among the classical TRIZ contradiction matrix, USIT and ASIT 

is conducted in the light of C-K theory, trying to reveal the similarities and differences among the 

three methods. Such finding proves to be beneficial to the development of more "ideal" innovative 

method. 

2. Research Framework based on C-K theory 

3.1 An analysis of classical TRIZ contradiction matrix in the view of C-K theory 
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The Knowledge space contains Knowledge about the existing engineering system (Ks), 

engineering parameters (Kpara), a two-dimension contradiction matrix (Kmatrix) and inventive 

principles (Kprin). As is shown clearly in the flow chart below, in the first step, problem solvers 

define the existing contradiction and the rephrase it using the terms of engineering parameters 

(K→K operator). In the second step, transform this analysis and definition into a design proposition 

(C0). K→C operator α takes effect here.  

In the third step, refer to the contradiction matrix. The vertical axis is a list of worsening 

parameters while the horizontal axis lists all improving parameters. Then select certain pair of 

parameters to obtain suggestions of inventive principles (K→C operator β). Users can select 

multiple engineering parameters to obtain various propositions to be solved (C→C operator α) 

Finally, Use these principles as hints to generate conceptual ideas. (C→C operator β). 

 

Figure 1. the process of TRIZ in the view of C-K theory 

 

The advantage of contradiction matrix tool roots in its simplicity and clarity. But in reality, the 

select of engineering parameter differ from person to person, which results from the elements' 

properties in K space. Improvement about this method follows this route. D. Mann(2003) developed 

the 2003 contraction matrix, which adds the number of engineering parameters from thirty nine to 

forty eight[15]. Other researchers try to apply the contraction matrix to a wider range of fields 
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including bioscience, information science, business and management[16][17].  All these can be seen 

as an expansion of K space of the classical TRIZ. 

3.2 An analysis of USIT in the view of C-K theory 

Unified structured inventive thinking (USIT) was developed by Sickafus in 1995[18] and 

perfected by Nakagawa[19]. USIT is easily taught and comprehended within shorter training lessons. 

This theory is rooted in the perspective of functions and attributes of objects. Another fundamental 

improvement is that USIT provides more than two hundred specific suggestions for problem-solvers 

to refer to, while the classical TRIZ's innovative principles are more of hints rather than applicable 

suggestions. These two prominent features have made USIT an effective tool for problem solving. 

The Knowledge space of USIT contains knowledge about the existing engineering system (Ks), 

attributes (Ka), functions (Kf) and specific suggestions provided by USIT (Kusit). In the initial 

phase, after analyzing the problem using the close world condition and the particle method (K→K 

operator), the problem is described in the language of attributes and functions. In the second step, 

transform this analysis and definition into a design proposition (C0). K→C operator α takes effect 

here. 

In the third step, more than two hundred specific suggestions classified into five categories 

(Object Pluralization, Attribute Dimensionality, Function Distribution, Solution Combination and 

Solution Generalization) are provided and users have to go through all of them to generate 

conceptual solutions as many as possible (K→C and C→C operators). In the final stage, USIT 

suggests using filters, which means considering cost and limited resource in reality, to make sure 

that feasible solutions stand out from the rest (C→K operator). 
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Figure 2. the process of USIT in the view of C-K theory 

 

The advantage of USIT is it contains the four operators comprehensively, and it uses specific 

suggestion in replace of vague hints of classical TRIZ. But advantages and disadvantages coexist. 

Users of USIT have to go through all the specific suggestions, which is identified as a repeated and 

time-consuming process. Further improvement should replace this kind of “trial and error” process 

with a more efficient searching process. 

3.2 An analysis of ASIT in the view of C-K theory 

Reich and Hatchuel (2010)[20] have analyzed ASIT in the light of C-K theory previously. The 

Knowledge space of ASIT contains knowledge about the existing engineering system (Ks), some 

common engineering knowledge (Ke) as well as the closed world condition and the quantities 

change principle provided by ASIT (Kasit). The fundamental principle underlying ASIT is that 

problem solvers are not allowed to introduce knowledge apart from that exist in Ke and Kasit, 

which comply with the closed world condition. As for Ke, it contains some common engineering 
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knowledge. To put it more exact, it refers to some "common senses" in the field of engineering, for 

example, iron expands when it is heated. 

In the initial phase, the problem is redefined and transformed into a design proposition (C0), 

and K→C operator α takes effect here. In the second and the third step, use five tools provided by 

ASIT (Unification, Multiplication, Division, Breaking Symmetry and Object removal) to generate 

novel conceptual ideas as many as possible (K→C and C→C operators). In the final stage, due to 

the compliance of the closed world condition throughout the process, the feasibility of solutions 

generated by ASIT is ensured, which can be envisioned as the function of C→K operator.  

 

Figure 3. the process of USIT in the view of C-K theory 

 

ASIT aims to be creative while "stay in the box". The advantage of ASIT clearly lies in the fact 

that holding firmly to the "closed world condition" effectively ensures the feasibility of solutions, 

which can be interpreted that the C→K operator functions properly here. But this also brings 

limitation that the ASIT process does not contain the K→K operator, which means the absence of 

knowledge expansion. Further improvement of ASIT can be achieved by addressing this issue.  

 

4. Conclusions: Some features of a more idealized systematic innovative method 
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Based on the analysis above, an idealized systematic innovative method should contain all the 

four operators proposed by C-K theory and make them interconnected logically. 

From the beginning, the idealized innovative method should be able to elicit innovative 

proposition from practical engineering problems. These problems exist in reality so their relevant 

knowledge stay in the K-space. While it is uncertain to decide whether the new proposition is true or 

not, it stays in the C-space. This process of turning a real problem to a new proposition to be verified 

corresponds to the K→C operator. 

Secondly, a novel innovative method should provide some effective tools for decomposing 

problems into smaller pieces as well as transform them into standardized ones. Solutions to the 

original problem can be achieved by referring to the K-space of the method, which provides an array 

of problem-solving processes, tools and databases. (Corresponding to the K→C operator and C→C 

operator) 

Thirdly, all the conceptual ideas should by verified to get rid of the unworkable ones. Computer 

aided innovation (CAI) software and the participation of experts in relevant fields are necessities in 

this step. (Corresponding to the C→K operator) 

Finally, the K-space of the new method should be open to modification or augmentation to ensure 

its expandability. All the propositions, patents, innovative ideas, scientific formulas and mathematical 

derivations should be reserved and mutually interconnected (Corresponding to the K→K operator). 
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Abstract 

The radical innovation of products can significantly improve the system’s performance and the ideality. 

In order to apply the radical innovation and mining the improve innovation opportunities of products, 

this paper constructs the demand function tree and the existing product function tree through analysing 

user need and the products’ system. By comparing the two function trees, the differences between the 

expected state of the user and the actual state of the current product can be found, so as the 

opportunities for innovation and the determination of the types of problem. Methods such as the effects, 

trimming, conflicts resolution etc, which was used to solve the problems, can generate radical 

innovation ideas at the same time. On this basis, the model of radical innovation process of mechanical 

product is proposed. The radical innovation design of garlic peeling machine which applied the model 

verified its feasibility.  

Key words: user need; functional decomposition; radical innovation; 

1.  Introduction 

Radical innovation is an effective tool for enterprises to participate in international competition, 

and it is of great significance for enterprises to upgrade the technology and enhance the independent 

innovation capability. Some achievements have been made in the study of the basic principles and 

assumptions of radical innovation: Through screening out 157 representative patents from 300 

thousand patents, Schoenmakers[1] find that the radical innovative technology comes from existing 

knowledge and its combinations, not rely on new technologies; Arthur’s[2] research shows that the 

emergence of the radical innovation technology comes from a kind of demand that is not yet available. 

The implementation of these principles or methods through searching will lead to the emergence of 

follow-up problems, and the way to solve these problems is a radical innovation technology. The above 

research shows that there is a technical guidance for this radical innovation. However, in the process 

of product design, it is difficult to grasp the radical innovation technology because of the limitations 

of designers' knowledge, which leads to greater blindness. Zhang Hong-shi et.al[3] systematically 

described the content and steps of Fuzzy Front End management as basis for the generation and 
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identification of radical innovation. Hipple[4] proposed that the TRIZ can be applied to different types 

of product innovation assumptions generated in the Fuzzy Front End phase. On the basis of a large 

number of radical engineering cases, Ali[5] established a radical innovation process model by using the 

life cycle perspective. Ping Enshun[6-7] applied TRIZ to the Fuzzy Front End phase of product 

development and carried out technical forecast for the technical system that realized main function of 

the product or performed functional trimming and analyzed available resources for the technical sub-

system that implements the main function of a product, analyzed opportunities for radical innovation, 

and established the process model of product radical innovation. Although there are many researches 

on this aspect, the way to reduce the uncertainty of the Fuzzy Front End and produce high quality 

innovative assumptions is still a problem that needs to be studied and solved. In this paper, the 

requirement function tree is constructed according to the analysis results of user needs, and existing 

product function tree is established based on existing products, and the gap between the desired state 

of the user and the actual state of the current product is identified and the type of problem is determined 

by comparing the demand function tree with the existing product function tree. The problem is solved 

by using the technology innovation methods such as effect, functional trimming and conflict resolving 

principle, and radical innovation assumptions are produced. On this basis, a radical innovation process 

model of mechanical products is constructed. 

2. Definition and characteristics of mechanical product radical innovation 

2.1 Definition of mechanical product radical innovation 

There are several typical definitions of mechanical product radical innovation from relevant 

scholars at home and abroad: One of whom -Xiong Min[8] pointed out that radical innovation is one 

of the methods of technological innovation, through which products, processes, or services have 

unprecedented performance characteristics or similar characteristics, but performance and cost can be 

greatly improved, or a new product is created. Ping Enshun et.al.[6] considered that radical innovation 

of mechanical product was that design a new product or new function principle by using all design 

resources, which can realize the upgrading of the working principle of existing products or create a 

product with a whole new technology or principle. Zhang Hongshi[9] pointed out that radical 

innovation is based on radical technology innovation, which is neither the innovation that according 

to mainstream user demand nor the innovation that a temporary meet the needs of mainstream users. 

Henderson and Clark[10] define the radical innovation as the one which can meet the following two 

conditions: ①Brand new product concept; ②Major changes in the connection between the core 

components of a product. Richard Leifer et.al.[11] define innovation that satisfies one of the following 

3 conditions as  radical innovation, that is: ① Brand new product features; ② The present 

performance index is improved by at least 5 times; ③Product cost was significantly reduced (at least 

30%). 
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In short, radical innovation of mechanical product is based on the principle of the new science or 

engineering, and can make a great leap in the performance of the product and a sharp drop in cost or 

create a product that has a whole new technology or principle. 

2.2 Features of mechanical product radical innovation 

Based on the research of scholars at home and abroad, the radical innovation of mechanical 

products has the following characteristics which is the basis for the identification of it. 

①The working principle of the system or subsystem has changed, and the performance of the 

technical system and the ideal horizontal limit has been improved. For example, digital cameras has 

taken the place of film cameras and electric locomotive has taken the place of diesel locomotive. 

②Product core technology has changed. For example, in 80s, Japan applied electronic technology 

to the research and development of industrial sewing machines, which improved the automation and 

efficiency of the equipment. 

③Brand new product features. For example, the emergence of mobile phones, MTB, etc. 

3. Opportunity identification and scheme generation of radical innovation 

 When Joseph Alois Schumpeter put forward the concept of innovation, he specially pointed out 

the importance of innovation opportunities in the process of innovation. Designers identify the 

opportunity for innovation is the key to technological innovation activities, accurate grasp of 

innovation opportunities can yield twice the result with half the effort, which greatly improve the 

efficiency of innovation. 

3.1 Existing product function tree construction 

Selecting existing products and analyzing them systematically, which can specify the input and 

output streams of the product, determine the overall function of the product, and use the black box 

model to represent the product; then, the total function of the product is divided into sub functions, 

and the product function tree is built, and the bottom function is the function element. 

3.2 Requirement function tree construction 

Through enterprise Interview, user data analysis and other ways can obtain Customer 

Attributes(CA) that includes the consumer's needs for the performance of the product structure and 

the internal user's requirements for all aspects of the manufacturing process. And then through the 

"zigzag" mapping rules between Customer domain and Functional domain (as shown in Figure 1) to 

complete the user needs to convert the function demand, the resulting function decomposition tree is 

called the Demand function tree. The function requirements refer to a collection of a series of product 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

94 

 

functional requirements and constraints, the function requirements are simple expression of the design 

objectives and design constraints; design constraints are inevitable in the process of design 

qualification. 

Functional Domain Customer Domain

CA

CA1 CA2

CA11 CA12 CA21 CA22

CA212CA211 CA213

FR

FR1 FR2

FR11 FR12 FR21 FR22

FR212FR211 FR213

 

Figure 1 Zigzagging to decompose CAs and FRs in the Customer and Functional domains and to create the 

CA and FR hierarchies 

3.3 Problem determination based on function tree comparison 

The purpose of product innovation is to constantly shorten the gap between reality and demand, 

namely to find product innovation opportunities. In this paper, by comparing the existing product's 

function tree with the demand function tree, the differences between the expected state of the user and 

the actual state of the current product can be found, and the existing problems of the product are 

determined, and the goal of product improvement is determined. The control process is shown in 

Figure 2, and the specific control steps are as follows: 

Step 1: Compare the total function. If the existing product has the same function as that of the 

user, go to the next step. If it is different, then the function element is solved according to the demand 

function tree, and the product is redesigned. 

Step 2: Compare sub-function. Compare the existing product's function tree with the demand 

function tree in the same level of sub-function, if the function is not exactly the same, there is  

function missing or functional redundancy, function missing refers to the user demand function is not 

satisfied in the original products, functional redundancy refers to the presence of users do not need the 

function of the original products; if the sub-function identical, go to the next step; if the sub-function 

is completely different, according to the demand function tree, the function element is used to solve 

and redesign the product. 

Step 3: Repeat the steps above until the function element. 

Step 4: Determine whether there is design conflict. According to the design constraints to 

determine whether there is a design conflict in the system, Design constraints refer to the unavoidable 
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constraints in the design process, including the constraints of internal resources, the constraints of 

external flow, and human-computer constraints. Design conflict includes constraint conflict and 

functional conflict. Constraint conflict refers to the improvement of a constraint characteristic that 

leads to deterioration of the realization of one or more functions or some constraints, function conflict 

refers to the realization of a function to make other functions worse, or a functional implementation 

with improved constraint feature conflicts..  
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Figure2 The process of problem identification based on function comparison 

3.4 Program of radical innovation  

To summarize the methods of solving the Functional missing, Functional redundancy and Design 

conflict, the related scholars are summarized as shown in table 1. 

Table 1  Problem solving method 

Type of problem Solutions 

Function Redundancy Effect、Function extension 

Function Missing Function trimming 

Design Conflict Conflict resolution theory 

Among them, the function trimming can eliminate the unnecessary functions of the system, and 

then drive the change of the correlation function or structure of the system, so as to simplify the system 

and improve the ideal level of the system. Functional extension[12] refers to a functional component of 

the system, by endowing it with new functions, thereby driving its structure to change accordingly, 

thus forming a new product that can meet the needs of the future market. 

The Effect is the scientific principle that is followed in the product design process. It is the 

knowledge based tool in TRIZ. The Conflict Resolution Theory in TRIZ provides a method for the 

designer to solve the conflict problem thoroughly, different measures or principle of each invention 

principle are different from different angles , which effectively guide designers from different 

directions to solve the problem and inspire designers to think outside the inertial range , making up for 

the limitations of the designer's knowledge; function trimming and function expansion can change the 
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system association structure by removing unnecessary functions or giving new functions to the 

components within the system, thus obtaining new products in the future market demand. The essence 

of radical innovation of mechanical product is the evolution of core technology from low-level to 

advanced, is the process of solving conflict and obtaining the ideal solution [13], is a process of creating 

new products based on the principle of the new science or engineering. Therefore, high-level 

innovation methods such as Effect, Function trimming, Function extension and Conflict resolution 

theory can be used to support the research and development of radical innovation products. 

4. The model of radical innovation process of mechanical products 

Combined with the construction and comparison process of the function tree, the radical 

innovation process model of mechanical products is constructed. As shown in Figure 3, the main 

process is described as follows: 

Step 1: Construct the Function Tree of existing product. Select the target product as a prototype 

product for product development, analyze it, clear the input and output streams of the product, 

determine the total function of the product, then decompose the functions and construct functional tree.  

Step 2: Construct Demand Function Tree. Through enterprises interview and user data analysis 

to get the customer needs, and then zigzagging to decompose CAs and FRs in the customer and the 

functional domains and to create the CA and FR hierarchies, demand function tree can be established . 

Step 3：Compare function tree to determine problems. By comparing the two function trees, the 

differences between the expected state of the user and the actual state of the current product can be 

found, so as the opportunities for innovation and the determination of the types of problem: Functional 

missing, Functional redundancy, Design conflict.` 

Step 4: Solution problem. In order to solve the third problems, we use the methods of effect, 

function trimming and conflict resolution to solve the problem, and get innovation plan. 

Step 5: Scheme evaluation. According to the mechanical product radical innovation 

characteristics to evaluate the scheme, if satisfied, it is a radical innovation program, go to step 7; 

otherwise, go to step 6.  

Step 6: Are there any unused effects or principle of invention ? If there is, go to step 4; if not, go 

to step 3. 

Step 7：Select solutions and improve products. 
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Figure 3  The model of radical innovation process of mechanical product 

5.  Case study 

Garlic is one of the common ingredients in our daily life. It is good for health to eat it.It has rich 

nutritional value, and has the functions of increasing flavor, sterilizing and preventing cancer. With 

the rapid development of society, the demand for garlic is increasing in domestic and foreign markets, 

but the existing processing equipment of garlic has low productivity and high breakage rate, which 

has not been able to meet the needs of the market. 

5.1 Construct function tree 

5.1.1 Construct function tree of the existing product 

A garlic peeling machine[14], contain a garlic bucket, a garlic skin bucket, a barrel body, a feed 

hopper, a baffle plate, friction roller of the barrel wall, friction roller of rotary shaft, a rotating shaft, a 

motor and a belt wheel, the structure diagram as shown in figure 4, which working principle is the 

motor drives the belt wheel, and then drives the rotary shaft to rotate, through the  extrusion or friction 

between friction roller and garlic to achieve peeling garlic. Analyze the system and build the function 

tree, as shown in figure 5. 
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Figure 4  The garlic peeling machine's structure sketch map 
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Figure 5  The garlic peeling machine's Function Tree 

5.1.2 Construct demand function tree 

Through enterprise interviews, questionnaires, user data analysis and other ways to obtain user 

needs, and mapping to functional requirements, building the demand function tree as shown in figure 

6 shows. 
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Figure 6  Demand Function Tree 

5.2 Identify problems 

According to the hierarchy, compared the existing garlic machine function tree with the demand 

function, find that the total function and the sub-function are the same, but by comparing the function 

element , found that the original garlic peeling machine missing these function element which are 

guild solid and collect solid. The original machine via the extrusion or friction between friction roller 

and garlic to achieve peeling garlic, but this has seveal consequences, such as the system operating 

stability is poor, garlic's breakage rate is high, produce the huge noise pollution to the environment. 

Sum up, the original system has functional missing and functional conflict. 

5.3 Solve problems and identify innovative solutions 

(1) Functional conflict problem 

The conflict principle is used to solve the problem of functional conflict. In order to improve the 

efficiency of peeling garlic, need to increase the friction, but increase the friction, will produce huge 

vibration, reduce the stability of the system , emerge noise, pollute the environment, but also increase 

the breakage rate of garlic, which improves the peeling rate but reduce the stability of the system, 

increase noise pollution. Convert to standard conflict: improved parameters: 39 productivity, 

deteriorated parameters: 23 material loss; lookup the conflict matrix get inventive principle as follows: 

No.10: pre-operation, No.28: mechanical system replacement, No.35: change parameters, No.23: 

feedback. The NO.28 was an alternative inventive principle, the solution obtained using this inventive 

principle is: the garlic skin is peeled off by the impact of the high-pressure gas. On both sides of the 

peeling pot is provided with a feed warehouse and a discharge warehouse, in the feed warehouse, 

peeling pot and discharge storehouse passes through the center is equipped with a jet tube, which is 

covered with holes, one end of the jet tube was sealed by a sealing part, the other end was connected 

with air compressor. Which working principle was that the motor drives the transmission shaft to rotate, 

and then drive the peeling pot rotation, and start-up the air compressor at once, which provide high 

pressure gas for jet tube, and then high pressure gas ejected from the jet hole, act on garlic from 

different directions, thus achieving the target. 

(2)Function missing problem                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

In order to solve the function missing, the guide stripe is arranged on the inner wall of the peeling 

pot by the function expansion, and the inner wall of the peeling pot is designed into a cone, so as to 

guide the outflow of the garlic rice. Under the action of high pressure air, the garlic peel is ejected 

from the skin tube, which was connected to the upper end of discharge warehouse, at this time a storage 

bag or storage compartment is used to collect garlic skin to prevent exposure to air and cause harm to 

the environment and personnel. 
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The structure sketch of the new peeling device is shown in figure 7.  
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Figure 7  Structure sketch of new peeling device 

5.4 Scheme evaluation  

The new peeling device's working principle is that the motor drives the transmission shaft to 

rotate, and then drives the peeling pot rotation that helps start the air compressor at once and provide 

high pressure gas for jet tube, and then high pressure gas ejects from the jet hole, acting on garlic from 

different directions and achieving the target. Which not only improves the peeling rate and reduces the 

breakage rate, but also effectively alleviates generation of the noise and dust, as shown in table 2.  

Table 2 Scheme comparison 

Working principle Working environment Peeling rate

Before improvement

Breakage rate

Belt drive Loud noise, Dust pollution higher

highShaft drive After improvement Low noise, Low dust pollution

high

low

 

6. Conclusions 

Radical innovation is an effective tool for enterprises to participate in international competition, 

and it is of great significance for enterprises to upgrade the technological level and promote the 

capability of independent innovation. The keys of radical innovation are the identification of 

technological opportunities and the generation of innovative ideas.By comparing the two function 

trees, the differences between the expected state of the user and the actual state of the current product 

can be found, so as the opportunities for innovation and the determination of the types of problem. 

Methods such as the effects, trimming, conflicts resolution etc, which was used to solve the problems, 

can generate radical innovation ideas at the same time. On this basis, constructing the model of 
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mechanical product in the radical innovation process can not only provide a reference for product 

innovation, but also improves the efficiency of innovation. 
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Taiwan is an island located in the tropic-subtropic area, with numerous rivers, streams and a rich 

variety of fish. Fishing has become more and more popular in Taiwan in recent years, so there’re many 

leisure activities connected with aquafarm fishing or seaside fishing. To attract fish, anglers  

generally use lures, which offer both high catch rates and environmental friendliness. Anglers who use 

lures must constantly make the lures move back and forth, stimulate fish to attack on the lures so as to 

increase the catch rates. However, traditionally each angler is only able to fish with one rod at a time. 

This study uses the Theory of Inventive Problem Solving (TRIZ) to conduct a trend analysis of fishing 

lure improvement and construct a technical contradiction matrix, by using an active scent releasing 

device connected with the buoy lure. This device has camera installed inside and uses scent as a fish 

attractant controlled by the scent releasing control button on the fishing rod. While fishing with this 

rod, by way of the installed camera, anglers can watch the screen attached on the fishing rod and 

observe the situation of fish swimming in the water and decide the timing of scent releasing. The 

utilization of this fishing rod with an active scent releasing device can be effective in improving the 

fishing performance and change the traditional way of fishing by allowing each angler to control more 

fishing rods at the same time.   

Keywords: aquafarm fishing, seaside fishing, TRIZ, active scent releasing lures 

1. Introduction 

Taiwan is an island located in the subtropics, with numerous rivers and streams, a rich variety of 

fish, and many culture and leisure fish farms. Fishing is thus a traditional recreational activity. Taiwan 

society has become wealthier and more leisure oriented in recent years, and fishing has become more 
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popular. At present there are roughly 200,000 recreational fishermen in Taiwan, 40% of whom fish in 

the sea, 55% in ponds, and 5% in streams, making it the third most popular leisure activity in Taiwan1. 

Most fisherman use lures, popular because of their high catch rates and environmental 

friendliness. However, because the lure is dead, the fisherman must manipulate the line to make the 

lure move back and force, since the lure is most effective when it imitates the movements of living 

bait. This research addresses the problem of developing a fishing pole with an active scent release lure 

that moves in a lifelike way but also releases an attractant. Using a trend analysis of a systematic 

approach to creating new technology and construction of a technical contradiction matrix, the dead 

lure is improved. In this research, the fishing pole is designed to trigger the scent releasing device with 

the attractant packed inside. Fish in the water will taste the scent and come to forage. Moreover, the 

fishing pole is equipped with a camera and screen which enables the fishermen to watch the fish, which 

helps to enhancing the entertainment in fishing as well as increase the fish catch rate, Further, one 

person can control more than one pole at the same time. 

2. Literature Review 

Traditionally many things are used as bait, from rice and leaves to worms and insects. Bait is not 

convenient, however. Hence, fishermen use lures, a form of artificial bait. Lures are moved by the 

fisherman, making it look like live bait to game fish. When the fish strikes, it is captured by the hook 

attached to the lure.  

In 1936 Rapala became the first to use thin pine boards to carve artificial minnow bodies, which 

he then wrapped in tin foil to give them a fishlike look, thus making the world’s first lure2. Using lures, 

he then found that if the lure resembled live bait, game fish would strike. Because the lure had the 

function of live bait but was far more convenient and more environmentally friendly than live bait, 

they have steadily grown in popularity. Taiwan’s largest lure maker, Strikepro, produces 400,000 lures 

annually, helping to make Taiwan an advanced maker of lures. 

Fish have a sensitive receptor system (Butler and Maruska, 2016). Olfactory and taste are the 

most critical senses. The fish’s olfactory system is in the tip of the nose beneath the olfactory cortex 

(Kotrschal, 2000) and the taste sense of fish is located in its lips (Hamdani and Døving, 2007) 

Experienced fishermen spread scented bait across the water to draw fish. Fishermen often use starchy 

flours or other foods with fried flavors, and add a sticky material to make sticky bait. They then use 

the sticky bait on a hook or plaster the lure to stimulate the fish’s sense of taste and smell. However, 

this technique can only be used with fish in shallow water. In deeper water or in rivers, the scent may 

 

1 Information on http://1207834082401.tw66.com.tw/web/Blog?command=Intro, Date of retrieval: 2017-5-7. 

2 Information on http://www.teamjack.com.tw/magic/archivefish/Rapala.htm, Date of retrieval: 2017-5-7. 

http://1207834082401.tw66.com.tw/web/Blog?command=Intro
http://www.teamjack.com.tw/magic/archivefish/Rapala.htm
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disperse without effect. In this paper the authors develop a fishing pole with an active scent release 

device that increases the impact of scent in water and increases the catch rate. 

This research uses the TRIZ convergence process structure of Mann (2006). It uses the 

convergence of evolutionary trends to view the current status of fishing lures. The trend predicts the 

future evolution of lures. 

3. Considerations in Enhancing Lure Effectiveness 

In order to enhance the lure’s ability to move and attract game fish, this research considers two 

technology levels. First, it examines the evolutionary trends of bait. It then explores the future 

evolution of lures. Second, it uses the technical contradiction innovation principles to identify the 

elements the fishing pole needs and find the best design for an active scent release function. 

▪3.1 Evolutionary trend 

Every technological system moves along a predictable evolutionary path, known as its 

evolutionary trend or line of evolution. The concept of similar technology types that repeatedly appear 

across different fields can be useful in predicting the development of technology. Mann (2006) divided 

evolutionary trend analysis into three categories comprising 31 items in total. 

The authors found that fisherman using traditional live bait used worms, flies, and maggots, 

which was more effective in attracting game fish than dead bait such as leaves, rice, and food. Anglers 

using lures used lifeless lures that they had to constantly move back and forth to make them resemble 

fish, forcing them to continuously operate the reel. Long periods spent moving lures can cause fatigue. 

Consequently, it is expected that in the future lifeless lures will evolve toward active lures that can 

induce game fish to strike. Of the 31 items reviewed in this research, 5 evolutionary trends were found 

to be associated with the evolution of lures: Mono-Bi-Poly (Various), Smart Materials, Dynamization, 

Increasing Use of Color and Reducing Human Involvement. 

The first of the five aspects of the evolution of bait, Mono-Bi-Poly (Various). There are four 

stages in carrying out the evolution of this item: Single system, dual system, three system, and multi 

system. At present in the aspect of Mono-Bi-Poly (Various), lures have evolved to increase the 

elements and functions of the system. The next step is three system. The second evolutionary aspect 

is Smart Materials, consisting of four stages: Passive material, One-way adaptive material, Two-way 

adaptive material, and Fully adaptive material. Currently lures are in the Two-way adaptive material 

stage moving toward the next stage of Fully adaptive material. The third evolutionary aspect is 

Dynamization, which has five stages: Immobile system, Jointed system, Fully flexible system, Fluid 

or pneumatic system, and Field based system. Currently lures have reached the stage of Jointed system, 

with the next being Fully Flexible system. The fourth evolutionary aspect is Increasing use of color. It 

has four stages: Monochrome, Binary use of colour, Use of visible spectrum, and Full spectrum use of 

colour. At present lures have evolved to look like fish and are in the Use of visible spectrum stage, 
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evolving toward Full spectrum use of colour. The fifth evolutionary aspect, Reducing Human 

Involvement has six stages: Human, Human with tool, Human with powered tool, Human with semi-

automated tool, Human with automated tool, and Automated tool. At present in the aspect of Reducing 

Human Involvement, lures have evolved to the Human with semi-automated tool stage. 

 

Figure 1. The five aspects of lures evolution potential on red circle presents on blue circle 

Figure 1 shows that Mono-Bi-Poly (Various) are evolving toward increasing the number of 

elements and functions of the system. Smart Materials are evolving in the direction of fully adaptive 

materials. In Dynamization, baits are evolving in the direction of fully flexible multiple connection 

systems. In Increasing use of color they are evolving to use the full spectrum of color, just as a real 

fish does. Reducing human involvement is moving in the direction of reducing human fatigue. Thus, 

the future development of lures will move toward reduced use of human operation, dynamic ability to 

move as a fish does and release scent in the water, and colors and materials that closely resemble those 

of a real fish, making it more effective in enticing game fish to strike. The current evolution of lures 

is shown in Figure 2. 
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Figure 2. Evolutionary trends of lures 

▪3.2 Technical Contradiction 

This research explores the lifeless lures currently used by fisherman, that require the fisherman 

to continuously move them. For a lure, swimming like a real fish represents a dynamic function. Thus, 

the parameters that must be improved in this system should not reduce the lure’s ability to function at 

different depths and in different water layers without outside assistance, force, and management of the 

time fish are caught by bait. This represents the technical contradiction problem (Hsia et al., 2011; 

Bukhman, 2012). The 39 engineering parameters are used to solve technical contradictions (Yang and 

Chen, 2011). When the features of the system’s contradictions are known, the items that should be 

improved include Item 10, Force, Item 35, Adaptibility and Item 37, Complexity of Control. 

Parameters that should not be worsened include Item 13, Stability of object, because the lure needs to 

be stable in the water, and Item 14, Strength, because the lure must be strong in order to move in the 

water like a lure on a fishing line. These problems are used to construct the technical contradiction 

matrix, as shown in Table 1. Based on the technical contradiction matrix shown in Table 1, 15 inventive 

principles can be used: 35, 10, 21, 30, 14, 11, 22, 39, 27, 3, 32, 6, 15, and 28. 

Table 1. Technical Contradiction Matrix 

        Parameters that should not be worsened 

Parameters that must bimproved 

Stability of Object Strength 

Item 13 Item 14 

Force Item 10 35  10  21 35  10  14  27  15 

Adaptability Item 35 35  30  14 35  3  32  6 

Complexity of Control Item 37 11  22  39  30 27  3  15  28 

Among the 15 inventive principles, to enable the lure to swim like a fish without outside 

assistance, the necessary elements were found to include the six inventive principles: 15, 22, 10, 11, 

30, 3, 32 and 27. The remaining six did not appear to have any clear effect on improvement of the lure 

and were not used.  

Inventive principle 15, Dynamics, states that in order to adjust the object or its environmental 

performance and enable all stages of work to achieve optimal performance, the object should be 

divided into parts capable of movement relative to each other. If an object (or process) is rigid or 

inflexible, it should be made movable or adaptive. To use these principles to resolve the problems 

found, the lure must be equipped either internally or externally with a propulsion unit to enable it to 

move without outside assistance. 
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Inventive principle 22, Blessing in disguise, states that harmful factors (especially harmful 

environmental effects) can lead to beneficial consequences. For example, one harmful factor may be 

combined with another to eliminate the negative effects of either or both, or a harmful factor may be 

increased to such a degree that it is no longer harmful. Using this principle to find solutions for 

problems indicates that a water battery should be used to provide propulsion. This is more economical 

and does not cause water pollution like an ordinary battery since it uses contact with water to generate 

electricity. 

Inventive principle 10, Preliminary action, states that required changes to the object (whole or in 

part) must be implemented before they are needed. Objects should be pre-positioned in the most 

convenient location, enabling them to be used without loss of time. Using this principle to find 

solutions for the problem shows that control board must be built into the lure in order to enable to 

simulate the swimming motion of a fish. 

Inventive Principle 11, Beforehand cushioning, states that emergency measures must be prepared 

in advance to compensate for the relatively low reliability of an object. This principle is used to solve 

the problem. For the buoy shell design, the propulsion unit is matched with a buoy shell, and the lure 

is connected with the buoy. When the propulsion unit is running, the lures will swirl. 

 Inventive principle 30, Flexible shells and thin films, states that flexible shells and thin films 

should be used instead of three dimensional structures. Using this principle to solve the problem, 

flexible shells and thin films are used to enhance the floatability via an inflatable buoy shell. 

Inventive principle 3, Local quality, states that an object’s structure can be changed from uniform 

to non-uniform, or an external environment or influence may be changed from uniform to non-uniform. 

Each of the object’s parts should be made to function in the conditions most suitable for its operation, 

and each part should fulfill a different and useful function. Gunzo K. and Toshihisa (2002) found that 

the catch rate was highest when the lure was red, or black, followed by yellow, green, orange, and 

pink. Using this principle to solve the problem, the exterior of the lure should be a color that is 

attractive to game fish, and the lure should resemble a fish in appearance to the extent possible. 

Inventive principle 27, Cheap short-lived objects, means replacing an inexpensive object with a 

multitude of inexpensive objects, comprising certain qualities. Lures under water can release the scent, 

so it is necessary to install a device which is designed with an inner and outer feeder can. The inner 

can is filled with the scent bait, while the outer can includes the compressor and camera lens. The 

compressor consists of a battery, motor, and spring. When the fishermen pushes a button on the fishing 

pole, the feeder outer can extrudes the feeder inner can and the compressor scent is emitted 

immediately from scent feeding hole to attract fish as shown in Figure 3. 
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Figure 3. Active scent release device 

Inventive principle 6, Universality, Make a part or object perform multiple functions. A camera 

is installed at the bottom of the active scent releasing device and connected to a screen on the fishing 

pole. The fisherman can observe the fish and decide whether to trigger the scent release control button 

on the fishing pole. 

The technical contradiction matrix shows that to make a lifeless lure into a lure that simulates the 

movements of a fish and releases scent, at least 6 components should be added to the lure, and its color 

should be changed. These five items include: (1) a water battery; (2) control board; (3) propulsion unit; 

(4) inflatable buoy shell; (5) active scent release device; and (6) a screen. The screen installed on the 

fishing pole is not an under water component. The authors next perform a function attribute analysis 

of the underwater components. Through examination of their cause and effect relationships, the 

authors identify the optimal design for the active scent release lures. 

4. Design of the fishing pole with an active scent release lure 

Through the analysis of evolutionary trends and technical contradiction matrix, the authors 

develop a fishing pole with an active scent release lure. The design principles for this fishing pole are 

discussed below. 

An active scent release device with a real fish-like dynamic swimming function can adapt to the 

fishing pole with a inflatable buoy shell in the water. The battery is fixed in the center of the buoy. The 

control circuit is placed next to the buoy and filled with the inflatable balloon, which helps to maintain 

the stability of the reciprocating operation. In addition, the camera signal lens is installed at the bottom 

of the active scent releasing device, and the signal line is connected to the screen at the front end of 

the fishing pole. When the battery is activated, the propulsion unit turns on and the bait is operated as 

a swimming fish, as shown in Figure 4. Fishermen can watch the activities of fish under the water and 

decide whether to release scent bait, as shown in Figure 5. 

 

 
 

Fig. 3 Active scent release device 

 

Inventive principle 6, Universality, Make a part or object perform multiple functions. A camera 

is installed at the bottom of the active scent releasing device and connected to a screen on the 

fishing pole. The fisherman can observe the fish and decide whether to trigger the scent release 

control button on the fishing pole. 

The technical contradiction matrix shows that to make a lifeless lure into a lure that simulates 

the movements of a fish and releases scent, at least 6 components should be added to the lure, and 

its color should be changed. These five items include: (1) a water battery; (2) control board; (3) 

propulsion unit; (4) inflatable buoy shell; (5) active scent release device; and (6) a screen. The 

screen installed on the fishing pole is not an under water component. The authors next perform a 

function attribute analysis of the underwater components. Through examination of their cause and 

effect relationships, the authors identify the optimal design for the active scent release lures.  

 

4. Design of the fishing pole with an active scent release lure 

scent feeding holes holes 

feeder inner can        

spring                  

battery        

compressor  

feeder outer can             

camera  

motor          



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

110 

 

Since the camera enables underwater observation of the lure and nearby fish, fishing may become 

more entertaining. Moreover, this innovation changes the traditional way of fishing. Using our fishing 

pole, a fisherman can control several hand poles at the same time. 

 

Figure 4. An active scent release device connected to the inflatable buoy shell 

 

Figure 5. Fishing pole with an active scent release lure 
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5. Conclusion 

In this study, TRIZ is applied to develop an active scent release lure which can swim actively in 

the water. First, the authors performed an evolutionary trend analysis in order to determine the future 

path of lure development. This found that lures are moving toward active lures that embody reduced 

user operation, and increased ability to move like a fish. Materials are moving toward becoming as 

soft and colorful as an actual fish. Second, a technical contradiction matrix was used to identify 

functions to enable the active lure to simulate a fish. The six components are: (1) a water battery; (2) 

control board; (3) propulsion unit; (4) inflatable buoy shell; (5) active scent release device; and (6) a 

screen. The design of these six components can make the bait appear to be real swimming fish. This 

found that the buoy shell can carry lures that dangle beneath a buoy.  

This design enables the lure to simulate the movements of a fish. Fishermen, using the camera 

and the screen, can watch fish to determine the timing of the scent release. Using this innovation, 

fishing can become a more entertaining activity, with increased catch rates since one person can control 

more than one pole at same time. 
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Abstract:  

Over the past decade, the population aged over 65 in Taiwan has risen from 10.43% of the total 

population in 2008 to 12.5% in 2016.Taiwan’s population fell into negative growth. With fewer young 

people to maintain the old, their burden is heavier. Thus, supporting the old without burdening the 

young has become a vexing social issue for Taiwan. In order to understand the development of long-

term care in Taiwan, this research uses a long-term care center in Taiwan as a case study and conducts 

qualitative research and in-depth interviews. It then uses the business TRIZ to identify the key issues 

of long-term care institutions, and establishes a contradiction matrix to analyze them via the 40 

inventive principles of TRIZ. The results of this paper may serve as a reference for the enhancement 

of Taiwan's long-term care system. 

1. Introduction 

Over the past decade, the population aged over 65 in Taiwan has risen from 10.43% of the total 

population in 2008 to 12.5% in 2016. This figure is near the United Nations World Health Organization 

(WHO) standard in which a population is defined as an aging society if more than 14% is over 65. 

However, the census found that Taiwan in 2010 2 to 4 person households composed of small families 

outnumber traditional families two to one and in 2003 exceeded the number of two-income families 

by more than 50%. In such a family structure, most of the family is busy studying and working. If 

elderly relatives are at home sick and in need of long-term care, this often creates a great burden for 

their families. In addition, between 2011 and 2016, Taiwan’s population fell into negative growth. The 

maintenance ratio in 2011, 6.8 young people for each old person, fell to 1.2 in 2016. With fewer young 

people to maintain the old, their burden is heavier. Thus, supporting the old without burdening the 

young has become a vexing social issue for Taiwan.   

Existing long term care consists of home care and institutional care, with the former the more 

common. Taiwan’s long-term situation is obviously unbalanced. In 2014 40,000 care workers served 

800,000 elderly. In order to understand the development of long-term care in Taiwan, this research 
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uses a long-term care center in Taiwan as a case study and conducts qualitative research and in-depth 

interviews. It then uses the business TRIZ to identify the key issues of long-term care institutions, and 

establishes a contradiction matrix to analyze them via the 40 inventive principles of TRIZ. The results 

of this paper can provide concrete references for the establishment and development of long-term care 

systems in Taiwan. 

 

2. Literature Review 

▪2.1 Long-term care definitions and structures 

Long-term care is long-term care, life care and social support for congenital or acquired disability 

(Kane and Kane, 1987). Such care activities include basic activities and daily life needs such as bathing, 

prepared meals, home cleaning, and personal hygiene (Rockefeller, 1990), which can be provided by 

different institutions or non-institutions, such as chronic care institutions, rehabilitation centers, 

nursing homes, home nursing, and families, to enhance the physical, social, and psychological 

functions of the patient (Brody, 1987). 

In developing long-term care, increasing care quality and reducing abuse of the elderly are 

important issues. Koike and Furui (2013) suggest that home care can effectively reduce the demand 

for increased care. Chang and Yu (2013) identified the importance of long-term facilities to help the 

elderly to take care of themselves. Lin et al. (2016) suggested that staff should participate in training 

more often to improve the quality of care. Teresi et al (2013) conducted a survey of 1405 residents in 

47 nursing home units and 5 nursing homes in New York, and found that training of long-term 

personnel could effectively reduce the abuse of the elderly. 

▪2.2 Using Business Triz to enhance service quality 

TRIZ (Russian: TheoriaResheneyvaIsobretatelskehuhZadach), the theory of creative problem 

solving, is known in English as the Theory for Solving Inventive Problems. The theory was developed 

and promoted by Genrich Altshuller. Su et al. (2008) used TRIZ as the basis for formulating variables 

for service quality innovation. Darrell Mann (2004) introduced Hands-on Systematic Innovation for 

Business, offering many innovative business solutions and ideas. Souchkov (2007) proposed that TRIZ 

be primarily used to solve specific problems, discover and address system (business and technical) 

problems, analyze the potential strength of technologies, and anticipate failures. 

3. Case study and problem discovery 

The case study long-term care center is located in Taichung City in central Taiwan. It is currently 

the only such center with a large garden and villa, and hospital level physical therapy and a 

rehabilitation center, including barrier-free space facilities and a central oxygen system. In this 

research we investigate resident views of their diet and its problems. 

 

 

▪3.1 Problem discovery 

In order to understand the development of long-term care in Taiwan, this article uses qualitative 

research and a case study for in-depth study. To uncover the key problems facing the case study facility, 

we first perform a Function Attribute Analysis (FAA). As shown in Figure 1, we identify the case study 

facility’s management problems, the interactive relationships between the nursing staff, service 

workers, and residents, and deficiencies in care. Through interviews, we can identify deficiencies in 

care and collect residents’ views on the quality of their meals. 
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Figure 1. Function Attribute Analysis 

 

To “lead the residents to explain why their diet is deficient”, we surveyed the staff and identified 

the following reasons: A. resident diets are not good; B. resident digestive systems have deteriorated; 

C. care worker feeding skills; D. changes in the ingredients of the food; E. insufficient communication 

with the nursing care staff; F. monotonous diets; G. residents are sick; H. insufficient food intake; I. 

foreign care workers; J. residents lack an appetite; K. aging; L. workers are too busy; and M. 

insufficient labor. We compared the two to identify the cause and effect relations. Table 1, the Lead-to 

Table, built the Root Conflict Analysis (RCA+), as figure 2. The relationship chart displays the 

positive/negative effect and all the factors, enabling identification of the contradiction problems: the 

communication problem of the foreign care workers, insufficient labor, and monotonous diets. We 

then use the corresponding Contradiction Matrix (business) of TRIZ and the inventive principles to 

formulate innovative strategies and methods to address the institution’s current problems.  

Table 1: The Lead-to Table 

Corresponding Problem 

Perception Lead To 

A. Resident diet is deficient Final Problem 

B. resident digestive systems have deteriorated  A 

C. care worker feeding skills J 

D. changes in the ingredients of the food; A 

E. insufficient communication with the nursing care staff H 
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F. monotonous diets J 

G. residents are sick J 

H. insufficient food intake A 

I. foreign care workers E 

J. residents lack an appetite A 

K. aging B 

L. workers are too busy E 

M. insufficient labor L 

 

 

 
 

Figure 2. Analysis of the root causes of conflict 

4. Applying Business TRIZ to resolving conflicts  

4.1 Solving the conflict of poor foreign worker communication 

1. Identifying useful inventive principles 

The positive effect “reducing expenses” corresponds to the Contradiction Matrix parameter 11: 

system expense. The negative effect corresponds to the Contradiction Matrix parameter 20: 

information loss. We identify the inventive principles 40, 37, 16, and 5 
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2. Using the inventive principles to innovate service strategies 

(1) Using Principle 40, composite structure, innovate a service strategy for nursing staff to 

 manage a number of foreign care workers and provide them with guidance and 

instruction in language and professional care knowledge. 

