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Executive Summary 

Due to the fast-paced development of technologies, shifted customer expectations and in-

creased global competition, innovations and the process of those in the semiconductor in-

dustry are affected. Moreover, customers are equipped with extensive know-how and third 

parties, web data and consultancies are abundant. All these aspects cause a shift to high-

tech sales. Selling solutions only cannot last anymore to cope with these challenges. Sales 

activities must be extended to identify unrecognized needs of the customers, which create 

additional customer demand by suggesting new innovative solution ideas and can lead to 

generating new projects. For that, these ideas must be provoked proactively. This last men-

tioned task is intended to be accomplished with the use of TRIZ methods. 

Thus, the purpose of this master thesis is to show the approach of TRIZ by using TRIZ 

methods to generate innovative solution ideas for high-tech applications. This is conducted 

with the help of an exemplary application of the automotive industry, the automotive trunk 

opening. In addition, the solution idea is worked out on the sensor technology level. Conse-

quently, the master thesis can serve as a template or guide for sales representatives, how to 

use TRIZ for other high-tech applications. 

First, the theoretical fundamentals are settled being TRIZ, automotive sensors as the solution 

idea is to be found on that level, as well as the automotive trunk opening. 

TRIZ is a Russian acronym that stands for “theory of inventive problem solving”. It was es-

tablished based on numerous patent analyzes. Through the main findings, TRIZ supports 

users with a systematic approach or process and a toolbox with a great number of tools. As a 

result, inventive problem solving is not a random process anymore. 

Automotive sensors are used to realize various applications for vehicles concerning perfor-

mance, safety, comfort, convenience and driving pleasure. As they are complex electronics 

and designed for specific applications, their development must especially meet the following 

requirements: low production costs, high reliability, harsh operating conditions, small design 

and high accuracy. Due to governmental regulations and laws but also due to consumer de-

mand and wishes enhanced automotive applications are claimed, affecting automotive sen-

sors as well. 

Realized with the help of automotive sensors, is the automotive trunk opening application 

that increases comfort for the user. It enables an opening of the trunk without using hands. 

This is claimed, when the user carries load in both hands and cannot use them to open the 

trunk manually. Therefore, the system must detect the intention of the user, which shows that 

opening the trunk is desired. Additionally, the application requires recognition of the user 

being authorized to open the trunk. Even though the application has already overcome major
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problems and improvements have also been undertaken, it is still a relatively new system. 

Further development is still ongoing. Thus, the automotive trunk opening qualifies for the 

exemplary use of TRIZ. 

In order to use TRIZ on the specific example, a decent number of the most appropriate TRIZ 

methods or tools are chosen first. Thereby, the systematic TRIZ process must be borne in 

mind. A small amount of the tools, an easy deployment and minimum time consumption are 

the principal criteria for the selection. The examination of several tools yields the following 

decision: function analysis, technical contradictions, contradiction matrix and innovation prin-

ciples. 

With the chosen tools the actual use of TRIZ methods can be conducted to elaborate a solu-

tion idea for the automotive trunk opening. Thereby, the general approach for each tool is 

explained. Also, the implementation of each tool for the example is described. For that, only 

the general approach is followed. During the use of the TRIZ tools the systematic process of 

TRIZ must be considered as well. It ensures that using each tool results in the desired output 

according to those. 

Having applied the chosen methods, the study reveals a speech sensor as the innovative 

solution idea. Hereby, the intention of the user is triggered through speech. The defined 

words of the speech can be saved beforehand in a learning cycle. They are detected by the 

sensor that is assembled in the car key. Moreover, the requirement for recognizing the user 

as an authorized user is implemented by applying a key fob. This is also the same usage 

being deployed in the current automotive trunk opening solution. 

Through the use of TRIZ methods several findings can be figured out: first, by shifting the 

focus of problem solving on defining a problem properly as a first step before the actual solv-

ing as the success of TRIZ, changes the way of thinking. Secondly, it demonstrates the usa-

bility of TRIZ for any person and for any field. However, the challenging usage of TRIZ is 

recommended to be performed in a team. Also, TRIZ training can help to better understand 

the theory itself and also other tools can be adopted, if more suitable for other cases. 