(2) Using Principle 37, relative change, innovate a service strategy for service staff that 

will pair a local and a foreign worker to reduce errors in communication and 

transmission of information. 

(3) Using Principle 16, slightly less or more, innovate a service strategy for the production 

of a card depicting the basic living needs, such as eating and bathing, for the instruction 

of foreigner workers. Using this, residents can communicate with the workers, reducing 

communication errors. 

(4) Using Principle 5, merging, innovate a service strategy for the participation of 

government-run courses for new residents, and with other long-term care institutions, 

jointly open language and professional knowledge instruction for foreign care workers. 

 

 

4.2 Solving the conflict of insufficient labor 

1. Identifying useful inventive principles 

The positive effect “reducing expenses” corresponds to the Contradiction Matrix parameter 11: 

system expense. The negative effect corresponds to the Contradiction Matrix parameter 5: activity 

complexity. We identify the inventive principles 6, 28, 20, and 29. 

 

2. Using the inventive principles to innovate service strategies 

(1) Using Principle 6 (multifunction), innovate service strategies to educate and train care 

workers and increase their skills and abilities. 

(2) Using Principle 28, replacement, innovate service strategies to use digital and 

electronic monitoring systems to monitor resident status. 

(3) Using Principle 20, consumer stability, innovate service strategies to upgrade care 

facilities, equipment, and personnel to support care work. 

 

 

4.3  Solving the conflict of monotonous diet 

1. Identifying useful inventive principles 

The positive effect “reducing expenses” corresponds to the Contradiction Matrix parameter 11: 

system expense. The negative effect corresponds to the Contradiction Matrix parameter 30: customer 

stability. We identify the inventive principles 38, 8, 23, and 8. 

 

2. Using the inventive principles to innovate service strategies 

 

(1) Using Principle 38, replacement, innovate service strategies to use digital and 

electronic monitoring systems to monitor resident status. 

(2) Using Principle 23, feedback, innovate service strategies for the residents to provide 

advice on the content of the meal, to help dietitians determine the meal composition. 

5. Conclusion 

The aging of Taiwan's population and the demand for long-term care are both increasing, yet the 

demand for long-term care has steadily increased as a result of changes in the family structure that 

have left families increasingly unable to provide long-term care for their elderly. In this study, a long-
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term care facility in Taichung City was used as a case study for investigation of long-term care services. 

Business TRIZ was used to generate innovative ideas to support the future development of long-term 

care operating strategies. The results of this paper may serve as a reference for the enhancement of 

Taiwan's long-term care system. 

 

Based on the results of this study, the following recommendations are provided for future research. 

Since this study explores only a single case, future studies should investigate a number of organizations 

to identify common problems and propose effective solutions which may have broader application to 

long-term care programs across different social and national contexts. 
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Abstract 

It has been a long sought need for a lady having a high heel with dual function as high heel and 

flat. The dual function of high heel not just for reducing one pair of shoes, it actually saving the time 

of commuting back and forth among home, office and venue for a social gathering. Mime et moi, a 

German brand of high heel, make a high heel with dual function by switching the heel with different 

height. The drawback of this approach is that the user needs to carry the extra heel in her purse causing 

inconvenience. Other approaches are listed in various patents. One uses a pivotal heel mechanism such 

that in normal office time the shoes are high heel, yet in the leisure time it can be converted to a flat 

by bending the heel around the pivot. The pivotal mechanism and locking/unlocking mechanism is 

intriguing and complex. This paper uses TRIZ inventive principle to analyze patents WO2016/179675 

and CN205106566, and apply inventive principle 1, segmentation, to get a simpler version of high 

heel with dual function. A prototype is prepared to demonstrate its usage.  

Keywords: locking mechanism, pivotal heel mechanism, segmentation, TRIZ inventive principle. 

1. Introduction 

Social gathering is an important activity of human society. People are social creatures. Through 

the social activity, people get support, security, happiness and recognition. As the woman right expand 

throughout the world, social gathering for women has started to become popular. Most of the women 

work. As for the single or even married women, wearing a high heel to attend a formal gathering is 

required by the dress code. After the gathering, it will be nice to wear a flat to make the feel less 

stressed. Thus a need is brought out for dual function of high heel.  

mailto:yjlin@must.edu.tw3
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There have many attempts from various countries to solve the problem of a high heel with dual 

function. However, many of them are in the stage of concept drawing, for example, the famous 

skywalker as shown in Figure 1. It was originally designed by a group of students in Greece in 2014 

(New high heel shoe, 2017). They have been trying to seek out the manufacturer to make it a 

commercial product, but to no avail. However, there is a successful German company, Mime et moi 

(From heels to flats, 2017), which has brought the high heel with dual function into the market as 

shown in Figure 2. It is claimed that the flat can be easily converted to high heel in four steps and vice 

versa in Figure 3. Step 1, pull the lever firmly backwards until the heel releases and then pull the heel 

backwards. Step 2, push the lever into closed position and insert the new heel until it snaps into place. 

Step 3, place the weight on the toe bed (A) and then press firmly with the heel of the foot (B) until the 

high heel locks into place. Step 4, then place on the toe bed (A) and again with the heel (B). Now the 

high heel is fixed. Based on the conversion process, however, the user needs to carry an extra heel in 

her purse which causes inconvenience. It prompts the need that wouldn’t it be wonderful if the high 

heel shoes can be automatically converted into the flat without carrying the extra part? 

 

Figure 1. Skywalker 

    

Figure 2. High heel and flat 
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Figure 3. Four steps of converting flat to high heel 

The rest is as follows: Section 2 provides a literature review on high heel with dual function and 

TRIZ inventive principles. Section 3 describes the detailed description of the innovated technology 

used in high heel with dual function. Section 4 concludes the paper. 

2. Literature review 

It has been reported (Baaklini, et al., 2017) that an estimated 78% of women regularly walk in 

high heels. However, up to 58% complain about low back pain, which is commonly thought to be 

caused by increased lumbar lordosis. However, the loveliness of wearing high heel has urged many 

ladies to risk their health because it was suggested (Morris, et al., 2013) a strong contemporary 

association exists between high heels and female sexuality. How to remain sexy and relaxed at the 

same time? This contradiction is solved by time separation. The solution has been implemented by 

some health oriented shoes making companies which aware the need of high heel of dual function. 

Among them are Mime et moi in Germany, Camileon Heels (Camileon heels, 2017), USA. The Mime 

et moi adjustable high heel implementing the flexheel technology to pull the heel in and out to adjust 

height. It was invented by Huber Christian and has been patented. However, it is still not available to 

the public. To clarify the flexheel technology, US2016/0183625 (Reza, 2016) is used. Its push and pull 

mechanism is shown in Figure 4. It is clear that US2016/0183625 does not use a lever to secure the 

heel into the shoes as Mime et moi high heel does. Other than that, the mechanism between them is 

quite similar. 

 

(a) High heel insert 
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(b) Flat insert 

Figure 4. Replacement mechanism of US2016/0183625 

 

Figure 5. Camileon Heels convertible high heel shoe 

The Camileon Heels patented (US8322053, Handel, et al.,2012) convertible high heel shoe is 

shown in Figure 5. The high heel (stage 1 in Figure 5) can be pulled outward and then bent forward to 

be a flat (stage 2 in Figure 2). Some key figures of US8322053 are shown in Figure 6. It takes four 

steps to convert from a high heel to a flat. A sturdy support beam 38 in Figure 6 (b) is activated by a 

spring so that it can be pulled out and bent forward. Note that a high heel lift 23 and 28 is secured so 

that the high heel extension piece 24 and a low heel block 24 can be protected. One thing worth noting 

is that the assignee of US8322053 is Sean Flannery. However, its patent family member TWI544877 
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shows its assignee is CAMILEON HOLDINGS, LLC. Putting these two assignees together in the 

google search, one finds that CAMILEON HOLDINGS, LLC has assigned the patent right of 

adjustable height high heels to Camileon Heels. 

The 40 inventive principle of TRIZ were invented by Altshuller and his associates (Altshuller, 

2005). It is reported that forty thousand of patents were analyzed to extract the inventive principles 

implemented in the patents. Each inventive principle has its rules of usage to help users apply it. For 

example, for the inventive principle 1, it has three rules including 1. Segment object into independent 

parts, 2. Divide the object so that it can be assembled easily and 3. Increase the degree of segmentation. 

The 40 inventive principles can be used alone or with contradiction matrix (Altshuller, 1984). 

According to literature, it is probably the most widely used tool in TRIZ toolbox (Mann, 2002). 

   

(a) High heel position                   (b) Pull the heel downward 

          

(c) Bend the heel forward to make a flat                  (d) Flat position 

Figure 6. Four stages of US8322053 

3. Proposed high heel 

After studying various patents on high heel with dual function such as WO2016/179675 and 

CN205106566, we have come to invent the proposed high heel with dual function. These two patents 

suggest segmented heel to solve the flat and high heel problem. It is the application of 40 inventive 
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principles, principle 1 segmentation. The way two segmented part joining together is by means of slot 

and plug. Interested readers can refer to those patents. Our way to join is by thread and screw. A 

prototype has been made to test its validity as shown in Figure 7. Our contribution in making the 

proposed high heel is to use 3D printing to make the high heel base, a middle heel support, a high heel 

support and a high heel lift (the black pieces in Figure 7). After making the heel base and heel support, 

a thread and screw is installed in the base and support respectively. A zoom up of the high heel shows 

the base, support and lift as shown in Figure 8. On the top of middle and high heels and lift, there are 

black washer inserted atop to secure their connection to the support. It is shown in Figure 9. Figure 10 

shows that the heels and lifts are kept in a fountain pen case when not used. Lastly, a female college 

student was invited to help prove its utility as shown in Figure 11. 

     

(a) Flat                  (b) Middle heel               (c) High heel 

Figure 7. Proposed three-fold high heel 

 

Figure 8. Zoom up of figure 7(c) 

support 

lift 
heel 
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Figure 9. Heels and lift 

 

Figure 10. Case for heels 

   

Figure 11. Model wearing the shoes 
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4. Conclusion 

It is a useful invention of high heel with dual function. Changing from flat to high heel and vice 

versa indeed creates a lot of sensation among the work and play for the career women. In this paper 

three types of high heels are mentioned including skywalker, Mime et moi high heel with innovative 

height adjustment and Camileon Heels convertible high heel shoe. Only the last two are put into market. 

The technology of last two are examined. To innovate new high heel, study of the patents is made and 

patents WO2016/179675 and CN205106566 are referred. These two patents suggest segmented heel 

to solve the flat and high heel problem. It is the application of 40 inventive principles, principle 1 

segmentation. Two segmented part joining together is by means of slot and plug. Whereas our way to 

join is by thread and screw. A prototype has been made to test its validity. Our contribution in making 

the proposed high heel is to use 3D printing to make the high heel base, a middle heel support, a high 

heel support and a high heel lift. After making the heel base and heel support, a thread and screw is 

installed in the base and support respectively. On the top of middle and high heels and lift, there are 

black washer inserted atop to secure their connection to the support. The heels and lifts are kept in a 

fountain pen case when not used. Lastly, a female college student was invited to help prove its utility. 
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Abstract 

People use measuring cup to measure the required portion of liquid when making bread. 

Traditional measuring cups have indicia marked upon the wall such that it is difficult to read when the 

user is unable to bend his/her body or hold it firmly with hand. However, OXO measuring cup 

overcomes this problem by having at least one ramp formed radially inwardly on the inside surface of 

the measuring cup. The indicia on an upwardly directed surface of the ramp allows a user to look 

downwardly into the measuring cup, thereby eliminating the need to look horizontally at the cup at 

eye level. The art is shown in patent US6263732. This article carries on further analysis of this 

invention by tracing its forward and backward citations to build a simple patent map of technology 

development of measuring cup. Three patents such as US4073192, US4566509, and US5588747 are 

chosen from sixteen backward citations. Whereas another three patents such as US7306120, US 

8517219, and US9354098 are chosen from 25 forward citations. The analysis of these three backward 

citation patents shows that although measuring cup can be added with various function such as 

adjustable volume and thermometer, etc., none of the measuring cup ever touched the area of easy 

visibility as OXO measuring cup does. In addition, three forward citations show that various means 

are invented to fulfill the easy visibility by different structure of ramp or ladder structure. It is clear 

from the analysis the inventive principles 17, another dimension, and 32, optical change are applied 

in those invention. A trend of surface segmentation can be found from US6263732 to US9354098 

where the ramp in US6263732 is a flat surface, yet the ramp in US9354098 is advanced to 3D 

protrusion so that the reverse side of the measuring cup can also be used to measure fluid quantity. 

Keywords: backward citation, forward citation, inventive principles, trend of surface segmentation. 

1. Introduction 

Patent map was first proposed by Japan Patent Office in 1997 to assist in using the patent 

information in industry (Japan patent office, 2000). There are many kinds of patent maps including 

tree maps, time series maps, portfolio maps, matrix analysis, three-dimensional bar graph, matrix 

charts, bubble graphs, bar graphs and pie graphs. The purposes of patent map are understanding the 

overall state of a technology field, finding out technological changes, seeking business opportunities, 
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knowing properties of applicants and dealing with the globalization of business. As TRIZ researchers, 

we are more interested in the finding out technological changes. From there we can get insight of the 

trend of evolution (Mann, 2002) of a particular product or industry.  

The measuring cup is used in many applications ranging from food preparing to laboratory 

experiment. The common drawback of it is requiring the users to lift the cup firmly to read the indicia. 

This problem was solved by OXO measuring cup (OXO, 2017), which contains one ramp formed 

radially inwardly on the inside surface of the measuring cup. The indicia on an upwardly directed 

surface of the ramp allows a user to look downwardly into the measuring cup, thereby eliminating the 

need to look horizontally at the cup at eye level. The art is shown in patent US6263732 (Hoeting and 

Hoeting, 2001). 

    

(a) Measuring cup in US6263732                 (b) OXO measuring cup 

Figure 1. Measuring cup with a ramp on its inside surface 

To study the trend of evolution of measuring cup, the citations of US6263732 in European patent 

database (Espacenet patent search, 2017) is used to extract the related patents. The purpose of this 

paper is to demonstrate the procedure of creating the patent map in terms of technological changes. 

The trend of evolution of measuring cup will be identified as well. 

The rest is as follows: Section 2 provides a literature review on patent maps of technological 

changes. Section 3 describes the construction of patent map and trend of evolution of measuring cup. 

Section 4 concludes the paper. 

2. Literature review 

Global competition over the development of technology has caused continuous technology 

change. In order to survive in this severe changing environment by accommodating these changes, 

companies need to be aware of patent maps which are produced by analyzing patent information. 

There are several kinds of patent maps related to technological changes (Japan patent office, 2000).  
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1. Changes of relations between number of applications and number of applicants 

 

Figure 2. Line chart of number of applications vs. number of applicants 

Figure 2 shows the relationship between the number of applicants and number of patent 

applications for optical disks for each of the years from 1977 to 1997.  

2. Map portraying the degree of maturity of a technology field 

 

Figure 3. Bubble chart of incremental change of number of applications 

Figure 3 shows the ratio of the increase in the number of patent applications during a latter 

period relative to a former period plotted on the vertical axis and the total number of patent 
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applications within a certain period plotted on the horizontal axis, with respect to the recycling of 

plant and animal waste into fertilizer. 

3. Changes of technical contents 

 

Figure 4. Line charts of three major technological changes 

Figure 4 indicates the changes in the number of patent applications for the three major 

technologies that compose optical disks, namely "recording and reproduction theory", "optical disk 

carriers" and "carrier production methods". 

4. Trends of problems in a technological development 
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Figure 5. Matrix for purpose and function 

Figure 5 shows a trend in which patent applications were concentrated during the period from 

1990 to 1995 in response to the announcement of guidelines by the Ministry of Health and Welfare. 

5. Changes of influential industrial field in technological development 

 

Figure 6. Bar chart for varous industry fields 

Figure 6 shows the changes in the respective numbers of patent applications by dividing those 

manufacturers ranked from first to tenth in the number of patent applications throughout the entire 

period into industry fields consisting of woodworking machinery, power tools, tools, construction 

materials, housing and others with respect to rotary blade tenoning machines. 

6. Map of technology development 
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Figure 7. Map of technology development for semiconductor lasers 

Figure 7 shows in part that basic patents of semiconductor lasers in chronological order. It can 

be seen that the world's first semiconductor laser was invented by a Japanese in 1957. Later, new 

devices were invented, led primarily by the US, and various inventions were added to enable laser 

excitation at low temperatures and eventually at room temperature.  

There are not many papers addressing both patent map and TRIZ. The only one is done by Li., 

et al. (2014) who compared the patent map and TRIZ in terms of purpose, logic and outcome. 

However, only TRIZ technical contradiction is used to analyze the court case of infringement based 

on the conflicting parameters from different patents.  

3. Construction of patent map 

The forward citation and backward citation of European Espacenet patent database is used to 

establish the patent map of technology development. The US patent US6263732 as a seed is used to 

retrieve its backward citations, and there are sixteen patents as shown in Figures 8-9. Note that cited 

documents are used to indicate the backward citations in Figure 9. The meaning of backward citation 

is the reference patents appeared before patent US6263732. The reference point is its filed date May 

18, 1999. Three patents such as US4073192 (Townsend, 1978), US4566509 (Szajnz, 1986), and 
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US5588747 (Blevins, 1996) are chosen from sixteen backward citations. Similarly forward citations 

is applied to US patent US6263732, and there are 25 patents available. The result is shown in Figure 

10. The meaning of forward citation is the reference patents appeared after patent US6263732. Another 

three patents such as US7306120 (Hughes, 2007), US8517219 (Prince, 2013), and US9354098 (Brei 

and Kushner, 2016) are chosen from 25 forward citations. The characteristic of these seven patents are 

analyzed and shown in Table 1. Through Table 1, a map of technology development can be shown in 

Figure 11. 

 

Figure 8. Espacenet patent search 
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Figure 9. Sixteen patents in backward citation 

 

Figure 10. Twenty five patents in backward citation 

Table 1. Selected backward and forward citations of US6263732 

No. Patent number Filed date Technical description and drawings 

1 US4073192 1976-06-16 An adjustable volume measuring cup in which the body of 

the cup is formed of clear plastic having a threaded opening 

in the axial center of the bottom thereof closed with a 

removable screw. 

 

2 US4566509 1984-07-09 This relates to a closure unit which is of a two-piece 

construction including a measuring cup and a ring member. 

The ring member includes an annular flange and a skirt 

having formed thereon locking elements such as threads for 

engaging the neck finish of a container. 
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3 US5588747 1995-01-05 A measuring cup with a thermometer mounted on an exterior 

surface thereof for measuring the temperature of a liquid 

prior to placing it in the cup. 

 

4 US6263732 1999-05-18 A measuring cup has one ramp formed radially inwardly on 

the inside surface of the measuring cup sidewall. Whereas 

the ramp rises from about the bottom edge of the sidewall to 

about the top edge of the sidewall. The indicia on an 

upwardly directed surface of the ramp allows a user to look 

downwardly into the measuring cup to visually detect the 

volume level of the contents in the measuring cup, thereby 

eliminating the need to look horizontally at the cup at eye 

level. 
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5 US7306120 2004-07-15 An improved measuring cup is disclosed with volumetric 

indicia disposed on the inside of the cup that are viewable 

from above the cup, while the cup is disposed on a 

horizontal countertop or work surface. The horizontally 

upward facing volume indicia eliminate the need to raise the 

measuring cup to eye level to check the amount of material 

that has been added to the cup. 

   

6 US8517219 2010-06-28 Measure tubing with its lower opening inside the lower 

portion of the lower base member. Draw a measured amount 

of liquid into the tube area via said suctioning means. Verify 

that the proper amount of liquid is drawn on said printed 

indicia on the sides of said measuring tubing into the upper 

cup area. Turn the bottle upside down. Let the liquid flow 

out of said upper lateral opening of said measuring tubing. 

Place the bottle back into an upright position, and pouring 

the liquid out into the desired area. 

 

7 US9354098 2013-12-06 A measuring cup may have volumetric indicia printed along 

upper and lower surfaces of a reference member disposed 

near a central portion of a space encircled by a sidewall of 

the measuring cup. The volumetric indicia may be viewable 

from above the measuring cup while the cup is disposed on 

a horizontal countertop or work surface. When inverted, the 
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volumetric indicia printed along a lower surface of the 

reference member may likewise be viewable from above. In 

essence, the measuring cup contains two receptacles for 

measuring volumes of substances. One receptacle is 

accessible from a “top” of the measuring cup, while another 

receptacle is accessible from a “bottom” of the measuring 

cup. The reference member eliminates the need to raise the 

measuring cup to eye level to check the volume of 

substance. 

   

1976-06-16
US4073192
A removable screw 
to adjust the volume 
of measuring cup.

1984-07-09
US4566509
A closure unit with a 
measuring cup and a 
ring member.

1995-01-05
US5588747
A measuring cup 
with a thermometer.

1999-05-18
US6263732
A measuring cup 
with a ramp inside its 
surface having indicia 
on it.

2004-07-15
US7306120
A measuring cup 
with ladders on its 
surface where indicia 
disposed on the top 
of the ladders.

2010-06-28
US8517219
A device with a lower 
member and a top 
member. A dropper 
is located in the 
center of the device 
with an opening on 
its lower part and a 
lateral opening on its 
upper part.

2013-12-06
US9354098
A measuring cup 
having indicia printed 
on the inside and 
outside of a 
reference member.

 

Figure 11. Map of technology development for measuring cup 
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Figure 11 shows that before the invention of patent US6263732, the patents focused on means to 

adjust the volume (US4073192), extend the measuring function to a cap of a bottle (US4566509) or 

a combination of temperature measuring function to a cup (US5588747). Then the function of easy 

reading indicia on the cup was incorporated into patent US6263732. Afterwards, various means are 

proposed to achieve the easy reading function such as using ladders on the inside surface of the cup 

(US7306120) and insert a mound like reference member in the middle of the cup (US9354098). In 

addition, the transparency material used in US6263732 is taken to US8517219 to invent a device 

which can measure the liquid precisely without additional part such as a spoon as shown in its 

reference patent US4192360 (Rodriquez, 1980). The trend of evolution of measuring cup shows that 

once a long sought need is tackled by an invention (US6263732), other inventors will try to use 

different means to solve the same problem. In our case patents US7306120 and US9354098 solved 

the same problem as US6263732 did. These three patents take advantage the inside of the surface of 

measuring cup. And it is the application of inventive principle 17, another dimension. A trend of 

surface segmentation (Mann, 2002) can be found from US6263732 to US9354098 where the ramp in 

US6263732 is a flat surface, yet the ramp in US9354098 is advanced to 3D protrusion so that the 

reverse side of the measuring cup can also be used to measure fluid quantity.  

Resolving the problem by forming a technical contradiction (Cameron, 2010), if we put the 

ordinary measuring cup on the table and stoop down to see the indicia at the eye level, then we can 

see the scale precisely; however, we get tired. So in this scenario, the improving parameter is seeing 

the scale precisely which can be translated as parameter 28 measurement accuracy; whereas the 

worsening parameter is getting tired which can be translated as parameter 19 use of energy by 

moving object. The contradiction matrix in Figure 12 shows that the triggering inventive principles 

(IP) are IP 3 local quality, IP 6 universality and IP 32 optical changes. Retrospectively, the OXO 

measuring cup uses inventive principle 3 local quality (the ramp inside the surface) and inventive 

principle 32 optical changes (transparent material such as Pyrex). Note that IP 17 another dimension 

is not in the suggested IPs. Note also the IP 6 universality is not used in the previous patents. It may 

provide a trigger to come out a new solution with this inventive principle 6. 
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Figure 12. Contradiction matrix for measuring cup 

4. Conclusion 

Patent map is very useful in keeping track of the technology development and we have applied it 

to the measuring cup. The task started with the OXO measuring cup with its patent US6263732. Using 

the backward and forward citation of US6263732, three patents are extracted respectively. They are 

US4073192, US4566509, US5588747, US7306120, US8517219 and US9354098. A map of 

technology development based on these seven patents is established. Analyzing the map shows that 

before the invention of patent US6263732, the patents focused on means to adjust the volume 

(US4073192), extend the measuring function to a cap of a bottle (US4566509) or a combination of 

temperature measuring function to a cup (US5588747). Then the function of easy reading indicia on 

the cup was incorporated into patent US6263732. Afterwards, various means are proposed to achieve 

the easy reading function such as using ladders on the inside surface of the cup (US7306120) and 

insert a mound like reference member in the middle of the cup (US9354098). In addition, the 

transparency material used in US6263732 is taken to US8517219 to invent a device which can measure 

the liquid precisely without additional part such as a spoon as shown in its reference patent US4192360. 

In our case patents US7306120 and US9354098 solved the same problem as US6263732 did. These 

three patents take advantage the inside of the surface of measuring cup. And it is the application of 

inventive principle 17, another dimension. A trend of surface segmentation (Mann, 2002) can be found 

from US6263732 to US9354098 where the ramp in US6263732 is a flat surface, yet the ramp in 

US9354098 is advanced to 3D protrusion so that the reverse side of the measuring cup can also be 

used to measure fluid quantity. 

Resolving the problem by forming a technical contradiction, if we put the ordinary measuring 

cup on the table and stoop down to see the indicia at the eye level, then we can see the scale 

precisely, however, we get tired. So in this scenario, the improving parameter is parameter 28 
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measurement accuracy; whereas the worsening parameter is parameter 19 use of energy by moving 

object. The contradiction matrix shows that the triggering inventive principles (IP) are IP 3 local 

quality, IP 6 universality and IP 32 optical changes. Retrospectively, the OXO measuring cup uses 

inventive principle 3 local quality (the ramp inside the surface) and inventive principle 32 optical 

changes (transparent material such as Pyrex). Note that IP 17 another dimension is not in the 

suggested IPs. Note also the IP 6 universality is not used in the previous patents. It may provide a 

trigger to come out a new solution with this inventive principle 6. 
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Abstract 

Models play an important role in product conceptual design activities. However, there exist so 

many modeling techniques that the same concept proposed in two models may imply inconsistent 

meanings and it is also necessary to understand what the models are for. This paper reviewed a few 

typical models put forward since 1980s. The models were distinguished and clustered based on their 

purposes, meaning that if they are aimed at providing a framework for explaining how the design 

activities proceed or describing a system or process. The main constructs, characteristics of each model 

and their differences were presented to make an explicit comparison among them. Our research 

contributes to show a much clearer illustration and application of each model, improve coherent 

comprehension and benefit the appropriate model selection.  

Keywords: Conceptual design, Design models, Engineering design activity, Technical system 

1. Introduction 

Model is used to organize knowledge in a regular way for one specialize purpose. In the field of 

mechanical design, model is an abstracted、symbolized and formalized language to describe the 

relevant design knowledge. Although multidisciplinary fusion and design has drawn much attention, 

the education background of engineers is still single, such as mechanical engineering, electronic 

engineering, bioengineering, et al..(Chen et al., 2012) Therefore, to make sure the smoothly 

communication among engineers with different professional knowledge, appropriate modeling 

technique can build a bridge for knowledge exchange and sharing (Erden et al., 2008). From another 

viewpoint, some design models are proposed to clarify and normalize how the design activity proceed, 

aiming at improve the design performance. 
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The models are put forward to enhance the creativity、efficiency and scientificity of design 

activities from different perspectives. Becattini ( EU Project, 2013) collected 29 models available to 

describe the products and processes, grouped them into three categories and presented detailed 

information about the modeling constructs. Aiming at proposing a uniform understanding and frame 

of function modeling, Erden et al. (2008) make a distinction among 18 models from the viewpoint of 

ontology, definition of function, representation formalism, et al.. Chen et al. (2015) established NFPS 

model of conceptual design based on scientific ontology and intentionality theory and compared it 

with FBS model, Zigzag mapping and the systematic design approach. Hamraz et al. (2015) 

distinguished SBF, FBState, FBS model detailedly. 

Based on the former research, this paper listed several mainly used models of conceptual design 

and classified them into three groups in section 2. Section 3 would show the definitions of modeling 

elements and make some comparison, trying to reduce the ambiguity caused by the variety of 

modeling techniques. 

2. Purpose and classification of models 

To help engineers know better about the problem solving task and identify the important design 

knowledge, lots of models, characterized by diverse forms and features, are developed for different 

contexts and purpose. However, the large amount of models causes that the same elements could even 

have different explanations, which usually makes the users confused. To eliminate this problem, we 

firstly grouped the models into POM (Design Process – Oriented Model), SOM (Technical System – 

Oriented Model) and AOM (Problem Analysis – Oriented Model), according to their described objects. 

▪2.1 Design Process – Oriented Model 

POM is the model used to describe the design process from need analysis to conceptual design 

generation, reflecting how the design activities proceed, aiming at exploring a reasonable design 

process frame. Table 1 shows 6 typical modes and the corresponding researchers, references and 

opinion. 

Table 1. Typical POMs. 

Model name Reference Main opinion 

FBS (Function – 

Behavior- 

Structure) 

Gero, 

Kannengiesser 

(1990, 2004) 

The design process includes the formulation from function to 

expected behavior, the synthesis from expected behavior to 

structure, the analysis from structure to actual behavior,  the 

comparison of the actual and expected behavior, the 

reformulation from structure new structures, new expected 

behaviors and  new functions, finally the production of the 

design description. 
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Extended FBS Cascini, et al.  

(2013) 

This model integrated needs identification and requirements 

definition phases into FBS model, considering their 

relationships with the function, the behavior and the structure, 

aiming at representing all the tasks and the relevant cognitive 

processes. 

FBES 

(Function– 

Behavior– 

Effect - 

Structure) 

Cao (2006) This model extended FBS model into FBES, arguing that 

effect is the bridge between the behavior and the structure. The 

mapping between behavior and effect, effect and structure, 

combination of effects are considered in the design process. 

P&B Pahl, 

Beitz(1996) 

The identified design task should be abstracted to determine 

the function model, then the appropriate principles or their 

combination should be selected, and finally the problem 

solving method and solution would be confirmed. 

NFPS (Need – 

Function– 

Principle- 

System) 

Chen, et al. 

(2015a,b) 

The authors determined the modeling elements from the 

viewpoint of ontology, by comparing several models. In NFPS 

model, design activity is consisted of mapping from needs to 

functions, from functions to principles, from principles to 

structures, and finally checking if the structure is satisfactory. 

Zigzag mapping Suh (2001) The conceptual design activity is divided into four domains 

and three mapping process. The domains are customer domain, 

functional domain, physical domain and process domain. The 

mapping happens between two adjacent domains in the form 

of Zigzag. 

 

▪2.2 Technical System – Oriented Model 

SOM is the model established to describe a technical system including how the system is 

composed and how the system works. According to the different points which they focus on, SOM 

can be divided into three categories: static model, dynamic model and combined model, as shown in 

Table 2. Therein, static models only focus on the structure, that is the components and their connection; 

dynamic model only concentrate on the working process, that is to explain how the system achieves 

its function; while combined model can embody both of them. 

Table 2. Typical SOMs. 

Category Name Reference Main opinion 
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Static 

model 

TRIZ 

functional 

modeling 

Tan（2010）, et al. Focus on describing the components and their 

interaction of a system, and classify the 

interaction into useful normal action, useful 

insufficient action, useful excessive action 

and harmful action. 

Minimal 

Technical 

System Model 

Altshuller（ 1984 ） , 

Cascini (2009), et al. 

This model aims at representing the minimal 

set of entities to realize the related function. 

The entities are classified into Tool, Engine, 

Transmission and Control. 

Dynamic 

model 

Petri Net Girault and Valk 

(2003), Yuan (2013) 

Petri net is mainly used to describe the 

working process of a discrete system. Now it 

has been extended into several nets, but the 

basic constructs are Token, Place, Transition 

and Arc. 

EMS (Energy-

Material-

Signal) 

Pahl, Beitz (1996) The system is described by function, input 

flow and output flow. Function is the relation 

of input and output flow. And the flow 

belongs to the set of energy, material and 

signal. 

Combined 

model 

FBState  

(Function-

Behavior-

State) 

Umeda et al. (1995) FBState compose of state, behavior, function 

and the mapping relation between each other, 

aiming at describe how the system delivers its 

function. 

SBF Goel et al. (1994, 

2009) 

SBF combined function, behavior, structure 

and define function as the change of initial 

state and final state, define behavior as the 

sequence of changed state and define 

structure as the set of components, their 

connection and the substance. 

SAPPhIRE Chakrabarti (2005, 

2013) et al. 

This model uses “create”, “activate”, 

“interpreted as” and “state”, “action”, 

“principle”, “phenomenon”, “input”, “organ”, 

“effect” to describe the cause and effect 

relation among them. The combination of two 

or more SAPPhIRE models reflect the 

working process of a system. 

 

▪2.3 Problem Analysis – Oriented Model 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

144 

 

Identifying right problem is much more important than solving the problem right（Mann, 2002）. 

AOM is a kind of model centering on helping problem solver analyze the existed problems and 

determine the right ones. AOM are mostly from the research achievements of TRIZ, as listed in Table 

3. 

Table 3. Typical AOMs. 

Name Reference Main opinion 

S-field model Altshuller (1984) 

Mann (2002) 

The foundation of this model is that a minimum 

of two substances and a field are necessary to 

deliver a function. Some relevant inventive 

standards are provided to solve problems 

characterized by one specific S-field models. 

OTSM-TRIZ 

contradiction model 

(ENV, Element – 

Name - Value) 

Cavallucci and 

Khomenko (2007), 

Cascini(2012), Becattini 

and Cascini (2013) 

The contradiction could be identified by 

recognizing one control parameter and two 

evaluation parameters. 

Extension model Zhou (2012) Similar with ENV model, OCV model in 

extenics includes three elements: “object”, 

“characteristics” and “value”. Some extension 

transformation tools are developed to enhance 

the practicality. 

Problem Net model Cavallucci, et al. (2007) The model is composed of problem, partial 

solution, constraint, question to experts and link 

among them, aiming at analyzing the hierarchy 

of problems and their cause – effect relation. 

 

3. Definitions and comparison of modeling constructs 

There are so many models that it is inevitable some of their constructs overlap. This overlap can 

make the models relate to each other, whereas, it can also easily make users confuse the meaning of 

the same term but from different models causing the inconsistent understanding. In this section, we 

summarized some constructs and their definitions from the former models, as indicated in Table 4, 

and then analyze them briefly. 
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Table 4. Comparison of the overlapping constructs. 

Name Constructs Definition 

(Extended)FBS  

Qian and Gero, (1992) 

Function The design intentions or purposes 

Behavior How the structure of an artifact achieves its functions 

Structure The components which make up an artifact and their 

relationships 

FBES 

Cao (2006) 

Function The abstracted description of design purposes 

Behavior Objective description and embodiment of function 

Effect Consist of the physical, chemical and other scientific 

principles, the input and output flow 

Structure The components which make up an artifact and their 

relationships 

P&B 

Pahl and Beitz (1996), 

Chen et al. (2015 a) 

Function The relation between the input and output of the system 

Working 

Principle 

Brings together working place, working surfaces and 

working motion to implement a physical effect 

Solution A combined working principle that embodies some 

physical effects with working surfaces and working 

motions 

NFPS 

Chen et al. (2015 a, b) 

Need Regarded as a desire of a person to change a problematic 

conceptual environment into a desirable one 

Function Regarded as an imagined abstract action on an objective 

environment in a designer’s mind 

Principle Combination of some action classes and (or) some 

behavior classes for achieving a desired function 

Structure Redefined as the absolute composition and the auxiliary 

environment of a system and the relations among them 

AD 

Suh (2001), Chen et al. 

(2015 a) 

Need Desirable attribute that the customers require 

Function Neutral description for design purposes 

Solution A set of components, their relations, and the related design 

parameters  

FBState 

Umeda (1995) 

Function A description of behavior recognized by a human through 

abstraction 

Behavior Defined by sequential one and more changes of states 

over time 

State Defined by entities, attributes of entities and relations 

among entities and attributes 

SBF 

Goel (2009) 

Structure Viewed as constituted of components and substances 

Behavior Specify and explain how the functions of structural 

elements in the device 
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Function A behavioral abstraction and is represented as a schema 

that specifies the behavioral state the function takes as 

input, the behavioral state it gives as output 

Table 4 shows that the meaning of some of the terms is coherent, such as state, need, effect, while 

some of them have some distinctions, such as function, behavior and structure. 

There are three kinds of understanding about “function”: 

1) Purpose function: It is described from the viewpoint of person or environment, such as the 

definitions in FBS, FBES and FBState model. 

2) System function: It is described from the perspective of the target system, such as the 

definitions in NFPS, SBF and systematic design approach. 

3) Interaction function: it describe the direction interaction between two elements, such as the 

definitions in TRIZ functional modeling. 

There are also three kinds of definitions about “behavior”: 

1) FBS and FBES model argue that behavior abstractly describe how the system delivers the 

function. 

2) FBState and SBF model define behavior as the sequence of change of state over time. 

3) NFPS define principle as the combination of action and behavior. In this model, the 

understanding about principle is much similar with behavior in the former two definitions. 

There are another three kinds of definitions about “structure”: 

1) In FBS, FBES model and P&B theory, structure is the set of components and their connection, 

2) In NFPS, structure includes not only components, connection, but the required environment 

input. 

3) While in SBF model, except the elements in NFPS, structure also includes the property that is 

used to describe the change of state, such as velocity, temperature, et al. 

4. Conclusion 

This paper summarized some typical conceptual design model, classified them into several 

groups and compared the overlapped constructs, aiming at clearly presenting the distinctions of the 

models and benefiting from the researchers to select the appropriate model for their own project. It is 
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also a start point to establish a unified, unambiguous model for describing the proceeding of design 

activity or the design knowledge of technical system.  
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Abstract 

This study used standardized problem and solution models of Problem Characteristic Array and 

Solution Arrays to render quantitative calculations convenient for objectively obtaining the 

solution models of the corresponding problem models. A computational process was established 

to rapidly obtain all the relevant solution models and to objectively arrange them with priorities 

based on expected problem-solving potential for the given problems. This study extended a 

quantitative way to identify TRIZ solution models based on fuzzy and crisp similarity measures 

to automatically and objectively identify possible solution models to the given problems. The use 

of quantitative methods allows the users quickly and objectively obtaining solution models to a 

problem with priority based on solved data base which is the accumulation of many expert 

knowledge and experiences instead of individual expert's judgment. 

The contributions of this study include: 1) Applying fuzzy and crisp similarity calculation 

methods to the problem-solving process of trends of evolution tool, generating solutions based on 

objective and rapid calculation and display it with priority. 2) Developing an objective and 

repeatable trend identification software system with high hit rate and feasible solutions 

substantially higher than randomly selected solutions. 3) Providing a way to continually 

accumulate expert knowledge and experience and integrating more expert-solved cases to provide 

a rapid, objective, and effective problem-solving system. This allows a continuous learning 

system which uses cumulative knowledge from many experts’ solved cases objectively instead of 

otherwise knowledge from individual experts. The method represents new ways of identifying 

prioritized solution models using quantitate measures instead of traditional qualitative reasoning. 

Keyword: TRIZ, Trend of evolution, Model of Problem, Model of Solution, Fuzzy, Similarity 
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1 Background and Research Purposes 

TRIZ is the Russian acronym of theory of inventive problem solving. The well-known TRIZ 

model of problem solving is indicated in Figure 1. This work focused on improving the encircled 

process step of converting from problem model to solution models, or trigger solutions. This is the 

step where TRIZ is able to provide solution ideas in generic directions. 

The problem-solving process of the TRIZ has long been based on logical inference instead of 

more rigorous and repeatable quantitative/mathematical analysis. In particular, the process of 

matching problem models to their corresponding solution models (trigger solutions) by using TRIZ 

problem-solving tools has been reliant on expert experiences and judgments. Not only different 

experts may identify different solutions, the traditional methods may also obtain different solutions 

at different times even for the same person. The lack of repeatability, rigorous modeling, and 

mathematical/quantitative contents contributed to the lower-than-deserve acceptance of TRIZ 

research work by rigorous scientific journals. 

 Furthermore, the problem of identifying relevant solution models becomes an issue when the 

number of possible solution models becomes large. This applies to a number of problem solving 

tools such as effects, trends, standards, etc. For example, OxfordCreativity web site (OxfordCreativity 

Effect database, 2014) listed 222 suggestions for “Move Solid”. (See Figure 2.) Examining all possible 

solution models is very time consuming and highly inefficient – especially when many of the effects 

are unfamiliar to most people. Therefore, there are three major deficiencies involved with 

traditional TRIZ problem-solving tools: 1) Varying solutions often arise from various experts or 

particular problem-solving occasions. This generates solution models that are highly expert-

dependent and non-repeatable. 2) Experts are often required to individually assess many possible 

solution models without priority. This is very time consuming. 3) Each instance of solution 

identification in problem solving is the decision of a team’s expertise. There is no way to 

accumulate the identification knowledge/experience to future problem solving teams. 

As some solution models are much more relevant than others, there is a need to objectively 

identify relevant solution models with priority to save problem solver’s time.  

The purpose of this research is to address the above-mentioned problems in TRIZ identification 

of solution models. As indicated in Figure 1, by using quantitative measures the goals of solution 

priority, objectivity, repeatability, modeling rigor, and the speed of obtaining solution models, can 

be achieved. In the meantime, the system design allows for problem solving based on the integral 

results of continual accumulation of many experts’ knowledge/experiences embedded in many 

expert-solved cases instead of knowledge/experience of an individual expert. In this paper, the 

above purposes applying on identifying solution models based on engineering trends are 

exemplified. In the future, the same concepts can be used to develop systems to identify relevant 

effects, standards, and principles, etc., for problem solving. This opens up a new research sub-field 

of using mathematical/quantitative methods in the TRIZ problem solving processes contributing to 
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promoting TRIZ recognition in rigorous scientific research communities. 

 

Based on an integration of the classic GEN3 and Darrell Mann’s evolutionary trends (Mann 

2007) in TRIZ, this study identifies and prioritizes relevant trends and stages for solution models by 

calculating the similarities between the attributes/functions of a problem and the attributes/functions 

of a trend using mathematical tools constructed for the integrated set of evolutionary trends. 

 

2 Relevant Literature 

(Sheu and Chiu, 2016) used quantitative measures to prioritize the suitability of using tends to 

solving engineering problems. This research is a continuation of the (Sheu and Chiu, 2016) work. 

But, instead of using binary similarities, in this paper the ideas of fuzzy trinary similarity and more 

number of tested cases from 140 to 220 were used. 

 

Figure 1. TRIZ Model of Problem Solving 

Specific Problem

Model of Problem Models of Solutions

(Solution Triggers)

Specific Solutions

Similar Problem, Similar Solutions

 

From OxfordCreativity. http://www.triz.co.uk     Accessed on 2014/7/20 

Figure 2. Too many possible solution models without priority 

http://www.triz.co.uk/
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2.1 Evolutionary Trends 

 Trends of Engineering System Evolution was first proposed by Altshuller (1984) in the laws of 

development of technical systems, which was further studied and organized by his students and 

other scholars. It is one of the most important TRIZ tools in traditional TRIZ. The contents 

comprised 11 main evolutionary trends and 26 sub-trends as shown in Figure 3. Note that the trend 

of S-curve evolution itself is considered as one main trend. 

 Mann (2007) proposed 37 evolutionary trends and divided them into three dimensions, namely 

space, time, and interface as indicated in Figure 4. In this study, only relevant technological trends 

were used. The two evolutionary trends related to sales and markets were excluded: market 

evolution and customer purchases focus. In addition, four evolutionary trends that were duplicated 

in space-time-interface dimensions were integrated: mono-bi-poly (similar), mono-bi-poly 

(various), mono-bi-poly (increasing difference), and boundary breakdown. Thus, 52 trends were 

compiled in this study, including the aforementioned traditional TRIZ trends and 31 of Mann’s 

technological evolutionary trends. As the Trend of S-curve has only one stage, it is not used in the 

problem solving. 