By taking an exemplary application, the use of TRIZ for high-tech application in order to pro-

voke new ideas is successfully shown. TRIZ enables effective inventive problem solving. Not 

only is the result a solution idea that is feasible, using speech recognition for the automotive 

trunk opening was also suggested to the customer with a positive outcome: the customer 

showed great interest. Thus, using TRIZ methods for high-tech applications as an additional 

task for sales representatives in order to provoke ideas proactively can be implemented in 

order to generate new projects within sales. 
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1 Introduction 

Looking back at the last decades an enormous development in the technology sector can be 

observed. Thereby, the fast evolution of semiconductors must be particularly highlighted. It 

has primary enabled many industries in the technology area and has profited them. The 

availability of smaller embedded systems and devices with greater power efficiency, more 

performance and more features at lower prices is the result. This conspicuous play is still 

ongoing. Researches conducted by firms like McKinsey & Co., PricewaterhouseCoopers and 

Standard & Poor’s indicate similar forecast regarding the continuous growth of semiconduc-

tor demand. 

In addition to that, markets for semiconductors are vast. For instance, they are essential for 

data processing, cloud computing (e.g. server farms) and offloaded computing used in com-

puters and smartphones, communications, consumer electronics or automotive. Not only will 

the variety of products rise, but so will the number of semiconductors in respective systems. 

Moreover, studies reveal that especially the digital business, e.g. smartphones and tablets, 

and the automotive industry will target the future direction for semiconductor need develop-

ment.1 Also, consumer needs and expectations for new products have changed and grown.2 

This existing fast-paced trend forces organizations of the semiconductor industry to keep up 

and challenges them to prevail against competitors. Therefore, continuously innovating is 

necessary. For many companies, the act of innovating ranks highest importance. This is the 

result of a survey performed by the Boston Consulting Group on the most innovative compa-

nies in 2014. In this study, 75 percent of 1500 participating global senior innovation execu-

tives agreed on this opinion. More than half also stated that their investment for innovation 

even increased compared to the year before.3 Innovating, however, is difficult. According to 

Professor Edward D. Hess of the University of Virginia’s Darden School of Business, an im-

portant reason for this is that “innovative thinking […] does not come naturally to most peo-

ple”.4 Therefore, organizations should find ways and manners to enable employees with in-

novation capabilities that are not based on intuition. A possibility to implement this task is 

given through the use of TRIZ. This attempt is also undertaken by Texas Instruments, a mar-

ket leading semiconductor design and manufacturing company, which name innovation as 

one of its core values.5 

                                                

1 Lan 2014 

2 RSM Bird Cameron 2015 

3 Wagner et al. 2014 

4 Hess 2014 

5 Texas Instruments 2015 

http://www.darden.virginia.edu/web/Faculty-Research/Directory/Full-time/Edward-D-Hess/
http://www.forbes.com/colleges/university-of-virginia-main-campus/
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The master thesis is accomplished in cooperation with the mentioned organization, specifi-

cally within the sales department. In the following, Texas Instrument will be presented start-

ing with an introduction of the company and its field of business. Furthermore, the concerning 

department is described. This ensures a better understanding, why the use of TRIZ is con-

ducted within sales and how it promotes the company and its customers to pursue the ability 

of permanently ongoing innovation. 

1.1 About Texas Instruments 

Texas Instruments, or also well known as TI, is a global company for semiconductor design 

and manufacturing headquartered in Dallas, Texas in the USA. It is one of the top ten organ-

izations in its field.6 

1.1.1 History and Facts 

The history of TI begins in 1930 when the company Geophysical Service Inc. (GSI) was 

founded, a company for geophysical exploration and oil search. With the hiring of Patrick 

Haggerty in 1945, GSI started to set their focus on electronic equipment. In 1951, the com-

pany was renamed Texas Instruments Incorporated under the lead of Eugene McDermott, 

Erik Jonsson, Cecil Green and Patrick Haggerty with GSI as a subsidiary. In the following 

year, the semiconductor business was their next market to join.7 

Since then, the company refers to many well-known innovations, like the first commercial 

silicon transistor in 1954, the first electronic hand-held calculator in 1967 or the first integrat-

ed circuit (IC). The last mentioned was invented by the Nobel Prize-winner Jack Kilby in 

1958.8 

Today, TI has nearly 100,000 products available, e.g. analog ICs and embedded processors. 