 

Figure 3. Structural diagram of the evolutionary trends in traditional TRIZ family (GEN3) 
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2.2 Similarity Comparisons 

2.2.1 Binary Similarity Comparisons 

 In order to define the similarity of any two elements, I and J, they can be represented as arrays 

of the same kind. Each column in the array I or J represents a particular attribute of the element and 

is denoted as i and j respectively. Dunn and Everitt (1982) listed a binary variable paired 

observation table as shown in Table 1. In the Table 1, i and j are two corresponding columns of I 

and J to be compared. They represent the same attribute column of the two arrays I and J. A matrix 

variable that equals to one represents that an observed value of an attribute exhibits certain defined 

characteristics. A matrix variable that equals to zero represents that the observed value does not 

exhibit the defined characteristics. Among the variables, a represents the number of attributes in 

which observed values i and j are both equal to one and that these two exhibit the defined 

characteristics, which results in successful positive matches; b represents the number of attributes in 

which observed values i and j are respectively (0, 1), which represents that i does not exhibit the 

defined characteristics while j exhibits the defined characteristics and thus matching is 

unsuccessful; c represents the number of attributes in which observed values i and j are respectively 

(1, 0), which represents that j does not exhibit the defined characteristics while i does. Again, the 

match is unsuccessful in this case; lastly, d represents the number of attributes in which i and j are 

both zero, which means that neither exhibit the corresponding defined characteristics, thereby 

resulting in negative matches. 

 

Figure 4. Darrell Mann’s Trends Collection 
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Table 1. Paired Observation Table 

            i 

j 
1(Presence) 0(Absence) Sum 

1(Presence) a b a+b 

0(Absence) c d c+d 

Sum a+c b+d a+b+c+d 

 

Numerous similarity measurement methods exist to indicate the similarity between I and J. 

(Choi et al., 2010; Donald et al., 1989; and Meyer et al., 2004). Ten mostly used measurements with 

their respective computational methods are listed as follows: 

 

 𝑆𝐽𝐴𝐶𝐶𝐴𝑅𝐷 =
𝑎

𝑎+𝑏+𝑐
  (1)          𝑆𝑃𝐸𝐴𝑅𝑆𝑂𝑁&𝐻𝐸𝑅𝑂𝑁−𝛪 =

𝑎𝑑−𝑏𝑐

√(𝑎+𝑏)(𝑎+𝑐)(𝑑+𝑏)(𝑑+𝑐)
 (6) 

𝑆𝐷𝑖𝑐𝑒 =
2𝑎

2𝑎+𝑏+𝑐
    (2)          𝑆𝑂𝐶𝐻𝐼𝐴𝐼 =

𝑎

√(𝑎+𝑏)(𝑎+𝑐)
    (7) 

𝑆𝐴𝑛𝑑𝑒𝑟𝑏𝑒𝑟𝑔 =
𝑎

𝑎+2(𝑏+𝑐)
(3)         𝑆𝑂𝐶𝐻𝐼𝐴𝐼−II =

𝑎𝑑

√(𝑎+𝑏)(𝑎+𝑐)(𝑑+𝑏)(𝑑+𝑐)
  (8) 

 𝑆𝑅𝑈𝑆𝑆𝐸𝐿𝐿&𝑅𝐴𝑂 =
𝑎

𝑎+𝑏+𝑐+𝑑
 (4)      𝑆𝑌𝑈𝐿𝐸𝑄 =

𝑎𝑑−𝑏𝑐

𝑎𝑑+𝑏𝑐
  (9) 

𝑆𝑆𝑂𝐾𝐴𝐿&𝑀𝐼𝐶𝐻𝐸𝑁𝐸𝑅 =
𝑎+𝑑

𝑎+𝑏+𝑐+𝑑
 (5)   𝑆𝑅𝑂𝐺𝐸𝑅&𝑇𝐴𝑁𝐼𝑀𝑂𝑇𝑂 =

𝑎+𝑑

𝑎+2(𝑏+𝑐)+𝑑
 (10) 

In the above equations, the various formulas for S, represent various similarity measures, and 

the respective subscripts indicate the scholars who proposed the corresponding similarity equation. 

Through the analysis performed in this study as well as experiments conducted by several 

graduate students in the authors’ team, an improved Dice computational method was adopted, 

which is presented in Section 3.4. 

2.2.2 Fuzzy Similarity Comparisons 

Many of the problems in the real world are full of uncertainty and inaccuracy, and it is not a 

simple and objective matter to solve the problem with binary logic. Therefore, fuzzy logic to deal 

with uncertainties and inaccuracies and other similar problems, can solve the problem for the human 

ability to upgrade to another higher level. 
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The fuzzy logic allows the elements in the collection to have different attributes at the same time, 

and the number between 0 and 1 to express this element involves the extent of different attributes. 

With the development of fuzzy theory more mature, making the traditional theory is only a special 

case of fuzzy theory. 

Name Formula 

Zwick Distance function 

(Zwick, R., Carlstein, E., 

& Budescu, D. V., 1987) 

1 − [
1

𝑛
∑|𝑎𝑖 − 𝑏𝑖|𝑟

𝑛

𝑖=1

]

1
𝑟

 

Table 2. Fuzzy Similarity Computation Formula 

3 Research Methods and Fundamental Theories 

This section explains the theories and methods developed for mathematical/quantitative 

approaches to identify TRIZ model of solutions with priorities. Section 3.1 explains the underling 

concepts for this work. Section 3.2 explains the modeling approaches for the problems, solutions 

and trends. Section 3.3 explains how to identifying trends and stages for solutions. Section 3.4 

explains the overall tasks of this method of identifying trend solutions using similarity measures. 

Section 3.5 describes the computational details of how to identify the solutions in section 3.4. Note 

that even though that the overall tasks is sophisticated, the user of the software system do not need 

to know anything about how the tools work to successfully use it. They are embedded in the 

software. The users need only to identify what attributes are relevant to the problem and what 

functions are needed to solve the problem. 

Because the evolutionary trend is based on the "attribute and function analysis" information to 

solve the problem, through the analysis can understand the relationship between the system 

components and the system to achieve or want to improve the function, and then identify the system 

problems. Therefore, this study will be "attribute and functional analysis" of the definition of 

broken down into three situation to explore. As shown in the table 3 

Similarity 

Computation 

Method 

Definition 

Concept of 

Similarity 

Computation 

Corresponding 

value if attribute 

or Function is 

related 

Corresponding 

value if attribute 

or Function is 

possibly related 

Corresponding 

value if attribute 

or Function is not 

related 

Similarity 

Computation 

Formula 

Method 1 Rigorous Binary 1 0 0 Dice 

Method 2 Loose Binary 1 1 0 Dice 

Method 3 Fuzzy Ternary 1 0.5 0 Zwick 

Table 3. Definition of 3 Way for Similarity Computation  
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This research is based on the new evolution trend after integration, establishing computerized 

mathematical problem solving tools, to provide user to identify the evolution of the relevant issues 

related to the trend. However, in order to identify the solution model easily, it is necessary to 

standardize the expression of the problem, the solution model and the trend, and it includes all the 

characteristics of the problem in the form of an array and clearly presented, and constructs problem 

standard model, so that the problem can be compared and analyzed. It is also conducive to the case 

database archiving, the following is its array of standardized expression. 

 

 

3.1 Foundation concepts 

The main foundation concepts of this novel work are based on: 

1. Similar problems have similar solutions. Refer to Figure 1. If the model of a problem is similar 

to the model of a solved problem, then, the solution model of the problem will be similar to the 

solution model of the solved problem. If the similarity index is higher than a pre-determined 

threshold, we can then use the solution of the solved problem weighted by the similarity to 

form the solution of the problem to be solved, There are two situations: 1) Using the solution 

models of the solved problems to form the solution model of the problem to be solved if the 

similarities between the to-be solved problem and the corresponding solved problems are all 

higher than certain threshold; 2) Considering the trend itself as a special “solved case”. That is: 

If the problem model is similar to the model of a stage of a trend and jumping from the current 

stage to another stage of the trend can provide the needed improvements to solve the subject 

problem, then the later stage of the trend provides a solution model for the subject problem. 

2. In order to calculate similarity, the authors developed an array of attributes (attribute set) and 

an array of functions (function set) to model a problem as Problem Characteristic Array (PCA), 

a solution as Solution Array (SA), a case as Case Array (CA), a trend as Trend Characteristic 

Array (TCA). By doing so, it is possible to calculate the similarity between two problems and 

the similarity between a problem and a trend stage. 

 

3.2 Modeling of the problems, solutions, and trends 

The format of PCA/TCA/SA are explained in this section. They are to fully characterize a 

problem (PCA), a Solution (SA), a trend (TCA), and a case (CA) in the context of using trends 

to solve problems. PCA is the standardized problem model. SA is the standardized solution 

model. Note that CA = PCA + SA as a case will include the problem part and the solution part. 
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3.2.1 PCA for trend comparisons 

 

 

 

Figure 5 Shows a PCA with binary bit array. A PCA contains an attributes part and a function 

part. Since function can also be represented as change or maintain the attribute(s) of an object, the 

function part of a PCA can be further divided into attribute subsection and function subsection to fully 

represent a function. For convenience, the authors denote the attribute part of the function as indirect 

functions and the function part as direct functions.  

● Binary Similarity Computation 

In the attribute array, a “1” in a cell value indicating that the corresponding attribute is one of 

the characteristic attributes of the current problem. A “0” in an attribute cell indicating that the 

corresponding attribute is irrelevant to the problem.  

On the attribute sub-array of the function array, a “1” as the value of the cell indicating that to 

solve this problem some change/maintaining of this parameter is needed. A “0” in the cell location 

indicating that this attribute is irrelevant to the problem solving.  

On the function sub-array of the function array, a “1” as the value of the cell indicating that to 

solve this problem the corresponding function needs to be achieved. A “0” in the cell indicate that the 

corresponding function is irrelevant to problem solving. 

● Trinary Similarity Computation 

 

In each field:  1: indicates that this attribute/function is relevant to this problem. 

             0: indicates that this attribute/function is irrelevant to this problem. 

Figure 5. Problem Characteristic Array (PCA) 

Attributes Functions A PCA fully models a  problem.
a1 a2 … aQ a1 a2 … aQ

Needed Attributes change/maintain to 

solve the problem.

Needed functions to solve the problem

Characteristic Attributes of the problem

f1 f2 … fk
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In the attribute array, a “1” in a cell value indicating that the corresponding attribute is one of 

the characteristics attributes of the current problem. A “0.5” in a cell value indicating that the 

corresponding attribute is “possibly” one of the characteristic attributes of the current problem. A “0” 

in an attribute cell indicating that the corresponding attribute is irrelevant to the problem.  

On the attribute sub-array of the function array, a “1” as the value of the cell indicating that to 

solve this problem some change/maintaining of this parameter is needed. A “0.5” as the value of the 

cell indicating that to solve this problem some change/maintaining of this parameter is “possibly” 

needed. A “0” in the cell location indicating that this attribute is irrelevant to the problem solving.  

On the function sub-array of the function array, a “1” as the value of the cell indicating that to 

solve this problem the corresponding function needs to be achieved. A “0.5” as the value of the cell 

indicating that to solve this problem the corresponding function “possibly” needs to be achieved. A 

“0” in the cell indicate that the corresponding function is irrelevant to problem solving. 

3.2.2 The Solution Array and Case Array for Trends 

Figure 6 shows expression used for SA in which ST, i represents the likelihood index of stage i 

of trend T to be a solution of the current problem. An ST, i equal to one represents that trend T 

stage i can be used as the possible solution to a problem. On the other hand, when ST, i is equal 

to zero indicating that the trend T stage i is irrelevant to a problem. 

 

  A Case Array (CA), is defined as the direct compilation of PCA and SA to be the model of the 

case. The first part is the problem characteristics array (PCA). The second part is the solution array 

(SA). 

3.2.3 The Trend Characteristic Array (TCA) 

Figure 7 shows the Trend Characteristic Array (TCA). The stages of a trend can be 

expressed using TCAs. The attribute/function sets of the TCA are similar to that of the PCA/SA 

used with respect to the trends problem-solving tool. The first part of TCA is attribute array. The 

characteristic attributes of any stage of the trend are the attributes which are the features of the 

stage or changing or maintaining of the attribute can be achieved by jumping to some later stage 

 

Si,j: stands for the j-th stage of the i-th trend. A “1” at Si,j indicates that the j-th stage of the i-th 

trend is a solution of the problem. Otherwise, it is marked as “0”. 

 

Figure 6.  The Solution Array with trends and stages indicated. 

a stage of the trend

S1,1 S1,2 S1,3 … S2,1 S2,2 … … ST,1 … ST,i … … S51,1 S51,2 S51,3 …

Trend 51Trend 2 Trend T… …Trend 1
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of the trend. The second is function array. This part, in turn, includes change/maintaining 

attributes (as an indirect function) and the (direct) functions. A “1” in a stage of a trend’s 

attribute array indicates that that attribute is a characteristic attribute of the stage. A “1” in a 

function field of a stage indicate that a function or attribute change can be achieved if a jump 

from another stage to this stage is performed. A “0” indicates irrelevant attribute(s) or 

function(s) to this stage of this trend. Each stage in the evolutionary trend consists of its 

corresponding attribute and function characteristics.  

The TCAs do not need another solution arrays because the trend stage itself can be 

considered as a solution. In a sense, a trend by itself can be another form of a case. Therefore, 

they can be added to the case database for the solution process. 

 

● Binary Similarity Computation 

In the attribute array, a “1” in a cell value indicating that the corresponding attribute is one of 

the characteristic attributes of the current stage. A “0” in an attribute cell indicating that the 

corresponding attribute is irrelevant to the current stage.  

On the attribute sub-array of the function array, when evolving from other stage to current stage, 

a “1” as the value of the cell indicating that that on the current stage some change/maintaining of this 

parameter is needed. A “0” in the cell location indicating that this attribute is irrelevant to the current 

stage. 

On the function sub-array of the function array, when evolving from other stage to current stage, 

a “1” as the value of the cell indicating that on the current stage the corresponding function needs to 

be achieved. A “0” in the cell indicate that the corresponding function is irrelevant to the current stage. 

● Trinary similarity Computation 

  

Figure 7. The Trend Characteristic Array (TCA) 

TCA

The m-th

Trend

Attribute array Function array

1 2 …. P 1 2 …. P 1 2 …. Q

1 stage

2 stage

…

n-th stage

Characteristic attributes 

of this stage 

Attribute(s) that can be 

changed or maintained by 

jumping to this stage.

Function(s) that can be 

gained by jumping to this 

stage
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In the attribute array, a “1” in a cell value indicating that the corresponding attribute is one of 

the characteristic attributes of the current stage. A “0.5” in a cell value indicating that the 

corresponding attribute is “possibly” one of the characteristic attributes of the current stage. A “0” in 

an attribute cell indicating that the corresponding attribute is irrelevant to the current stage.  

On the attribute sub-array of the function array, when evolving from other stage to current stage, 

a “1” as the value of the cell indicating that on the current stage some change/maintaining of this 

parameter is needed. A “0.5” as the value of the cell indicating that on the current stage some 

change/maintaining of this parameter is “possibly” needed. A “0” in the cell location indicating that 

this attribute is irrelevant to the current stage. 

On the function sub-array of the function array, when evolving from other stage to current stage, 

a “1” as the value of the cell indicating that on the current stage the corresponding function needs to 

be achieved. A “0.5” as the value of the cell indicating that on the current stage the corresponding 

function needs to be “possibly” achieved. A “0” in the cell indicate that the corresponding function is 

irrelevant to the current stage. 

3.3 Identifying trend stages for solutions 

There are two ways of using similarity to locate appropriate trends and stages for solution 

models. 

1) Based on database of solved past problems with trend stages as solution model. 

The concept of “similar problems have similar solution models” is the basis for this 

method. The method is explained in the ensuing section. 

2) Based on direct comparison of the Problem PCA with Trend Characteristic Array (TCA). 

The second way of identifying SA of a problem using trends is to compare the similarities 

of PCA’s attributes and functions directly with corresponding attribute/function parts of the 

evolutionary trends. If the characteristic attributes of the current problem PCA is similar to the 

characteristic attributes of certain stage of a trend and the needed function/attribute-change part 

of the current problem PCA is similar to the function/attribute-change capability part of another 

stage of the trend, the later stage of the trend may provide a solution model to the problem. This 

is detailed in Section 3.3.2. 

3.3.1 Identifying solutions from solved cases 

Identifying trend solutions from solved cases in case database is straight forward. Algorithm is as 

follows: 

1) Do for each case: Calculate the similarity value between the PCA of the current problem and 

PCA of each solved case in the database. If the similarity is no less than the set threshold, we 

consider the solve case is similar to the subject problem. The Solution array of this solved 

similar case is adopted as possible solution. The values of the fields in the Solution Array are 
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then multiplied by the similarity to serve as a constituent Solution Array of the case. 

2) All the constituent solutions of the similar solutions are added up to form a solution array. The 

highest n trends/stages are selected for best n solutions of the solution array in the order of their 

cumulative field values. 

3.3.2 Identifying solutions by similarity comparison with evolutionary trends 

3.3.2.1 Comparison principles 

 Figure 8 shows the concept of identifying trend and stage for model of solution in a regular 

trend which have apparent direction to evolve toward. Three steps are identified for the process. (1) 

Characteristic attributes of the problem PCA to be solved is compared against the TCA of an earlier 

stage of a trend on its attribute characteristic part. (2) If the similarity measure is higher than certain 

threshold 1, the needed function array part of the PCA is compared to the function array part of a 

later stage of the trend. If the similarity is higher than certain threshold 2, it indicates that jumping 

from an earlier stage to this later stage of the trend may solve the problem. Then, 3) the 

characteristics of the later stage of the trend can be used as the solution model of the problem. 

In order to complete the evolutionary trend, this research combine two major evolutionary trend –

GEN3 Evolutionary Trend and Darrell Mann Evolutionary Trend– into an Evolutionary Trend 

related to engineering system. As the following: 

 

1. Process Trimming 

2. Device Trimming 

3. Trend of Increasing Completeness of System Components 

4. Mono-Bi-Poly (Increasing Difference) 

5. Increasing Differentiation Between Main Functions 

6. Deeper Integration 

7. Increasing Similar Integrated Systems  

8. Increased Various Integrated Systems 

9. Increase Level of Control 

10. Increase Number of Controllable States 

11. Substance Dynamization 

12. Stage of Coordination 

13. Composition Dynamization 

14. Non-Linearity 

15. Single-level to Multi-level 
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16. Function Dynamization 

17. Reducing Human Involvement 

18. Trends of Uneven Development of System Components 

19. Smart Material 

20. Space Segmentation 

21. Surface Segmentation 

22. Object Segmentation 

23. Webs and Fibers  

24. Evolution Macro to Nano Scale 

25. Decreasing Density 

26. Increasing Asymmetry 

27. Boundary Breakdown 

28. Geometric Evolution (Linear) 

29. Geometric Evolution (Volumetric) 

30. Nesting Down 

31. Action Co-ordination 

32. Rhythm Co-ordination 

33. Nesting Up 

34. Reduced Damping 

35. Increasing Use of Senses 

36. Increasing Use of Color 

37. Increasing Transparency 

38. Design Point 

39. Degrees of Freedom 

40. Controllability 

41. Design Methodology 

42. Reducing Number of Energy Conversion 

43. Coordinate Shapes 

44. Coordinate Rhythms 

45. Coordinate Materials 

46. Coordinate Action 
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47. Parameter of Coordination 

48. Field Dynamization 

49. Increase Conductivity of the Flow 

50. Improve Flow Utilization 

51. Reduce the Conductivity of the Harmful/Incidental Flow 

52. Reduce the impact of the harmful flows  

 

 

Although most trends have a clear forward direction to evolve in evolutionary stages, therefore, 

only the later stages of the trend are check for potential solution. However, some trends do not have 

clear forward direction to evolve to. In this case, evolution toward either direction is possible. 

Therefore, with the same method, both directions of stage jump have to be checked for potential 

solutions. This is shown in Figure 9. The detail steps of similarity comparisons are explained in the 

sections 3.4 and 3.5. 

 

Figure 8. Process of identifying the trend/stage for solution model 

Mth Trend,  N stage
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Attributes Attributes Functions
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Attributes Attributes Functions

Attribute array Function array

Attributes Attributes Functions
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Attribute similarity

Step 2:Identify 

Function similarity

with N+i stage

PCA

….

Mth Trend,  N+i stage       i=1,2… 

….
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as a solution to the PCA
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… …

SA

1 2
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3.4 The overall tasks of this research 

The tasks of this research and their process sequence are illustrated in Figure 10 and briefed below: 

1. Compile generic attributes and functions 

This step is to standardize the names for attributes and functions. All functions/attributes from 

Oxford creativity and CREAX web site are integrated for this purpose. Some additional ones 

from author’s team research are also added. Wikipedia web site was referenced for the 

definitions of the generic attributes and functions. Detail definitions and list of attributes and 

functions used can be seen at (Chiu, Sheng Chia, 2013; Sheu, 2014). 

2. Define formats of Problem Characteristic Array (PCA )/Solution Array (SA )/Trend 

Characteristic Array (TCA )/Case Array (CA) 

- Figure 5, 6 and 7 show the format of a PCA, SA, and TCA used in the context of using 

trend for problem solving. 

- A Case Array is the combination of the PCA and its corresponding SA. Together, they can 

fully characterize a (solved) case. 

The definitions of PCA/SA/CA/TCA in bit-array format allow us to calculate the similarities 

between problems/solutions/cases enabling the objective identification of trend/stage solutions 

to a problem. Methods of using PCA-CA comparisons and PCA-TCA comparisons to identify 

trend solution models with priority have been described in Section 3.2. See section 3.5 for 

more details. 

 

Figure 9. Identifying solutions in trends without apparent evolutionary stages 
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3. Determine Similarity models 

◼ Binary (Non-Fuzzy) Similarity Computation 

 Given that there are many attribute and function types in the PCA and SA, in reality, most of 

the attributes and functions are irrelevant to the problem or solutions. Therefore, the matching 

between PCA/SA and TCA will be mostly of (0,0), (1,0), and (0,1) types. Only small numbers of 

the matches have (1,1) positive matches representing that both the problems and evolutionary trends 

are involved in such attributes or functions. It is apparent that, (1,1) conditions are much more 

significant than (0,0) matches necessitating that weights of positive matches to be larger than that of 

negative matches. This is further verified by authors’ experiments of real case data. The commonly 

used Jaccard and Dice similarity indices in section 2.2 were modified to become generalized Dice 

indices to form Eqs. 11 and 12 below. 

Formulae for attribute similarity: 

𝑆𝑖𝑚𝑃𝐶𝐴
𝐴 =

𝛼𝐴 𝑎𝐴 + 𝛽 𝑑 𝐴𝐴  

𝛼𝐴 𝑎𝐴 + 𝑏𝐴 + 𝑐𝐴 + 𝛽 𝑑 𝐴𝐴        (11) 

0 ≤ 𝑆𝑖𝑚𝑃𝐶𝐴
𝐴 ≤ 1;A, A are weighting values 

Symbol definitions: (Comparing the PCA with the jth stage of the ith evolutionary trend) 

1) 𝑆𝑖𝑚 𝑃𝐶𝐴
𝐴 represents the similarity coefficient of the attributes between the problem to be solved 

and the jth stage of the ith evolutionary trend of the evolutionary trend. 

2) Aa = ∑ 𝑥𝑝 × 𝑧𝑝𝑐
𝐴

𝑖
𝐴𝑃

𝑝=1  represents the number of positive matches (1-1) in attributes between the 

problem to be solved and the jth stage of the ith evolutionary trend. 

3) Ab + Ac = ∑ | 𝑥𝑝 − 𝑧𝑝𝑐
𝐴

𝑖
𝐴 |𝑃

𝑝=1  represents the number of non-matches (1-0 or 0-1) in attribute 

matches between the problem to be solved and the jth stage of the ith evolutionary trend. 

4) 𝛼𝐴  represents the weighted value of positive matches (1-1) in attributes between the problem to 

be solved and the jth stage of the ith evolutionary trend. 

5) 𝛽𝐴  represents the weighted value of negative matches (0-0) in attributes between the problem 

to be solved and the jth stage of the ith evolutionary trend. 

6) Ad represents the number of negative matches (0-0) in attribute matches between the problem to 

be solved and the jth stage of the ith evolutionary trend. 

 

Formulae for function similarity: 

𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

=
𝛼 𝑎

𝑓&𝐹𝑓&𝐹
+ 𝛽 𝑑

𝑓&𝐹𝑓&𝐹

𝛼 𝑎
𝑓&𝐹𝑓&𝐹

+ 𝑏
𝑓&𝐹

+ 𝑐
𝑓&𝐹

+ 𝛽 𝑑
𝑓&𝐹𝑓&𝐹

         (12) 

0 ≤ 𝑆𝑖𝑚𝑃𝐶𝐴
𝐹 ≤ 1; 
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Symbol definitions: 

1) Sim𝑃𝐶𝐴
𝑓&𝐹

 represents the similarity coefficient of the functions between the problem to be solved 

and the jth stage of the ith evolutionary trend.  

2) a
𝑓&𝐹

= ∑ 𝑥𝑝 × 𝑧𝑝 + ∑ 𝑥𝑘 × 𝑧𝑘𝑐
𝐹

𝑖
𝐹𝐾

𝑘=1𝑐
𝑓

𝑖
𝑓𝑃

𝑝=1  represents the number of positive matches (1-1) in 

needed functions between the problem to be solved and the jth stage of the ith evolutionary trend. 

A total of 60. 

3) f&Fb + f&Fc = ∑ | 𝑥𝑝 − 𝑧𝑝𝑐
𝑓

𝑖
𝑓

| + ∑ | 𝑥𝑘𝑖
𝐹 − 𝑧𝑘𝑐

𝐹 |𝐾
𝑘=1

𝑃
𝑝=1  represents the number of matches (1-1) in 

needed functions between the problem to be solved and the jth stage of the ith evolutionary trend. 

4) d = (P + K) − 𝑎 − ( 𝑏
𝑓&𝐹

+ 𝑐
𝑓&𝐹

)
𝑓&𝐹𝑓&𝐹

 represents the number of negative-matches (0-0) in 

function matches between the problem to be solved and the jth stage of the ith evolutionary trend. 

5) 𝛼𝐴  represents the weighted value of positive matches (1-1) in attributes between the problem to 

be solved and the jth stage of the ith evolutionary trend. 

6) 𝛽𝐴  represents the weighted value of negative matches (0-0) in attributes between the problem 

to be solved and the jth stage of the ith evolutionary trend. 

 

◼ Trinary (Fuzzy) Similarity Computation 

If it applies Fuzzy, given that there are many attribute and function types in the PCA and SA, in 

reality, most of the attributes and functions are irrelevant to the problem or solutions. There are 9 

combination from value 0, 0.5, 1. Also, only small numbers of the matches have (1,1) positive 

matches representing that both the problems and evolutionary trends are involved in such attributes 

or functions. It is apparent that, (1,1) conditions are much more significant than (0,0) matches 

necessitating that weights of positive matches to be larger than that of negative matches. This is 

further verified by authors’ experiments of real case data. The commonly used Zwick similarity 

indices in section 2.2 were modified to become generalized Zwick indices to form Eqs. 13 and 14 

below. 

 

Formulae for attribute similarity: 

𝑆𝑖𝑚 = 1 − [
1

𝑃
(∑ | 𝑥𝑝 − 𝑧𝑝𝑐

𝐴
𝑖

𝐴 |𝑃
𝑝=1 )

2
]

1

2

𝑃𝐶𝐴
𝐴  ， 0 ≤ 𝑆𝑖𝑚𝑃𝐶𝐴

𝐴 ≤ 1   (13) 

Symbol definitions: 

1) P represents the number of reorganizing attribute in this study, a total of 78. 

2) p represents “p”th attribute. 
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Formulae for function similarity: 

𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

= 1 − [(
1

𝑃
+

1

𝐾
) + (∑| 𝑥𝑝𝑖

𝑓
− 𝑧𝑝𝑐

𝑓
|

𝑃

𝑝=1

+ ∑| 𝑥𝑘 − 𝑧𝑘𝑐
𝐹

𝑖
𝐹 |

𝐾

𝑘=1

)]

1
2

，0 ≤ 𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

≤ 1   (14) 

 

Symbol definitions: 

1) P represents the number of reorganizing attribute in this study, a total of 78. 

2) p represents “p”th attribute. 

3) K represents the number of reorganizing function, a total of 60. 

4) k represents “k”th function. 

 

4. Collecting cases and establishing the case database 

This includes steps in the 4.a and 4.b traces in Figure 10. It includes two parts: Solved cases 

and Trend-as-cases. 

Step 4.a.1 on solved cases: 

124 cases of solved problems (CAs) were collected from all available trend cases in the articles 

of the TRIZ Journal and Darrell Mann’s trend software and other sources of solved trend cases 

which are accessible to the authors.  

The CAs were divided into 4 groups evenly and approximately randomly with the constraint 

that cases of the same trend are distributed as evenly as possible to each of the 4 groups in a 

round-ribbon manner. This is to make sure that each group has a good representation of the 

various trends solutions. 

Step 4.a.2: Define the PCA for each problem 

 The purpose of this step is to define the functions and attributes of the overall problems and fill 

in function/attribute fields of the problem PCA according to the PCA definition stated before. 

The selections of characteristic attributes and desirable functions are based on discussions of 

author’s research team.  

The discerning criteria are based on the below questions: 

- On the Attribute Array: If the change or maintaining of the subject attribute can cause the 

problem or can be caused by the problem, the attribute can be considered as relevant to the 

problem in the attribute field. If the attribute is a characteristic feature of the problem, the 

attribute can be considered as relevant to the problem. Other than these situations, the 

attribute is considered as irrelevant to the problem. 
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- On the in-direct function array: If change or maintaining the subject attribute can help to 

solve the problem, the subject attribute is considered as relevant indirect function of the 

problem. Otherwise, the subject attribute is irrelevant to the problem solving. 

- On the direct function array: If the achievement of the subject function can help to solve 

the problem, the subject function is considered as relevant function to this problem. 

Otherwise, the subject function is considered irrelevant to the problem. 

a) It is clear that most attributes are not characteristic or relevant attributes of the problem 

thus easily screening out most attributes. They can be easily identified as “0” in the 

attribute fields. 

b) Usually, only a small number of attributes are clearly characteristic or relevant attributes of 

the problem. They can be easily identified as “1” in the fields. 

c) Small number of attributes may have unclear relevancy to the problem characteristics 

depending on different person’s opinions. Discussions for consensus were used to 

determine if the value of those fields to be “1” or “0”. In the future, certain fuzzy value 

may be assigned for this case based on some discussion or voting scheme. A later study 

indicated that use of fuzzy value did slightly improve the performance of identifying 

solution trends. This can be seen in a later thesis (Teng, 2015) and will be reported in a 

subsequent paper. 

d) Identification of the relevant functions to solve the problem is straight forward and only a 

very small number of functions can help to solve the problem. 

It is because of a), b) and d), a great majority of irrelevant trends can be easily screened out. 

 

Step 4.b on trend-as-cases: 

51 trends were converted into TCA for further comparisons based on the definition of the 

TCA as described in section 3.2.3. This is for the trace of 4.b.1-4.b.3 in Figure 10. Altogether, 

there were 124 solved cases and 51 trend-as-cases in the database for future problem solving. 

 

Step 5 Setting parameter values 

In the Step 5 of Figure10, the DOE (Design of Experiment) method was used to determine the 

best threshold levels and various parameters in the similarity equations, Eq. 11 and 12, with 

124 solved cases from various literature and 51 compiled trends. The Taguchi method was 

used in the setting of these parameters to objectively obtain the optimal parameter 

combinations.  

The process for parameters setting is as follows: 

1) Setting factor standards for a total of six factor parameters, which comprise threshold for 
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attribute similarity(LA), threshold for function similarity(LF), (1-1) weighting A and (0-0) 

weight A from the attribute similarity equation, Eq. 11, and (1-1) weighting F and (0-0) 

weight F from the function similarity equation, Eq. 12. 

2) Proceed to conducting a Taguchi experiment with the parameters as inputs and the target of 

optimization is to maximize the case solution hit rates. The combination of the optimal 

parameter values is thus obtained as in Table 4 below. 

 

 

Step 6: Build program to ID solution models 

 The detail algorithm and processes of the program is explained in Section 3.5 

 

Step 7 and 8: Performance of the method and statistical verifications were given in 

Section 5 below. 

 

 

  

Table 4. Parameter values derived from Design of Experiments 

Factor LA LF A A F  F 

Parameter 

value 

0.6 0.7 6 0 8 0.2 
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3.5 The detail algorithm and processes of the program 

3.5.1 Overall process of the similarity comparisons 

The overall process of the identifying solution model is given in Figure 11. It includes 1) the 

identification of solution models from the comparison between the problem PCA and the TCA’s, 

and 2) the identification of solution models from the comparisons between the problem PCA and 

the PCAs of the solved cases. The solutions from both parts are cumulated and prioritized based 

on the similarity measures for final prioritized solutions. 

 

3.5.2 Part 1: Elaboration on the first part of Figure 11:  

Similarity comparison process for the PCA to be solved and evolutionary trends (TCA).  

Refer to Figure 12. 

Step 1: Set initial values 

 Set i = 1 and j = 1 representing calculation of the attribute and function similarities from the 

first stage of the first evolutionary trend. 

 

Step 2: Determine whether i < = I(51) 

 The expression I(51) represents that the model currently consists of 51 trends. During attribute 

and function similarity calculations, whether the current trend, i, under process is less than or equal 

to the maximum number of trends, I(51), must first be determined. When the current trend i is less 

than or equal to the maximum number of trends, calculation continues. The process stops, if i is 

greater than the maximum number of trends representing that all trends have completed the 

similarity calculations. Proceed to Step 8 to prioritize and output the solutions. 

 

Step 3: Determine whether j < = Ji 

 Where Ji represents the number of stages in the trend i; A j value greater than Ji represents that 

all stages have completed similarity calculations. If j < = Ji, the trend has not completed all stages of 

calculations and calculation on the attribute and function similarities of this trend can proceed. 

When the calculation proceed to the next trend, reset j to one, and begin from the first stage of the 

next trend, i+1.  

 

Step 4: Calculate Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝐴  

 Where Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝐴  represents attribute similarities between a problem and an evolutionary 

trend and is calculated using Eq. 11. 
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Step 5: Determine whether Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝐴  > = LA 

 Where LA is a threshold for attribute similarity. During the similarity calculations of each 

problem and trend, the similarities must be greater than a certain level to serve as the trigger 

solution to the problem. If Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝐴  qualifies, calculations proceed to Step 6, otherwise j = j + 1 

and calculations proceed to the next stage of the trend and return to Step 3. 

 

Step 6: Determine whether i is a normal trend or a non-specific-direction trend and calculate 

Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 

 A trend of non-specific-direction is considered as a “checklist” trend representing that this is a 

trend without an apparent sequence in evolutionary stages. The variable Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 represents the 

function similarity of the problem and evolutionary trend (Eq. 12). If trend i is a normal trend with 

specific evolution direction, calculations only proceed to determine Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 in the next stage (j 

+ 1); If trend i is a checklist trend, checking for possible solution should proceed to both directions 

toward stage Ji and stage 1 independently to calculate Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 as described in the next step. 

 

Step 7: Determine whether Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 > = LF 

 Where LF is the threshold for function similarity. 

In the case of a “checklist” trend, an additional similar trace of similarity checking must be 

conducted. Let j’ = j-1 as the running index of this additional trace. For all j’ > 1 check if the 

function similarity between the current stage and the PCA of the problem is larger than the 

threshold, the current trend stage is recorded as a trigger solution to the problems. When j’ < 1, this 

additional trace is completed, proceed to the normal trace of similarity checking in the next 

paragraph. 

Let j = j+1. If the function similarity between the current stage, j, and the PCA of the problem 

is larger than the threshold, the current trend stage is recorded as a trigger solution to the problems, 

then j is checked for ending condition, j > Ji. If j < Ji, assign j = j+1, calculations proceed to the 

next stage to determine if Sim𝑃𝐶𝐴&𝑇𝐶𝐴
𝑓&𝐹

 pass the threshold for possible solution trigger. If j > Ji, reset 

j = 1, proceed to the next trend (i=i + 1) and return to Step 2. 

 

Step 8: Prioritizing the solution models 

 When similarity calculations for all evolutionary trends are completed, the similarities of all 

feasible trigger solutions can be sorted (in descending order) followed by outputting the highest k 

(decided by the user) number of feasible trigger solutions or all trigger solutions greater than the 

qualifying standard as trigger solutions for the problem. Lastly, trigger solutions are converted to 

specific solutions to the problem by human operations. 
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3.5.3 Part 2: Elaboration on the Second part of Figure 11:  

Similarity comparison process for PCA to be solved and known solution cases. Refer to Figure 13. 

Step 1: Setting initial values 

 Set c = 1, where c represents the running case number. 

 

Step 2: Determine whether c < = C 

 The variable C represents the total number of all past solved cases. When calculating attribute 

and function similarities, the current case number c is checked to see if all cases have been 

examined. If the c is less than or equal to the total case number, calculations proceed to Step 3. On 

the other hand, if the case number is greater than the total case number indicating that all cases have 

been examined. Then, proceed to Step 5 to compile the solution models for outputs. 

 

Step 3: Calculate Sim𝑃𝐶𝐴&𝐶𝐴
𝐴  and determine whether it is greater than LA 

 Where Sim𝑃𝐶𝐴&𝐶𝐴
𝐴  represents the attribute similarity between the problem PCA and the 

current case using Eq. 11. The variable LA represents the threshold for attribute similarities. 

Similarities between the problem and past cases must be greater than or equal to the corresponding 

threshold, LA, to be further identified as a similar case. Calculations proceed to Step 4, otherwise c = 

c + 1 and calculations proceed to the next case number and return to Step 2. 

 

Step 4: Calculate Sim𝑃𝐶𝐴&𝐶𝐴
𝑓&𝐹

 and determine whether it is greater than Lf&F 

 The expression Sim𝑃𝐶𝐴&𝐶𝐴
𝑓&𝐹

 represents the function similarity between PCA and the current 

case. (Eq. 12); Lf&F represents the threshold for function similarities. If the similarity is greater than 

or equal to the threshold value, the corresponding case solution, SA, is recorded as a potential 

solution to the problem with corresponding Similarity measures recorded for later priority 

comparisons. Otherwise disregard this case. Then, let c = c + 1. Calculations proceed to the next 

case number and return to Step 2. 

 

Step 5: Compile the solution models 

 If the similarity calculations for all past solution cases have been completed, the solutions 

indicated in the passing SA’s can be weighted with their corresponding similarity values and 

combined to indicate all the feasible trigger solutions. The highest specified number of prioritized 

solution models can be output for recommended solution models.  
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Figure 11. Overall process of similarity comparisons 
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Figure 12. Similarity comparison process for TCA and PCA 
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Figure 13. Similarity comparison process for problem PCA and past solution cases 
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3.6 Similarity Parameter Setting 

This study aims to maximize the database to determine the hit rate as the goal, test all similarity 

calculation formula parameters of the various combinations of standards, through the hit rate to 

determine the similarity formula for the best combination of parameters. But limited by the number 

of cases limited, the test cases are the same batch of the same case, there is no random. That is, the 

best combination of parameters selected by this study is only applicable to the solution database 

itself in this study. 

3.6.1 Binary (Non-Fuzzy) Similarity Calculation Method 

 

In the binary similarity calculation method, there are six factor parameters. 

● Binary and rigorous way to define the similarity calculation method between the attributes and 

functional parameters. 

 

Table 5 Binary and rigorous parameter table. 

Factor 𝛂𝐀  𝜷𝑨  𝜶
𝒇&𝑭

 𝜷
𝒇&𝑭

 𝐋𝑨 Lf&F 

Parameter 

value 
11 0.2 9 0.1 0.9 0.8 

 

𝑆𝑖𝑚 =
11 × 𝑎𝐴 + 0.2 × 𝑑𝐴

11 × 𝑎 + 𝑏𝐴 + 𝑐𝐴 + 0.2 × 𝑑𝐴𝐴𝑃𝐶𝐴
𝐴  

 

 

𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

=
9 × 𝑎

𝑓&𝐹
+ 0.1 × 𝑑

𝑓&𝐹

9 × 𝑎
𝑓&𝐹

+ 𝑏
𝑓&𝐹

+ 𝑐
𝑓&𝐹

+ 0.1 × 𝑑
𝑓&𝐹

 

 

𝐿𝐴 = 0.7 

 

𝐿𝑓&𝐹 = 0.8 

 

● Binary and loose way to define the similarity calculation method between the attributes and functional 

parameters. 

Table 6 binary and loose parameter table 

Factor α 
A  β 

A  α 
f&F  β 

f&F  LA Lf&F 

Parameter 

Value 
9 0.1 9 0.1 0.8 0.8 
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𝑆𝑖𝑚𝑃𝐶𝐴
𝐴 =

9 × 𝑎 
𝐴 + 0.1 × 𝑑 

𝐴  

9 × 𝑎 
𝐴 + 𝑏 

𝐴 + 𝑐 
𝐴 + 0.1 × 𝑑 

𝐴
 

 

𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

=
9 × 𝑎 

𝑓&𝐹 + 0.1 × 𝑑 
𝑓&𝐹

9 × 𝑎 
𝑓&𝐹 + 𝑏 

𝑓&𝐹 + 𝑐 
𝑓&𝐹 + 0.1 × 𝑑 

𝑓&𝐹
 

 

𝐿𝐴 = 0.7 

 

𝐿𝑓&𝐹 = 0.8 

 

3.6.2 Trinary (Fuzzy) Similarity Calculation Method 

In the ternary and rigorous similarity calculation method, there are two factor parameters. 

● Ternary and rigorous way to define the similarity calculation method between attribute and 

function parameters 

 

Table 7 Trinary and rigorous parameter table. 

 

Factor LA Lf&F 

Parameter 

Value 
0.3 0.1 

 

𝑆𝑖𝑚𝑃𝐶𝐴
𝐴 = 1 − [

1

𝑃
(∑| 𝑥𝑝𝑖

𝐴 − 𝑧𝑝𝑐
𝐴 |

𝑃

𝑝=1

)

2

]

1
2

 

 

𝑆𝑖𝑚𝑃𝐶𝐴
𝑓&𝐹

= 1 − [(
1

𝑃
+

1

𝐾
) × (∑| 𝑥𝑝𝑖

𝑓
− 𝑦𝑝𝑚,𝑛

𝑓
| + ∑| 𝑥𝑘𝑖

𝐹 − 𝑦𝑘𝑚,𝑛
𝐹 |

𝐾

𝑘=1

𝑃

𝑝=1

)

2

]

1
2

 

 

𝐿𝐴 = 0.3 

 

𝐿𝑓&𝐹 = 0.1 

4 Software Construction 

The similarity calculation software constructed by this institute is written by PHP and C. As 

mentioned earlier, this study proposes three different similarity calculation concepts, so this section 

is based on trinary similarity calculation software for example. 
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4.1 Inputting the PCA 

4.1.1 Problem Model Input Interface - Software Interface 

In this interface, the user can click on the check form in the mouse + "control" click on the input 

model of the relevant attributes and functions, then enter the relevant value of the similarity 

calculation below. Press the "Calculate" button when the input is completed, and it will turn to the 

solution model output interface. As shown in Figure 14. 

 

4.1.2 Problem Model Input Interface - External Files 

In this interface, the user first click on the link above, download the software provided by the 

standard problem model input format file, the file content for the Excel tabulation. The user can first 

enter the problem model in the file, save and upload the file to the software, and then enter the 

similarity value of the similarity calculation below. When the input button is pressed, it will turn to 

the solution model output interface. As shown in Figure 15. 

 

Figure 14. Problem model input interface – Software Interface 
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4.1.3 Case Searching interface 

In this interface, the user can click the "CASE LIST" drop-down menu below the page, and in the 

trend form on the left, select the trend you want to query, the software will show all the case 

information in the trend. The user enters the case number of the query number, and then enters the 

relevant parameter value of the similarity calculation below. When the input is completed, the 

"calculation" button will go to the solution model output interface. As shown in Figure 16. 

 

 

 

Figure 15. Problem model input interface – External Files 

 

Figure 16. Case searching interface 
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4.2 Outputting Solutions 

 In this interface, the user can clearly understand at the top of the page through the software 

output of a number of solutions, which are "the problem model and the solution model similarity", 

"answer model belongs to the trend number" and "answer model in the trend of the solution phase ". 

In addition, users can use the mouse to click on the answer model directly, and below the page 

will show the answer model trends related information and reference materials. As shown in Figure 

17. 

 

 

 

5 Results and Case Verifications 

5.1 K-Fold Cross-Validation 

The purpose of this study is to use K-fold Cross-validation to verify the effectiveness of this 

method, and there are three purposes. The first, through the verification of the resulting hit rate 

results, we can clearly understand the proposed method of this study is effective or not; The second, 

through the comparison of three different methods of shooting the results of the hit, you can explore 

the most suitable for the definition of evolutionary trends in the properties and functions of the 

scale; The third, in the verification, through the output of a different number of trigger solution, we 

can carry out sensitivity analysis to explore the most appropriate number of output trigger solution. 

 

  

 

Figure 17. Solution model output interface 
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Step 1: Dividing into K groups 

222 cases were divided into 37 groups, each with 6 cases. The reason is that we took into 

account in the subsequent statistical test, hoping to have enough large sample (n ≥ 30), making the 

statistical results more accurate, the grouping as shown in the following table: 

 

Step 2: Case Verification of the operation process 

The six cases in the test group are calculated from the cases and trends in the remaining groups, 

and the best 10 (up to low), the worst 10 (from low to high) And "random 10", three types of 

solution model. If the test case is outputted in 10 solution models, at least one of the trends in the 

solution model is the same as the trend of the test case itself, it means that the solution model has 

accurate hit test cases. As shown in the following tables. 

 

 

  

 

 

n=10 
Method 1 (rigorous) 

k=1 k=2 k=3 k=4 k=5 … k=36 k=37 Avg. Std. 

Best 0.8333 0.8333 1 1 0.8333 … 0.8333 0.8333 0.7748 0.1481 

Worst 0 0 0 0 0 … 0 0 0.018 0.0525 

Random 0.5 0 0.3333 0.1667 0.3333 … 0.5 0.1667 0.2207 0.1419 

 

Table 8. Method 1 - K-fold Cross-validation hit rate of case solution 

  

n=10 
Method 2 (Loose) 

k=1 k=2 k=3 k=4 k=5 … k=36 k=37 Avg. Std. 

Best 0.8333 0.8333 1 1 1 … 1 1 0.8243 0.1664 

Worst 0 0 0 0 0 … 0 0 0.018 0.0525 

Random 0.3333 0 0.3333 0.5 0.3333 … 0.1667 0 0.3153 0.1995 

 

Table 9. Method 2 - K-fold Cross-validation hit rate of case solution 

 

 

n=10 
Method 3 (Fuzzy) 

k=1 k=2 k=3 k=4 k=5 … k=36 k=37 Avg. Std. 

Best 1 0.8333 1 0.8333 1 … 0.8333 1 0.8514 0.129 

Worst 0 0 0.1667 0.1667 0 … 0 0 0.0225 0.0578 

Random 0.3333 0.1667 0 0.1667 0 … 0 0.1667 0.2568 0.1648 

 

Table 10. Method 3 - K-fold Cross-validation hit rate of case solution 
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Step 3: Hypothesis of Hit Rate 

The concern of this study is that, 

Is the best 10 trigger solution obtained by the similarity calculation method significantly higher than 

the hit rate of the worst or randomly obtained 10 trigger solutions, 

 

Therefore, the null hypotheses and alternative hypotheses are as follows: 

 

Hypothesis 1：｛
𝐻1：𝜇Best n>𝜇Random n

𝐻0：𝜇
Best n

≤𝜇
Random n     Hypothesis 2：｛

𝐻1：𝜇
Best ｎ

>𝜇
worst ｎ

𝐻0：𝜇Best ｎ≤𝜇Worst ｎ
 

 

The result of the hypothesis test is calculated by the statistical software Minitab as follows: 

 

Table 11 Method 1 Hypothesis Result Table 

Method 1 

(Rigorous) 
Relation 

Sample 

𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 
Test Method P-value Result 

Test 1 (Best VS 

Random) 
Dependent Normal Distribution Paired T-Test < 0.05 

Can claim 

Mean(Best) > 

Mean(Random) 

Test 2 (Best VS 

Worst) 
Dependent Non Normal Distribution 

Equivalence Test 

with Paired Data 
< 0.05 

Can claim 

Mean(Best) > 

Mean(Worst) 

 

 

Table 12 Method 2 Hypothesis Result Table 

Method 2 

(Loose) 
Relation 

Sample 

𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 
Test Method P-value Result 

Test 1 (Best VS 

Random) 
Dependent Normal Distribution Paired T-Test < 0.05 

Can claim 

Mean(Best) > 

Mean(Random) 

Test 2 (Best VS 

Worst) 
Dependent Non Normal Distribution 

Equivalence Test 

with Paired Data 
< 0.05 

Can claim 

Mean(Best) > 

Mean(Worst) 

 

Table 13 Method 3 Hypothesis Result Table 
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Method 2 

(Fuzzy) 
Relation 

Sample 

𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 
Test Method P-value Result 

Test 1 (Best VS 

Random) 
Dependent Normal Distribution Paired T-Test < 0.05 

Can claim 

Mean(Best) > 

Mean(Random) 

Test 2 (Best VS 

Worst) 
Dependent Non Normal Distribution 

Equivalence Test 

with Paired Data 
< 0.05 

Can claim 

Mean(Best) > 

Mean(Worst) 

As can be seen from the above verification results, in the three similarity calculation methods, 

when the number of triggering solutions is 10, the best sorting method proposed by this study is 

significantly higher than the worst order or random hit rate. It can be seen that the optimal 

triggering solution calculated and sorted by similarity is reliable for the solution of the problem. 

 

5.2 Sensitivity Analysis 

As one of the three similarity calculation methods is most suitable for the application of 

evolutionary trend theory, one of the purposes of this study, so the three similarity calculation 

methods are then compared with the sensitivity analysis, as shown in Figure 18. 

 

 

Figure 18. Comparison of 3 similarity computation way 

 

According to the figure above, when the number of output triggers is 8 or more, the method of 

"defining attributes and function parameters in a ternary and rigorous manner" can provide the 

highest trigger hit rate. In the binary part, regardless of the number of triggering solutions to output, 

the “binary and loose way to define the attributes and functional parameters” method can provide 

the trigger solution hit rate higher than the “binary and rigorous way”. 

Therefore, two conclusions can be deduced, defining the problem in detail, trend phrase or 

attribute parameter and function parameter of case , and presenting the problem, trend phrase and 
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attribute parameter and function parameter of case in a way that is close to the fuzzy concept of 

human thinking, and it can obtain a stable and effective trigger solution. 

 

5.3 Questionnaire for specific solutions 

The questionnaire is designed by the software output solution model. Each questionnaire has 

different cases, and provide the eight solutions of the highest similarity, lowest and random three 

kinds of sorting methods, and provide the questioner to consider whether the solution model can be 

transformed into a specific solution to the problem. To understand the practical effect of this 

mathematical method, in this study, 45 cases were assigned to three similarity calculation methods 

to verify, of which each similarity calculation method has 15 cases each. Figure 19 is a 

comprehensive comparison of the effect of the questionnaire. 

 

Figure 19. Comparison of questionnaire solution effect 

6 Summary and Conclusions 

In order to solve the potential inconvenience of the traditional TRIZ problem-solving model, 

this paper proposes a problem-solving model based on the mathematical quantification method, 

which replaces the qualitative inference process of converting the problem model into the solution 

model through the similarity calculation method. We hope to significantly improve the potential 

problems of TRIZ problem-solving model, so that users of non-TRIZ experts can quickly and 

effectively get a solution to specific problems, and then promote TRIZ innovative tools are used in 

the universality. 

After the verification of the K-stack cross validation method, we can see that the average hit 

rate of the first 10 solutions is 77.5%, 82.4% and 85.1%, respectively, which are significantly better 

than those of the three similarity calculation methods. The average hit rate obtained by the worst 

and random sorting method. After the verification of the specific questionnaires, we can see that the 

average of the three solutions is 4.8, and the five and 5.5 solution models can be successfully 

transformed into specific solutions. The overall summary of this study is as follows: 
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1) With the concept of mathematical similarity comparison, to provide a rapid and objective way 

for the general to find a specific problem of the solution model, free from over-reliance on 

expert skills. 

2) Using fuzzy logic in the similarity calculation method, and get the best solution effect. 

3) Establish a solution database with a large number of cases and a complete trend. 

4) To establish the evolution of the problem-solving software, to solve the problem-solving 

platform.  
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Abstract 

In this article，TRIZ theory was introduced by designing the feeding device of square baler 

innovatively in the research field of livestock machinery and equipment. The design process based on 

different methods was presented through the application of TRIZ theory. Aiming at the question of the 

insufficient grass feeding rates，the system function & components was built and analyzed. With the 

functional analysis，the root cause analysis and the contradiction analysis，eight innovative designs 

were obtained by using the methods of technology evolution，substance-field，physics contradiction 

and trimming & technology contradiction. Through analysis with compare, a grass claw was installed 

in the feeding device to make grass pre-compression to improve the device，and a removable 

conveying cavity was designed to feed the grass above the compression chamber. 

Keywords: TRIZ  feeding device  technology evolution  innovative design 

1. Introduction 

1.1 TRIZ 

TRIZ is a problem solving method based on logic and data, not intuition, which accelerates the 

project team’s ability to solve these problems creatively. TRIZ also provides repeatability, 

predictability, and reliability due to its structure and algorithmic approach. “TRIZ” is the (Russian) 

acronym for the “Theory of Inventive Problem Solving.” G.S. Altshuller and his colleagues in the 

former U.S.S.R. developed the method between 1946 and 1985. TRIZ is an international science of 

creativity that relies on the study of the patterns of problems and solutions, not on the spontaneous and 

intuitive creativity of individuals or groups. More than three million patents have been analyzed to 

discover the patterns that predict breakthrough solutions to problems[1-2]. 

TRIZ research began with the hypothesis that there are universal principles of creativity that are 

the basis for creative innovations that advance technology. If these principles could be identified and 

codified，they could be taught to people to make the process of creativity more predictable. The 
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research has proceeded in several stages during the last sixty years. The three primary findings of this 

research are as follows: 

Problems and solutions are repeated across industries and sciences. The classification of the 

contradictions in each problem predicts the creative solutions to that problem. Patterns of technical 

evolution are repeated across industries and sciences. Creative innovations use scientific effects 

outside the field where they were developed. 

Figure 1 explained the general problem solving process by TRIZ method[3]. The new product 

conceptual idea is started by product analysis according on specific problem. Then，such problem is 

transformed into the 39 parameters Altshuller’s Matrix, S-F analysis, ARIZ 76 standard solution 

patterns of evolution respectively. The TRIZ general problem is taken into account. Then, it is 

transformed again to the 40 inventive principle, Altshuller’s Matrix, 76 standard solution effects and 

example ARIZ. The TRIZ generic solution is now obtained. The solution is then transformed to effects 

and examples of analogical thinking based on generic solution. Finally, the specific solution can be 

obtained with new idea development. 

TRIZ

Generic Problem
TRANSFORMATION

40 Inventive Principle 

Altshuller's Matrix 76 

Standard Solution 

Effects and Examples 

ARIZ

TRIZ

Generic Problem

TRANSFORMATION

39 Parameters 

Altshuller's Matrix

 S-F Analysis  ARIZ

76 Standard Solution 

Patterns of  Evolution

TRANSFORMATION

Effects and Examples

Analogical thinking 

based on Generic 

Solution

Specific Problem Specific Solution

Product Analysis

QFD

PDS…

Ideas Development

Taguchi…

 

Fig.1. General problem solving process by TRIZ 

1.2 The square baler and the feeding device 

The square baler is used to make rectangular the silage and hay bales[4-6] and the main working 

assembly units are the pickup，the auger conveyor，the feed fork，the feeding gate，the compression 

chamber and the plunger. When the baler is working, firstly，the grass is picked up by the pickup and 

transported into the conveying cavity by the auger conveyor continuously, and the feeding fork in the 
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conveying cavity begins to feed the grass into the compression chamber through the feeding gate, at 

the same time, the plunger doing reciprocating motion in the compression chamber pushes the grass 

into the compression chamber, pressed by the chamber the square bale is produced at last. Figure 2 

shows the composition of working system. The feeding device is an important device in the square 

baler，and its main function is to feed the grasses into the compression chamber of the machine. 

However, sometimes, we find that the bale is not square. Because the grass cannot be fed into the 

chamber sufficiently when there is not sufficient grass staying in the conveying cavity. The stress is 

not uniform when the fed grass is compressed，so the baler fails to produce the square bale. It means 

that the shape of the bale is not square. Therefore，it will affects the hay raking and stacking machine 

which is used to load and transport the rectangular bale leading to reduce the cost effectiveness. 

 

 

1. pickup2.auger conveyor 3. feeding fork 4. conveying cavity 5. feeding gate 6. plunger 7. compression chamber 

Fig.2 Composition of working process 

2 Problem analysis 

2.1 Function model analysis 

The purpose of the function model analysis[7] is to disassemble the system to help the engineers 

to understand the interaction among the components of the system. In this article, the function & 

components model was built based on the working process system of the square baler. Figure 3 shows 

the interaction among the components of the square baler. The technology system contains the pickup，

the auger conveyor，the feeding fork，the conveying cavity，the plunger and the compression chamber. 

The system functional object is the grass，and the super system is the earth. 
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Fig.3 Analysis of function & components 

 

From Figure 3, it can be seen that there is insufficient function between the feeding fork and the 

grass，so is there between the feeding fork and the compression chamber. Otherwise, there is a 

disadvantageous affect between the earth and the grass because of gravity. 

2.2 5-WHY analysis 

    In order to find out the root cause, 5-WHY analysis method is used to build cause and result 

relationships according to the fact. Table 1 shows the analysis and discussion of the problem that the 

bale produced by the square baler cannot be square. Table 1 also tells us that the root solution is that 

the grass should be accumulated in the conveying cavity. 

Tab.1 5-WHY analysis-discussion 

Time Why Cause Solution 

1 
Why is the shape of the bale not 

square？ 

Because the stress is not uniform 

when the fed grass is compressed. 

The grass should be compressed 

uniformly. 

2 
Why is the pressure not 

uniform？ 

Because the fed grass cannot be 

filled in the compression chamber 

sufficiently. 

The compression chamber should be 

full of the fed grass. 

3 
Why is the compression 

chamber cannot be full of the fed 

grass？ 

Because the feeding quantity of 

the fork is not much. 
To increase the feeding quantity. 

4 
Why is the feeding quantity of 

the fork is not much？ 

Because there is not enough grass 

in the conveying cavity. 

To increase the grass in the 

conveying cavity. 

5 
Why is there not enough grass 

in the conveying cavity.？ 

Because the grass in the cavity is 

always taken into the compression 

chamber by the fork. 

The grass should be accumulated in 

the conveying cavity. 

1.3 Contradiction area analysis  

    According to the 5-WHY analysis the conveying cavity will be design to accumulate grass. 

When we begin to analyze the structure and function of the cavity,the contradiction appears. The grass 

can be accumulated more and more on condition that the operating frequencies of the feeding fork are 

reduced in unit time. But if that happens the working efficiency of the whole square baler will be 

reduced. So，in order to increase the baler’s working efficiency，we hope the feeding fork’s operating 

frequencies can be increased. That is the contradiction that we hope for both a high frequency operating 

and a low frequency operating in unit time when the feeding fork is working. The contradiction is 

called “physical contradiction” by TRIZ theory. 
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2 Innovation design for the feeding device 

In this article, TRIZ was used to design the feeding device of the square baler after analyzing the 

problem of the insufficient grass feeding rates. By using the different TRIZ solving methods different 

innovative designs were obtained offering various creative design ideas for solving engineering 

problems. 

2.1 Laws and Lines of Technological Systems Evolution 

The Laws of Technological System evolution serve as “soft equations” describing the system’s 

“life curve” in the evolution space. If configuration of the current system is given, then configurations 

on the next stages of development can be reliably “calculated” by using the system of these Laws. The 

Laws of Evolution are very helpful for technology forecasting since they identify the most effective 

directions for the system’s development[8-9].The Laws of Evolution reflect significant, stable, and 

repeatable interactions among elements of technological systems and between the systems and their 

environment in the process of evolution. These Laws are listed below: 

Increasing Degree of Ideality 

Non-Uniform Evolution of Sub-Systems 

Transition to a Higher-Level System 

Increasing Flexibility 

Shortening of Energy Flow Path 

Transition from Macro- to Micro-Level 

In the feeding device systems，the feeding fork is studied to evolve by market survey. In the market 

there are two kinds of feeding fork existing，the single-fork type and the double-fork type. So the Law 

of Increasing Flexibility states that technological systems evolve from rigid structures into flexible or 

adaptive ones is used for the fork. According to this Law, in the course of evolution, technological 

systems develop from rigid structures to flexible and adaptive ones. Figure 4 explains that the fork 

structures have evolved from single-fork state into the continuous state. 

 

Fig.4 Sketch of the fork evolution 

The feeding fork in the current device system is double-fork. In this design，two double-forks 

are assembled at one point symmetrically，at the same time，rotate around the axis. Compared with 

the former system , the feeding fork can accomplish feeding grass once when the system does 

reciprocating motion once， but the evolved system can continuously feed the grass into the 

compression chamber so that the grass is filled in sufficiently. Figure 5 shows the design drawing.  
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Fig.5  Design drawing for evolution 

2.2 Substance-field(Su-field) models 

Substance-field models[10-11] can be considered the minimal language of TRIZ and can be 

represented by substance-field models in a graphic way. During solving problems process these 

graphic models offer a helpful visual tool for TRIZ engineers to see the substance-field models as they 

correspond to the 76 standard solutions[12]. 

Substance-Field (Su-field) Analysis is a TRIZ analytical tool for modeling problems related to 

existing technological systems. Every system is created to perform some functions. The desired 

function is the output from an object or substance (S1), caused by another object (S2) with the help of 

some means (types of energy, F). The general term, substance has been used in the classical TRIZ 

literature to refer to some object. Substances are objects of any level of complexity. They can be single 

items or complex systems. The action or means of accomplishing the action is called a field. Su-field 

Analysis provides a fast, simple model to use for considering different ideas drawn from the 

knowledge base. 

Su-field Analysis was first used to describe the problem. Su-field Analysis works the best for 

well-formulated problems, like those developed with the formulation. Engineers starting to use TRIZ 

find it useful to use the models to present the Standard Solutions. A different format has been chosen 

to present the essence of the Standard Solutions. Also, this analytic instrument requires greater 

technical knowledge (information on how to perform the physical effects) than some of the other TRIZ 

tools[13]. 

In Figure 6 the model was set up, and it includes three elements which connected with the feeding 

device. S1 stands for the grass，S2 stands for the feeding fork, and F stands for the field or force. 

Insufficient Effect

F

S2 S1

Desired Effect
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Fig. 6  Su-field model 

Depending upon the application there may be the option of a new system by adding a new 

substance in, a brush (S3) can be placed on the fork. There are now two systems with three elements. 

The force (F) acts on the fork (S2), transferring energy to the brush (S3).By applying the standard 

solutions of 2.1.1，figure 7 shows the ineffective complete systems and Figure 8 shows the design 

drawing. 

F

S2 S1

F2

S2 S3

F

S1
 

 

Fig. 7  Su-field model 

 

Fig. 8  Design drawing for Su-field 

 

Applying the standard solutions of 2.1.2a new field（S3）maybe wind energyis added in to aid 

in feeding the grass，as shown in Figure 9 and the Figure 10 shows the design drawing. 

F

S2 S1

F2

S2 S1

F2
 

Fig.9  Substance-field 
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Fig.10  Design drawing for Su-field 

Depending upon the application there may be the option of a new field by replacing S2 by S3. 

For example S2 could be a dam-board which push the grass to the feeding gate instead of the fork by 

using a F2. Figure 11 shows the changed system applying the standard solutions of 2.2.1 and the design 

drawing is shown in Figure12. 

F

S2 S1

F2

S3 S1

 

Fig.11  Substance-field 

 

Fig.12  Design drawing for Su-field 

2.3 Physical Contradiction solving strategies 

Innovation engineers can all benefit from one of the basic concepts of TRIZ. The father of TRIZ, 

Altshuller, deserves credit for the insight that at the heart of many problems is a contradiction, and that 

much of innovation involves finding ways to solve the contradiction. 

The most common kind of contradiction is a trade-off. There are trade-offs in all kinds of 

problems – business, personal, product and service development, and operations. 
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The method for resolving these contradictions is accessible to anybody, without extensive TRIZ 

training. There are 40 solutions (or inventive principles) that are generally applicable to all of these 

problems.  

And here, according to the contradiction area analysis of the feeding device, the new designs was 

obtained through using the Physical Contradiction solving strategies. These strategies traditionally 

involve use of separation in time or space, satisfying the contradiction or use of alternative ways. Each 

of these may likewise be related in turn to the 40 Inventive Principles[14] of TRIZ as illustrated in Table 

2. 

Tab.2  40 Inventive Principles &Separation 

Contradiction Solution Route Inventive Principles 

Separation In Space 1,2,3,4,7,13,17,24,26,30 

Separation In Time 9,10,11,15,16,18,19,20,21,29,34,37 

Satisfy Contradiction 12,28,31,32,35,36,38,39,40 

Alternative Ways-Subsystem-Super system-

Alternative-Inverse 
1,5,6,7,8,12,14,16,22,23,25,26,7,33,35 

In the Physical Contradiction a given subsystem (element) should have the property A to execute 

necessary function and the property non-A /anti-A/ to satisfy the conditions of a problem. The physical 

contradiction implies inconsistent requirements to a physical condition of the same element of a 

Technical System  or operation of a Technological Process, i.e., the same key subsystem of a 

technique[15]. For example, we want that the operating frequencies of the feeding fork are reduced in 

unit time in order to accumulate more and more grass in the conveying cavity and we want that the 

operating frequencies of the feeding fork are increased in unit time in order to increase the baler’s 

working efficiency. Using separation in time of the Physical Contradiction solving strategies，Principle 

9 and Principle 19 are applicable to this problem. 

    In Principle 9: Preliminary anti-action, we know that if it will be necessary to do an action 

with both harmful and useful effects, this action should be replaced with anti-actions to control harmful 

effects. So, in this design a grass claw is installed at the feeding gate. When the grass is conveyed by 

the fork, the grass claw stops the grass feeding into the compression chamber with anti-actions and it 

results in the grass accumulation in the conveying cavity. Figure 13 shows the design drawing. 

    In Principle 19: Periodic action, we know that if an action is already periodic, change the 

periodic magnitude or frequency. So, in this design a can gear is used to increase the operation times 

when conveying the grass and decrease the operation times when feeding the grass. 
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Fig.13  Design drawing for physics contradiction 

2.4 Trimming 

Trimming is a TRIZ technique of improving something by simplifying it. This is the tool we use 

to provide provocations that encourage us to reduce the component count within a system. According 

to the function model analysis we know that there is insufficient effect in the fork. So we trim the 

component to eliminate its disadvantage. As soon as we trim the fork, we have identified a problem 

that if the fork is eliminated there is nothing in the system to feed grass. The function model after 

trimming the fork is shown in Figure 14. 

assemble

push

shape up

carry

convery

pick up

convery grass

offer grass

erath

pickup

auger conveyor

conveying cavity grass

compression 

chamber
plunger

support

gravity  

Fig.14 The function &components after trimming 

After removing the fork， the system cannot accomplish the operation of feeding grass 

automatically but in order to product the bale the system must feed the grass automatically，that is the 

technical contradiction. The technical contradiction represents the conflict between two subsystems in 

a system[16-17]. 

Such contradictions occur in this article: the elimination (reduction) of the harmful function in 

one subsystem causes the deterioration of the useful function in another subsystem. So we hope to 

improve the extent of automation but that will cause the deterioration of the device complexity. 

Looking up contradiction matrix[18] 

Principle 15 and Principle 24 are applicable to this problem.In Principle 15: Dynamics, we know 

that divide an object into parts capable of movement relative to each other. So, in this design the 

conveying cavity can rotate when the grass is accumulated enough to feed grass above the compression 

chamber. Figure 15 shows the design drawing. 
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Fig.15  Design drawing for trimming 

In Principle 24: Intermediary, we can use an intermediary carrier article or intermediary process. 

So, in this design a transmitting claw is installed in the conveying cavity. Instead of the fork the claw 

can feed the grass into the feeding gate. The design drawing is shown in Figure 16. 

 

Fig.16  Design drawing for trimming  

3 Discussion 

Through using different TRIZ methods, eight innovative designs were obtained. Table 3 shows 

the solutions of the design.  
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Table 3. Solution & Result 

Number Solution TRIZ method Feasibility study 

    

1 
Two double-forks rotate around the 

same point. 

Laws and Lines of 

Technological Systems 

Evolution 

Add the 

complexity of the 

system. 

2 Add a brush at the fork. Su-field Bad effect. 

3 Add wind energy to aid to feed grass. Su-field 
Energy-

consuming 

4 Use a dam-board to feed grass. Su-field 
Bad effect and 

change the system. 

5 Add a grass claw to accumulate grass. Physical contradiction Feasible 

6 Use a gear to alter the operation times. Physical contradiction 

Add the 

complexity of the 

system a lot. 

7 
Use a removable conveying cavity to 

feed above. 

Trimming & Technical 

contradiction 
Feasible 

8 

Use a transmitting claw to feed the 

grass. 

Trimming & Technical 

contradiction 

Change system 

and bad effect. 

Comparing these designs, solution 5 and solution 7 were chosen to be the last solution of IFR

（ideal final result）. 

4 Conclusions 

In this article, TRIZ theory is combined with the engineering practical problems of livestock 

machinery and equipment. The TRIZ method for the feeding device design has been presented. The 

TRIZ principle and parameters are applied to assist the feeding device innovation design which is 

compared to the existing design. Eight different solutions are obtained and the results are shown. The 

feasible solutions chosen after contrastive analysis will be soon further studied and manufactured. 

TRIZ method can save material used，production cost and time. 
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Abstract 

Digital wave makes comparing prices much easier for buyers. The profits for standard fastener 

products get lower and lower after price competition. Low profit exhibits the increase in salary for 

operators in the fastener industry. Poor and dangerous working conditions and long training time 

makes the low salary for new comers. Less and less young workers join the fastener industry in Taiwan. 

As the result, a human resource gap in the industry is formed. Currently the main high-valued fastener 

products are for automotive industry. The future more high-valued products are for aviation industry. 

As the products in these industries require high quality, precision and reliability, the profits of these 

products are higher. Therefore, to upgrade our industry using Industry 4.0 technology and method is 

an indispensible trend. In this paper, we firstly focus on the fastener industry in Taiwan and implement 

its SWOT analysis. Then we integrate TRIZ tools and business model canvas to provide an Industry 

4.0-based systematic innovation framework. The framework and method in this paper could provide 

a reference for the traditional industries to lead in Industry 4.0 so as to solve many problems in 

enterprise. 

Keywords: Systematic Innovation, SWOT, Industry 4.0, Fastener Industry 

 

1. Introduction 

Fastener industry is an important industry in Taiwan. There are more than 1,500 factories and 

more than 30,000 employees in the industry. The annual production value exceeded 3.1 billion dollars 

in 2014(Industry Economic Statistics 262, 2016/10/25) (shown in Table 1).  
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Table 1 The Annual Production Value for Screws/Nuts (Industry Economic Statistics Newsletter 262, 

Department of Statistics, MOEA, Taiwan, R.O.C., 2016/10/25) 

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014

US$ Billion 2.3 2.7 2.7 1.7 2.9 3.2 2.9 2.8 3.1  

Digital wave makes comparing prices much easier for buyers. The profits for standard fastener 

products get lower and lower after price competition. Low profit exhibits the increase in salary for 

operators in the fastener industry. Poor and dangerous working conditions and long training time 

makes the low salary for new comers. Less and less young workers join the fastener industry in Taiwan. 

As the result, a human resource gap in the industry is formed. Currently the main high-valued fastener 

products are for automotive industry. The future more high-valued products are for aviation industry. 

As the products in these industries require high quality, precision and reliability, the profits of these 

products are higher. Therefore, to upgrade our industry using Industry 4.0 technology and method is 

an indispensible trend. In this paper, we firstly focus on the fastener industry in Taiwan and implement 

its SWOT analysis. Then we integrate TRIZ tools and business model canvas to provide an Industry 

4.0-based systematic innovation framework.  

The rest of the paper is organized as follows. Section 2 describes the literature review on the 

development of Industry 4.0-oriented systematic innovation framework for Fastener Industry. Section 

3 illustrates the research methodology proposed in this paper. Section 4 is the research result and 

Section 5 is the conclusion. 

 

2. Literature Review 

2.1 Business Model 

Currently, the research issue on business model has attracted more and more attention of 

academia and industry (Teece, 2010, Pereira & Caetano, 2015). It relates a wide range of multi-

disciplinary knowledge. Osterwalder and Pigneur (2010) presented a compact architecture, called 

Business Model Canvas (Fig. 1). This architecture consists of nine elements: customer segments, value 

propositions, channels, customer relationships, key resources, key activities, key partnerships, revenue 

streams and cost structure. The business model canvas provides enterprises a global view to investigate 

internal and external problems and a distinct opportunity target. Table 2 shows the definition of each 

element (or block) in business model canvas. 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

201 

 

 

Fig. 1 Business Model Canvas (Osterwalder & Pigneur, 2010) 

  

Table 2 Definition of Each Element (or Block) in Business Model Canvas. 

(reproduced from: Osterwalder & Pigneur, 2010) 
Component Definition 

Customer Segments the different groups of people or organizations an enterprise aims to reach and 

serve 

Value Propositions the bundle of products and services that create value for a specific Customer 

Segment 

Channels how a company communicates with and reaches its Customer Segments to 

deliver a Value Proposition 

Customer Relationships the types of relationships a company establishes with specific Customer 

Segments 

Key Resources the most important assets required to make a business model work 

Key Activities the most important things a company must do to make its business model work 

Key Partnerships the network of suppliers and partners that make the business model work 

Revenue Streams the cash a company generates from each Customer Segment (costs must be 

subtracted from revenues to create earnings) 

Cost Structure all costs incurred to operate a business model 

 

2.2 TRIZ 

TRIZ has been developed over six decades (Altshuller, 1996) and attracted a great deal of interest 

for industry and academy (Sheu and Hou, 2013). It can provide a systematic approach to analyze 

problems where innovation is needed and to provide strategies and methods to solve the problem. 

Mann (2007) proposed a hierarchical view of TRIZ that is shown in Fig. 2. In this figure, TRIZ is an 

integrative system that includes a set of tools, a method, a way of thinking and a philosophy. At its 

highest level, TRIZ may be seen as the systematic study of excellence. At the philosophy level, there 

are five key elements in TRIZ - Ideality, Resources, Space/Time/Interface, Functionality, and 

Contradiction. The method level, located between the philosophy level and the tool level, is the main 

research  interest of many scholars. Fig. 3 shows the general model for TRIZ problem solving (Mann, 

2007) 
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Fig. 2 Hierarchical view of TRIZ (Mann, 2007) 
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Fig. 3 The General Model For TRIZ Problem Solving (Mann, 2007)  
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2.3 Industry 4.0 

Industry 4.0 has become an important trend for manufacturing industry. It proposed many 

perspectives such as intelligent manufacturing, cyber-physical systems, object networking, high 

efficiency, and sustainable management of green energy (Adeyeri et al., 2014; Brettel et al., 2015). It 

provides a solution to face the more competitive global manufacturing environment. The enables of 

Industry 4.0 include information and communication technology, sensor technology, and big data 

analysis. By way of Industry 4.0, small and medium enterprises may find the breakthrough and some 

new opportunities to conquer current dilemma.         

 

 

3. Research Method 

In this section, we illustrate the formation process of industry 4.0-orientd systematic innovation 

framework for fastener industry in Section 3.1, the process of extending the traditional TRIZ process 

to Industry 4.0-oriented systematic innovation framework for fastener industry in Section 3.2. Finally, 

SWOT analysis for the fastener industry in Taiwan is illustrated in Section 3.3. 

 

3.1 Formation Process of Industry 4.0-Oriented Systematic Innovation Framework for Fastener 

Industry 

Traditional TRIZ starts from problem solving and ends with specific solutions. In order to explore 

Industry 4.0 problems to apply to TRIZ, we need to analyze the fastener industry to find potential 

problems to be solved. After we solved the problems, we need to integrate the solutions with Industry 

4.0 technologies. In order to transform from traditional manufacturing environments to Industry 4.0 

environments, we need to conduct some analyzes. The tools suggested to conduct research are SWOT, 

Business Model Canvas and Value Chain Analysis. After analyzing the industry, we can study Industry 

4.0 characteristics to find the gaps and problems to solve. When the problems are identified, TRIZ 

problem solving procedures can be conducted to solve problems. The TRIZ solutions we obtained can 

be implemented using Industry 4.0 concepts and technologies. Fig. 4 is the formation process of 

Industry 4.0-oriented systematic innovation framework for fastener industry.  
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Fig. 4 Formation Process of Industry 4.0-Oriented Systematic Innovation Framework for Fastener 

Industry 

 

 

3.2 Extending traditional TRIZ process to Industry 4.0-Oriented Systematic 

Innovation Framework for Fastener Industry 

The traditional TRIZ problem solving procedures can be categorized in 4 steps, specific problem, 

TRIZ problem, TRIZ solution and specific solution. In order to find potential problems to be solved 

using Industry 4.0 concepts, a pre-analysis step is required. In this step we need to find the gaps 

between traditional enterprise operations and industry 4.0 concepts. After we found the specific 

solutions, we can implement these solutions to form new business models. These new business models 

can add more value to the solutions. Fig. 5 shows the diagram of extending traditional TRIZ process 

to industry 4.0-oriented systematic innovation framework for fastener industry. 
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Fig. 5 Diagram of Extending traditional TRIZ process to Industry 4.0-Oriented Systematic 

Innovation Framework for Fastener Industry 

 

 

3.3 SWOT Analysis for Fastener Industry in Taiwan 

One of the general analyzing tools is SWOT analysis. By SWOT analysis, we can figure out 4 

types of strategies, short term strategy, long term strategies, improving strategy, and give-up strategy. 

Fig. 6 is a case study of SWOT analysis for fastener industry in Taiwan. The short term strategy is 

formed form internal strength and external opportunity. For example, the studied enterprise has been 

operating for more than 30 years and has experience of making many types of standard screws and 

bolts. The enterprise has the strength of core skills. Combining the strength and the opportunity of the 

trend of outsourcing of automotive and aerospace fasteners from Europe and USA, the enterprise 

should manufacture high value fasteners.  

In Fig. 6, the long term strategy is formed from internal strength and external threat. For example, 

the suggestion from core skill and competition from developing countries is to develop knowledge 

management to increase competitiveness. The improving strategy is form from internal weakness and 

external opportunity. For example, the suggestion form short on labor supply and outsourcing of 

automotive aerospace fasteners from Europe and USA is to introduce Industry 4.0 to smart 

manufacture fasteners. The give-up strategy is formed from internal weakness and external threat. For 
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example, the suggestion form short on labor supply and competition from developing countries is not 

to make low price fasteners. 

 

Oppoturnity Threat

Outsourcing of automotive,

aerospace fasteners.

Competition from developing

countries

Short Term Stretegy Long Term Stretegy

Develop High Value Fasteners Adopt knowledge

management to increase

competitiveness

Improving Stretegy Give-up Stretegy

Introduce Industry 4.0 to

intellecture manufacturing.

Do not make low price

fasteners

                                         External

                       Strategy

Internal

Strength Core Skill

Weakness
Short on Labor

Supply

Fig. 6 A Case Study of SWOT Analysis for Fastener Industry in Taiwan 

 

4. Research Results 

Based on the above -mentioned method in Section 3, we propose the suggested industry 4.0-

oriented systematic innovation framework for fastener industry (shown in Fig. 7).  There are many 

tools available in different stages of the proposed framework. In Fig. 7, there are 6 stages including 

scenario analysis, specific problem, TRIZ problem, TRIZ solution, specific solution and business 

application. In scenario analysis stage, we suggest some analyzing tools: SWOT analysis, industry 

value chain analysis, industry 4.0 characteristic analysis and business model analysis. In specific 

problem stage, we suggest some analyzing tools: resource/constrain analysis, 9-windows analysis, 

failure analysis, resource analysis. In the TRIZ problem stage, we suggest some analyzing tools: 

contraction matrix, cause effect chain analysis, function analysis and ideal final result. 

In the TRIZ solution stage, we suggest some solution tools: SU-field and standard solutions, 40 

inventive principles, business system trim and idealization evaluation and effects database. In the 

specific solution stage, we suggest some methods to evaluate solutions: criteria adoption, solution 

evaluation and solution ranking. In the business application stage, we suggest some applications: 

enterprise to customer application, enterprise to trading company application, enterprise to supplier 

application and enterprise internal application. 
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Tools
· Resource/Constrain Analysis
· 9-windows
· Failure Analysis
· Resource Analysis

Tools:
· Contradiction Matrix
· Cause Effect Chain Analysis
· Function Analysis
· Ideal Final Result

Tools:
· SU-Field and Standard Solutions
· 40 Inventive Principles
· Business System Trim and 

Idealization Evolution
· Effects Database

Methods
· Criteria Adoption
· Solution Evaluation
· Solution Ranking

Generalisation
Specification

Methods
· SWOT Analysis
· Industry Value Chain Analysis
· Industry 4.0 Characteristics Analysis
· Business Model Analysis

Applications
· Enterprise to Customer Application
· Enterprise to Trading Company Application
· Enterprise to Supplier Application
· Enterprise Internal Application

TRIZ Problem

Specific Problem

TRIZ Solution

Business Application
Scenario Analysis

Specific Solution

Industry 4.0 Oriented Business ApplicationIndustry 4.0 Oriented Problem Analysis

 

Fig. 7 Suggested Tools in Industry 4.0-Oriented Systematic Innovation Framework for Fastener 

Industry 

 

 

5. Conclusion 

In this paper we proposed a framework using integrated Industry 4.0 and TRIZ. We also gave an 

example of the SWOT analysis of the fastener industry in Taiwan to find suggested strategies to 

improve. We also suggested tools to be used in different stages of opportunity exploration and problem 

solving. The framework can be used to find opportunities of Industry 4.0 applications for other industry. 
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Abstract  

People who suffer from chronic pain need massage to alleviate their pain. However, those who 

live with paralysis need other people’s message to help alleviate their pain. This research designs a 

system to help people alleviate their pain by using a single probe BCI to wirelessly control the on/off 

on a Transcutaneous Electrical Nerve Stimulations (TENS) device which has the effect of pain relief. 

Transcutaneous electrical nerve stimulation (TENS) devices are available and used as non-invasive 

nerve stimulation instruments to alleviate pains or to massage.  

The system is designed based on TRIZ method. First, we define the problem. Secondly, we 

evaluate Substance-Field analysis of the original system and decide to eliminate caregivers and reduce 

the Substance-Field analysis. The massage functions given by caregivers should be replaced with a 

new system. So, we focus on how to develop this new system. We summarize and integrate the 

resources to find the shortcomings and improve them. This research integrates TRIZ method, electric 

element, and Chinese medicine knowledge. Intellectual algorithm is developed to judge patients’ wills. 

Safety is also taken into account while implementing this system. After having operated for 15 

minutes, the system stops automatically to prevent patient from danger. 

The cost of the system is low. The TENS and Arduino are needed and computer can be optional. 

In this study, we set the system on patients, and find it operate well on them, even on the patients with 

stroke. The benefits of this system include saving human efforts, making patients get their egos, and 

making patients’ life better. TRIZ philosophy is the guideline to develop this system. Su-Field analysis 

help broaden our thoughts. According to Su-Field analysis’s problem solving method, we replace old 

field with a new one, and that save many human efforts. We utilize the brainwaves, the resources of 

the patients, to trigger TENS to alleviate pain. The result shows that patients can alleviate pain by 

themselves.  

  

Keywords: TRIZ, TENS, Chinese Medicine 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

210 

 

1. Introduction 

People who suffer from chronic pain need massage to alleviate their panic. Some people with 

paralysis need other people’s message to help alleviate their pain. Brain Computer Interfaces (BCI) 

provides a new way for people to communicate with computers. Many applications of BCI are used 

all over the world. They provide healthy people with amusement. However, few BCI applications are 

used to help people with their health problems, especially those with paralysis. Therefore, this 

research designs a system to help people alleviate their panic by using a single- probed BCI to 

wirelessly control the on/off of a Transcutaneous Electrical Nerve Stimulations (TENS) device based 

on TRIZ methods. The result shows that the paralyzed can use it with their wills. 

2. TRIZ  

TRIZ is a set of invention philosophy, which includes psychological skills to break psychological 

inertia, engineering rules to solve problem and analyzing methods to forecast trends. In Figure 1, the 

basic concept of TRIZ is to understand problems in a more conceptual way and to create a generalized 

model to the problems. Then we can look for abstract, generalized solutions to the problems. Finally, 

we work out how to turn these abstract solutions into practical solutions (Haines-Gadd 2016).  

 

Figure 1 TRIZ BASIC CONCEPT 

3. Methods 

3.1. Define Problem 

The most import thing to solve problems is to define problems exactly so as to evaluate ideal 

result results.   

Problem: The patients with paralysis can alleviate their pain by themselves under safe condition.  
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3.2.Substance-Field (Su-field) Model 

Substance-Field model is a powerful tool of TRIZ (Mao and Zhang 2007, Terninko 2000, 

Altschuller 2000). Some people use it as an analytic tool at the beginning, while others use this at the 

final step to analyze inventions (Mann 2002). S.-K. Kim thinks that Su-Field model is like a queuing 

system and proposes a Su-Field notation which can make Su-Field more instinct to people (Kim 2012). 

L. Haijun use graphics to explain the operations of Su-Field model (Haijun 2009). A Su-Field model 

should at least include two substances and a field. Then, we check if there are some harmful relations 

existing in the system. Every system is created to perform some functions. One object is affected by 

another object by some means, which is called Field.  

In Figure 2, caregivers are substances; a patient asks caregivers to massage him to alleviate pain. 

Sometimes caregivers are busy with other stuff; patient endures pain so much. So, this research uses 

Su-Field analysis to analyze and finds caregivers are the most unstable substance. According the rules 

of Su-Filed analysis, it can be replaced with new substance and field. So, we decide to design a new 

device to replace the functions provided by caregivers. 

 

Figure 2 Replace Caregivers with TENS Device 

3.3.Finding resources 

The patients with paralysis have few resources. They may not be able to move and speak. 

However, brainwave is one of the few resources this research can utilize from them, though their 

body is also the resource. In addition, acupuncture, a form of Chinese medicine, can indicate which 

point to alleviate the pain. 

3.4.Designing system 

After deciding on which resource to use, we choose a cheap brainwave detector to detect and 

start to integrate the system with TENS. TENS is used as a non-invasive form of stimulation to 

alleviate pain (Smaoui, et al. 2004, Panavaranan and Wongsawat 2014) 
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4. System Architecture 

The system architecture is listed in Figure 3. Process computer shows the detected value and 

triggers the single board computer on/off to activate TENS through wireless field. Single board 

computer can activate TENS and the most important function is to monitor the TENS. If it have been 

activating for 15 minutes, single board computer deactivate TENS for 5 minutes to ensure safety for 

the patients. 

 

Figure 3 System architecture 

The acupuncture points we choose to stimulate are “Ashi” points, because locating these points 

does not require much knowledge of the meridian system. However, if one has expertise in the 

meridian system, he or she can choose better points according to the said theory. Ashi points are 

commonly used in pain treatment and are located at the origins of the pain, regardless of their 

relationship with the meridian system or correspondence to a particular acupuncture point (Harris, et 

al. 2005) 

Figure 4 shows the user interface. The information on the UI includes figures of brainwave 

analysis, status of TENS, and threshold value. 
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Figure 4 User Interface 

4.1. Threshold with time duration 

A threshold is a level or point at which a known event happens. In general physics, it is the 

minimum intensity or value of signals that produces a response. The modified threshold method is 

the simplest method to activate the TENS because one just has to set the appropriate threshold. If the 

value (strength) of attention is larger than the threshold, the TENS is activated, and when the attention 

value falls below the threshold, the device turns off.  

This research sets the threshold as 75. The activation condition is: 

 



 

=
otherwise    ,

75        x, t

)(
F

T
ACT tthre                                           (1) 

 

Fig. 1 shows the data and the threshold that the subject focused his thought for 60 seconds. In 

order to decrease the false positive rate, the threshold method is modified. A six-second time duration 

is introduced to judge the activation of TENS. The attention value must be larger than the threshold 

and the status must last six seconds before TENS is activated. 
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Fig. 1  Threshold=75 and data 

 

Figure 5  Illustration of the experiment configuration 

We have this system operated on a patient with stroke. The result shows that even people with 

stroke can operate the device.  

 

 

Figure 6  Illustration of the experiment configuration 
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5. Conclusion 

In this thesis, a self-alleviating pain system with a simple and low cost brain-computer interface 

is developed. The system may prove helpful to both the users with disabilities and those without. 

When a patient experiences pain, they could reduce it before treatments are given by caregivers. Pain 

is the most common symptom for patients. This prototype is only suitable for patients with muscle 

aches; those with other symptoms or types of pain should consult with doctors first.  
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Abstract 

Having deep knowledge in their profession, T-shaped talent, drawn more attention and 

welcomed in the workplace, is also able to apply knowledge across situations and work 

collaboratively across disciplines. With both depth and breadth in their skills, T-shaped professionals 

are then the driving forces to innovation. Design thinking, emphasized on human-centered, is an 

approach to help promote T-shaped talents in education. With working through three general stages - 

inspiration, ideation, and implementation, design thinking is an iterative process to help identify 

opportunities with empathy, generate a great number of ideas with exploring new alternatives, and 

realize the best resolutions with prototyping in a collaborative and interdisciplinary context. 

This study, therefore, aimed to propose a process of creative action that is based on a version of 

design thinking process with six stages (i.e., understand, observe, point of view, ideate, prototype, 

and test) to promote T-shaped talents in design education in specific, and general education in general. 

The innovative process first started with literature research, field study, and brainstorming to 

understand and observe the target audiences resulting in inspired point of view, followed by nine-

window method and C-sketch technique to develop as many creative solution concepts as possible, 

and then scenario building and storytelling with both AEIOU and 5W1H techniques were introduced 

to help provide distinct perspectives and profound knowledge about the solution concepts with target 

audiences in mind. Finally, the chosen resolution was realized by prototyping and testing. A case 

study was demonstrated to present how this newly developed approach works.  

Keywords: Design Thinking, Collaborative Design, Systematic Innovation 
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1. Introduction 

In the book Wellsprings of Knowledge, Dorothy Barton mentioned that major enterprises (e.g., 

Microsoft, HP, and Motorola) prefer to recruit T-shaped talents, which involve expertise and 

experience in a certain field as well as the capacity to collaborate across different fields (Hansen, 

2010). In the Harvard Business Review, Tim Brown (2008) observed that with increasing complexity 

in products, services, and experiences, interdisciplinary collaborators can replace genius-type talents 

in the past, and that such talents and capabilities are the personality traits that make a design thinker. 

Design thinking places emphasis on systematic thinking processes for user-centered designs and 

the utilization of the 3I’s (inspiration, ideation, and implementation). With constant interactions in 

divergent and convergent thinking, design thinking produces innovative solutions that meet user 

needs (Brown, 2008; Brown & Wyatt, 2010). However, design thinking processes have no standard 

steps or tools (Brown et al., 2010), and without the aid of suitable design tools, difficulties in problem 

definition and consumer need fulfillment as well as overly limited concepts become common 

occurrences in design development processes. 

This study employed the six steps of design thinking (understand, observe, point of view, ideate, 

prototype, test) proposed by Carroll et al. (2010) as the research framework and added appropriate 

innovation tools and research methods so that users can produce solutions which have feasible 

technology and can meet customer (market) needs. Information searches and interviews with experts 

assist the users in quickly grasping the background knowledge of the discipline (understand), and 

then actual market surveys and interviews are conducted to derive consumer and market needs 

(observe), questionnaire design, and customer need definition. Our proposed approach then 

incorporates the 9-window method to assist in breaking cognitive inertia to develop idea combinations, 

visualizes concepts using sketches and prototypes, and analyzes design concepts using AEIOU and 

5W1H. Personas and scenario-based designs help designers in defining the usage environment and 

exploring scenario issues (ideate) before the final testing. With products containing epidermal growth 

factors (EGF) as an example, we hope to improve the interdisciplinary collaboration and problem-

solving capabilities of designers and produce innovative human-centered design concepts. 

2. Literature Review  

▪2.1 T-shaped 

The term “T-shaped talents” was coined by David Guest in his article "The hunt is on for the 

Renaissance Man of computing". In 1995, Harvard University professor Dorothy Leonard Barton 

defined T-shaped talents as a group of people with both technological and commercial abilities and 

the capacity to analyze commercial data and provide better service alternatives. Tim Brown, the CEO 

of IDEO, explained that the vertical stroke in the T symbolizes their expertise and experience in a 

certain field; in contrast, the horizontal stroke represents their interdisciplinary capabilities (Hansen, 

2010). These individuals can find the true problems in the real world using empathy and develop 

effective solutions. 

In The Ten Faces of Innovation, Tom Kelly divided the talent that will be needed in the future 

into three categories: the learning personas, the organizing personas, and the building personas. The 
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learning personas gather diverse information to provide corporations or organizations with new 

knowledge and perspectives and trigger new ideas. The organizing personas assist in communication 

and integration to promote more effective cooperation within the organization. The building personas 

incorporate innovation into what they have seen and learned and their understanding of customer 

needs and then convey their ideas to R&D personnel so that the final products are creative and meet 

user needs. The features of these three types of roles are consistent with those of T-shaped talents. 

The Stanford d.school is the most famous program for the cultivation of interdisciplinary 

creative talent. Aimed at cultivating design thinking in students, it offers a series of courses that focus 

on real-world issues and constantly refine and reorganize design innovation. Interdisciplinary 

instructors guide interdisciplinary teams in conducting research projects. 

▪2.2 Design Thinking 

The concept of design thinking was proposed by Bryan Lawson in the book How Designers 

Think and later applied by Nigel Cross and Peter Rowe to general education and construction. 

Professor Rolf Faste began offering a design thinking course at Stanford University, and David M. 

Kelley incorporated management and commercial design into the course. As of today, design thinking 

has become a subject of interest in various fields. Design thinking is an iterative design process that 

encompasses three spaces (inspiration, ideation and implementation) (Brown, 2010). It emphasizes 

that designers must abandon their preconceptions and intuitive thinking patterns and divulge 

problems via observation and empathy. At the same time, they must also consider the needs and 

behaviors of the users as well as the market feasibility of the product or service (Brown, 2008).  

Six steps were developed by Carroll et al. (2010) for design thinking in education based on the 

applications of design thinking at the Stanford University d.school and in K-12 exploratory education 

environments: understand, observe, point of view, ideate prototype, and test. Understand involves the 

use of interviews with experts and data collection to facilitate the understanding of the design 

problems and challenges while exploring background knowledge. Observe involves observing the 

environment with empathy and then presenting questions to the users to determine their needs. Point 

of view integrates the first three steps by setting target users and defining their needs. Ideate involves 

conceptual creation based on user needs. Prototype involves making a conceptual prototype using 

sketches, cardboard boxes, and models. The prototype is then tested, followed by conceptual 

optimization based on feedback (Carroll, Goldman, Britos, Koh, Royalty, and Hornstein, 2010). 

However, there are no specific procedures or tools for the design process (Brown, 2008; Brown 

et al., 2010). Without such aids to help define problems, it is easy for designers to be easily limited 

by their own preconceptions and interpret the problems from a personal perspective (Thomsen, 2013). 

Thus, the lack of appropriate tools to assist the concept development stage means that concept 

generation will easily be limited. 

▪2.3 9-window Method 

https://en.wikipedia.org/wiki/David_M._Kelley
https://en.wikipedia.org/wiki/David_M._Kelley
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The 9-window method is otherwise known as Mandala, a term that comes from Buddhism, and 

is a nonlinear thinking tool. It uses the optimum stress in stimulation reactions and its interactions 

with relaxation psychology to break cognitive inertia and thereby train personal creativity (Imaizumi, 

1999). In addition to helping users enhance their thinking level, it has systematic rules that help users 

become familiar with it quickly (Chen, 2005) and also effectively improves the associative abilities 

of users (Lin, 2006; Li, 2009). At present, common application of this method can be seen in education, 

artistic design, business administration, and spiritual inspiration. 

The 9-window method can basically be divided into two forms: radiant thinking, which is a 

divergent thinking approach that assists in ideation using lateral thinking, and spiral thinking, which 

facilitates induction and organization using vertical thinking (Imaizumi, 1999; Li, 2009). The subject 

is first diverged and associated to the first layer, producing eight elements that are then diverged again 

to the second layer, which produces 64 elements. The number of layers in the 9-window method can 

be adjusted freely. Once the divergence is completed, convergence is performed. Four principles must 

be followed during the process: (1) make note of any inspirations, (2) fill the blanks with concise 

words, (3) focus on the completed 9-window method to continue gaining inspiration, and (4) discard 

any unsuitable concepts (Imaizumi, 1999).  

3. Research Method 

This study integrated design thinking and creativity tools to develop a structured design thinking 

process. The six design thinking steps proposed by Carroll et al. (2010) (understand, observe, point 

of view, ideate, prototype and test) served as the core framework. Different creative tools were placed 

in the various steps so as to help users complete the tasks in each step. In understand, users can 

understand the problems and challenges via data collection and expert interviews and thereby quickly 

grasp relevant background knowledge. In observe, they conduct actual market research and 

interviews and divulge customer needs as well as usable technologies and products. In point of view, 

users integrate and analyze data to clarify user needs and design problems. In ideate, they use the 9-

window method to diverge idea combinations and create sketches and employ AEIOU and 5W1H to 

define the usage environment, functions, and target customers of the design concepts. Then, they use 

scenario-based design to depict character features and scenario stories to generate user-centered 

design concepts. Finally, the prototype is tested to help users in producing design solutions that accept 

technical limitations and fulfill user (market) needs. The details of the procedure are as shown below, 

and Fig. 1 displays a flowchart of the design thinking process. 
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Figure 1 Framework of this study 

Step 1 Understand: After the design field has been set, this step is divided into two phases to 

help users understand the problems and challenges in the field: (1) search for relevant references and 

data based on three questions: what is it, what can it do for us, any application in our diary life and 

understand the background, technology, and limitations of the industry; (2) invite field experts to 

engage in exchange and problem clarification. This step helps users quickly grasp relevant technology 

features to aid in the subsequent market research, interviews, and idea generation. 

Step 2 Observe: Compile the data obtained in Step 1, and conduct actual market research to look 

for other usable products and technologies and understand whether products associated with said 

technologies already exist on the market. Then, use methods such as interviews to understand and 

divulge customer (market) needs, which help the users in defining the design problems and customer 

needs from the perspective of user-centered design. 

Step 3 Point of view: Integrate and analyze the data from the two previous steps, and define 

customer needs and the design problems. 

Step 4 Ideate 

4-1 Brainstorming and classification: Brainstorm on the market products, technologies, 

background knowledge, and usable products derived in the first three steps and give brief explanations 

on post-its. Categorize and number them as the elements of the first layer in the window method. This 

step helps users focus and fulfill the usable technologies or products that meet the needs of the 

technologies in the field during the concept divergence process. 
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4-2 9-window method: This step helps users break cognitive inertia to develop creative concept 

combinations and find creative design concepts from within these combinations. During this step, the 

users place the design subject in the center of the 9-window chart and put the categories derived in 

Step 4-1 in the boxes of the first layer of elements. The elements of the first layer are then placed in 

the boxes of the second layer for divergence. During the process, brief descriptions should be made 

intuitively until the form is completed, regardless of whether they are correct. The users can define 

any number of divergence layers. If there are fewer than eight categories, then other elements are 

used to fill out the boxes before divergence. Finally, the convergence of the 9-window chart starts 

from the outmost layer toward the center. Aside from the central subject of each layer, two other 

elements must be selected for idea combination generation. The written format of idea combinations 

is “Subject = Element 1 + Element 2 + Element 3 + … + Element x.” This step helps users generate 

more creative solutions during ideation. 

4-3 Idea sketching: This part involves sketching the idea combinations obtained in Step 4-2 using 

c-sketch and writing down the idea combination and code on the top of the paper. This reveals the 

context that can be followed during the ideation process and also facilitates the later induction and 

organization. The number of c-sketch exchanges is based on the number of team members (for 

example, if there are three team members, then three exchanges are made). In this step, a three-round 

c-sketch is performed: (1) after the first round, a group discussion is conducted to select and propose 

the optimal concept, which is then discussed with experts to clarify the technical limitations and the 

feasibility of the concept; (2) based on the feedback derived in the first round, the optimal concept is 

subjected to the second round of design concept optimization followed by expert discussion; (3) 

further design concept optimization is then performed based on the expert feedback from the second 

round. This step helps users generate technologically feasible design concepts that meet customer 

needs. Visualizing the design concepts can facilitate group discussion and the later definition of 

concept functions. 

4-4 AEIOU and 5W1H: Based on the optimal concept selected in the first round of c-sketch in 

Step 4-3, the usage environment, components, functions, mechanisms, and target customers of the 

design concept are then defined using AEIOU (activity, environment, interface, object, user), which 

helps the users define target customers and products (services). The usage environment, functions, 

and usage methods of the product are then examined using 5W1H (who, where, what, when, why, 

how), which helps clarify the requirements of the design concept so that the design is more detailed 

and complete and so that the user can construct the later personas and scenarios. 

4-5 Scenario-based design: This part involves writing the persona of the target customers 

obtained in Step 4-4 and giving brief but specific descriptions of their basic characteristics (name, 

gender, occupation, education, hobby and personality). With who, where, what and when as the focus, 

the procedure framework of the scenario is written down, and a brief description of the problems that 

customers may encounter in specific situations when they use the product (service). The scenario 
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framework is then refined using text or images, which assists users in discussing and exploring 

scenario problems for design concept optimization and prototype construction. 

Step 5 Prototype: This step integrates the results of the previous steps for design concept 

optimization and model construction, which assists design teams in determining whether the design 

meets the needs of target customers during the construction process and whether any revisions and 

improvements are needed during the usage process. This step is executed three times: (1) using 

sketches to visualize the concepts, (2) using sketches and 1:1 rapid-prototypes to help the users 

determine whether concept needs any improvements in aspects such as size, function, or mechanism, 

and finally, (3) using sketches, 1:1 models, rendering of the product, package designs, and relevant 

introductions (such as usage processes) to fully present the design concepts. 

Step 6 Test: This step uses concept tests for both experts and target customers to help make the 

design concepts more focused and confirm whether the concepts meet market and user needs and 

whether they can be used effectively. This step requires three rounds of tests: (1) the first proposal 

and expert discussion are conducted with the optimal concepts obtained in the first round of Step 4-

3, which helps the users in understanding the pros and cons, feasibility, and marketability of the design 

concepts; (2) based on the expert feedback derived in the first round, a second round of design concept 

optimization is performed using c-sketch, followed by discussion where one optimal design concept 

is chosen for the 1:1 rapid-prototype, and the second proposal and expert discussion are conducted; 

(3) finally, based on the expert feedback derived in the second round, 1:1 models, rendering of the 

products, package designs, and relevant introductions are made for proposal. This helps the users in 

creating design concepts that are technologically feasible and meet target customer (market) needs from 

a user-centered perspective. 

4. Results and Discussion 

We performed an experiment with epidermal growth factors (EGF) as the design subject and 

first-year master students at the Department of Industrial Design in the Min Chi University of 

Technology as the participants. The experiment was performed during the Industrial Design course 

of the first semester of the 2016-2017 school year and lasted a total of ten weeks. There were 12 

students (divided into four groups), 1 industrial design expert, and 1 biochemistry expert. A design 

process was chosen for the case study, and the outputs of the proposed design process framework 

were discussed. The results of the experiment were as follows. 

Step 1 Understand: After the design field is defined, this step helped the participants quickly 

understand the industry and correctly define the design problems and develop the design concepts. 

This step was defined into two phases. The participants first gained an understanding of the EGF 

background, technology, and current market by collecting information on their own. Interviews with 

the expert (in this phase, the interviewee was the biochemist industry expert) helped them understand 
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new and conventional manufacturing methods, the types of wounds EGF can be applied to, costs, 

required sales, methods of preservation, shelf life, and its advantages. 

Step 2 Observe: In this step, the participants performed actual market research and interviews 

based on the information they obtained in the previous step to divulge customer needs and usable 

technology and products, which helped them define the design problems from the perspective of the 

target customers. After compiling the information, they discovered that currently EGF technology is 

mainly used in beauty care and wound care; EGF can accelerate healing and improve skin condition. 

Based on these results, the participants then conducted actual market research and interviews in 

corporate channels associated with cosmetics. 

Step 3 Point of View: After compiling and analyzing the results of the information searches, 

expert interviews, and actual market research, the participants defined the design problems and 

customer needs. In this case study, the design problems were defined as follows: (1) how do customers 

accelerate healing and reduce discomfort after micro-cosmetic surgery? (2) How can bacteria growth 

be reduced in beauty care products? (3) No beauty care product combining beauty bars and skin care 

products exists on the market yet. 

Step 4 Ideate 

4-1 Brainstorming and classification: The participants then brainstormed regarding the current 

products, possibly usable products, and technologies derived in the three previous steps, briefly 

described them on post-its, and then categorized them as the first layer of elements in the 9-window 

method. In this case study, the participants produced a total of 31 elements and divided them into four 

categories: skin care products, skin care tools, beauty care, and getting rid of the old to make way for 

the new (details in Fig. 2). 

 

Figure 2 The detail of brainstorming and classification 

4-2 9-window method: 
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Using the 9-window method, the participants diverged and converged the information obtained 

in the three previous steps to generate idea combinations in hopes of producing creative design 

concepts. With EGF as the central focus, the number of categories obtained in the first layer in Step 

4-1 was less than eight, so four other elements associated with EGF technology were added 

(cosmetics, healthcare, trauma, and regeneration) to fill in the first layer of boxes in the 9-window 

method. The first layer of elements were then placed in the second layer for divergence, which was 

then followed by convergence. This case study produced a total of 9 idea combinations (details in 

Table 1).  

4-3 Idea sketching: The participants sketched and coded the idea combinations obtained in Step 

4-2 to facilitate discussion and organization. Six of the idea combinations were chosen for 

brainstorming using c-sketch and divided into two major groups, ABC and EFG, before brainstorming 

and sketch coding (Table 2). During c-sketch, the six idea combinations A, B, C, E, F, and G were 

exchanged three times. In the end, a total of 18 design concepts were produced. 

Table 1 Idea Combinations and Code 

No. Idea Combinations Code 

1 
Brow growing + Makeup + Brow pencil + Pigmented adhesive crayon + Body  painting + 3D 

Printing  
/ 

2 Beauty tools + Hair dye + Facial massage + Ion (skin) cleansing + Hole + Psychologist  / 

3 Regeneration + AI + Human cloning + Earthworm + Soil + Tail Regeneration  E 

4 
Getting rid of the old to make way for the new + Teeth whitening + Blue light + Alpha-hydroxy 

acid + Albinus‘ muscle + Face-blotting papers  
C 

5 Joint surgery + Shavers + Cover + Wound + Spring + Airbag  A  

6 Regeneration + Beauty + Hydrogen Peroxide Solution + Sticker + Tattoo + Deform  G 

7 Medical + Makeup + Band-aid + Needle + Tourniquet + Drip + Rocket launcher  B 

8 Skin care + Sleeping pack + Laser + Mole removal + Spot corrector + Pen  F 

9 Makeup + Lipstick + Concealer + Orthodontics + Mydriatic + Eye contact  / 

The design concept C-A-B developed from idea combination C was chosen for sketch 

optimization. For the sake of portability, the original can design was changed to a pen design and 

combined with a facial massage tool. The optimized sketch was then numbered as C-A-B-1. Another 

c-sketch was performed, and the final number chosen was C-A-B-1-c-b-a (Table 3) for the first 

proposal and expert discussion. Discussion revealed that the problems with the design included 

cleaning after use, discharge of EGF ball waste, fixing the balls in place, the means of ensuring that 

the EGF balls will burst, and finally, whether bursting and spraying will be better than bursting alone. 

The design was optimized based on the first expert feedback to determine whether any functions or 
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components needed to be added or removed. After discussion, the original design was changed to a 

detachable design; after use, washing the massage head would clean off the EGF ball waste. Wall 

tubes stabilized the tubes, slide rails controlled the dispensation of the balls, and the EGF balls were 

used by bursting them. The resulting optimized sketch code was C-A-B-1-c-b-a, which was used in 

the second proposal and expert discussion (details in Table 3). Discussion of the mechanisms and 

ease of use prompted the slide rail design to be changed to a turntable. Refills were made using a soft 

silicon tube. The final design sketches are as shown in Fig. 8. 

Table 2 C-sketch code sequences and categories  

Group Member  Sketch sequences and code numbers 

ABC 

Member A A A-B A-B-C A-B-C-1-a A-B-C-1-a-b-c A-B-C-1-a-b-c 

Member B B B-C B-C-A B-C-A-1-b B-C-A-1-b-c B-C-A-1-b-c-a 

Member C C C-A C-A-B C-A-B-1-c C-A-B-1-c-b C-A-B-1-c-b-a 

EGF 

Member E E E-G E-G-F E-G-F-1-e E-G-F-1-e-g E-G-F-1-e-g-f 

Member G G G-F G-F-E G-F-E-1-g G-F-E-1-g-f G-F-E-1-g-f-e 

Member F F F-E F-EG F-E-G-1-f F-E-G-1-f-e F-E-G-1-f-e-g 

Table 3 Sketches of concept development in Group C  

Sketch  

   

Codes C-A-B-1-c C-A-B-1-c-b-a C-A-B-1-c-b-a concept 

optimization 

4-4 AEIOU and 5W1H: The participants used AEIOU to define the usage environment, function, 

components, and target customers of the design concept and then re-examined the product functions, 

usage method, and necessity of the concept using 5W1H. In this case study, people who pay attention 

to their appearance were set as the target customers. The movable mechanism design enables facial 

care at home, outdoors, or during travel at any time. The small size of the product makes it easy to 

customers to carry it with them, and the EGF balls are dispensed at fixed quantities to reduce 

wastefulness and bacteria growth. Finally, using steel balls can increase the absorption rate of the 

beauty care product (details in Fig. 3). 

4-5 Scenario-based design: After using AEIOU and 5W1H to define the products and the target 

customers, scenario-based designs and personas assisted the participants in creating user-centered 
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optimized design concepts and exploring scenario problems. In this case study, people who pay 

attention to their appearance were set as the target customers. To refine character features, the scenario 

process framework was based on the following: On Sunday after work (when), Joanna (who) goes 

home (where) to use her EGF face massager (what) to perform her daily facial care (why). The process 

framework was then further refined to divulge the scenario problems. In this stage, the participants 

did not find any scenario problems (Fig. 4). 

  

Figure 3 AEIOU and 5W1H 

  

Figure 4 Persona and scenario 

Step 5 Prototype: Following the compilation of the information from the various stages and 

design concept optimization was model construction, which helped the design team in re-examining 

whether the design met their needs and whether any revisions or improvements were necessary. The 

final concept designs produced by this case study are as shown in Figs. 5 and 6. 
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Figure 5 The final design sketch 

 

Figure 6 EGF massager 

Step 6 Test: This step helped to confirm whether the design concepts meet technological 

limitations, market needs, and the needs of the target users. This step include two concept proposals, 

two expert discussions, and one achievement proposal. Two experts served as advisors during the 

process, an industrial design expert and a biochemistry expert. 

5. Conclusions 

This study employed the six steps of design thinking proposed by Carroll et al. (2010) as the 

research framework and added appropriate innovation tools to develop a structured design thinking 

process. Understand and observe help users quickly grasp background knowledge and divulges user 

(market) needs to clarify customer needs and design problems (point of view). Subsequently, the 9-

window method is used to break cognitive inertia for the development of design concepts, and 

sketches are made. The concepts are designed using AEIOU and 5W1H, following which character 

features and scenario problems are described using scenario-based designs to divulge scenario 

problems (ideate). Finally, testing is performed using the prototypes, which helps the users create 

design solutions that accept technological limitations and fulfill user (market) needs. With the 

integration of design thinking and innovative thinking tools, users have steps to follow and tools to 

use. In addition, the preliminary procedures of the structured design thinking process can serve as 

reference for designers and assist designers and developers in brainstorming design concepts 

systematically. The design concepts proposed in this study serve as the initial stages of the design 

concept stage for product development. Limited by time and space, we did not include the actual user 

data and did not consider the costs, manufacturing factors, or feasibility of the design concepts. We 

will continue in this direction in later research. 
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Abstract 

Those factors including climate change, environmental pollution have resulted in the number of 

bees decreased year by year. Then it leads to the decline of the bee's peripheral products. We focused 

on improving the process and device of beeswax extraction in the beekeeping industry. Beeswax can 

be used in cosmetics, food, pharmaceutical and other industries. The purpose of this paper is to invent 

a new beeswax extractor with systematic innovation method so as to improve the quality of the process 

of beeswax, one of the important products of human society. In this paper, we adopted TRIZ tools and 

systematic innovation method to analyze the above-mentioned problem. The tools such as Problem 

Hierarchy Analysis, Ideal Final Result, Problem Description, 6W1H1G, 9-Windows, functional 

attribute analysis (FAA), 40 inventive principles Su-Field analysis are used. In comparison with the 

traditional beeswax device, the new  beeswax extractor invented in this paper has the advantages of 

scalability, higher quality of beeswax, higher efficiency of process and cost savings of labors. 

Keywords: Systematic Innovation, TRIZ, Beeswax, Beekeeping 

1. Introduction 

Those factors including climate change, environmental pollution have resulted in the number of 

bees decreased year by year. Then it leads to the decline of the bee's peripheral products. Beeswax can 

be used in cosmetics, food, pharmaceutical and other industries. The current beekeeping agriculture 

has many complicated processes and generates a variety of products such as honey, royal jelly, pollen, 

bee pupa, propolis, beeswax. The work involving the above products requires a lot of man-hours, 

manpower and many procedures are inefficient and need to be improved. The honey production 

processes include removing the honeycomb from the hive, using a brush to remove the bees from the 

honeycomb, moving the honeycomb film near the centrifuge, collecting honey from the honeycomb 

slices through the centrifuge, using the knife to cut off the excess bee wax on the honeycomb film, 
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extracting beeswax with several conventional appliances with hot water, and so on. Fig. 1 shows the 

traditional beeswax extraction processes. The purpose of this paper is to invent a new beeswax 

extractor with systematic innovation method so as to improve the efficiency of extracting beeswax 

process.  

  

  

  

Fig. 1 The traditional beeswax extraction processes 

 

2. Literature Review 

  The theory of inventive problem solving (TRIZ) has widely adopted in diverse disciplines as an 

effective systematic innovation method and it has revealed its promising development. However, most 
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of the illustrated examples for TRIZ in literature are engineering-oriented and the learners need to 

have the related specific domain knowledge (Mann, 2004). This phenomenon results in some barriers 

for novices. Furthermore, as TRIZ owns abundant tools such as 40 inventive principles and the matrix 

of contradictions, laws of technical system evolution, substance-field analysis, ARIZ (algorithm of 

inventive problems solving), this also forms a cause hindering learning effect. 

   TRIZ can also be a practical auxiliary tool for product development, there have been many research 

papers that integrate TRIZ and others effective design or decision-making techniques such as AHP 

(Chang & Chen, 2004), QFD (Li et al., 2009), Kano (Chen & Chang, 2008). As TRIZ is a powerful 

tool, it has been applied on many disciplines to systematically solve problem. For engineering 

application, Pin et al. (2011) applied TRIZ principles in crowd management and found it is a very 

good method for solving problems which involve contradiction. Fresner et al. (2010) developed a 

generic approach for option identification by using elements of the so-called TRIZ method for cleaner 

production projects. Recently, there are also many applications of TRIZ for safety improvement 

(Scyoc, 2008) and eco-design (Jones and Harrison, 2000) as these issues exist contradictions 

accompanying opportunities.  

 

 

3. Research Method 

In this paper, we adopted TRIZ tools and systematic innovation method to analyze the above-

mentioned problem. The tools such as Problem Hierarchy Analysis, Ideal Final Result, Problem 

Description, 6W1H1G, 9-Windows, functional attribute analysis (FAA), 40 inventive principles Su-

Field analysis are used. The process in the proposed method in this paper is shown in Fig. 2. The 

process has five stages including problem definition, tool selection, solution generation, solution 

evaluation, and concept embodying. The problem definition stage includes various TRIZ tools such 

as Ideal Final Result (IFR), 9 windows of resources and constraints, problem explorer and Function 

Analysis (FA), etc. After finishing the above stage, one can select the more suitable tools to generate 

several solutions. The fourth stage, solution evaluation can use some methods such as AHP or radar 

plot, etc. Fig. 3 shows the function analysis diagram of the traditional beeswax extraction processes. 

 

 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

233 

 

problem definition

solution evaluation
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solution generation

concept embodying

 

Fig. 2 The research process in this paper 
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Fig. 3 Function analysis diagram of the traditional beeswax extraction processes 

 

4. Research Result 

Fig. 4 shows the function analysis diagram of the proposed beeswax extractor. Besides, Table 1 

shows the adopted inventive principles and the feasible implementation methods in this paper. Fig. 5 
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shows the fabricating process o of the innovative beeswax extractor. 
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Fig. 4 Function analysis diagram of the proposed beeswax extractor 
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Table 1 Adopted inventive principles and the explanations in this paper 

Inventive 

Principles 

Sub-item of Inventive Principles Explanation 

No.13 The Other 

Way Round 
C. Turn the object (or process) 'upside down' 

Use buoyancy to automatic 

collect pure beeswax 

No.20 Continuity 

of Useful Action 

A. Carry on work without a break. All parts 

of an object operating constantly at full 

capacity 

Use multi-layers filters to 

replace spoon and filter bag 

No.17 Another 

Dimension 
A. Move into an additional dimension - from 

one to two - from two to three 

Use 3-dimensional multi-

layers filters to replace a 2-

diemensional filter bag 

No.12 

Equipotentiality 

A. If an object has to be raised or lowered, 

redesign the object’s environment so the 

need to raise or lower is eliminated or 

performed by the environment 

Let impurities float out 

through upper outlet as 

buoyancy 

No.6 

Universality 
A. Make an object perform multiple 

functions; eliminate the need for other parts 

Remove impurities and 

collect pure beeswax in the 

same time 

 

 

Fig. 5 Fabricating process of the innovative beeswax extractor 
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5. Conclusion 

In this paper, we focused on design for a beeswax extractor with TRIZ-based systematic 

innovation method. In this paper, an integrated approach with TRIZ tools was employed along with 

prototype fabrication. The proposed beeswax extractor has the advantages of improving the efficiency 

of beeswax extraction process and simple structure and low cost. The research process and results of 

the paper are available for reference in the traditional agricultural product or process innovation and 

value-added design. 
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Abstract 

Traditional alarm clock adopt the way of expanding the sound to remind the user to get up, but 

this way often will disturb other people in the same room or space. In the paper, we hope to invent an 

alarm device that will only remind the user but will not affect the surrounding people. We adopted 

systematic innovation method and Arduino system in problem analysis, problem solving and device 

development. Firstly, we used the systematic innovation tools such as ideal final result (IFR), resources 

and constraints of 9-Windows, function analysis (FA) to define and analyze the problem. Then TRIZ-

based tools such as 40 inventive principle and Su-Field analysis are adopted to solve the problem. 

Finally we used Arduino system to invent a no-disturbing others’ alarm clock device. The invented 

device can be attached other things to remind oneself but do not disturb surrounding people in various 

co-working or co-living space. 

Keywords: Systematic Innovation, TRIZ, Alarm Clock, Arduino System 

 

1. Introduction 

Those factors including climate change, environmental pollution have resulted in the number of 

bees decreased year by year. Then it leads to the decline of the bee's peripheral products. Beeswax can 

be used in cosmetics, food, pharmaceutical and other industries. Traditional alarm clock adopt the way 

of expanding the sound to remind the user to get up, but this way often will disturb other people in the 

same room or space. Therefore, in the paper, we invent an alarm device that will only remind the user 

but will not affect the surrounding people. Moreover, we want to develop the function of the device 

can be attached other things to remind oneself but do not disturb surrounding people in various co-

working or co-living space. 
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2. Literature Review 

  The theory of inventive problem solving (TRIZ) has widely adopted in diverse disciplines as an 

effective systematic innovation method and it has revealed its promising development. However, most 

of the illustrated examples for TRIZ in literature are engineering-oriented and the learners need to 

have the related specific domain knowledge (Mann, 2004). This phenomenon results in some barriers 

for novices. Furthermore, as TRIZ owns abundant tools such as 40 inventive principles and the matrix 

of contradictions, laws of technical system evolution, substance-field analysis, ARIZ (algorithm of 

inventive problems solving), this also forms a cause hindering learning effect. 

   TRIZ can also be a practical auxiliary tool for product development, there have been many research 

papers that integrate TRIZ and others effective design or decision-making techniques such as AHP 

(Chang & Chen, 2004), QFD (Li et al., 2009), Kano (Chen & Chang, 2008). As TRIZ is a powerful 

tool, it has been applied on many disciplines to systematically solve problem. For engineering 

application, Pin et al. (2011) applied TRIZ principles in crowd management and found it is a very 

good method for solving problems which involve contradiction. Fresner et al. (2010) developed a 

generic approach for option identification by using elements of the so-called TRIZ method for cleaner 

production projects. Recently, there are also many applications of TRIZ for safety improvement 

(Scyoc, 2008) and eco-design (Jones and Harrison, 2000) as these issues exist contradictions 

accompanying opportunities.  

 

 

3. Research Method 

In this paper, we adopted TRIZ tools and systematic innovation method to analyze the above-

mentioned problem. The tools such as Problem Hierarchy Analysis, Ideal Final Result, Problem 

Description, 6W1H1G, 9-Windows, functional attribute analysis (FAA), 40 inventive principles Su-

Field analysis are used. The process in the proposed method in this paper is shown in Fig. 1. The 

process has five stages including problem definition, tool selection, solution generation, solution 

evaluation, and concept embodying. The problem definition stage includes various TRIZ tools such 

as Ideal Final Result (IFR), 9 windows of resources and constraints, problem explorer and Function 

Analysis (FA), etc. After finishing the above stage, one can select the more suitable tools to generate 

several solutions. The fourth stage, solution evaluation can use some methods such as AHP or radar 

plot, etc. Fig. 2 shows the function analysis diagram of the traditional use status of tradition alarm 

clock. 
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Fig. 1 The research process in this paper 
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Fig. 2 Function analysis diagram of the traditional use status of tradition alarm clock 

 

4. Research Result 

Fig. 3 shows the function analysis diagram of the proposed no-disturbing others’ alarm clock. 

Besides, Table 1 shows the adopted inventive principles and the feasible implementation methods in 
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this paper. Fig. 4 shows the prototype of the innovative no-disturbing others’ alarm clock. 
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Fig. 3 Function analysis diagram of the proposed no-disturbing others’ alarm clock 
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Table 1 Adopted inventive principles and the explanations in this paper 

Inventive 

Principles 

Sub-item of Inventive Principles Explanation 

No. 5 Merging 
A. Bring closer together (or merge) 

identical or similar objects or operations 

in space' 

Integrate Arduino unit, bluetooth 

unit, vibrator, software to form a 

no-disturbing others’ alarm clock 

No. 7 Nested 

Doll 
A. Place one object inside another  

1. embed software into arduino 

system 

2. embed alarm clock into pillow  

No. 9 Prior 

Counteraction 

A. When it is necessary to perform an 

action with both harmful and useful 

effects, this should be replaced with 

counteractions to control harmful effects 

Use pillow to suppress the vibration 

to others while the vibration can 

directly wakes user up 

No.15 

Dynamics 
B. Divide an object into parts capable of 

movement relative to each othe 

the no-disturbing others’ alarm 

clock can be detached and 

embedded or attached other’s 

devices 

No. 18 

Mechanical 

Vibration 

A. Cause an object to oscillate or vibrate 
Wake user up by vibrator but 

speaker 

No. 24 

Intermediary 
A. Use an intermediary carrier article or 

intermediary process 

Use pillow as intermediate material 

between user and alarm clock  

 

Fig. 5 Prototype of the innovative no-disturbing others’ alarm clock 
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5. Conclusion 

In this paper, we focused on design for a no-disturbing others’ alarm clock with TRIZ-based 

systematic innovation method. In this paper, an integrated approach with TRIZ tools was employed 

along with prototype design and development. The proposed no-disturbing others’ alarm clock has the 

advantages of avoiding disturbing the roommate or colleague in the same space, and it is flexible and 

can be used in other scenario. The research process and results of the paper are available for reference 

in the traditional product or process innovation and value-added design. 
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Abstract 

In this study, the problem-solving process is based on the AFD (Anticipatory Failure 

Determination) which will limit on the failures and issues related to environmental impact with the 

use of eco-design elements, which are adopted from the World Business Council for Sustainable 

Development. Non-green phenomenon (NGP) is similar to the failure discussed in the AFD.  This 

study develops the following procedure to obtain green product design: (1) collect product failures, 

(2) invert failure and correlate to NGP, (3) intensify each NGP, (4) integrate the intensified NGPs for 

generating non-green assumptions, (5) prevent or eliminate each assumption by introducing the 

contradiction matrix of TRIZ for obtaining solution triggers, and (6) Finalize green product design 

solution by evaluation.  We believe that the result of this study provides product designers a 

systematic tool for green product design. 

Keywords: AFD, eco-design, TRIZ.  

1. Introduction 

Environmentally friendly products are important in manufacturing industries nowadays as 

consumers are aware of the value of environmental performance of a product. Based on the work of 

Hozik (2016), more millennials are willing to pay more for products and services that consider 

positive environmental and social change and the percentage is increased from 55% in 2014 to 72% 

in 2015.  

Every product experiences failures especially failure that brings environmental impact. In this 

study, the product failures will be analyzed using Anticipatory Failure Determination (AFD). The 

seven eco-friendly elements by World Business Council for Sustainable Development (WBCSD) will 

be considered in determining Non-Green Phenomenon (NGP) of the failure. As per Desimone and 

Popoff (2000), environmental-related concepts should be considered when developing products. After 

determining the NGP, the failures will be intensified. The intensified failures will then be prevented 

by using TRIZ tools like Contradiction Matrix and Inventive Principles to form alternative solutions. 

The alternative solutions will then be evaluated and can be used to develop a green product design. 
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2. Background of the Study 

This study uses TRIZ tools like Anticipatory Failure Determination (AFD), and Contradictory 

matrix which is defined by 39 engineering parameters that are related to the set of Inventive Principles 

(40 Inventive Principles). Eco-design elements are also considered to achieve the goal of determining 

the noncompliance of these elements and use these to develop a green product design. In this part, 

brief introduction of TRIZ and its tools like engineering parameters and inventive principles will be 

discussed. Moreover, Anticipatory Failure Determination (AFD) will also be discussed.  

▪2.1 TRIZ 

TRIZ is a Russian language acronym for Teoriya Resheniya Izobreatatelskikh Zadatch. 

Translated into English it means “The Theory of Inventive Problem Solving.”  TRIZ, a theory 

invented by Altshuller and his colleagues between 1946 and 1985, is a problem-solving method based 

on logic and data, not intuition, which accelerates the project team’s ability to solve these problems 

creatively (Barry et al., 2008). It is also the theory that provides the basis to effectively solve 

contradictions. The core concepts of TRIZ include contradiction analysis, idle resources utilization, 

increasing the ideality of final result, prediction for the evolution of both problems and solutions, and 

40 innovative principles (Rantanen & Domb, 2000). TRIZ is “providing way for problem solvers to 

access the good solutions obtained by the world’s finest inventive minds” (Mann, 2007) and the basic 

process by which this occurs is illustrated in Figure 1.  

 

 

 

 

 

Figure 1. General TRIZ process 

 

Innovative tools in TRIZ theory includes a variety of methods such as Contradiction Matrix, 

Substance-Field Analysis, Anticipatory Failure Determination (AFD), Trends of Evolution, Ideal 

Solution (Ideal Final Result).  

▪2.2 Introduction to Engineering Parameters and Inventive Principles 
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Based on Hu & Yeh (2011), the innovative principles “can be used as independent tools to obtain 

innovative or creative ideas for resolving conflicts”. Mostly, a principle will give an idea for having 

an initial solution to a problem, but several trials may be needed to achieve a feasible solution.  

As we all know that technical contradiction means when one feature gets better, the other feature 

will get worse (Mann, 2007). Altshuller proposed 39 engineering parameters and corresponding 

39×39 contradiction matrix table. An adjustment from 39 engineering parameters to 48 was published 

in a book by Mann et al. (2003) to meet the requirement of advanced technology. 48×48 contradiction 

matrix was created based on their researches and Altshuller’s matrix. However, this study will use 39 

engineering parameters and 39×39 contradiction matrix table created by Altshuller. 

▪2.3 Anticipatory Failure Determination (AFD) 

Shetty (2015) considered that “AFD is an efficient and effective method for analyzing, predicting 

and eliminating failures in systems, products, and processes”. Zlotin and Zusman are the authors of 

AFD method (Proseanic et al., 2000). AFD is a guide for designers “in documenting situations, 

formulating related problems, developing hypotheses, verifying potential failure scenarios, and 

finding solutions to eliminate problems (Shetty, 2015).” It is a distinctive and powerful approach that 

will create a positive impact on the costs related with quality, safety, reliability, recalls, and warranty 

claims since it is important in new product development to utilize the prevention of unanticipated 

failures. Therefore, the main objective of AFD is to “identify, and bring to awareness, potential 

scenarios that could lead to the failure of our systems and operations, so that they may be fixed before 

they actually occur” (Kaplan et al., 1999). The AFD system consists of two modules: failure analysis 

of previous failures, and failure to predict failures that might occur in the future. 

3. Methodology 

This study focuses on the development of eco-design and AFD-based problem analysis and 

problem-solving. This process can be done through analysis of the current products’ non-green 

phenomenon (NGP) using AFD’s reverse thinking by considering eco-design concepts. 

TRIZ problem-solving tool is used to solve the problem and determine the solution. 
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▪3.1 Non-Green Phenomenon (NGP) 

According to Kibert (2012), the World Business Council for Sustainable Development (WBCSD) 

originated the concept of eco-efficiency which includes environmental impacts and costs as a factor 

in calculating business efficiency. The WBCSD has articulated seven elements of eco-efficiency: 

1. Reduce the material intensity of its goods and services. 

2. Reduce the energy intensity of its goods and services. 

3. Reduce the dispersion of any toxic materials. 

4. Enhance the recyclability of its materials. 

5. Maximize the sustainable use of renewable resources. 

6. Extend the durability of its products. 

7. Increase the service intensity of its goods and services. 

 

This study will also make use of seven elements of eco-efficiency to consider different aspects 

that may cause environmental impacts including: materials use, energy use, hazardous substances, 

recyclability, renewable use, total product life and service intensity. According to DeSimone and 

Popoff (2000), the greater the improvement in each of these elements–and more elements in which 

improvement occurs–the more eco-efficient a product or process is.   

 

▪3.2 Problem-solving procedure 

In this study, the problem-solving procedure is based on the AFD which will limit on the failures 

and issues related to environmental impact with the use of eco-design elements. NGP can be 

determined from failure. This study develops the following procedure to obtain green product design: 

(1) Failure Analysis, (2) Determining the Cause, Effect and Non-Green Phenomena (NGP) of the 

Failure, (3) Intensify NGP and Generate Failure Hypotheses from the results of the NGP 

Intensification, (4) Prevention/Elimination of Failures using TRIZ tool, (5) Assessment of alternative 

solutions. Electric kettle will be used as an example to demonstrate the methodology.  

Step 1: Failure Analysis 

In this step, we first select the desired product life cycle stage to be analyzed. Usually, a product 

life cycle includes the following phases: extraction and processing of raw materials, manufacturing, 

distribution, use, and reuse/recycle phases. For the example of electric kettle, the use phase is selected 

since it has a large environmental impact on the use phase of this product (Ashby, 2012). For the 

electric kettle, we identify the following two failures: 

A. Water temperature drops after some time, resulting to repeated heating. 

B. For situations like power outages, electric kettle can’t be used. Hence, it can’t supply hot 

water. 

Table 1 shows the product failure analysis and includes product name, product illustration, 

product components, primary useful function, useful function, and failure/problem. 
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Table 1. Product failure analysis 

• Product name • Product illustration 

Electric kettle 

 

Source: SAMPO 5.0L electric kettle KP-KA50W (G)  

http://iguang.tw/hola/product/016015349.html   

• Product components 

Kettle body, Heating element, Casing (lid), Thermostat, Internal insulation, Cable sheath, Cable 

core, Plug body, Plug pins 

• Primary useful function 

Provides hot water 

• Useful function 

Boils water 

Easy to reheat water 

Removable power cord 

• Failure/Problem 

A: Repeated heating to maintain hot water temperature. 

B: Unable to serve water without power. 

 

Step 2:  Determine the Cause, Effect and Non-Green Phenomena (NGP) of the Failure 

 

Based on two product failures identified in step 1, we can find their cause and effect.  In addition, 

each failure will be converted into non-green phenomenon (NGP) based on the seven eco-design 

concepts. 

 

a. Develop the NGP for failure A 

As shown in Table 2, the cause of the failure (A. Repeated heating to maintain hot water 

temperature) can be found and the effects of the failure are identified. From each effect, a NGP can 

be found. For instance, the effect (Inefficient power consumption) of the failure (Repeated heating to 
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maintain hot water temperature) can lead to the NGP (A1. Waste of electricity) for the eco-design 

concept (2. Reduce the energy intensity of its goods and services).  

Table 2. Product failure analysis questionnaire for Problem A. 

Failure/Problem 
A. Repeated heating to maintain hot water 

temperature. 

Cause of the failure/problem Water temperature drops after some time. 

Effect of the failure/problem 

Inefficient power consumption. 

Inefficient water consumption. 

Cannot serve the user properly. 

Eco-design concepts: NGP: 

1. Reduce the material intensity of its goods 

and services 
 

2. Reduce the energy intensity of its goods 

and services 

A1. Waste of electricity. 

A2. Waste of water. 

3. Reduce the dispersion of 

any toxic materials 
 

4. Enhance the recyclability of its materials  

5. Maximize the sustainable use of 

renewable resources 
 

6. Extend the durability of its products  

7. Increase the service intensity of its goods 

and services 

A3. Unable to properly serve the user, 

which leads to poor costumer experience. 

  Develop the NGP for failure B 

As shown in Table 3, the cause of the event (no electricity) will make the product unusable. The 

second failure (B. Unable to serve water without power) leads to one Non-Green Phenomenon (NGP) 

which is (B1) “Inconvenient product which leads to poor customer experience”. This NGP correlates 

the seventh eco-design concept because it decreases service intensity of its goods and services. 

Table 3. Product failure analysis questionnaire for Problem B. 

Failure/Problem B. Unable to serve water without power. 

Cause of the failure/problem No electricity. 

Effect of the failure/problem Unusable product 

Eco-design concepts: NGP: 

7. Increase the service intensity of its 

goods and services 

B1. Inconvenient product which leads to poor 

customer experience. 

  The identified non-green phenomena (NGPs) from the failures will be summarized at Table 4. 
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Table 4. Summary of the identified Non-Green Phenomenon (NGP) 

Failure/Problem Non-Green Phenomenon (NGP) 

A. Repeated heating to maintain hot 

temperature. 

NGP A1: Waste of electricity. 

NGP A2: Waste of water. 

NGP A3: Unable to properly serve the user, which 

leads to poor customer experience. 

B. Unable to serve water without power. 
NGP B1: Inconvenient product which leads to poor 

customer experience. 

 

Step 3: Intensify NGP and Generate Failure Hypotheses from the results of the NGP Intensification 

In Table 5, the identified NGPs in Step 2 will be intensified by thinking how to make those failures 

even worse. The NGP Hypothesis is determined by thinking what item corresponds to the failure that 

initiates the NGP. Afterwards, think about possible cases on the item that will worsen the NGP. 

Finally, the result of each NGP Hypothesis will also be determined. 

Table 5. Intensification of Non-Green Phenomenon (NGP) 

Failure/Problem 

Non-Green 

Phenomenon 

(NGP) 

Item that 

relates to the 

NGP 

How to make the 

NGP even worse?  

(NGP Hypothesis) 

Result 

A. Repeated 

heating of water 

to maintain hot 

temperature. 

NGP A1: Waste of 

electricity. 

Heating 

element 

Heating element 

generates excessive 

heat all the time. 

(H1) 

Reduce the life 

of heating 

element. 

Power 
Uses excessive 

power. (H2) 

Spends more 

money to pay 

electric bills. 

NGP A2: Waste of 

water. 
Water 

Kettle heats without 

water because water 

completely 

evaporates. (H3) 

Broken electric 

kettle. 

NGP A3: Unable to 

properly serve the 

user, which leads to 

poor customer 

experience. 

Internal 

insulation 

Won’t insulate hot 

water anymore. (H4) 

Unsatisfied 

user.  

Broken electric 

kettle. 

B. Unable to 

serve water 

without power. 

NGP B1: 

Inconvenient 

product without 

power which leads 

to poor customer 

experience. 

Water 

quality 

Power failure during 

the heating process. 

(H5) 

Water will not 

be completely 

boiled. 
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Step 4: Prevention/Elimination of NGP Hypothesis with the use of TRIZ tools 

 In this step, the non-green hypothesis will be prevented or eliminated by thinking what factor 

needs to improve and at the same time what worsening factor will contradict. By using 39 x 39 

contradiction matrix of engineering parameters, possible inventive principles will be determined to 

solve the NGP Hypothesis, as shown in Table 6. 

Table 6. Inventive principles for improving each hypothesis 

No Item 

If 

(prevention or 

elimination of non-

green  

hypothesis) 

Then 

(improving 

parameters) 

But 

(worsening 

parameters) 

Inventive principles 

H1 

 

Heating 

element 

 

Prevent excessive 

heating all the time. 

Longer life 

span for the 

heating 

element. 

 

(14. Strength) 

It makes this 

product more 

complicated. 

 

(36. Device 

complexity) 

2. Taking out-

Separation 

13. ‘The other way 

around’ 

25. Self-service 

28. Mechanics 

substitution/ 

Another Sense 

H2 Power 
Prevent excessive 

use of electricity. 

Reduce power 

consumption. 

 

(22. Loss of 

energy) 

It makes this 

product more 

complicated. 

 

(36. Device 

complexity) 

7. ‘Nested doll’ 

23. Feedback 

 

H3 Water 

Prevent the water to 

completely 

evaporate. 

Reduce water 

consumption. 

 

(22. Loss of 

energy) 

It makes this 

product more 

complicated. 

 

(36. Device 

complexity) 

7. ‘Nested doll’ 

23. Feedback 

 

H4 
Internal 

insulation 

Prevent the 

insulation to not 

function at all. 

Serve the 

customer 

better. 

 

(13. Stability of 

the object’s 

composition) 

It makes this 

product more 

complicated. 

 

(36. Device 

complexity) 

2. Separation or 

extraction 

35. Parameter changes 

22. “Blessings in 

disguise” or “Turn 

Lemons into 

Lemonade” 

26. Copying 

H5 
Water 

quality 

Able to make the 

kettle to function 

properly even 

without power. 

Can pump out 

water. 

 

(35. 

Adaptability or 

versatility) 

Need to install 

additional 

components. 

 

(36. Device 

complexity) 

15. Dynamics 

29. Pneumatics or 

hydraulics 

37. Thermal expansion 

– Relative change 

28. Mechanics 

substitution/Anothe

r Sense 
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 The inventive principles that are determined in Table 7 will be used to develop a possible 

solution to improve each non-green hypothesis. 

Table 7. Possible solutions for improving different NGP Hypotheses 

No NGP Hypothesis Inventive principles Possible solution 

H1 

Heating element 

generates excessive 

heat. 

2. Taking out-Separation None 

13. ‘The other way around’ None 

25. Self-service 
Put a button to manually make the 

heating element function. (S1-1) 

28. Mechanics 

substitution/Another sense 

Put a water temperature indicator to 

let the user know if their desired 

temperature is reached. (S1-2) 

H2 
Uses excessive 

power. 

7. ‘Nested doll’ None 

23. Feedback 

Put a water temperature indicator to 

let the user know if their desired 

temperature is reached.(S2-1) (S1-2) 

H3 

Kettle heats without 

water because water 

completely 

evaporates. 

7. ‘Nested doll’ None 

23. Feedback 

Turns off the power automatically 

when there’s no water left inside the 

kettle.(S3-1) 

Put a water level indicator.(S3-2) 

H4 
Won’t insulate hot 

water anymore. 

2. Separation or extraction 

Put another material at the middle 

layer of the container to properly 

insulate the water temperature from 

external surroundings of the kettle 

body.(S4-1) 

35. Parameter changes 

Use heat-resistant materials to protect 

the parts that are in contact with hot 

water.(S4-2) 

Use a vacuum like design to isolate 

the water temperature from external 

surroundings of the kettle body.(S4-3) 

22. “Blessings in disguise” or 

“Turn Lemons into 

Lemonade”  

None 

26. Copying None 

H5 
Power failure during 

the heating process. 

15. Dynamics 
Add pumping function that can be 

manually be operated.(S5-1) 

29. Pneumatics or hydraulics None 

37. Thermal expansion – 

Relative change 
None 

28. Mechanics substitution/ 

     Another Sense 

Install a built-in power in case of 

power outage.(S5-2) 

 

The solutions are then summarized by item, as shown in Table 8, with illustrations and ready for 

evaluation in the next step.  



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

252 

 

Table 8. Summarized solutions per item 

No 
Solution 
number 

Solution Solution illustration 

H1 S1-1 
Put a button to manually make the 
heating element function. 

 

H2 S2-1 
Put a water temperature indicator to let 
the user know if their desired 
temperature is reached. 

 

H3 

S3-1 
Turns off the power automatically when 
there’s no water left inside the kettle. 

 

S3-2 Put a water level indicator. 

 

H4 

S4-1 

Put another material at the middle layer 
of the container to properly insulate the 
water temperature from external 
surroundings of the kettle body. 

 

S4-2 
Use heat-resistant materials to protect 
the parts that are in contact with hot 
water. 

 

S4-3 
Use a vacuum like design to isolate the 
water temperature from external 
surroundings of the kettle body. 

 

H5 
S5-1 

Add pumping function that can be 
manually operated. 

 

S5-2 
Install a built-in power (battery) in case 
of power outage. 
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Step 5: Assessment of alternative solutions 

The alternative solutions from the previous step will be evaluated using the five assessment 

criteria which are: product functionality, energy consumption, operation convenience, easy to 

manufacture, and cost. A scoring system 9-3-1 (9 is the best performance, 3 is middle, and 1 is worst) 

is used. The possible solutions are shown in Table 9. The same hypothesis might turn out having 

different solutions. Product designers can make their decisions to suggest which solutions can be used 

for the final product.     

 

Table 9. Assessment of alternative solutions 

  

    Criteria 

Sol. No 

Product 

function 

Energy 

consumption 

Operation 

convenience 

Ease of 

manufacture 
Price 

Total 

score 

H1 S1-1 3 9 3 3 3 21 

H2 S2-1 9 9 9 1 3 31 

H3 
S3-1 9 9 9 3 1 31 

S3-2 3 3 9 9 3 27 

H4 

S4-1 9 9 9 3 1 31 

S4-2 9 9 9 3 1 31 

S4-3 9 9 9 1 1 29 

H5 
S5-1 9 3 9 3 1 25 

S5-2 9 3 9 9 1 31 

 

4. Conclusion 

In this study, a new problem-solving process was made to develop a green product design by 

modifying the TRIZ tool: Anticipatory Failure Determination (AFD) and integrating Contradiction 

Matrix/Inventive Principles and Ecological design considerations. In analyzing the non-green 

phenomenon (NGP) of a product, harmful impacts to the environment are determined. TRIZ Tools 

(Contradiction Matrix and Inventive Principles) were being used to improve the product and discover 

solutions to develop a green product design. Electric kettle was the product used to demonstrate the 

methodology. The following are the outcomes after doing the study: 

1. Apply the integration of AFD TRIZ tool and environmental considerations on solving product 

failures to reduce the environmental impacts of a certain failure. This would help to stimulate the 

designer's creative and inventive thinking through intensification of the failure/problem to prevent 

or eliminate the negative impact of the product on the environment. 
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2. Expand the combination of other TRIZ tools and AFD process combined with the concept of eco-

design to create a new set of failure analysis process in developing a green product design. 

3. The use of TRIZ and eco-design concepts on the development of products, in line with consumer 

awareness of green consumption, and at the same time enhance the competitiveness of these 

products in the market. 
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Abstract 

Traditionally, when roasting chickens, the chicken oil is vaporized and making lots of smoke. 

This results in air pollution and affects body’s health. Moreover, when using the roasting oven 

outdoors, wind will blow away the heat hence lots of charcoal is required. Therefore, in this paper, we 

focused on improving the portable chicken roasting oven for recreation industry. The purpose of this 

paper is to invent a new portable chicken roasting oven with systematic innovation method so as to 

eliminate air pollution, one of the important environmental issues. In this paper, we adopted TRIZ 

tools and systematic innovation method to analyze the above-mentioned problem. The tools such as 

Problem Hierarchy Analysis, Ideal Final Result, Problem Description, 6W1H1G, 9-Windows, 

functional analysis (FA) and effects database are used. In comparison with the traditional portable 

chicken roasting oven, the new one invented in this paper has the many advantages. 

Keywords: Systematic Innovation Method, TRIZ, Roasting Oven, Functional Analysis 

 

1. Introduction 

Traditionally, when roasting chickens, the chicken oil is vaporized and making lots of smoke. 

This results in air pollution and affects body’s health. Moreover, when using the roasting oven 

outdoors, wind will blow away the heat hence lots of charcoal is required. Therefore, in this paper, we 

focused on improving the portable chicken roasting oven for recreation industry. The purpose of this 

paper is to invent a new portable chicken roasting oven with systematic innovation method so as to 

eliminate air pollution, one of the important environmental issues. In this paper, we adopted TRIZ 

tools and systematic innovation method to analyze the above-mentioned problem.  
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2. Literature Review 

  The theory of inventive problem solving (TRIZ) has widely adopted in diverse disciplines as an 

effective systematic innovation method and it has revealed its promising development. However, most 

of the illustrated examples for TRIZ in literature are engineering-oriented and the learners need to 

have the related specific domain knowledge (Mann, 2004). This phenomenon results in some barriers 

for novices. Furthermore, as TRIZ owns abundant tools such as 40 inventive principles and the matrix 

of contradictions, laws of technical system evolution, substance-field analysis, ARIZ (algorithm of 

inventive problems solving), this also forms a cause hindering learning effect. 

   TRIZ can also be a practical auxiliary tool for product development, there have been many research 

papers that integrate TRIZ and others effective design or decision-making techniques such as AHP 

(Chang & Chen, 2004), QFD (Li et al., 2009), Kano (Chen & Chang, 2008). As TRIZ is a powerful 

tool, it has been applied on many disciplines to systematically solve problem. For engineering 

application, Pin et al. (2011) applied TRIZ principles in crowd management and found it is a very 

good method for solving problems which involve contradiction. Fresner et al. (2010) developed a 

generic approach for option identification by using elements of the so-called TRIZ method for cleaner 

production projects. Recently, there are also many applications of TRIZ for safety improvement 

(Scyoc, 2008) and eco-design (Jones and Harrison, 2000) as these issues exist contradictions 

accompanying opportunities.  

 

 

3. Research Method 

In this paper, we adopted TRIZ tools and systematic innovation method to analyze the above-

mentioned problem. The tools such as Problem Hierarchy Analysis, Ideal Final Result, Problem 

Description, 6W1H1G, 9-Windows, functional attribute analysis (FAA), 40 inventive principles Su-

Field analysis are used. The process in the proposed method in this paper is shown in Fig. 1. The 

process has five stages including problem definition, tool selection, solution generation, solution 

evaluation, and concept embodying. The problem definition stage includes various TRIZ tools such 

as Ideal Final Result (IFR), 9 windows of resources and constraints, problem explorer and Function 

Analysis (FA), etc. After finishing the above stage, one can select the more suitable tools to generate 

several solutions. The fourth stage, solution evaluation can use some methods such as AHP or radar 

plot, etc. Table 1 shows system constraints analysis table of traditional roasting oven. Fig. 2 shows the 

function analysis diagram of the traditional use status of traditional roasting oven. 
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problem definition

solution evaluation

tool selection,

solution generation

concept embodying

 

Fig. 1 The research process in this paper 

 

Table 1 System Constraints Analysis Table of traditional roasting oven 
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Fig. 3 Function analysis diagram of the traditional use status of traditional roasting oven 

 

4. Research Result 

Fig. 4 shows the component trim of heat transfer from traditional roasting oven to new design. 

Fig. 5 shows one example of effects database adoption for the improvement of traditional roasting 

oven. Fig. 6 shows the benefits analysis with radar plot between traditional roasting oven (as-is system) 

and new design (to-be system). 

AIR

CHICKEN

CHARCOAL

BARREL

HEAT THE 
CHICKEN 

WITH 
THERMO- 
CURRENT

AIR

CHICKEN

CHARCOAL

BARREL

HEAT

HEAT

HEAT HEAT

HEAT

HEAT

 

Fig. 4 Component trim of heat transfer for the traditional roasting oven 
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Fig. 5 One example of effects database adoption for the improvement of traditional roasting 

oven 

 

Fig. 6 Benefits analysis with radar plot between traditional roasting oven (as-is) and new design (to-

be) 

 

5. Conclusion 

In this paper, e adopted tools such as Problem Hierarchy Analysis, Ideal Final Result, 

Problem Description, 6W1H1G, 9-Windows, functional analysis (FA) and effects database are used 

to improve the traditional roasting oven. In comparison with the traditional portable chicken roasting 

oven, the new one invented in this paper has the many advantages such as less roasting time, less 

smoke, less charcoal, more controllable and more functional usages. The research process and results 
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of the paper are available for reference in the traditional product or process innovation and value-

added design. 
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Abstract  

There are few papers about applying Functional Analysis and Evolution Trends dealing with a 

teaching problem, that is, a teacher does not have a good ability to keep a class in good order. In this 

paper, we try to use TRIZ-based tools to deal with this problem. We use Functional Analysis and 

Evolution Trends as a tool for solving this problem, and we found out the key parts for solving it. Then, 

we used 5 Evolution Trends for Business and Management, which are Dynamics, Action Evolution, 

Transition to Micro-level, Interface Evolution, Transition to Macrolevel. Applications method to got 

10 possible ideas for the solution. Next, we used Multi-Criteria Decision Matrix and Estimating Time 

to Implement to Comparing and Evaluation to those 10 ideas to select the most optimal one. Finally, 

the best idea was chosen. The idea is Combine an e-learning course to learn knowledge and after that 

a case study course to learn problem solving skills. Through this kind of teaching, we expect that 

students will be more focused in class, thus the class will be in good order. 

Keywords: Business and Management, Functional Analysis, Evolution Trends, Multi-Criteria 

Decision Matrix, Improving Poorly Control. 

1. Introduction 

Usually, the problem in class is deal with teacher’s experience and teaching skills. It is rarely 

generate idea by use create skill. In this paper, we try to use TRIZ to deal with a problem about Teacher 

poorly controls students in class. It becomes the research topic of this paper. 
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2. Literature Review 

The TRIZ techniques For Business and Management are different from the original TRIZ 

techniques (International TRIZ Association website); it is due to further development of the techniques 

and adaptation of TRIZ to business and management applications by ICG T&C. (Valeri Souchkov. 

2015) 

3. Methodology 

3.1 Problem Situation 

Teachers teach innovative courses to students in class. Teachers ask students do more practices 

relating innovative skills for knowing skills well. But, students don’t want to practice much. There are 

so many interesting things in the internet network. They feel the practice is hard, so they play iphones 

to substitute practicing innovative skills. In this case, Teacher is poorly controls students. And so on, 

Air conditioner is cooling air, but it is noisy. 

3.2 Functional Analysis 

3.2.1 Selected System component 

There are 7 components in this system of problem: Teacher, student, iphone, network, interesting 

thing, Air conditioner, and Air.  

3.2.2 Matrix of interactions 

Table 1 Matrix of interaction  
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Air conditioner   X  X 
    

X 

Air  X X 
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3.2.3 Function Model 

Figure 1.  Function Model Diagram 

 

3.2.4 Binary Problems Ranking 

Table 2 Binary Problems Ranking Table 

# Problem 1 2 3 4 5 6 
Total 

Score 

1 Iphone interferes  student  
-1 +1 +1 +1 -1 +1 

2 Student  learns  inefficiently +1  
+1 +1 +1 -1 +3 

3 Student  plays Iphone much -1 -1  
+1 +1 -1 -1 

4 
Air conditioner  interferes  

student 
-1 -1 -1  

+1 -1 -3 

5 
Air conditioner  interferes  

teacher 
-1 -1 -1 -1  

-1 -5 

6 Teacher poorly controls students  +1 +1 +1 +1 +1  
+5 
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3.2.5 Ranked Problems 

Table 3 Ranked Problems Table 

# Problem Rank 

1 Teacher poorly controls students +5 

2 Student  learns  inefficiently +3 

3 Iphone interferes  student +1 

4 Student  plays Iphone much  -1 

5 Air conditioner  interferes 

student 
-3 

6 Air conditioner  interferes 

teacher 
-5 

 

3.2.6 The Most Important Problem 

Problem 1. Teacher poorly controls students 

Problem 2. Student learns inefficiently 

Problem 3. Iphone interferes student 

3.3 Trend and Lines of Evolution 

We use Evolution Trends for Business and Management Applications to generate idea for problem 1. 

Teacher poorly controls students, the most Important Problem.  

3.3.1 Selected System-School 

A system to improve 

1. Situation: Teachers poorly control students 

2. System: School 

3. Key subsystem to innovatively update: Teachers 

4. Contradictions to be resolved: 

a. The numbers of teachers must be high to  
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a) take more time care to each student and  

b) eliminate wait time to ask questions for each student   

but at the same time must be low to avoid high costs. 

b. The quality of teachers must be high to  

a) make good teaching to attract each student and  

b) eliminate distracting things from students  

but at the same time must be low to avoid high costs. 

3.3.2 Ideas obtained with the TRIZ Evolution Trends and Lines 

Table 4 Ideas obtained with the TRIZ Evolution Trends and Lines 

Trend Line Ideas 

Dynamics Process 

Dynamics Increase 

Teachers are transferred between various schools 

depending on each school demand 

 
Symmetry 

dynamiation 

The school invests on training its own teachers from local 

community 

Action 

Evolution 

Actions 

Coordination 

Temporarily hiring extra teachers during the semester that 

students temporarily increase 

 
Periodic Action 

Evolution 

Periodically hiring teachers to teach for summer vacation 

courses. 

Transition to 

Micro-level 

Segmentation An "expensive" teacher teaches only the most difficult part 

of a course while the rest of courses are taught by lower paid 

teachers 

 
Transition to 

Immaterial Object 

Create an e-learnning course.  Using network to teach 

students . 

Interface 

Evolution 

Use of Senses Use “virtual reality” classroom to teach students  

Transition to 

Macrolevel 

System parts 

differences 

increase 

Rent a classroom in properous area of city in order to teach 

part-time students 



 

 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

267 

 

 Mono-Bi-poly 

System Transition 

Set up branch schools 

 Alternative 

Systems Merging 

(Hybridization) 

Combine an e-learning course to learn knowledge and after 

that a case study course to learn problem solving skills. 

 

3.4 Ideas obtained with the Inventive Standards 

Table5 Ideas Collecting table 

No. Ideas 

1 Teachers are transferred between various schools depending on each school demand 

2 The school invests on training its own teachers from local community 

3 Temporarily hiring extra teachers during the semester that students temporarily 

increase 

4 Periodically hiring teachers to teach for summer vacation courses. 

5 An "expensive" teacher teaches only the most difficult part of a course while the rest of 

courses are taught by lower paid teachers 

6 Create an e-learnning course.  Using network to teach students . 

7 Use “virtual reality” classroom to teach students  

8 Rent a classroom in properous area of city in order to teach part-time students 

9 Set up branch schools 

10 Combine an e-learning course to learn knowledge and after that a case study course to 

learn problem solving skills. 

3.5 Comparing and Evaluation 

3.5.1 Multi-Criteria Decision Matrix 

Table 6 Ideas Multi-Criteria Decision Matrix table 

No. Ideas Easy Students 

Happy 

Cheap effective Total 

score 

Rank 

 
Weight-> 5 4 6 7 
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1 Teachers are transferred 

between various schools 

depending on each school 

demand 

0 +1 0 1 

11 3 

2 The school invests on 

training its own teachers 

from local community 

-1 0 -1 0 

-11 11 

3 Temporarily hiring extra 

teachers during the semester 

that students temporarily 

increase 

-1 0 -1 1 

-4 8 

4 Periodically hiring teachers 

to teach for summer vacation 

courses. 

0 0 1 1 

13 2 

5 An "expensive" teacher 

teaches only the most 

difficult part of a course 

while the rest of courses are 

taught by lower paid teachers 

0 0 0 1 

7 4 

6 Create an e-learnning course.  

Using network to teach 

students . 

-1 0 1 0 

1 5 

7 Use “virtual reality” 

classroom to teach students  

-1 1 -1 1 
0 6 

8 Rent a classroom in 

properous area of city in 

order to teach part-time 

students 

-1 1 -1 0 

-7 9 

9 Set up branch schools -1 1 -1 1 0 6 

10 Combine an e-learning 

course to learn knowledge 

and after that a case study 

course to learn problem 

solving skills. 

1 1 0 1 

16 1 

Score (Performance of an idea) = SUM (Criterion x * Weight x) per idea 

Weight of each criterion is better to set from 1 to 10 
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3.5.2 Estimating Time to Implement 

Table 7 Estimating Time to Implement Ideas 

No. IDEA Time to market 

1 Teachers are transferred between various schools depending on each 

school demand 3 month 

2 The school invests on training its own teachers from local community 2 month 

3 Temporarily hiring extra teachers during the semester that students 

temporarily increase 1 month 

4 Periodically hiring teachers to teach for summer vacation courses. 3 month 

5 An "expensive" teacher teaches only the most difficult part of a course while 

the rest of courses are taught by lower paid teachers 4 month 

6 Create an e-learnning course.  Using network to teach students . 4 month 

7 Use “virtual reality” classroom to teach students  3 month 

8 Rent a classroom in properous area of city in order to teach part-time 

students 4 month 

9 Set up branch schools 6 month 

10 Combine an e-learning course to learn knowledge and after that a case study 

course to learn problem solving skills. 3 month 

3.5.3 Ideas Landscape 
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Figure 6.  Ideas Landscape Diagram 

3.5.4 Selected idea 

The best idea is Student groups discuss cases and report them. 

4. Result and Discussion 

TRIZ is used in this paper to deal with a problem about Teacher poorly controls students in class. 

Thought the use of Functional Analysis and Binary Problems Ranking, we find Teacher poorly controls 

students is a most Important Problem in this paper case. Then, we use Inventive Standards for Business 

and Management Applications, Group 3. Improving poorly controllable effect of an interaction, and 

generated 4 ideas, and then, we use Multi-Criteria Decision Matrix and Estimating Time to Implement 

to Comparing and Evaluation those 4 ideas. And, finally, we find the best idea is Make students group 

discuss cases and report them.  
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Abstract  

There are rarely a paper about apply Functional Analysis and Inventive Standards to deal with a 

teaching problem. In this paper, we try to use TRIZ to deal with a problem about IPhone Interferes 

Students learning in class. We use both Functional Analysis and Inventive Standards tools to deal with 

this problem. Through the use of Functional Analysis and Binary Problems Ranking, we find the 

problem, IPhone Interferes Students learning is a third important problem in this case study. Then, we 

use Inventive Standards for Business and Management Applications method- Group 4, Eliminating 

negative effect of an interaction and generated 8 ideas, they provide many solutions to deal with the 

problem of iPhone interferes students learning. Finally, we find the best idea is teacher show some 

interesting things relate to teach topics and ask students observe them and write reports 

Keywords: Business and Management, Eliminating negative effect of an interaction, Functional 

Analysis, Inventive Standards, IPhone Interferes Students learning.  

1. Introduction 

Usually, the problem in class is deal with teacher’s experience and teaching skills. It is rarely 

generate idea by use create skill. In this paper, we try to use TRIZ to deal with a problem about IPhone 

Interferes Students learning in class. It becomes the research topic of this paper. 

2. Literature Review 

The TRIZ techniques For Business and Management are different from the original TRIZ 

techniques (International TRIZ Association website); it is due to further development of the techniques 

and adaptation of TRIZ to business and management applications by ICG T&C. (Valeri Souchkov. 

2015) 
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3. Methodology 

3.1 Problem Situation 

Teachers teach innovative courses to students in class. Teachers ask students do more practices 

relating innovative skills for knowing skills well. But, students don’t want to practice much. There are 

so many interesting things in the internet network. They feel the practice is hard, so they play iphones 

to substitute practicing innovative skills. In this case, Students who are learn inefficiently, IPhone 

Interferes Students learning in class. And so on, Air conditioner is cooling air, but it is noisy. 

3.2 Functional Analysis 

3.2.1 Selected System component 

There are 7 components in this system of problem: Teacher, student, iphone, network, interesting 

thing, Air conditioner, and Air.  

3.2.2 Matrix of interactions 

Due to space limitations, this part is omitted. 

3.2.3 Function Model 

Due to space limitations, this part is omitted. 

3.2.4 Binary Problems Ranking 

Due to space limitations, this part is omitted. 

3.2.5 Ranked Problems 

Due to space limitations, this part is omitted. 

3.2.6 The Most Important Problem 

Problem 1. Teacher poorly controls students 

Problem 2. Student learns inefficiently 

Problem 3. Iphone interferes student 

3.3 Inventive Standards 
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We use Inventive Standards Solutions for Business and Management Applications, Group 4. 

“Eliminating negative effect of an interaction” to generate idea for problem 3. IPhone Interferes 

Students learning is a third Important Problem. Its Su-field model is described in Figure 1. 

 

Figure 1 The Su-field model of IPhone Interferes Students learning 

3.3.1 Inventive Standards solution 4-1 

If there is a harmful effect of interaction between two objects A and B, then introduce a new object 

between the two, which possesses the property to eliminate the harmful effect of the interaction. (Valeri 

Souchkov. 2015) 

 

  
Figure 2.  Inventive Standards solution 4-1 Diagram (Valeri Souchkov. 2015) 

Generate idea: Teachers set signal cutter devices in classroom to make Iphone disconnect network 

that studets can not access network 

3.3.2 Inventive Standards solution 4-2 

If there is a harmful effect of interaction between two objects A and B, then introduce a new object 

between the two which is a modification of the object A or B and possesses the property to eliminate 

the harmful effect of the interaction. (Valeri Souchkov. 2015) 

 

Figure 3.  Inventive Standards solution 42 Diagram (Valeri Souchkov. 2015) 
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Generate idea: Teachers assign some students report interesting things relate to teach topics to attract 

students 

3.3.3 Inventive Standards solution 4-3 

If there is a harmful effect of interaction between two objects A and B, then introduce a new flow 

which possesses a property to neutralize the harmful effect of the interaction. (Valeri Souchkov. 2015) 

 

Figure 4.  Inventive Standards solution 4-3 Diagram (Valeri Souchkov. 2015) 

Generate idea: Teachers show some interesting things relate to teach topics and ask students observe 

them and write reports 

3.3.4 Inventive Standards solution 4-4 

If there is a harmful effect resulting from the interaction between two objects A and B then subject 

the object which suffers from the negative effect to antipodal action beforehand that will compensate 

with the harmful factor and eliminate the negative effect. (Valeri Souchkov. 2015) 

 

Figure 5.  Inventive Standards solution 4-4 Diagram (Valeri Souchkov. 2015) 

Generate idea: Teacher assigns an activity that students do not have a chance to play their Iphones 

3.3.5 Inventive Standards solution 4-5 

If there is a harmful effect resulting from the interaction between two objects A and B then create 

preliminary conditions that will withdraw the negative effect. (Valeri Souchkov. 2015) 
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Figure 6.  Inventive Standards solution 4-5 Diagram (Valeri Souchkov. 2015) 

Generate idea: Teacher requires students to switch off their Iphones  

3.3.6 Inventive Standards solution 4-6 

If there is a harmful effect of interaction between two objects A and B, perform the required change 

of the object (fully or partially) in advance. (Valeri Souchkov. 2015) 

 

Figure 7.  Inventive Standards solution 4-6 Diagram (Valeri Souchkov. 2015) 

Generate idea: Students had known he/she will fail the course if he/she was found playing Iphone  

3.3.7 Inventive Standards solution 4-7 

If there is a harmful effect resulting from the positive interaction between two objects A and B then 

consider replacing the continuous positive action (which is provided by the interaction) with a periodic 

one. (Valeri Souchkov. 2015) 

 

Figure 8.  Inventive Standards solution 4-7 Diagram (Valeri Souchkov. 2015) 

Generate idea: Teacher plays interesting videos relate to teach topics to attract students every 10 

minutes 



 

 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

276 

 

3.3.8 Inventive Standards solution 4-8 

If there is a harmful effect resulting from positive interaction between two objects A and B, and if the 

object is subjected to harmful or hazardous actions within the process of the interaction, consider 

conducting the process at a very high speed. (Valeri Souchkov. 2015) 

 

Figure 9.  Inventive Standards solution 1-8 Diagram (Valeri Souchkov. 2015) 

Generate idea: Give students short time to play Iphones and then ask students put their Iphones in front 

of the classroom 

3.4 Ideas obtained with the Inventive Standards 

Table 1 Ideas Collecting table 

Inventive Standard Ideas 

4-1 Teachers set signal cutter devices in the classroom to make Iphone 

disconnect network 

4-2 Teachers assign some students report  interesting things relate to teach 

topics to attract students 

4-3 Teachers show some interesting things relate to teach topics and ask 

students observe them and write reports 

4-4 Teacher assigns an activity that students do not have a chance to play 

their Iphones 

4-5 Teacher requires students to switch off their Iphones 

4-6 Students had known he/she will fail the course if he/she was found 

playing Iphone  

4-7 Teacher plays  interesting videos relate to teach topics to attract 

students every 10 minutes 

4-8 Give  students short time to play Iphones and then ask students put 

their Iphones in front of the classroom 

3.5 Comparing and Evaluation 

3.5.1 Multi-Criteria Decision Matrix 
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Table 2 Ideas Multi-Criteria Decision Matrix table 

No. Ideas Easy Students 

Happy 

Cheap effective Total 

score 

Rank 

 
Weight-> 5 4 6 7 

  

1 Teachers set signal cutter 

devices in the classroom to 

make Iphone disconnect 

network 

0 -1 -1 1 

-3 8 

2 Teachers assign some 

students report  interesting 

things relate to teach topics 

to attract students 

1 -1 1 1 

14 4 

3 Teachers show some 

interesting things relate to 

teach topics and ask students 

observe them and write 

reports 

1 0 1 1 

18 1 

4 Teacher assigns an activity 

that students do not have a 

chance to play their Iphones 

0 1 1 1 
17 2 

5 Teacher requires students to 

switch off their Iphones 

0 -1 1 1 
9 5 

6 Students had known he/she 

will fail the course if he/she 

was found playing Iphone  

1 -1 1 0 
7 6 

7 Teacher plays  interesting 

videos relate to teach topics 

to attract students every 10 

minutes 

1 1 0 1 

16 3 

8 Give  students short time 

to play Iphones and then ask 

students put their Iphones in 

front of the classroom 

-1 1 1 0 

5 7 

Score (Performance of an idea) = SUM (Criterion x * Weight x) per idea 

Weight of each criterion is better to set from 1 to 10 
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3.5.2 Estimating Time to Implement 

Table 3 Estimating Time to Implement Ideas 

No. IDEA Time to market 

1 Teachers set signal cutter devices in the classroom to make Iphone 

disconnect network 5 month 

2 Teachers assign some students report  interesting things relate to teach 

topics to attract students 2 month 

3 Teachers show some interesting things relate to teach topics and ask 

students observe them and write reports 1 month 

4 Teacher assigns an activity that students do not have a chance to play their 

Iphones 2 month 

5 Teacher requires students to switch off their Iphones 
1 month 

6 Students had known he/she will fail the course if he/she was found playing 

Iphone  2 month 

7 Teacher plays  interesting videos relate to teach topics to attract students 

every 10 minutes 2 month 

8 Give  students short time to play Iphones and then ask students put their 

Iphones in front of the classroom 1 month 

 

3.5.3 Ideas Landscape 

 
Figure 10. Ideas Landscape Diagram 
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3.5.4 Selected idea 

The best idea is teacher show some interesting things relate to teach topics and ask students observe 

them and write reports. 

4. Result and Discussion 

TRIZ is used in this paper to deal with a problem about IPhone Interferes Students learning in 

class. Thought the use of Functional Analysis and Binary Problems Ranking, we find IPhone Interferes 

Students learning is a third Important Problem in this paper case. Then, we use Inventive Standards 

for Business and Management Applications, Group 4. Eliminating negative effect of an interaction 

and generated 8 ideas, it offers many solutions to deal with the problem of IPhone Interferes Students 

learning.  
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Abstract 

This research is a kind of smart energy-saving device functioned with infrared sensors to detect 

if users are present. It is available to control the usage of power supply outlets, together with switching 

on/off of various kinds of the household appliances surrounding computers.  When users are present, 

the power supply of various kinds of household appliances is switched on to make energy saving 

achievable. When users are not present, all the power supply of various kinds of household appliances 

(except computer mainframe) is switched off. 

Keywords: Energy-saving, extension line, smart, sensor. 

1. Introduction 

Most people are often surrounded by various kinds of the household appliances such as monitors, 

printers, scanners, table lamps, fans, audio, television, etc. when they are using desktop computers. It 

is always people's habit to plug all of the household appliances into the same extension line and turn 

on all appliances. The users of the computer leave their seats very often for temporarily answering 

door bell, meeting the visitors, talking to their families, etc. The users normally won't turn off powers 

of the appliances because of temporarily leaving. However, in many cases this is not the case. Very 

often the time that the users leave the seat is far more than originally estimated that will immediately 

return to the seat. Therefore the energy that is used during this time period is wasted when the users 

are not present. 

2. Objectives 

This paper is to develop a smart energy-saving extension line with automatic sensing to help 

people more easily and more effectively achieve the purpose of automatic energy saving and carbon 

reduction. This power extension cord can intelligently sense whether the user is in the working position 

and can automatically turn on or off all the power of the surrounding electrical appliances that are 

being used in accordance with the user are at the working position or not.  It is possible to avoid a 
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situation where the power supply is wasted because the user temporarily leaves the seat but does not 

return for a long time. 

3. Theory and Application 

▪3.1 Main Structure 

Figure 1 shows the design theory of the smart energy-saving extension line. It consists of a main 

body, socket group I, socket group II, an infrared sensor, a control unit, and a wire and a plug. The 

wire and plug is connected to the socket on the wall to provide the electric to the smart energy-saving 

extension line. The infrared sensor is set on the top of the screen of LCD of the computer to detect if 

there are users in front of the computer screen. It gives signals to the control unit to determine if socket 

group II is connected and supplied current for the appliances. The socket group I is NOT controlled 

by the infrared sensor. It always supplies power so that some appliances such as PC mainframe will 

not shut down by infrared detecting. The control unit gives signals to turn on or off the appliances that 

are connected to socket II according to the sensing of the infrared.  

 

Figure 1. The main structure of a smart energy-saving extension line. 

 

▪3.2 Application 

The model of a smart energy-saving extension line is designed as shown in Figure 2, with a group 

of sensor-controlled sockets, a group of uncontrolled sockets, and an infrared sensor. Uncontrolled 

sockets are applied to appliances that are not to be controlled such as PC mainframe. Sensor-controlled 

sockets are applied to appliances that are to be controlled for energy saving when the users are not 

present, such as fan, lamp, etc. 

The application of the smart energy-saving extension line is shown in Figure 3.  

Infrared sensor

Socket group I

Socket group II

Main body

Wire and plug
Control unit
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Figure 2 A model of a smart energy-saving extension line. 

 

Figure 3. The application of a smart energy-saving extension line. 
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▪3.3 Process for Saving Energy  

The flowchart of function of the smart energy-saving extension line is shown in Figure 3, as 

follows: 

1. At the beginning of the power supply system power supply ON, infrared sensor power ON, 

began to detect whether there is a user around. 

2. If a user is detected, the power saving device turns ON, which will cause the electrical power to 

ON and work normally. 

3. If a user is not detected, the timer in the power saving device will start timing. If the user is 

detected by the infrared during the timing, the power supply will remain ON. If the user is not 

detected for a set time, for example, one minute, then the sensor will send a signal to turn off the 

electrical appliances. 

 

Figure 3. The flowchart for saving energy. 
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4. Conclusions 

This study developed a kind of smart energy-saving device functioned with infrared sensors to 

detect if users are present. It is available to control the usage of power supply outlets, together with 

switching on/off of various kinds of the household appliances surrounding computers. When users are 

not present, all the power supply of various kinds of household appliances is switched off. When users 

are present, the power supply of various kinds of household appliances is switched on to make energy 

saving achievable. 
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Abstract 

Multi-Brand strategy is used to expand the business scale of chain franchise system. The business 

efficiency may be influenced if the brand extension is developed under the existing consumer 

cognition. Previous studies suggested that the higher brand fit could improve the business efficiency. 

As the highly changeable environment, higher brand fit may have the restrictions impact of enterprise. 

This study exploring the brand fit influence by case study of a multi-brand chain franchise enterprise. 

The findings are, 1. The higher product fit can improve the operational effectiveness 2. The enterprise 

group conduct multi-brand strategy can produce the influence of perception-related brand fitting. 3. 

Enterprise group should manage their multi-brand strategy for brand association effects. 4. Product fit 

is higher influence than perceptual fit and brand fit. 5. Business may use group image to collaborate 

their new brands  

Keywords: Chain franchise system, brand fit, multi-brand strategy. 

1. Introduction 

Multi-brand strategy is frequently used to attract the different needs of consumers for the fiercely 

competition. The fit between original and extension brand are conducted brand association, also affect 

the consumers thinking. Previously studied suggested that the most important factors influencing the 

brand evaluation of multi-brand management are the coincidence degree between original and 

extension brand. Because some consumers from the original brand emotion transfer to extend the way 

of product emotion, and affect the consumer's willingness to buy, then the conjunction degree is more 

important, if the match is poor, not only from the original brand transferred to the positive relationship 

will be reduced, may also produce bad association. Chain franchise system is different from enterprise 

group that not only expand franchisee but multi-brand strategy. Catering industry usually develops 

new brand in related products. This study selected one Chain franchise system of catering industry 

aims to explore the effects of product fit, perceptual fit and brand fit on multi-brand management. 
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2. Literature Review 

2.1 Chain franchise system 

Labher (1963) considered that the chain system is a systematic group that operates the majority 

of shops with common purpose and consistent action. Kotler (1991) define the chain system for the 

mastery or control of several or more retail stores and these retailers are hoping to sell the same product 

line, unify purchasing and sales, and shape the consistency of the store image. The definition of chain 

franchise system by franchisee is showed table 2.1. 

Table 1 The numbers of franchisee definition 

Department franchisee 

Directorate General of Budget, Accounting and Statistics, Executive Yuan, R.O.C. More than 2 

Japan Franchise Association (JFA)  More than 10 

International Franchise Associations (IFA) More than 10 

Bureau of the Census of U.S. Department of Commerce More than 2 

Taiwan Chain Stores and Franchise Association (TCFA) More than 7 

Chain franchise system is the way to expand business scale. 

2.2 Multi-brand management 

Cooper and Kleinschmidt (1991), Thamaraiselvan and Raja(2008) argued that only more than 

20% of the new products can survive and succeed in the market competition, especially the high cost 

and risk  leads to new product failure in completion marked. In view of the high risk of new products 

entering market, the company adopts brand extension and multi-brand strategy to reduce the risk of 

new product failure. 

Kotler(1999,2000) propose that multi-brand strategies are adding new brands to the same product 

categories, aiming to create different attributes to cause different consumer purchases. Multi-Brand 

strategy will result in the dilution effect of brand, blur enterprise recognition and brand image. 

Aaker and Joachimsthaler (2000) mentioned that environmental factors such as "increase in 

market complexity", "competitive pressure drama", "Market competition for Globalization", "dynamic 

change and diversity of media", will make the number of enterprise brands increase, it will produce 

difficult load complexity and cause consumer confusion. But these problems will not prevent the 

company to continue to expand the determination, because in recent years, the fashion industry has 

also continued to develop, has not limited to the traditional sense of clothing, including jewelry 

accessories, digital electronic products, daily necessities, etc., can be said to belong to the livelihood 

of the consumer industry. 

Tauber (1988) study 276 brands extending examples of 1796, it is pointed out that a brand must 

be able to reach another product category successfully and have fit and influence. There are many 
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studies that argue that consumers ' evaluation of brand extensions will be influenced by the perception 

of fit, while consumers will be more highly rated for a higher brand extension. (Boush , Shipp, Loken , 

Gencturk ,Crockett , Kennedy , Minshall , Misurell , Rochford , Strobel et al.,1987；Aaker & 

Keller,1990；Boush & Loken,1991；Park, Milberg, & Lawson,1991；Broniarczyk & Alba,1994). Bhat 

and Reddy（1997）suggested extension of brand and brand image related to the appropriate degree, 

called Brand image fit. Aaker and Keller(1990),Tauber(1981),Styles and Ambler(1995) explained the 

so-called brand extension (brand extension) means that an existing brand is used in the new product 

category. Brand extension differs from product line extension. 

3. Methodology 

The methodology of this study to collect primary data is case study by in-depth interview. This 

non-structured questionnaire hope to triggering more discussion, thus researchers need not formal 

questions and interview in order. The researcher draws up the interview questions to reach the research 

purposes during dialog. The data collections is kind of experiences, opinion, and the knowledge of 

Interviewee. 

Moreover, researcher informs participants the research motivation, theories and the study aims. 

By the depth interview, may explore the new ideas, concept and even development new frameworks. 

3.1 Case selected 

The case company is a multi-brand company in the catering industry and closed to the leading 

business as Wowprime and Inkism in Taiwan. There are 12 brands of case company (as table 2). 
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Table 2 The brands of case company 

Yilan travel souvenirs store 

/theme restaurant 

Brand Name 

BROWN TAFFY 

TIMEBOX 

Hello Peter 

Chiao Hsi Cherry Valley  

Hi -Chiba(closed) 

hand ceremony & bakery HOW SWEET 

self-service restaurant 
Good taste QQ self-service 

restaurant 

vegetarian self-service restaurant 
National vegetarian self-service 

restaurant 

pettitoes rice Three point happiness pettitoes rice (Traditional food) 

steamed buns Mr.Baoz (closed) 

sandwich bar Japanese style fried pork Chop Shop /Kyoto romantic Pavilion (closed) 

oden Easter Kyoto oden (closed) 

The case company was founded in 2005, with the internationalization and multi-brand 

management. Case company expands business to taste of Chinese, Japanese, Italian and develops new 

trends include vegetarian and new generations baked food. Enhance the industrial value of its brands 

through the quarterly study abroad to absorbing the global dining experience. Director Xiang continue 

to provide reasonable price, quality excellence, balancing tastes and health products to the world's 

consumers, to create a Chinese chain of circulation service brand, the development of a global dining 

kingdom. The reputation of case company is showed as below: 

2007/12  passed the chain headquarters qualified certification(TGCS) of The Department of 

Economic 

2008/12  passed Business Division qualified chain Headquarters certification of the Department of 

Economic  

2010/10  main factory of How Sweet passed ISO22000 and HACCP International Food Safety 

certification. 

2011/05  HOW SWEET "Guan Temple and Pineapple Crisp" selected as Tainan Top ten companion 

ceremony honors. 

2011/08  HOW SWEET selected as "Ten outstanding Brands" honors of the franchise exhibition. 

2011/12  Central Kitchen awarded the "Sightseeing Factory" certification by the Industrial Bureau 

of Economic Department. 

2012/05  HOW SWEET "Egg Pudding" won the new Taipei features accompanied by hand 

ceremony champion. 

2012/08  HOW SWEET Won the champion of Taipei Egg Yolk Crisp Festival . 
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3.2 Case Interviewee 

The Interviewees includes two parts, one is Vice President for understanding their multi-brands 

management and performance, the other is customer for consumer's cognition. 

Table 3  Interviewee List  

 
Case 

company 

Case 

company 

Customer 

1  2  3  4   5 

Interviewee 
Vice 

President 

Vice 

President 

 

Young 

people 

female male student senior 

hours 4  5  0.5 0.5 0.5 0.5 0.5 

times 1 2 1 1 1 1 1 

 

3.3 Research framework 

The research framework as fig1, the fit factor are classifies to three items. They are product fit, 

perceptual fit and brand fit (Park, Milberg ,and Lawson ,1991). The evaluation factors are divided into 

product categories similar and brand concept consistency （Bhat & Reddy, 2001）. High fit means 

the better extension evaluation, and the new product has gained the trust of consumers. The 

compatibility and the multi-brand will interact with each other, but not the simultaneous influence of 

multiple pointers, may only affect one single pointer, so the research framework mainly explores the 

business trend of multi-brand enterprises. 

 
fig1 research framework 

4. Discussion 

Case company stressed their management’s thinking in one store of specific brand. There are four 

important key points to considerate.1. good mention SOP; 2. SOP of Headquarters for franchisees; 3. 

supervisor and reports 4.E-Learning(remote meeting) 5.Meeting and inspire members. Experience 

sharing is most important during meetings. 

Table 4  Fit degree of case company 
Fit Degree 

Product fit Media~High 

perceptual fit  Low 

brand fit Low 

Fit 

⚫ Product fit 

⚫ perceptual fit  

⚫ brand fit 

Effect 

⚫ performance 

⚫ consumer's 

cognition 
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Comparing the opinion of interviewees is showed as table 4. Case company have high product 

fit, but most customers’ perceptual fit is low and brand association is low, too. 

This study found that the effectiveness of product, perception and brand fit on chain franchise 

system. 

Table 5 performance and consumer's cognition 
 Effect 

performance  

1. revenue of 2015 about 12~13 hundred million. 

2. franchisees：34 (Taiwan), 1 (china,increasing). 

3. SOP and standardizing    

4. advantage of cost down: central kitchen, chain franchise system  

consumers cognition low 

The Multi-Brand effects are provided on performance. The consumer's cognition is still 

ambiguous. 

Summary the analysis of interviewee’s opinion, this study provides some finding as list: 

Finding 1, The higher product fit can improve the operational effectiveness.  

In this case, product fit effects are more than perception and brand fit .Case enterprise 

development 12 brands in catering industry. The benefit of product fit is focus on reduce operating 

costs and aggregate capability of a new store openness, but also have economies of scale to make 

enterprises have high profits. The respective brand is not high similar and get more consistent 

reputation effects of brand association. Most customers only consume in one brand and rare know 

other brands. They even do not know the enterprise group. We find case company did not enhance 

their connection of their brand. They focus on high degree of product alignment for new brand. 

Finding 2, The enterprise group conduct multi-brand strategy can produce the influence of 

perception-related brand fitting degree. 

Case enterprise established a central kitchen to take care their different brand. As the head office 

does not marketing its brand perceptual variable. The consumers would not put   different brands 

together. In generally, a company must establish a good image of the brand, and leave a good 

impression to their consumers, and also follow up consumer awareness of enterprises.  

Finding 3. Enterprise group should manage their multi-brand strategy for Brand Association 

effects.  

The study also found that the higher degree of brand compatibility is benefit to consumer’s 

cognition. Case enterprise like to build new brands but didn’t to manage their association. This case 
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would increase linkage of group’s brands, if try to enhance brand compatibility and multi-brand 

strategy. 

Finding 4. Product fit is higher influence than perceptual fit and brand fit.  

The product fit has the obvious scale superiority to the operation effect, but also is easier to 

enhance the consumer's cognition. This case operation effect increase as the new brand established. 

Their customers cognition group brands if the brand is introduce the image of group.  

Finding 5. Business may use group image to collaborate their new brands. 

Case company actually has the benefit of multi-brand strategy. Many brands are failed till now. 

The product fit is high but they stress on expand new brands and business performance. They didn’t 

consider their brand assassins and lost the effects of group brand. 

5. Conclusion 

The three types of fit of multi-brand issues are used to construct brand association by different 

contributions. The group should consider about their intense of strategy, product alignment and brand 

compatibility if brand association is an important issue.     

This study suggests that product fit is higher influence than perceptual fit and brand fit. Enterprise 

would have brand association benefit if manage their multi-brand strategy 
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Abstract 

In the 21st century, competition among manufacturers is keen. A lot of efforts and resources were 

put on seeking ultimate design or using innovative tools to design and produce new products. TRIZ is 

one of the popular innovative tools available in the market. However TRIZ is considered to be 

relatively difficult to learn and implement, especially for new product designers. Researchers had 

initiated several TRIZ-based innovative tools for designers to improve the aesthetic, functionality, 

safety and ergonomic issues of their products. Three of these TRIZ-based tools are discussed in this 

paper, they are: (i) the vision-oriental approach that leads to improve the aesthetic issue of the products, 

(ii) the Sensuous Association method that provides a tool to create the ideas by considering five areas, 

and (iii) the Eco-innovative tool that improves the environmental, safe and health aspect of the 

products. 

Keywords: Innovative Product Design, hazard, safety. 

1. Introduction 

Due to business globalization, competition among manufacturing firms becomes very keen. They 

faced challenges from local and international competitors. In order to retain and increase the market 

share, the firms shall realize the customer requirements and expectation to design and make the 

products exceeded the requirements through product innovation. The Organisation for Economic Co-

operation and Development (OECD) defined the term “Innovation” to be the adoption of change that 

is new or improved in terms of a firm’s product, process, marketing method, and organizational method 

(OECD, 1997). The success of an innovative product depends upon creating unique and superior 

product features, as perceived by customers (Cooper and Kleinschmidt, 1987).  

Innovative Product Design (IPD) is a critical factor for the success of a product because it drives 

the customer need (Moon, Park and etal, 2015). An IPD model was developed by Moon, Hakil, 

Jeongdoo Park, and Sangkyun Kim. The model considers three different attributes to assess the 

competitiveness of product’s design, including (1) Aesthetic; (2) feature; and (3) ergonomic attributes. 

The model considers three different attributes to measure the innovativeness of product’s design, 

mailto:lunmakmak@ieee.org
mailto:hklau@ieee.org
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including (1) Aesthetic; (2) feature; and (3) ergonomic attributes. Several Innovative Product Design 

Approaches were developed by researchers. But no single model covered all three attributes. 

Government support is often essential to encourage companies to engage in innovation. Many 

incubation centres are established by the Government to encourage the startup companies, e.g. Hong 

Kong Science and Technology Park (HKSTP) in Hong Kong. In Hong Kong, 472 technology 

incubatees are graduated in which 350 companies (i.e. 74%) are still in business and 4 IPOs; while 

263 incubatees are currently in the HKSTP incubation programme (HKSTP, 2017). The general 

incubation programme provides five services: (1) provide fewer overhead office space and facilities; 

(2) technical and management assistance; (3) promotion and development assistance; (4) business 

support; and (5) financial aid package.  

For existing companies, the Hong Kong SAR Government established the “Innovation and 

Technology Fund” to assist and upgrade the technological level of the existing companies. In the past 

two decades, the number of patent applications was increased significantly around the world. Figure 

1 shows the top 10 countries who filed the most international patent applications in 2016 and Figure 

2 shows number of Design Patent Application in the United States from 1991 to 2015. The number of 

design patent application in 2015 is nearly triple to the application in 1991. 

 

Figure 1: Top 10 countries who filed the most international patent applications in 2016 

(Source: https://www.statista.com/statistics/256845/ranking-of-the-10-countries-who-filed-the-

most-international-patent-applications/) 
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Figure 2: Number of Design Patent Application in the United States from 1991 to 2015 

(source: U.S. Patent Activity https://www.uspto.gov/web/offices/ac/ido/oeip/taf/h_counts.htm) 

 Professional engineering institutions, Hong Kong Productivity Council (HKPC) and 

HKSTP in Hong Kong promoted several innovation methodologies to the incubates in the past years, 

including Quality Function Deployment (QFD), TRIZ and extenics. One of the major aims is to 

transform customer’s requirement to features of the end products. These helped companies to shorten 

the product development cycle and produce more innovative products (Hsiao, 2002). Unfortunately, 

the safety aspect of these innovative products may be ignored. Nevertheless, the regulatory bodies had 

paid much effort to establish the new requirements into product safety regulations and standards, the 

number of injuries and death cases did not decrease due to unsafe in the United States in the last 15 

years. Due to the rapid development of consumer products, the industry tried to find the best way to 

develop a standard to guide the designers to evaluate their products before selling in the market. An 

international safety standard body, International Electrotechnical Commission (IEC), adopted the 

Hazard Based Safety Engineering (HBSE) instead of prescriptive rules to develop safety standards for 

high-tech products (Burke et. al., 2001). 

We have discussed the latest situation of product innovation and supporting scheme from 

government and the safety problem of some innovative products. Then several TRIZ-integrated 

Innovative Product Design (IPD) methods are discussed. Finally, a summary of the Innovative Product 

Design (IPD) methods are discussed. 
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2. Innovative Product Design Approaches 

Some research results have shown that 8.5% of revenue is at risk from customer dissatisfaction. 

A thorough understanding of customer needs is critical to achieving customer satisfaction. (Shen, Tan 

and etal, 2000). Many tools were developed to transform the customer needs to product features and 

its technical requirements. Apart from the famous tool, quality function deployment (QFD), another 

three approaches are discussed in the following sections: (1) vision-oriental approach; (2) Sensuous 

Association Method (SAM); and (3) eco-innovative approach.  

3. Vision-oriental approach 

Lin and Luh explained that traditional new product development (NPD) methods are useful and 

effective for re-designing existing products. Although the change is incremental, the developments of 

radical innovations are essential to the commpany’s success (Lin and Luk, 2009).  The vision-oriental 

approach was initiated with ten stages as shown in Figure 3. The ten stages include: (1) defining the 

products and identifying the objects; (2) exploring various issues; (3) shaping a shared vision; (4) 

building a consensual scenario; (5) identifying desire-based gaps; (6) developing functional solutions 

by using TRIZ method; (7) generating appearance alternatives; (8) evaluating the design feasibility; 

(9) implementing the optimal; and (10) validating the result. TRIZ methodology is used in this vision-

oriental product design process to define “features to change” relating to the contradiction matrix. 

 

Figure 3: Framework of the Vision-oriental Product Design Process 

4. Sensuous Association Method (SAM) 
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The product design is replying on the designer’s experience, creativity and their knowledge by 

integrating the creativity and innovation tools with axiomatic design methodology for durable product 

development (Goel and Singh, 1998). The creativity is one of mystical human activities and the 

synthesis of new ideas and concept through the radical restructuring the existing product and 

innovation is the implementation of the results of creativity (Heap, 1989). The Sensuous Association 

Method (SAM) was initiated by Hsiao and Choi (2004). The aim of SAM is to produce new idea by 

individual association and surrounding stimulation. The method includes five areas. Four of them are 

related to personal behaviors of human sensuousness and one is extrinsic influence environment, as 

listed in Table 1. Table 2 shows the six steps to implement Sensuous Association Method (SAM). 

Table 1. Five Areas of Sensuous Association Method (SAM) 

Area Details 

Looking Aesthetic and visual information input 

Thinking Originality and evolutionary trends 

Comparing Compare what you look at and what you think about 

Describing Describe your image in mind after extraction and restructuring 

Stimulation Interaction with team and stimulation from environment. 

Table 2. Steps to Sensuous Association Method (SAM) 

Step Details 

1 Select appropriate members to form a project team. 

2 Arrange a discussion room and prepare the large amount of categorized 

information to make a creative environment. 

3 Review the categorized information and think logically about the origins 

and evolutionary trends of the target product. 

4 Compare the concepts with information observed and contemplation. 

5 Record the creative idea in a sensuous phrase. 

6 Interact to simulate each other’s creative inspirations. 

 

5. Eco-innovative approach 

 An Eco-innovative tool integrates the Failure Mode Evaluation Analysis (FMEA) and TRIZ 

methods (Yen and Chen, 2005). This method focuses environmental, safe and health aspect of the 

product life cycle. Users can establish the synthetic indicator to reduce the risk level by analyzing the 

priority. Afterwards, the TRIZ method can be used to find out the recommendation systematically. 

Table 3 shows five steps to implement Eco-innovative approach and Figure 4 shows the flowchart of 

Eco-Innovative approach. 
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Table 3: Five steps to implement Eco-innovative approach 

Step Details 

1 Prepare an Eco-failure checklist to collect the failure mode, effect and its 

cause. 

2 Collect data in Environmental Impact (E), Customer perspective (C) and 

regulation compliance (R) and ranked from 5 different levels. And produce 

each other to result to eco-risk priority number (Eco-RPN). 

3 Use the TRIZ method to find the appropriate improvement method. 

4 Contrast to TRIZ inventive principles if there is contradiction.  

5 Generate the new design concept and verify the result. 

 

Figure 4: Framework of the Eco-innovative approach 
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6. Summary 

The designers and manufacturers capture and increase their market share by designing and 

producing innovative products to the market. However, product safety was sometimes ignored due to 

lack of safety regulations and standards. Many design methods were developed since 1960s. 

Researchers found that at least 3000 new ideas are required to produce a new commercially successful 

product (Stevens and Burley 1997). Many designers knew that TRIZ tool has many advantages over 

other innovative tools. It can provide the high efficiency and degree of controllability. But they still 

have difficulties in using the TRIZ, such as matrix technology to solve conflicts, TRIZ algorithm 

(Wang, Liu and et. al, 2011).  

Three different TRIZ-based design approaches were discussed in the previous section. The tools 

integrated with other tools, such as FMEA in order to let designers to work more efficient and effective 

to design a high quality, safe and reliable product. Table 4 summarized the application and the 

approaches of three methodologies. 

Table 4: Summary of Three Innovative Methodologies 

 Vision-oriental approach Sensuous Association 

Method 

Eco-innovative 

Application Re-designing existing 

products 

Durable product 

development 

Focuses environmental, 

safe and health aspect of the 

product life cycle 

Approach Vision-oriental to define the 

major features to change 

Integrating the creativity 

and innovation tools with 

axiomatic design 

methodology 

Integrate with other tools, 

such as FMEA, TRIZ 
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Abstract 

China's agricultural equipment has basically met the needs of users, but caused a waste of 

resources, also caused damage to the natural environment. Combined with TRIZ, perceptual 

interaction design and ecological design, this paper puts forward the ecological design method of 

idealized perceptual interaction of silage machinery. Based on the theory of evolution of technical 

systems, we summarized six evolution directions of perceptual interaction. Combined with the 

principles of ecological design, we summed up the design principles and methods of at different levels 

on perceptual interaction. Then the maturity of the silage machinery is forecasted. The design model 

of silage machinery on perceptual interaction is constructed to enhance the user's ecological 

consciousness and establish the balance between human and nature. It lays the foundation for the next 

step in the design of silage machinery. 

Keywords: ecological design; ecological awareness; idealized perceptual interaction; silage 

machinery; TRIZ 

1. Introduction 

With the continuous improvement of people's living standards, consumer demand for the 

purchase of the product is not only reflected in the function and use of the product itself, more hope 

that through the use of products to meet their individual needs, to express their attitude towards life. 

The "spiritual value" of the product exceeds its "material value", and the designer pays more attention 

to the perceptual interaction between the product and the user. Literature [1] refers to the psychologist 

Maslow's "demand level" theory, and the highest level of human demand is "self-realization." In the 

literature [2], TRIZ and QFD method are proposed to improve the function, shape and color of the 

refrigerator. However, now "people-oriented" products only to meet the endless needs of mankind, 

greatly ignoring the human survival of the ecological environment, breaking the balance between 
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man and nature. In this paper, the ecological design method of idealized perceptual interaction is put 

forward. Based on the theory of system evolution, in this paper, the eco-design is introduced into the 

perceptual interaction design of the product. It isn’t only satisfied with the user's demand, but also 

enhances the user's ecological awareness. It can be used and verified in the perceptual interaction 

design of silage machinery. 

2. Evolutionary Theory of Technological System and Its Derivation 

▪2.1 Technology Maturity Forecast 

TRIZ believes that the technical system also conforms to this evolutionary rule, and undergoes 

four stages: infancy, growth, maturity, recession and so on. For a product technology, we search and 

analysis of its patent data, research to obtain the performance of their products and economic 

indicators, according to chronological order into a smooth curve and compared with the four standard 

curve, as shown in Figure 1, then we can determine technology maturity [3], so as to determine the 

different development strategies. 

 

Figure 1. Product Technology Maturity Forecast Curve 

▪2.2 Evolutionary Model of Technological System and Its Derivation 
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In the development of the product process, to understand the technical system in the evolution 

of the process shown by the complex evolutionary trend will help us to further develop the direction 

of the development [4]. Altshuller [5] proposed a more typical eight laws of evolution, namely: 

Law 1: Law of technical system integrity; 

Law 2: Law of energy transfer path; 

Law 3: Law of dynamics; 

Law 4: Law of improving idealization; 

Law 5: Law of unbalanced development of subsystems; 

Law 6: Evolution to super system; 

Law 7: Evolution to the micro level; 

Law 8: Law of coordinated evolutionary. 

The degree of idealization proposed by Law 4 is the general direction of evolution of the 

technical system. Technology system has been from low to high-level development, and ultimately 

tend to an ideal state [6], known as the ideal solution. It is characterized by low cost, low energy 

consumption, high function, high safety, no pollution, and natural environment. The ultimate goal of 

ecological design is consistent with the ultimate goal of ideal solution, so we can consider the 

combination and application of the theory of system evolution in the process of product eco-design, 

and provide the solution for various problems encountered in the design process. 

The evolution of products in the perceptual interaction is also towards the ideal direction of 

development. According to the 8 evolution laws of TRIZ and the development of perceptual 

interaction, we summed up the eight evolutionary directions of product perceptual interaction: 

Evolution direction 1: Perceptual interaction is comprehensive 

Evolution direction 2: Perceptual interaction of information exchange 

Evolution direction 3: Perceptual interaction of dynamics 

Evolution direction 4: Improve the level of perceptual interaction 

Evolution direction 5: Unbalanced development of different levels of perceptual interaction 

Evolution direction 6: Evolution to perceptual interaction of super system 
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Evolution direction 7: Perceptual Interaction Microscopic 

Evolution direction 8: Evolution to sexual intercourse 

3. Perceptual Interaction Design and Ecological Design 

▪3.1 Perceptual interaction design 

Perceptual in the inner world of people, is the external stimulus in the heart of the reflection, but 

also the heart of things to judge. Human perceptual knowledge is gradual, including three forms: 

sensation, perception, appearance. The corresponding perceptual design is divided into three levels: 

the sensory layer, the perception layer, the imaging layer [7]. The design elements of the product can 

be divided into three categories according to the different levels of the feature: the design elements 

on the shape feature layer, the design elements on the functional characteristics layer, and the design 

elements on the perceptual characteristic layer [8]. As shown in Figure 2: 

 

Figure 2. Different levels of perceptual interaction design 

We put the ecological design into the perceptual interaction design, at different levels to consider 

the ecological design elements. To meet the needs of users at the same time, enhance the user's 

ecological awareness, feel the harmony between man and nature, thus focusing on the sustainable 

development of ecological environment. 

▪3.2 Integration of Ecological Design and Perceptual Interaction 

(1) Ecological design and product design 

Ecological design is the design of ecological problems as the basic constraints of the design 

activities, specifically, in the "perceptual" and "things, the environment" relationship, the study of 

human production and consumption activities of sustainable development of a science [9]. In the field 

Advanced stage 

Intermediate stage 

Primary stage 

product image and 
cultural information 

(Emotional characteristics) 

the overall feeling 
of the product 

(functional characteristics) 

the shape of the product 
(shape features) 

Imaging layer 

Perception layer 
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of product design, the ecological design can be understood as the ecological factors, environmental 

factors into the product design, so as to determine the direction of decision. At all stages of product 

development, environmental factors should be taken into account, reducing the impact on the 

environment throughout the product's life cycle, and ultimately becoming a sustainable product [10]. 

(2) Ecological Design Principles and Methods of Perceptual Interaction 

In different stages of the product life cycle, different aspects of different ecological design 

principles [11], for the different levels of perceptual interaction, we will be the following principles 

and methods of ecological design summary, which can be used as design reference for designers.  

Table 1. Ecological Design Principles and Methods of Perceptual Interaction 

Perceptual 

interaction 

layer 

Design 

elements 
Ecological design principles Ecological design methods 

Sensory 

layer 

Modeling 
Product modeling don’t 

pursuit short fashion. 

Using first-class design. To 

ensure that the product will 

not in the short term to make 

users lose interest. 

Material 

1.Avoid the use of toxic, 

harmful ingredients of raw 

materials.  

2.Try to use materials that can 

be biodegradable.  

3.Material is used singly. 

4.Try to use recyclable 

materials.  

5.Minimize the chemical 

treatment of materials (such 

as painting, plating, etc.).  

6.Reduce material usage. 

Material gives a safe and 

environmentally friendly 

feeling, the choice of safe 

and environmentally 

friendly, non-toxic harmless, 

low energy consumption, 

easy recycling materials. 

Perception 

layer 

Ergonomics 
Increase user efficiency and 

satisfaction. 
Consider ergonomics 

Indicative 

design 

Simplifies functionality and is 

easy to operate. 

Simple interactive interface 

and clear indicative design 

Instructions 
Reduce the chance of 

generating errors. 

Clear instructions and 

correct design 

Sense of 

security 
To ensure user safety 

Meet the technical 

requirements at the same 

time, so that users have a 

psychological sense of 

security. 
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Structure Easy to repair 

①As far as possible with a 

snap connection structure, 

reduce the use of screws.  

② Using easy to assemble 

and disassemble the 

structural design.  

③Use easy-to-replace parts. 

The structure should be easy 

to repair and maintain the 

product. 

④Modular design. 

Imagine 

layer 

Visual 

image 

Give the user a sense of 

satisfaction 

To achieve self-worth, in the 

use of methods, the visual 

needs of users to meet the 

psychological needs. 

CMF 
Give the user a sense of 

pleasure 

convey positive and accurate 

information in the color, 

material, symbols and 

details. 

4. Realistic Ecological Design Method and Application of Perceptual Interaction 

of Silage Machinery 

Although the silage machinery in our country can basically meet the requirements of users, but 

in its evolutionary process did not take into account the destruction of the ecological environment, as 

well as the waste of resources. 

Based on the evolution theory of technology system, the ideal design method of silage machinery 

perceptual interaction is put forward. To meet the needs of users at the same time, enhance the user's 

ecological awareness, feel the harmony between man and nature in order to achieve the sustainable 

development of ecological environment. The basic content is as follows: 

(1) First, the application of technology maturity prediction and technical system evolution model, 

to determine the silage machinery in which the technical maturity of the development stage and future 

development direction, develop development strategy. 

(2) Then, in combination with the above-mentioned principles and methods of ecological design, 

the position of the design interaction of the silage machinery is analyzed, and the ecological design 

principle is accorded with the principle of ecological design. The appropriate ecological design 

method is re-designed The 

(3) Finally, the use of eco-design evaluation method to determine whether the design part of the 

ecological requirements. If the match, you can get the initial plan for the next step, and re-evaluation 
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of the design until the optimal solution; if not, then re-select the ecological design method, and then 

evaluate until the optimal solution. 

▪4.1 Prediction and Present Situation Analysis of Silage Machinery Maturity 

Usually, the product performance and profit indicators are not easy to obtain, in practical 

application, you can draw some of the characteristics of the curve to determine. Figure 3 is a graph 

of the number of patents for the silhouette of 2002-2016. Through the analysis to determine the silage 

machinery in the mature period of technological development, the product technology and function 

of this period is basically perfect, should consider reducing costs and reduce harmful effects. 

 

Figure 3. Prediction of Technology Maturity of Silage Machinery 

Silage machinery in the production and use of the process of causing serious waste of resources, 

causing great damage to the natural environment; in the human interaction is not sufficient 

consideration, most products do not achieve a good user physical and psychological experience, 

customer satisfaction is not High; ecological design considerations, which did not enhance the user's 

ecological awareness. Products can not be very good to adapt to the environment, the user can not 

adapt to the product very well. Embodied in the following aspects: 

Table 2. Analysis on the Current Situation of Agricultural Equipment in China 
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Type Shortage 

Form 

Simple form, no attention to the details of 

the design, did not consider the user's visual 

experience and psychological feelings. 

Material 
Not environmentally friendly. Material 

usage is large. 

Use 

Convenient consideration is not sufficient, 

easy to operate. The user's operating 

environment and psychological feelings to 

consider inadequate. 

Repair 
Easy to disassemble, replace, parts and 

components are not high versatility. 

▪4.2 Analysis on the Evolutionary Trend of Perceptual Interaction of Silage Machinery 

By analyzing the development of the perceptual interaction of the existing silage machinery, it 

is concluded that it has greater evolutionary potential in the evolution direction 1,3,4 (perceptual 

interaction is comprehensive, perceptual interaction of dynamics and improve the level of perceptual 

interaction) 

 

Figure 4. Analysis on the Evolutionary Trend of Sensitive Interaction of Silage Machinery 

▪4.3 The idealized ecological design process of silage machinery perceptual interaction 

(1) According to the maturity prediction and evolution trend analysis of silage machinery, the 

perceptual interaction elements of silage machinery are stratified. 

(2) The design elements of the perceptual interaction level of the silage machine are screened to 

judge whether they meet the ecological design principles. 

(3) Refer to the corresponding design method to re-design the lower part of the compliance. 
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(4) Evaluate whether the parts meet the technical requirements and ecological design 

requirements. 

(5) Get the initial plan and 3D modeling. 

(6) Design reevaluation. 

 

 

  

 

 

 

 

 

  

 

 

 

Figure 5. Idealized Perceptual Interactive Ecological Design Model 

5. Conclusion 

Today's products only for the "people-oriented" to meet the endless needs of mankind, greatly 

ignoring the survival of human ecological environment. This paper puts forward the idealized 

perceptual interaction of ecological design. Based on the theory of system evolution, the ecological 

design is introduced into the perceptual interaction design of the product. Combined with the principle 

of ecological design, we summed up the different levels of perceptual interaction of ecological design 

principles and methods. It can not only be satisfied with the user's demand, but also enhance the user's 

ecological awareness. The process of perceptual interaction ecological design is put forward and can 

be used and verified in the perceptual interaction design of silage machinery. 

  

Technology Maturity Forecast 

Design elements are hierarchically screened 

Lower part of the re-design 

Choose the appropriate ecological 

design method 

Evaluation (meet the requirements?) 
No 
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Abstract 

In recent years, the rapid development of agricultural machinery has basically met the functional 

requirements of users in China. But the ecological cost is large, the degree of resource utilization is 

too high and the comprehensive utilization of agricultural waste is inadequate. Combining with China's 

ecological environment, the active optimization structure principle based on the theory of evolution of 

technology system is put forward, which can optimize the design resources in the innovative design 

process. With the increasing status of silage in the development of animal husbandry, the development 

of silage machinery has entered a new stage. Using the active optimization structure model to analyze 

customer demand, function and ecology, we obtained the preliminary design of modular backpack 

silage equipment. It doesn’t only achieve the function but also take the sustainable development of the 

ecological environment into account. 

Keywords: technology evolution, active optimization structure principle, theory of inventive problem 

solving (TRIZ), ecosystem, silage machinery 

1. Introduction 

Since the reform and opening, China's economic achievements have been obvious to all, but the 

deteriorationthe of ecological environment brought by economic development continuously troubled 

and threaten our living space. However, the design is ideas and plans for innovative, is the pilot and 

key link to lead the Chinese manufacturing[1]. Therefore, the development of industry must be from 

the source of the design to explore efficient and reasonable green development way. The active 

optimization structure principle is to integrate the elements of ecological environment and innovative 

methods so that the products can meet the needs of customers at the same time, make the use of 

resources more and the environmental pollution less. 

Minister of the agricultural sector Han Changfu pointed out in the 2017 National Agricultural 

Work Conference: to promote green development. Green development is the essence of agriculture. 

"The Eleventh Five-Year" ecological environment protection plan also shows that green development 

is the source to remove China's resources and environment constraint bottleneck. And it is the key to 

improve the quality of development.  
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China is a big agricultural country, in which agricultural population accounted for 70%. Only by 

fully developing the mechanization of agricultural production can we successfully achieve the 

modernization of agricultural production[2]. Corn is one of the three major food products in China. But 

compared to wheat and rice, the degree of mechanization is low. And China is a big animal husbandry 

country. The demand for straw feed is also increasing year by year. Because silage maize is the main 

source of straw feed, the development of corn silage machinery is particularly important. Li Rushen 

team[3] designed the 4YQK-2 straw silage bundled corn harvester; Shandong Wuzheng Group Co., 

Ltd. , Xinjiang Machinery Research Institute Co., Ltd. and so on studied large-scale self-propelled 

silage harvester. 

At present, the comprehensive utilization of corn stalks is getting higher and higher, and the 

harvesting requirements of straw are different. The development of different corn straw harvesting 

technology and equipment has become a top priority. But as a designer, we can not be completely 

market-oriented to design product. Product should be considered from the its full life cycle to make it 

healthy development. 

2. The active optimization structure principle 

In the evolution of the technical system, if the amount of technique input is different, the 

evolutionary trend curve of the same technique is not the same[4]. Figure 1 shows the S-curve of 

different shapes.  

 

Figure 1. S-shaped curves of different shapes. 

OA, OB, OC are slow, medium and rapid growth curve separately, and O-B1-C1-C is an 

improved evolution curve. Increasing investment in product development quantity may cause this 

result. On the other hand, the benefits of product are low in the growing period. In order to profit as 

soon as possible, the company will increase investment, so that the product will enter the mature stage 

as soon as possible. There may be O-B1-C1-C curve. If we unnaturally accelerate the process of 
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product evolution in the B1C1 segment, the product is easier to have a negative impact. So we should 

take countermeasures in the conceptual design stage to avoid negative traps. 

Avoiding the rapid development of products and people's use status (use objects, use environment 

and consumption levels, etc.) not match, the active optimization structure principle based on the theory 

of evolution of technology system is put forward. The active optimization structure principle: 

designers can master the design initiative and prevent the product structure design or layout 

unreasonable to cause ecological damage in the concept design stage. Products doesn’t only realize its 

basic functions, but also take the agricultural ecology, technology ecology, environmental ecology and 

the use objects into account. It lead the green design from the source and achieve harmony and 

coordinated development between man and nature. 

 

Figure 2. The design model of the active optimization structure. 

Putting forward the active optimization structural principle has a guiding role in the design of the 

product, but today where the market competition is intense, designers need more simple and efficient 

design model to do the guidelines. CHEN et al.[5] summarized the relationship between WBCSD's 

seven eco-efficiency factors and TRIZ 39 engineering parameters, and established the eco -efficiency 

elements and engineering parameters. The eco-efficiency elements could be used to reduce the 
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negative impact of the product, while TRIZ can provide directer and easier theory basis to operate. 

Integrating eco-efficiency elements with TRIZ[6], we obtained the design model of optimize the 

structure, as shown in Figure 2. 

3.  Application of active optimization structural principles on product analysis 

Applying active optimization structural principles analysis produc in the conceptual design stage, 

which can achieve the function, reduce the destruction of the ecological environment and post-

processing passive situation and shorten the design cycle. 

▪3.1 Product selection 

China's total output of meat is 85.4 million tons in 2016, ranking first in the world. At the same 

time, the demand of feed grain for Cattle, sheep, pigs and so on is increasing. While the total  output 

of grain is 616.239 million tons in 2016, compared with 2015 to reduce 5.201 million tons. The cereal 

production is 565.165 million tons, compared with 2015 to reduce 7.155 million tons [7]. The increase 

of feed grain has posed a threat to China's food security and restricted the development of animal 

husbandry in China. Silage has expanded the source of feed and can solve the above problems. 

There are three methods of silage production: manual, semi-mechanized and mechanized 

operations[8]. And mechanized operations have high production efficiency and low operating costs. 

Therefore, the study of silage equipment is very important, which can solve the problem of straw 

recycling, improve agricultural production efficiency, save the rural labor force, increase farmers' 

income and optimize the ecological environment. 

▪3.2 Customer needs analysis 

(1) The evolution analysis of silage machinery 

Predicting the maturity of the silage machine to determine the current stage of development, we 

take appropriate decisions. A total of 97 patents relating to silos were retrieved on the National 

Intellectual Property Office platform. In order to observe conveniently the development period of 

product, we count the number of patents per year, shown in Figure 3 (time-patent curve of the silo 

machine) to represent.  

The time-patent curve of silo machine is compared with thestandard time-patent curve[9] (Figure 

4) , and it is found that the silage machine is in mature stage and grows faster. It may bring a burden 

to the environment ecology if it isn’t restrained in the design stage. It is necessary to use the active 

optimization structure principle to optimize the design, which make its development healthy and 

effective. 
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Figure 3. Silo machine time-the number of patents.        Figure 4. Standar curve.  

(2) The development status of silage machinery 

Although the development of silage machinery at home and abroad has already met the needs of 

consumers, it does not apply to China's corn planting situation and rural development. So it is difficult 

to promote existing silage machinery. With the rapid development of China's agricultural economy, 

the labor force is very short because the transfer of rural labor force is accelerated[10]. At the same time, 

the relative proportion of farmland in hilly and mountainous areas is relatively large in China. Due to 

the constraints of geographical conditions, farming methods, planting scale, road traffic conditions 

and low income of farmers, agricultural machinery supply that is suitable for hilly and mountainous 

areasis is seriously inadequate. 

Under the existing land system, the decentralized land business model has its rationality, but at 

the same time it causes the popularization of agricultural machinery in China. On the other hand, the 

operating costs of the large and medium-sized machinery are high because of small pieces of scattered 

land. And the supply of small machinery and equipment is insufficient, which constitutes a major 

problem of agricultural mechanization development in small-scale decentralized operating conditions. 

So the development of small-scale burden of agricultural machinery has unique conditions. 

▪3.3 Functional analysis 

China's wheat, corn, peanut straw resources are very rich. And the straw production time 

concentration, collection, storage and transportation costs high, nutrient loss, waste incineration and 

other problems are very serious. A large number of straw has not been effectively used every year , 

resulting in waste of resources and environmental pollution. 

In order to solve the above problems, we need to straw cutting, crushing, coating and bundling 

and other processes. 

▪3.4 Ecological analysis  
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(1) Need to improve the engineering parameters 

If the cutting, crushing, bundling and coating equipment separately design, power resources 

greatly waste although the machine realize the function. And there is a time difference between the 

various devices, which affect the silage effect. We need to combine the cutting, crushing, coating and 

bundling devices together with silage harvesting equipment. Transfored the actual problem into a 

model, it corresponds to the elements of ecological efficiency: increase the service density of the 

commodity (G) . 

Relationship between eco-efficiency factors and engineering parameters (Table 1) shows that the 

eco-efficiency factor G corresponds to the TRIZ engineering parameters 9, 24, 25, 27, 33, 35, 37, 38, 

39. After the analysis, we choose to improve the engineering. parameter 35, applicability and 

versatility: the ability of an object or system to respond to external changes, or the ability to apply 

under different conditions. 

Table 1. Relationship between eco-efficiency factors and engineering parameters. 

Eco-efficiency 

elements 

TRIZ engineering parameters 
A 1, 2, 3, 4, 5, 6, 7, 8, 12, 14, 23, 26, 32, 39 
B 1, 3, 5, 7, 17, 18, 19, 20, 21, 22, 32, 39 

C 13, 31 

D 14, 30, 34 

E 13, 14, 15, 16, 30, 34 

F 9, 10, 11, 28, 29, 32, 36 

G 9, 24, 25, 27, 33, 35, 37, 38, 39 

(2) Contradictory analysis 

After ecological analysis, it is necessary to improve the engineering parameters for the 

applicability and versatility.  The versatility is improved. But if only a process, its adaptability worse. 

This conflict is a physical conflict. In order to solve this problem, different devices can appear in 

different spaces. Transfored the actual problem into a model, it corresponds to the separation principle: 

space separation. From Table 2, the relationship between separation principle and invention principle, 

know that space separation corresponding to the principle have 1, 2, 3, 4, 7, 13, 17, 24, 26, 30. 
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Table 2. The relationship between separation principle and Invention principle. 

Separation principle Invention principle 

Space separation 1, 2, 3, 4, 13, 17, 24, 26, 30 

Time separation 9, 10, 11, 15, 16, 18, 19, 20, 21, 29, 34, 37 

Whole and partial separation 12, 28, 31, 32, 35, 36, 38, 39, 40 

Conditional separation 1, 7, 25, 27, 5, 22, 23, 33, 6, 8, 14, 25, 35, 13 

 ▪3.4 Preliminary Design Scheme 

Based on the active optimization structure principle, the modular backpacking silos equipped 

with cutting, crushing, bundling and coating are obtained. It include cutting and pulverizing device, 

engine, feeding device, vibration collection box, feeding channel, round bundling device, coating 

device and so on. 

4. Conclusions 

(1) The silage machinery applied the use of active optimization structural principles to design 

more conform to people's use conditions and ecological design. 

(2) We need evaluate the initial program of modular backpack silage equipment to improve in the 

follow-up. 

(3) The active optimization structural principle apply in agricultural equipment, which is of great 

significance to make China's agricultural green, modernization and mechanization development. 
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Abstract 

Innovation and technology is considered among emerging and import growth industries 

generating employment, as well as playing a major role in the transition of economies towards 

sustainable development. As the world is in transition that we are being pulled in different directions 

by the challenges of globalization and the dynamic and ever-changing technologies, innovative 

product development, global supply chains, product safety and traceability are some of the main issues 

that are being concerned by society. In this regard, one of the growth industries - Testing and 

Certification (T&C) play a vital role to guarantee of quality and credibility dealing with the global 

challenges, particularly for those emerging technologies and innovative products (e.g SMART 

products) that need to compliant with market’s regulatory requirements before entering markets. In 

view of the importance of testing and certification, the opportunities and threats to enter the testing 

and certification are discussed. This paper studies four main areas: opportunities and threats, strategy 

management process and competency.  

Keywords: Competency, Employment, Qualification Framework, Strategic Management Process, 

Testing and Certification  

1. Introduction 

Innovation – the development and introduction of new or significantly improved products or 

services, processes or methods is viewed by many governments as an important area of public 

investment. The Government of Hong Kong SAR has invested strategically in innovation and 

technology as drivers for economic growth and competitiveness. An Innovation and Technology 

Commission (ITC) was established by HKSAR with the mission of spear-heading Hong Kong’s drive 

to become a world-class, knowledge-based economy.  

According to the Hong Kong Monthly Digest Statistics report published by Census and Statistics 

Department in 2015, four key industries were identified in Hong Kong including professional and 

producer services, financial services, trading and logistics, and tourism. They have been the driving 
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force of Hong Kong's economic growth, providing impetus to growth of other sectors and creating 

employment. Professional services cover wide range of categories. Testing and certification services are 

identified as one of the high potential professional services. 

2. Testing and Certification Industry 

Testing and certification help verify that products are compliant with a market’s regulatory 

requirements and are safe for consumers. They enhance the quality assurance of products, minimise 

the chance of recalls, returns, complaints, and reduce financial risks to suppliers, traders, and retailers. 

With this, the T&C industry has been identified by the Government of the Hong Kong Special 

Administrative Region (HKSAR) as one of the six high-growth economic areas. The HKSAR 

Government has fully committed to supporting the development of the testing and certification 

industry. 

According to the fact sheet published by the Information Service Department (2014) of HKSAR, 

the Hong Kong Council for Testing and Certification (HKCTC) was established to advise the 

Government on the industry’s overall development strategy and introduce new measures to support its 

growth. HKCTC comprises members from the T&C industry, business sector, and professional 

organisations, as well as the relevant public bodies and government departments (HKCTC, 2010). 

Owing to the scale and diverse nature of the T&C industry, the Report of the Hong Kong Council for 

Testing and Certification defined the nature of the industry’s work and divided it into three core 

business areas (HKCTC, 2010): 

• Testing: the determination of one or more characteristics of an object according to a procedure. 

• Inspection: the examination of a product design, product, process, or installation and the 

determination of its conformity to specific or general requirements on the basis of professional 

judgment. 

• Certification: a third-party attestation related to products, processes, systems, or persons. 

3. Growth Industry 

    If companies across an industry exhibit solid earnings, revenue figures and employment 

opportunities that industry may be showing signs that it is in its growth stage. In a growth industry, 

first time demand is expanding rapidly as many new customers enter the market. However, an industry 

grows to a certain period of time when customers become familiar with the product or service; price 

fall because experience and economies scale have been attained, and distribution channels develop. 

Normally, the importance of control over technological knowledge as a barrier to entry has diminished 

by the time an industry enters its early growth stage. Because few companies have yet achieved 

significant economies of scale or built brand loyalty, other entry barriers tend to be relatively low as 

well, particularly early in the growth stage. However, the threat from potential competitors is 

increasing if the industry is in higher growth. Higher growth usually means that new entrants can be 
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absorbed into an industry with a marked increase in the intensity of rivalry. Hence, a strategically 

aware economy takes advantage of the relatively benign environment of the growth stage to prepare 

itself for the intense competition of the coming industry shakeout. With this, it is worth to explore if 

there is any barrier entering the testing and certification industry by using the strategic management 

process for review and planning strategies. 

4. Strategic Management Process Model 

Strategic management is that art and science which is related to formulate, implement and 

evaluate cross functional decisions is helpful in the accomplishment of objectives of the industry.  In 

other words, the on-going process, in which broad plans are formulated, implemented & controlled in 

order to lead the industry towards the achievement of its strategic goals under the provision of its 

internal & external environment. The strategic management process includes several stages:   

1. Establishment of mission and goals 

2. External and internal analysis 

3. Strategy implementation 

4. Strategy evaluation 

 
Figure 1 Strategic Management Process Model for T&C Industry 

 

According to conceptual framework in Figure 1, the components in the Strategic Management Process 

Model can be further interpreted as: 

 

1. Establishment of mission and goals – To define the goal by maintaining competitive advantage in 

T&C 

2. External Analysis – To identify the opportunities and threats 

3. Internal analysis -  To identify the strength and weakness with respected to the competency and 

skills of T&C practitioners                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

4. Strategy Implementation – To formulate strategies through the analysis on the external and 

internal factors   

5. Strategy Evaluation - To provide needful information to government, higher education institutes’ 

course developers as well as service providers of T&C industry. 
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5. Identification of Opportunities and Threats 

5.1. Opportunities 

     According to the statistics published by the Census and Statistics Department of the HKSAR 

Government from 2012 to 2015, it was known that the value added amount of HK5.8 billion in 2012 

increased to HK7.0 billion in 2015. The substantial increasing figures indicated that there was 

continuous growth of the T&C industry because of its important role in daily life of the Hong Kong 

community as well as in external trade.  

According to the 2015-2016’s Budget Policy Address announced by HKSAR in 2015, HKSAR 

Government devoted substantial resources to improve the quality of manpower to further diversify the 

economy and steer its development towards high value-added activities such as promotion of 

innovation and technology, manufacturing and service industry development. By working more 

closely with universities and trade associations, professional training in various trades and industries 

including construction, retail, clock and watches, printing, health care, and testing and certification 

will be provided. 

 Furthermore, it was highlighted in the Budget Policy Address that the HKSAR Government 

would plan and develop a testing centre for Chinese medicine to establish reference standards for the 

safety, quality and testing methods of Chinese medicine for health care. With such staunch supports 

from the Government, the T&C industry is anticipated by its practitioners as a fast growing industry 

with significant market demand.  

According to the annual report published by the Hong Kong Council for Testing and Certification 

in 2017, it indicated that among the 13,610 persons engaged in Testing and Certification Industry in 

2015, about 6,360 persons (47%) were professionals discharging their duties in testing, inspection and 

certification services. Although there is no detailed explanation on the requirements of the 

professionals in the report, it is acknowledged that technical knowledge and skills are essential to 

support the development of the T&C Industry. In view of the growth of the T&C Industry, there is a 

high potential linkage to the manpower demand, in turn, employment opportunities specifically for 

the higher education undergraduates. It is worth to explore what disciplines are required and the 

readiness for higher education undergraduates if they enter to the T&C Industry.  

5.2.Threats 

Worldwide, whether the higher education sector is providing graduates with the requisite skills 

and knowledge to match employment needs is a concern (Fielden, 2007). Pegg (2010) is concerned 

about the transition of young full-time students to the world of work because they enter employment 

with no work experience and with skills deficits. According to Yusuf (2014), the skills expected from 

employees change dynamically with technological and economic developments, the emergence of new 

industries, and change-of-work processes. These developments require a review of higher education 
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programs at regular intervals and a harmonisation of the skills that graduates must have to meet the 

expectations of the business world.  

Mismatches arise in the supply and demand of skills in labour markets since people in the 

education system and work life cannot respond to these changes at the same pace. If we accept this 

point for the mismatches, the relationship between higher education and employment would seem to 

be increasingly problematic. Wade (2015) argues that the reasons and the impact of skills mismatches 

need to be understood. He further points out that stronger links between businesses and universities 

are a key foundation for addressing skills mismatches. Such concern has been known by the Hong 

Kong government. The report on ‘Challenges of manpower adjustment in Hong Kong’ issued by the 

Legislative Council Secretariat in 2016 highlights the issue of skills mismatch among graduates with 

higher education. The fact is that the proportion of local workforce with higher education has more 

than tripled from 9% to 29% from 1994 to 2015, but less than half of them could take professional 

jobs in recent years. As the creation of high-end jobs cannot keep pace with manpower supply amidst 

slow progress in structural change in the local economy towards knowledge-based activities, more 

graduates with higher education need to take lower-skilled occupations in recent years.  

In this respect, there is a need to review the job specifications posted by testing, inspection and 

certification companies from the recruitment advertisements. Based on the recruitment advertisement, 

three companies were reviewed on their qualification requirements. 

Table 1  

 Qualification Requirements for Technical Position 

Company Job position Qualification Requirement 

Company A 

Technical Specialist 
Degree holder in Mechanical Engineering or 

Chemical disciplines 

Assistant Chemist/ 

Chemist 

Degree or above in Applied Chemistry/ 

Analytical Chemistry/ Environmental Science 

or Chemical related disciplines 

Company B 

Chemist 
Degree or above in Chemistry or relevant 

disciplines 

Senior Laboratory 

Executive (Toys) 

Degree or above in Physics/ Mechanics/ 

Engineering or related disciplines 

Company C 

Technical Officer 

(Electrical) 

Higher certificate or above in Electrical or 

Electronic Engineering or related academic 

background 

Assistant Technical 

Officer 

Higher diploma or above in Science, Chemistry 

or Engineering or other related disciplines 

According to Table 1, it is noted that higher education qualification (attained higher certificate or 

above) in science-based or engineering-based disciplines are required for technical positions. 
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In view of the extensive technical fields, I argue that whether the technical fields are classified 

coherently in T&C industry, one possible implication of the classification should relate to the types of 

testing services.  According to the Hong Kong Trade Development Council (2015) published a report 

in which they identified the testing services with high volume and revenue [9]:  

(i) Physical and mechanical testing 

(ii) Chemical and microbiological testing 

(iii) Electrical testing 

 

In light of the fact of the growing demand for the three major types of testing services, an 

increasing labour demand to serve the T&C markets exists. This vision of the technological growth in 

the near future will perhaps encourage students in steadily increasing numbers to choose the science 

and engineering field during their undergraduate study. However, a greater attention may need to be 

given to the readiness of the current science and engineering curriculum and the extent of support for 

undergraduates entering the three main testing service sectors of the T&C industry.  

6. Competency  

Internal analysis is another component of the strategic management process which focuses on 

reviewing the capabilities or competencies of people engaged in the industry.  It is worth noting that 

whether the graduates in Hong Kong are well equipped to deal with the manpower demands in the 

T&C industry and what sorts of skills are required. One possible implication of the required skills 

should relate to the work nature in the T&C industry. It is noted that Qualification Framework has 

established competence standards for T&C industry. 

6.1.Qualifications Framework 

A guide to the Hong Kong Qualifications Framework describes ‘framework’ as [HKQF, 

2016] 

formal structures which are adopted by countries to define their qualification systems. 

Generally they identify a hierarchy of qualification levels in ascending order and state the 

generic requirements for qualifications to be awarded at each of these levels. The frameworks 

show what qualifications are at the same level and indicate how one qualification may lead 

to another either at the same or a higher level. They describe a continuum of learning which 

allows any new qualifications to be placed within the educational system. Assigning levels 

to qualifications promotes the accurate and consistent description and marketing of 

qualifications by those who award them. (p. 4) 

The Qualifications Framework Steering Committee has developed a set of specifications of 

competence standards for the T&C industry, which serves as a guideline to training providers such as 

universities to develop recognised training programmes.  
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Indeed, competence standards have been established in a number of countries, including the 

United Kingdom (QAA, 2014), Europe (EQF, 2012) and Australia (AQF, 2015). The requirements of 

these standards vary according to the conditions set by the government agency. Similarly, the 

Qualifications Framework under the Education Bureau of the Hong Kong government has developed 

the Specification of Competency Standards of the testing, inspection and certification industry in 2014. 

The Specification of Competency Standards (SCS) is regarded as a set of core competencies for the 

identified work functions with specifications on integrated outcome performance for the industry. 

These competency standards are the industry requirements for the skills, knowledge and attributes 

required to satisfactorily perform a job at a certain qualification level.  

According to the QF in Hong Kong, the qualification levels are designed in a seven-level 

hierarchy, which ranks level 1 as the lowest and level 7 as the highest. Various skill functions are 

presented as units of competencies (UoCs) in the SCS. The QF elaborates that UoCs are competency 

based, contextual and outcome criteria referenced. Each UoC represents an inseparable, self-contained 

set of competencies required to perform a specific task. The UoCs can be grouped into building blocks 

for serving different purposes. With this, the higher education institutes should strategically aware the 

context of SCS if building new curriculum for T&C courses and program. 

6.2.Skill Gaps 

The Qualification Framework Steering Committee under the Education Bureau of the 

Government conducted an interview with various T&C Industry stakeholders. They concluded in the 

report that there was a skill gap generally between academic qualifications (e.g. Bachelor degree, 

higher diploma) and job competencies in the T&C industry. In parallel, the Qualification Framework 

Steering Committee developed a set of specification of competence standards for T&C Industry which 

serves as a guideline to training providers such as universities to develop recognised training 

programmes. I have approached this enquiry and was conscious of the fact that there is no information 

to elaborate or explain the so-called skill gap between academic qualifications and job competencies 

in the T&C Industry.  

Similarly, the Hong Kong Council for Testing and Certification has reported a lack of a formal 

professional status for people working in the T&C industry. During their interviews with various 

stakeholders, a skill gap was found between academic qualifications (e.g., bachelor’s degree, higher 

diploma) and job competencies required by the T&C industry. As a result, the Qualifications 

Framework is established to recognise the vocational qualifications for the professional development 

of practitioners in the industry. The function of the QF is to clearly define the standards of different 

qualifications acquired from academic, vocational and continuing education and ensure their quality 

and indicate the articulation ladders between different levels of qualifications.  

The Hong Kong Council for Testing and Certification has further highlighted that the T&C 

industry is currently facing difficulties in attracting quality manpower to support the growth of the 

industry. One of the possible obstacles may be related to the lack of an academic ladder for the T&C 
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industry. Without the ladders, the T&C industry cannot compete with other industries for quality talent 

from the workforce. 

7.  Summary on External and Internal Analysis 

Based on the findings, Table 2 summarize the opportunities and threats, strength and weakness 

to engage T&C industry. 

Table 2 External and Internal Analysis 

External analysis Findings 

Opportunities • government fully support for the development of T&C 

• growing T&C industry with significant market demand 

• increase employment opportunities 

Threats • increasing competition as more T&C service providers/ 

testing laboratories are expanding their business  

• To keep pace with the new market’s regulatory 

requirements for the ever-changing technologies and 

innovative products, manpower and investment are 

increasing.    

• Skill mismatch    

Internal analysis Findings 

Strength  • Well defined Specification of Competency Standards 

(SCS) established by the Hong Kong Qualification 

Framework for T&C industry and serve as guideline for 

the training providers                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Weakness • lack of a formal professional status for practitioners 

working in the T&C industry 

• Skill gap between academic qualifications and job 

competencies   

 



 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

328 

 

8. Conclusions 

This paper reviewed the development of testing and certification industry in Hong Kong. The job 

requirements and the purpose of qualification framework A strategic process model is developed to 

analysis the growth of the T&C industry facing the opportunities, threats as well as the strengths and 

weaknesses. The skill gaps and mismatches indicate that it is necessary to develop knowledge, skills 

and attributes for the ‘real’ world during undergraduate study. In additional, there is a high potential 

linkage to the manpower demand, in turn, employment opportunities for higher education 

undergraduates studying science-based or engineering-based disciplines. This vision of the 

technological growth in the near future will perhaps encourage students in steadily increasing numbers 

to choose the science and engineering field during their undergraduate study. Hence, greater attention 

may need to be given to the readiness of the current science and engineering curriculum in higher 

education institutes and the extent of support for undergraduates entering the T&C industry.  
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Abstract  

This paper discusses possible successful factors of Tesla motors in the Electric Vehicles (EVs) 

markets over the past several years and evaluates the potential sustainable development in the coming 

years. Global EVs markets and Tesla motors’s background will be presented in the introduction. 

Fundamental knowledge of Lean manufacturing, country requirements, innovation types and cleaner 

production will be reviewed in the literation review. Investigation of Tesla motors’s competitive 

competences and a case study in a selected EVs market (Hong Kong market) will be explained in the 

discussion section. Foreseeable initiatives and development will be included in the conclusion.      

Keywords: Electric Vehicles, Innovation, Cleaner Production, Lean Manufacturing, Stainable 

development 

  

1. Introduction 

Electric Vehicles (EVs) take part in global automobile market comparative with petrol and diesel 

vehicles. Many people believe that driving EVs would not only improve the greenhouse gas emission 

in the environment but also minimize the driving and maintenance costs. Therefore, the number of 

EVs has been growing rapidly in the past few years. The current market situation of EVs will be 

analyzed in the following contents.  

• 1.1 Global EVs market 

The total number of EVs was increased significantly in the world. According to the International 

Energy Agency (IEA): statistics in EVs market, the number of electric car stocks has been increased 

from 0.2 million to 1.26 million in in 2012 and 2015 respectively (as shown in Figure 1), which was 

six times of expanding in the global EV market “Agency 2016”. One of the reasons is that global 

governments were providing different subsiding programmes to encourage individual customers and 

transportation industries in get into the EVs market.             

mailto:chli@ieee.org
mailto:hklau@ieee.org
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Figure 1: Global EVs market sales, 2010-2015 

According to the projection from Electric Vehicle Institute (EVI), 20 millions of EV’s will be on 

the road in 2020 (as shown in Figure 2). This projection indicated that over 50% of the EVs market is 

from the United States and China markets. The third and forth EVs markets are Japan and Spain, 

respectively (which aresignificantly lower than the United States or China. That is why various luxury 

automobile manufactures like Mercedes-Benz and Bayerische Motern Werke (BMW) are interesting 

to develop their EVs in these years.   

 

Figure 2: Projection of global EV market sales, 2012-2020 
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• 1.2. China’s EVs market 

China’s EV market has the highest growth rate, which has been increasing double up annually on 

the EVs global market share for the past few years (as shown in Figure 1),. Therefore, it is worth to 

conduct an in-depth analysis in China EVs market. According to EVs survey “Fehrenbacher, 2017”, 

EVs sales were kept increasing in the past 36 months from 2014 to 2016 (as shown in Figure 3). 

Comparing the sales of December versus three years, 2014 to 2016, the growth rate was increased at 

least 200% from 10,000 units to 42,000 units. This is a significant signal that EVs companies would 

have a huge of chance to participant in China market. 

 

Figure 3: Monthly EVs (Plug-in Vehicle) sales in China 2014-2016 

 

• 1.3. EVs market leader - Tesla 

In the past few years, Tesla and BYD are the top two EVs companies in the global market. In 

terms of the sales volume, Tesla is the second bestselling EVs manufacturer, that sold 50,580 units and 

76,243 units in the world in 2015 and 2016 respectively; BYD is the bestselling EV manufacturer, that 

sold 61,722 units and 101,183 units in China market in 2015 and 2016 respectively “Fehrenbacher, 

2017”. Based on these sale figures, BYD dominated the EVs market in China definitely.   

In terms of sales revenue, Tesla was the best EVs selling manufacturer than BYD in the world in 

2016. Tesla has US$6.35 billion of the sales revenue and BYD has US$3.88 billion in global EV 

market. Obviously, Tesla gains almost 38% more than BYD in sales revenue. One of the reasons is 

that Tesla was positioned in luxury EV brand with higher selling price than BYD.  

Furthermore, Tesla reported achieved several records in EVs industry, Tesla achieved first, second 

and third billion electric miles travelled in June 2015, April 2016 and October 2016 respectively, Tesla 

only spent six months to increase one billion electronic miles from second to third billion “Loveday, 
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2016”. In September 2016, Tesla sold over 13,000 units globally, which the new record of the best EV 

is selling in the industry. Therefore, Tesla is worth to be studied in this paper.  

• 1.4. Tesla’s sales in 2012 to 2016 

According to the Tesla revenue form the fiscal year from 2012 to 2016 “Figure 4” “Portal, 2016”, 

Tesla increased the sales revenue to 2.2 billion and 0.7 billion in U.S dollars in 110% and 230% 

respectively from 2015 to 2016. Obviously, Tesla has increased the sales revenue in China EV market.   

 

Figure 4: Tesla’s revenue from 2012 to 2016, by region 

In the first three quarters of 2015, Tesla reported to sell 3,025 units in China but this figure was 

far away from its target of 10,000 units. In 2016, Tesla sold 5,000 units successfully. In 2014, Tesla 

sold only 1,345 units to China, which occupied 11% of global deliveries “Ho, 2016”.  

2. Literature Review 

The literature review consists of five sections. First, cleaner production and Greenhouse-gas 

(GHG) are presented. Then, four innovation categories and lean manufacturing will be introduced. At 

the end, sustainable development will also be examined in this literature review.  

• 2.1. Cleaner Production 

Many countries have been considering the term “Cleaner Production” in the past decade, the 

United Nations Environment Programme defined that “The continuous application of an integrated 

preventive environmental strategy applied to processes, products and services to increase overall 

efficiency and reduce risks to humans and the environment” “UNEP, 1990”. The purpose of 

implementing cleaner production is to maximize the resource efficiency and operation performance, 

and minimize emission and wastes to humans and environmental impacts, in manufacturing process 
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from energy and raw materials extraction, component production to finished-product production 

process. Different countries have different implementation policies in cleaner production, 

manufacturer is then required to take the preventive actions to conduct the cleaner production in 

different countries like the United States or China appropriately.  

• 2.1 (a) United States’ policy  

In the United States, the Environment Protection Agency (EPA) and local government are 

working together to facilitate manufacturers to conduct cleaner production so as to reduce the human 

and environmental impacts during production process but not only the outputs “EPA 2013”. The 

following diagram (Figure 5) shows different levels of cleaner production in EPA. Manufacturers are 

encouraged to reduce the waste at the source and minimize the impact to the environment in level 1 of 

cleaner production.   

 

Figure 5: Different levels of cleaner production from EPA in United States 

• 2.1 (b) China’s policy  

In China, “Cleaner Production Promotion Law” has been approved by the Chinese National 

People’s Congress 2002 “Chinacp, 2002”, The law provides the definition and scope of cleaner 

production in China. Manufacturers are required to follow the mandatory law in order to reduce the 

risk to human health and environmental impacts.   
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• 2.2. Greenhouse-gas (GHG) in vehicle industry 

The problem of greenhouse-gas emissions is currently one of the critical environmental problems. 

Carbon dioxide is the longest lived greenhouse-gas which dissolves in ocean to generate acid rain and 

causes global warming “National Research Council. 2010”. It will affect the human heath such as 

dizziness, headache and other symptoms. Starting from the first industrial revolution in 1750 to the 

latest fourth industrial revolution at early 2017 “Minnesota, 2017”, the level of carbon dioxide has 

been increasing by 40% from 280 parts per million (ppm) to 406 ppm in the atmosphere respectively. 

In the past five years from 2013 to 2017 “ESRL 2017”, the problem of greenhouse-gas emissions is 

getting worse as annual growth rates of global carbon dioxide has been increasing over 2% 

continuously per each year (as shown in Figure 6) which is not happened in the past 58 years since the 

records of global carbon dioxide in 1959 “ESRL 2017”   

 

Figure 6: Global Carbon Dioxide 2013-2017 

Fossil fuels like diesel are usually applied in the internal combustion engines to generate a motion 

power to the vehicle and produce the greenhouse-gas to the environment simultaneously. Only 50% 

to 70% of the fuel energy are driven to the vehicles, from converting the diesel to motion power. It is 

predicted that at least 18% of green-house gas emissions will be still caused by the vehicles on the 

road in coming future “IEA, 2011”. Air quality and human health will also be affected unavoidably. 

Zero emission is one of the characteristics of the electric vehicles and would be an opportunity to 

reduce the greenhouse-gas on the road.  

• 2.3. Innovation 

Company would use innovative technologies to provide unique or new products in order to 

capture the market share. Innovation would be categorized into four different types including product 

innovation, process innovation, position innovation and paradigm innovation “Francis and Bessant, 

2005”.   
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• 2.3(a). Product Innovation 

Company applies an emerging technology to add an extra value to the existing product in the 

company itself or existing market. It is not only triggering the customer expectation on the updated 

product, but also extending the product lifecycle in the existing market. On the other hand, an 

innovative technology can also be incorporated in a new product so as to create a new industry standard 

and make the product dominate in markets. In addition to product innovation, company would also 

pay an effort on the service innovation to seek for customer expectation in the whole product lifecycle 

from purchasing product in the retail shop, maintaining product in the maintenance center, to disposing 

or returning product to the company.  

• 2.3(b). Process Innovation 

Efficiency in production in the manufacturing factory and distributing products to the customer 

would be beneficial to both internal and external stakeholders. For internal stakeholders like 

production plant, an innovative production process including automated machinery would not only 

increase the productivity, but also reduce the wastes of raw material and energy consumption. For 

external stakeholders like distribution center or logistic suppliers, implementation of innovative 

software and sensor technologies can improve the traceability of product from one destination to 

another.  

• 2.3(c). Position Innovation 

Companies would define the product in a particular position to seek for product competitive 

advantage in the market. Although the product or service may be similar to the existing, company 

would change the market position, in terms of product cost or functional technology to expand in 

different market segmentations. 

• 2.3(d). Paradigm innovation 

Achieving customer’s expectation is a fundamental value of any company to provide the product 

or service to their customers. A company (or Companies?) should apply the paradigm innovation to 

enrich their product and service for their customers in the existing market. They should evaluate the 

customer needs and expectations so as to develop a new market in coming future.   

• 2.4 Lean Manufacturing 

Lean manufacturing was derived from Toyota Production System (TPS) in 1990 “Holweg 2007”. 

It focuses on adding value on the product to improve customer value, reducing seven wastes (including 

transport, inventory, motion, waiting, overproduction, over processing and defects) in the 

manufacturing process and improving the utilization rate of the manufacturing machines in production 

“Holweg 2007”. Just-in-time (JIT) and automation are two important approaches in lean 
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manufacturing. By using JIT, a company would start the production after receiving customer’s order, 

it is not only minimize the wastes of materials in manufacturing process, but also the inventory 

capacity and cost. By applying automation in production process, both productivity and quality can be 

improved by standardizing the fabrication process through the machine operation “Ohno, 1998”.  

2.5 Sustainable development 

Sustainable development is a general principle to conduct any development for achieving better 

human needs, with three major considerations including social development, economic development 

and environmental protection for our next generation. Sustainability should be reviewed during the 

development process and indicated the humanity’s ultimate goals of human-ecosystem equilibrium 

“Passet, 1979”. In 2015, the World Trade Organization (WTO) set 17 goals (Figure 7) to mobilize 

action in the next 15 years towards ending poverty and hung, and protecting the environmental 

degradation “Will, 2007”. Achieving a sustainable development is not only a goal, but a mission for 

any organization to run the business and develop the product.  

 

Figure 7: Sustainable Development Goals in WTO “Will, 2007” 

 

3. Discussion: The case of Tesla motors 

In this section, Tesla motors will be analyzed in past 10 years and coming 10 years. Since EVs 

industry is facing a highly comprehensive challenge in emerging innovative technology from the 

competitors, increasing environmental restriction from country requirements, and improving 

expectation from customers, examining the past experience would support the company to strengthen 

the core competences. On the other hand, understanding the stakeholder’s requirements would assist 

the company to plan an appropriate strategy in coming future. Although Tesla is the EVs leader in the 

worldwide in terms of sales amount, evaluation can help maintain their leadership position in EVs 

market.  
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• 3.1 Using innovation-based approach to dominate Hong Kong in the past 10 years 

Although Tesla did a great success in terms of the sales revenue in China EVs market in the past 

few years, Mr. Elon Musk, the Chief Executive Officer (CEO), concerned a challenge “Morris, 2016” 

in China EV market due to the high import tax and lack of production and maintenance supports.  

On the other hand, Tesla expected Hong Kong to be the “leader of the world” “Zen Soo & Naomi 

Ng, 2016”. According to the Tesla’s overseas sales figures, Hong Kong made up about 10% while 

China as a whole accounted for up to about 12% in 2016 “Ho, 2016”. The statistics from the Hong 

Kong Environmental Protection Department shows that total numbers of EVs were increasing from 

less than 100 units to 4,500 units from 2010 to January 2016. 

Hong Kong is an incredible market to Tesla. Tesla sold 2,221 units and 2,665 units of Model S 

sedans in Hong Kong and China respectively in 2016. It is shown that Tesla is the most popular EV 

brand in Hong Kong and Model S is the top-selling sedan. Tesla commanded 80% of the local market 

in 2016. As of July 2016, the number of Tesla EVs was over 4,600 units and the number of total EVs 

was 5,800 units in Hong Kong “Zen Soo & Naomi Ng, 2016”. In 2015, Model S dominated 80% of 

the local EV market. Definitely, Model S is popularizing sustainable means of private transportation 

in Hong Kong.  

Tesla believes that new Model X SUV EV with four different specifications will continue to be a 

prevalent choice for Hong Kong customers in coming years. Therefore, it is worth to analyze how 

Tesla can apply the innovative elements their business and dominate the potential market within a few 

years. 

• 3.1(a). Process innovation 

Tesla establishes different service platforms for charging and maintaining EVs in Hong Kong. 

The waiting and searching times would be shorten on the charging stations in different districts so that 

the customers can enjoy the repairing and maintaining services conveniently. 

• 3.1(a)(i). Convenient charging stations 

Hong Kong is the most convenient charging city in the world due to its small size with installation 

of high density of charging stations. Tesla drivers could reach any charging station within 20 minutes. 

There are 54 superchargers in Hong Kong, which allow charging in minutes instead of hours, and over 

120 destination chargers at convenient locations including public parking building and shopping malls. 
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• 3.1.(a)(ii). Convenient maintenance centre 

Because of the rapid growing sales in Hong Kong, Tesla opened a new service centre at Tsuen 

Wan in 2016, which will be further expanded over 100,000 square feet “Hollingsworth, 2016” in this 

year and will become the biggest Tesla service centre in the world. This is the first Tesla’s owned 

service centre in Asia while Tesla is using the partner’s service centres to provide the maintenance 

service in the other countries like Japan, Mainland China and Macau. It gives a significant message to 

show that Hong Kong market is extremely important for Tesla.  

• 3.1(b). Position innovation 

Tesla launched three different levels of EVs to fit with different market segments (Figure 8) in 

past decade. The CEO, Elon Musk defined the position innovation in 2006 and stated that “The starting 

point is a high performance sports car, but the long term vision is to build cars of all kinds, including 

cost family vehicles” “Hamilton, T., 2006”. In 2006, Tesla launched the first EVs, called Roadstar, 

which targets on sport performance market. Tesla Roadster can accelerate from zero to 97 kilometer 

per hour in 4 seconds and achieve the same level as high performance sports car like Ferrari and others 

brands. The second Tesla EVs is called Model S, focusing on premium performance market since 2012. 

It sold over 75,000 units in 2015 “Zen Soo & Naomi Ng, 2016”. The third Tesla EVs is called Model 

X, which targets on small premium performance market. Model S and X dominate the Hong Kong 

EVs markets successfully by using position innovation strategy.  

Tesla also explained the future master plan for the next decade since 2017 and stated that “There 

will be future cars that will be even more affordable down the road…. We will ultimately be in a 

position where everyone can afford the car”. Tesla plans to make a mini-trailer truck, heavy truck and 

small car model in coming future “Tesla, 2017”. Under the great success on implementing the position 

innovation in the past decade, Tesla has a much better position competence than other brands 

significantly.   

 

Figure 8: Tesla’s market position “Portal, 2016” 
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• 3.1(c). Paradigm innovation 

Tesla launches multiple sales programs in Hong Kong market. Tesla Hong Kong offers an 

attractive financing package, like monthly instalment and residual value buyback program, to the 

potential customers. Customers could save nearly half of retail price to own their EVs. 

In competitive ownership program, customer pays only 10% for the first payment and pay 45% 

of the EV value by monthly instalment.  

Besides, Tesla offers a residual value buyback program in Hong Kong and will buy back the used 

EV 65% of its retail price within three purchasing years. This innovative offer encourages the potential 

consumer to purchase a new Tesla EV with less charges.  

• 3.1(d). Regulation innovation 

Tesla does face a high import duty (25%) of shipping the EVs from United States to Mainland 

China, which is the highest in the world “Ho, 2016”. The reason is that Tesla lacks of local incentives 

from China unlike the local brand BYD. Tesla would only sell the EVs with higher cost than anywhere 

else. 

Hong Kong government provides subsidized, same for EVs. Hong Kong customers are required 

to pay two times more than the retail prices for a fuel-powered vehicle given the city’s punitive 

environmental taxes “Ho, 2016”. For example, Mercedes E400 is of a higher retail price than Tesla 

90D. Such taxes provide a high incentive to the customers to purchase an innovative vehicle instead 

of fuel-powered vehicle for better retail price. 

First registration tax could be waived for owners who purchase EVs like Tesla in Hong Kong, 

Also, government also encourage the business companies to purchase EVs with tax deduction on the 

expenditure in the first year “Ho, 2016”. 

In addition to the taxes, Hong Kong government also subsidizes the charging fee in public parking. 

Customers could enjoy the free charging in public parking and a lower charging fee at the residential 

parking. As result, customers could pay six times less than the gasoline vehicle in Hong Kong. 

• 3.1(e). Zero emission on the road 

Although EVs was claiming to save the gaseous emission on the road, some research companies 

found that the convert is true. According to the Sanford C. Bernstein, a U.S. research company “Abe, 

2016”, battery-powered sedan vehicles emitted 20% more carbon dioxide higher than gasoline 

vehicles, by comparing the impact of "indirect" emissions during the process of power generation. 

This is no doubt that driving EV emits less carbon dioxide than gasoline vehicles on the road 

directly. But the truth is that either the Hong Kong Electric (HKE) generates electric power or the 
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China Power Hong Kong Limited (CLP), which relies on generating from coal power to electric power, 

carbon dioxide could be generated in the electric plants definitely. Such indirect emissions should also 

be counted for the EVs industry.  

• 3.1(f). Recycle battery packs 

Competitors in EVs market in the worldwide have introduced some similar EVs products in the 

market continuously. Tesla spends huge resources on providing the integrated systems such as super-

charge electric system to improve the competitive advantages. 

Tesla collaborates with battery cell maker Panasonic “Fehrenbacher, 2017” to develop nickel-

based lithium-ion battery cells for EV(s?) to improve the battery technology and expand the sources 

of battery suppliers. This is a strategy to improve the manufacturing efficiency in current EVs market, 

and also lead the battery technology in EV(s?) industry. However, numerous raw materials are required 

to produce a new battery pack in the production plant, Tesla launches a recycling program to take back 

the older battery packs (Figure 9) from the customers in order to minimize the waste of the older 

battery packs in Hong Kong and other countries “Tesla 2011”.  

 

Figure 9: Tesla recycled older battery packs “Tesla 2017” 

• 3.2 Apply cleaner production approach to develop a sustainable business in the coming 

10 years 

Tesla is trying different methods like Lean manufacturing concept in the cleaner production when 

it builds an electric battery cell plant in Nevada, United States “Tesla, 2017”, which will be one of the 

biggest battery cell plants in the world and will begin its production in this year. The new production 
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plant would supply half of million EVs annually in 2020. During the plant development, Tesla 

minimized two important production impacts on the environmental footprint 

• 3.2(a). Cleaner production  

Tesla Gigafactory (TGF) is building a new production plant now and will be completed in 2020. 

TGF is located in Storey County, Nevada. Tesla will increase the scale of production plant at least 50 

times and TGF will be the world’s second largest building by footprint. Tesla expected that TGF will 

reduce the battery cost by 30%, because of using economies of scale in production, innovative 

manufacturing, reducing material wastes, smoothing the operation and manufacturing process under 

one roof. Recycling system inside the TGF is a major project for world’s footprint. Raw material and 

its residues, and the old batteries will be recycled within the recycling system “Tesla, 2017”.  

• 3.2(b). Renewable energy in automated machinery 

It is known that Tesla EVs are assembled by robotic machines and the power sources are come 

from the coal-fired power plant. TGF will be driven by renewable energies like wind, solar and 

geothermal. In 2020, TGF will produce many of lithium-ion batteries to support 500,000 vehicles 

annually, which will more than all of the lithium-ion battery makers combined in 2013.  

Due to the high demand of batteries, Tesla is working with Panasonic to develop a high cell 

manufacturing efficiency of production plant. TGF will employ workers and also apply the Automated 

Guided Vehicles (AGVs) “Tesla 2017” to operate the pick and place works, and also transportation 

works from one point to others in the production shop floor by using magnetic tape, sensor and other 

emerging technologies.  

• 3.2(c). Cleaner materials  

Graphite is one of the major raw materials in producing the chargeable battery. However, it will 

generate fugitive dust and corrosive chemical “Hambleton, 2017”. During the graphite mining and 

processing, it causes the air and water pollutions nearby the plant district. As a result, high level of 

processing graphite will affect the human health. Tesla committed to minimize the environmental 

impact by graphite mining and processing in the production plant before seeking a raw material 

substitution, such as cobalt or synthetic graphite to replace graphic in coming few years. Although 

graphite problem is unavoidable at this moment, it will be great chance to find a suitable replaceable 

material for minimizing both health and environmental impacts in EVs industry. 

4. Conclusion  

This paper reviewed the current EVs market in worldwide, different critical elements like 

innovation strategy, governmental policy and green-house gas emissions are influencing the EVs 

market in the past decade. Some methodologies like cleaner production and lean manufacturing are 
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taking an important role for EVs manufacturing industry. Cleaner production and sustainable 

development concepts are proposed to integrate in EVs industry in this paper. It is noticed from the 

statistics that the trend of EVs is keep on growing in the past years, fulfilling customer expectation 

and developing the sustainable product are being considered.   

5. Acknowledgements 

The work described in this paper was partially supported by a grant from the Research Grants 

Council of the Hong Kong Special Administrative Region, China (UGC/IDS16/16).  

Reference 

Agency, I. E., 2016. Global EV Outlook 2016: Beyond one million electric cars, France: 

International Energy Agency.  

Chinacp, 2002 China National People's Congress Standing Committee. “Cleaner Production 

Promotion Law”; June 29, 2002. 

ESRL, 2017. Trends in Atmospheric Carbon Dioxide 

https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html 

EPA, 2013 http://www.epa.nsw.gov.au/mao/cleanerproduction.htm  

Fehrenbacher, K., 2017. Tesla and Panasonic Kick Off Battery Production at the Gigafactory. 

[Online] Available at: https://www.greentechmedia.com/articles/read/tesla-and-panasonic-kick-off-

battery-production-at-the-gigafactory  

Francis, D., & Bessant, J. (2005). Targeting innovation and implications for capability development. 

Technovation , 25 (3), 171-183. 

Hambleton, C. L., 2017. No Free Lunch: The Environmental Impacts of Battery Production (and the 

Efforts to Mitigate Them). [Online] Available at: 

https://www.bv.com/Home/news/solutions/environmental/the-environmental-impacts-of-battery-

production 

Hamilton, T. (2006, June 1). Tesla Motors raises $40 million (U.S.) more. Retrieved May 2, 2013, 

from Clean Break: http://www.cleanbreak.ca/2006/06/01/tesla-motors-raises-40- million-us-more/ 

Ho, J., 2016. Tesla can't catch a break in China. [Online] Available at: 

http://asia.nikkei.com/Business/AC/Tesla-can-t-catch-a-break-in-China   

Ho, J., 2016. Why Tesla's Hong Kong sales multiplied in 2 years. [Online] Available at: 

http://asia.nikkei.com/Business/Companies/Why-Tesla-s-Hong-Kong-sales-multiplied-in-2-

years?page=1  

Holweg, Matthias (2007). "The genealogy of lean production". Journal of Operations Management. 

25 (2): 420–437. 

IEA, 2011. CO2 Emissions from Fuel Combustion. International Energy Agency, Paris, France. 

https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html
http://www.epa.nsw.gov.au/mao/cleanerproduction.htm
https://www.greentechmedia.com/articles/read/tesla-and-panasonic-kick-off-battery-production-at-the-gigafactory
https://www.greentechmedia.com/articles/read/tesla-and-panasonic-kick-off-battery-production-at-the-gigafactory
https://www.bv.com/Home/news/solutions/environmental/the-environmental-impacts-of-battery-production
https://www.bv.com/Home/news/solutions/environmental/the-environmental-impacts-of-battery-production
http://www.cleanbreak.ca/2006/06/01/tesla-motors-raises-40-%20million-us-more/
http://asia.nikkei.com/Business/Companies/Why-Tesla-s-Hong-Kong-sales-multiplied-in-2-years?page=1
http://asia.nikkei.com/Business/Companies/Why-Tesla-s-Hong-Kong-sales-multiplied-in-2-years?page=1


 

The 8th International Conference on Systematic Innovation 2017.07.11~14, Beijing, China 

344 

 

Loveday, E., 2016. Global Tesla Fleet Surpasses 3 Billion Collective Miles Driven. [Online] 

Available at: http://insideevs.com/global-tesla-fleet-surpasses-3-billion-collective-miles-driven/  

Minnesota, 2017. Minnesota department of Health 

http://www.health.state.mn.us/divs/eh/indoorair/co2/    

National Research Council. 2010. Ocean Acidification: A National Strategy to Meet the Challenges 

of a Changing Ocean. Washington, DC: National Academies Press. doi:10.17226/12904. ISBN 978-

0-309-15359-1. 

Ohno, Taiichi (1988). Toyota Production System. Productivity Press. p. 8. ISBN 0-915299-14-3 

Portal, T. S., 2016. Tesla's revenue from FY 2012 to FY 2016, by region (in millions U.S. dollars). 

[Online] Available at: https://www.statista.com/statistics/314759/revenue-of-tesla-by-region/  

Passet, René (1979-01-01). L'Économique et le vivant (in French). Payot. 

Tesla Motors. (2011, October 11). Retrieved May 3, 2013, from 

http://www.teslamotors.com/about/press/releases/panasonic-enters-supply-agreement- tesla-motors-

supply-automotivegrade-battery-c 

Tesla, 2017. Tesla Gigafactory. [Online] Available at: 

https://www.tesla.com/en_HK/gigafactory?redirect=no  

UNEP, 1990 http://www.unep.fr/scp/cp/  

Will Allen. 2007."Learning for Sustainability: Sustainable Development." 

Zen Soo & Naomi Ng, 2016. With Tesla's Model S now Hong Kong's top-selling sedan, chief Elon 

Musk predicts city to become world leader in electric vehicles. [Online] Available at: 

http://www.scmp.com/news/hong-kong/article/1905236/teslas-model-s-now-hong-kongs-top-selling-

sedan-chief-elon-musk[Accessed 26 October 2016]. 

https://www.statista.com/statistics/314759/revenue-of-tesla-by-region/
https://www.tesla.com/en_HK/gigafactory?redirect=no
http://www.unep.fr/scp/cp/


 
The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

345 

Organization & Acknowledgment of Contributions 

 

2017 ICSI/GCSI  
(International Conference and Global Competition on Systematic Innovation) 

 

Dates: July 11-14, 2017, Beijing, China 

 
Co-Organizers 

⚫ International Society of Innovation Methods (I-SIM) (Sponsor) 

⚫ The Society of Systematic Innovation (SSI) 

⚫ iCenter, Tsinghua University (THU) (Local Host) 

⚫ The Chinese Ergonomics Society (CES) 

⚫ TIMTC, Hebei University of Technology 

⚫ Chinese Society of TRIZ 

⚫ Maker Education Base Alliance 

 

Chairs: 

1.1 Organizing Committee and the Officers: 

⚫ Conference General Chair: Li Zheng 

⚫ Conference General Co-chair: D. Daniel Sheu 

⚫ Program Chair: S. S. Lee 

⚫ Program Co-Chairs:  

Wei Zhang 

Ben Koo 

⚫ Host coordinator: Liang Hong, Jianxin Yang 

⚫ Technical Committee Chair: R.H. Tan 

⚫ GCSI Committee Chair: Hain Rau 

⚫ Paper Competition Chair: Jay Huang 

◼ Judges: R.H. Tan, Olga Bogatyreva, Paul Filmore, Song-Kyoo Kim, Chih-Hsuan Wang,  

⚫ Excellent Paper Committee Chairs: R.H Tang, Jyhjeng Deng 

 

1.2 International Advisory Board:  

Olga Bogtyreva, Paul Philmore, Jabir Walji, Darrell Mann, Kyeongwon Lee, Nikolay Bogtyrev 

 

1.3 Secretariat: 

 Leigang Zhang, Jinghong Fang, Yinghui Pei, Ming Chan,Chiaoling Ni, Yolanda Cheng, Yida Cui 



346 

 

Publication of this Proceedings follows the” Publication Ethics & Malpractice Statement” as indicated 

on the conference web site. 

 

Publication Ethics & Malpractice Statement 

  

ICSI proceedings’ statement on Publication Ethics and Publication Malpractice 

Statement is based on Elsevier recommendations and with reference to Committee on 

Publication Ethics COPE's Code of Conduct and Best Practice Guidelines for Journal 

Editors. 

A selection of key points is included below. The categorization is made on Duties of 

Editors, Duties of Reviewers and Duties of Authors. However, in case of discrepancy 

the Editor in chief's decision will be final. 

 

1. Duties of Editors 

 

Fair play and Publication decisions 

Submitted manuscripts will only be evaluated on the basis of their contributions and 

their relevance to the journal's scope. Authors' ethnic background, political 

orientation, nationality, gender, religious belief, or institutional affiliation are never 

taken into account during editorial process. All submitted manuscripts being 

considered for publication will undergo peer-review by reviewers who are experts in 

the field. The editorial board will decide whether or not the manuscript should be 

published based on reviewer's comments and its contents. Moreover, legal 

requirements such as libel, copyright infringement and plagiarism will also be 

considered. 

 

Confidentiality 

Editors and editorial staff will not disclose any information about a submitted 

manuscript to anyone other than the corresponding author, reviewers, potential 

reviewers, other editorial advisers, and the publisher, as appropriate. 

 

Disclosure and conflicts of interest 

Editors and editorial board members will not take the liberty to use unpublished 
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Contribution to editorial decisions 

Peer review assists editors in making editorial decisions and, through editorial 

communications with authors, may assist authors in improving their manuscripts. Peer 

review is an essential component of formal scholarly communication and lies at the 

heart of scientific endeavor. 

  

Promptness 

Any invited reviewer who feels unqualified to undertake the task or knows that a 

prompt review will be impossible should immediately notify the editors and decline 

the invitation so that alternative reviewers can be contacted. 

  

Confidentiality 

Any manuscripts received for review are confidential documents and must be treated 

as such. They must not be shown to or discussed with others under any circumstances. 

This applies also to invited reviewers who decline the review invitation. 

  

Standards of objectivity 

Reviews should be conducted objectively and observations formulated clearly with 

supporting arguments. Personal criticism of the authors is inappropriate. 

  

Acknowledgment of sources 

Reviewers should identify relevant published work that has not been cited by the 

authors. Any statement that is an observation, derivation or argument that has been 

reported in previous publications should be accompanied by the relevant citation. A 

reviewer should also notify the editors of any substantial similarity or overlap 

between the manuscript under consideration and any other manuscript (published or 

unpublished) of which they have personal knowledge. 

  

Disclosure and conflicts of interest 

Any invited referee who has conflicts of interest resulting from competitive, 

collaborative, or other relationships or connections with any of the authors, companies 

or institutions connected to the manuscript and the work described therein should 

immediately notify the editors to declare their conflicts of interest and decline the 

invitation. Reviewers must not use the material disclosed in a submitted manuscript in 

their own research or for their personal advantage without author's written consent. 

This applies also to invited reviewers who decline the review invitation. 
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3. Duties of Authors 

 

Reporting standards 

Authors of original research should present an accurate account of the work 

performed and the results, followed by an objective discussion of the significance of 

the work. Review articles should be accurate, objective and comprehensive, while 

editorial 'opinion' or perspective pieces should be clearly identified as such. 

Fraudulent or knowingly inaccurate statements constitute unethical behavior and are 

unacceptable. 

 

Originality and plagiarism 

Authors should ensure that they have written and submit only original works, and if 

they have used the work and/or words of others, that this has been appropriately cited. 

Plagiarism takes many forms, from "passing off" another's paper as the author's own, 

to copying or paraphrasing substantial parts of another's paper (without attribution), to 

claiming results from research conducted by others. Plagiarism in all its forms 

constitutes unethical publishing behavior and is unacceptable. 

 Multiple, duplicate, redundant or concurrent submission/publication 

Papers describing essentially the same research should not be published in more than 

one journal or primary publication. Hence, authors should not submit for 

consideration a manuscript that has already been published in another journal. 

 

Authorship of the manuscript 

Only persons who meet these authorship criteria should be listed as authors in the 

manuscript as they must be able to take public responsibility for the content: (i) made 

significant contributions to the conception, design, execution, data acquisition, or 

analysis/interpretation of the study; (ii) drafted the manuscript or revised it critically 

for important intellectual content; and (iii) have seen and approved the final version of 

the paper and agreed to its submission for publication. The corresponding author 

should ensure that all appropriate coauthors (according to the above definition) and no 

inappropriate coauthors are included in the author list and verify that all coauthors 

have seen and approved the final version of the manuscript and agreed to its 

submission for publication. 

  

Disclosure and conflicts of interest 

Authors should-at the earliest stage possible (generally by submitting a disclosure 
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any conflicts of interest that might be construed to influence the results or their 

interpretation in the submission. Examples of potential conflicts of interest that should 

be disclosed include financial ones such as educational grants or other funding, 

participation in author's organization, membership, employment, consultancies, stock 

ownership, other equity interest, paid expert testimony, or patent-licensing 

arrangements, as well as non-financial ones such as personal or professional 

relationships, affiliations. All sources of financial support for the work should be 

disclosed in the acknowledgment section. (including the grant number or other 

reference number if any). 

  

Acknowledgment of sources 

Authors should ensure that they have properly acknowledged the work of others, and 

should also cite publications that have been influential in determining the nature of 

the reported work. Information obtained privately (from conversation, correspondence 

or discussion with third parties) must not be used or reported without explicit, written 

permission from the source. Authors should not use information obtained in the 

course of providing confidential services, such as refereeing manuscripts or grant 

applications, unless they have obtained the explicit written permission of the author(s) 

of the work involved in these services. 

 

 Peer review 

Authors are obliged to be listed on the reviewer list to participate in potential peer 

review process and cooperate fully by responding promptly to editors' requests for 

raw data, clarifications, and proof of ethics approval, patient consents and copyright 

permissions. In the case of a first decision of "revisions necessary", authors should 

respond to the reviewers' comments systematically, point by point, revising and re-

submitting their manuscript to the journal in a timely manner. 

  

Fundamental errors in published works 

When authors discover significant errors or inaccuracies in their own published work, 

it is their obligation to promptly notify the journal's editors or publisher and cooperate 

with them to either correct the paper in the form of an erratum or to retract the paper. 

If the editors or publisher learns from a third party that a published work contains a 

significant error or inaccuracy, then it is the authors' obligation to promptly correct or 

retract the paper or provide evidence to the journal editors of the correctness of the 

paper. 

 



 
The 8th International Conference on Systematic Innovation  2017.07.11~14, Beijing, China 

 

 

The 8th International Conference on Systematic Innovation  

 

 Proceedings  

 

 
 

Editor        The Society of Systematic Innovation 

publication   The Society of Systematic Innovation 

TEL          +886-3-572-3200 

FAX          +886-3-572-3210 

address      6F,Tsing-Hua Info. Building,No.352,Guang-Fu,Sec.2,Hsinchu,      

              Taiwan 30071,R.O.C. 

 
 
ISBN 978-986-93880-3-0 

2017/07/11 Publish 

All Copyrights are Reserved 

 

 