The number of worldwide customers served exceeds 100,000. Approximately 30,000 em-

ployees are hired all over the world. The company operates in 35 countries. This brought out 

revenue of US$13 billion in 2014. More than 80 percent of the revenue comes from the ana-

log and embedded processing businesses.9 The distribution of TI revenue is shown in Figure 

1.1. 

                                                

6 Riemenschneider 2014 

7 Texas Instruments Homepage 2014e 

8 Texas Instruments Homepage 2014d 

9 Texas Instruments 2015, p. 5 - 8 
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Figure 1.1: Texas Instruments Revenue in 2014 

(Source: Texas Instruments 2015)  

1.1.2 TI Products 

Texas Instruments’ semiconductor technologies result in many products. These include ana-

log ICs and embedded processors. Additionally, TI features Digital Light Processing (DLP) 

and education technology. With all those, the company provides their customers, also inno-

vative electronics firms, with excellent electronic goods. TI supports them to develop applica-

tions for their respective customers. Thereby, the generated applications can be of any kind 

of field such as industrial, energy, medical or safety. The goal is to form the future with inno-

vative products that make life easier, better and more comfortable.10 

As presented in Figure 1.1, more than half of the total revenue in 2014 was achieved through 

analog solutions and is therefore “a vital part of TI’s business”. Analog chips in combination 

with embedded processors are the main components in devices and systems of the electron-

ics world. Hence, TI has played a major role in pushing forward such innovations. Their focus 

is set on these two segments. Applications like smartphones and tablets, portable media 

player, industrial electrification with programmable logic controller (PLC), sensors and drives 

or electric cars and bikes emerged.11 An example for what kind of innovative applications can 

be created with TI products is shown in Figure 1.2. 

                                                

10 Texas Instruments Homepage 2014f 

11 Texas Instruments Homepage 2014g 
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Figure 1.2: Texas Instruments Products in a Smartphone 

(Source: Texas Instruments Homepage 2014g) 

1.1.3 Innovation at TI 

As stated before, a very important topic at TI is innovation. According to their homepage “in-

novation is the foundation upon which TI is built”.12 Evidences, which proof their process in 

innovating can be seen for more than 80 years. Some older examples are listed in chapter 

1.1.1. Newer ones can be found in areas like the internet enabling the cloud or improving 

connectivity to allow the Internet of Things (IoT) and Industry 4.0.13 Another area concerns 

the management of energy. Here, TI’s endeavor includes facilitating energy harvesting, ad-

vancing smart-building technology or providing the possibility for wireless charging.14 There-

by, the motivation to innovate can arise from just an idea for next-generation technology or a 

customer request. Typically, the responsible division for innovation matters is research and 

development (R&D).15 

                                                

12 Texas Instruments Homepage 2014a 

13 Texas Instruments Homepage 2014b 

14 Texas Instruments Homepage 2014c 

15 Texas Instruments Homepage 2014h 
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1.1.4 Sales Department 

The sales department represents the interface between customers and Texas Instruments. 

The sales representatives’ main duty is to find every project or business opportunity and 

convince their customers to choose TI solutions for their products. Winning projects finally 

results in driving revenue. The account managers are responsible for their customers or ac-

counts. Depending on the potential amount of revenue per year, the accounts are divided in 

five categories. The categories one to four represent the approximately top 2000 customers 

of TI, whereby category one consists of customers with the highest potential revenue. The 

other contain of customers with respective less revenue than the previous category. The last 

category includes all other customers beyond the top 2000. Work on these accounts is heavi-

ly done by distribution, web or service centers. At Texas Instruments sales is regionally de-

ployed. The regions are Asia, Americas, Europe and Japan. Customers are supported wher-

ever they operate. By continually visiting customers not only their needs and problems can 

be understood and identified but also the relationship between both partners can be 

strengthened. Customers can come from any field: e.g. industrial, automotive, telecommuni-

cation, military and defense or consumer. 

As Texas Instruments offers complex high-tech products, the deployment of account manag-

ers is not enough in order to fully accomplish the responsibilities. The support of a field appli-

cation engineer (FAE) is necessary. The engineer serves as the application specialist and 

provides technical expertise.16 

Field application engineers generally work closely with the responsible R&D team of the cus-

tomer and the own account manager. FAEs, as members of the sales department, share the 

same goal as account managers: to win business, improve the relationship and increase net 

revenue. 

The tasks include supporting customers in their work to develop systems and helping them in 

finding solutions to their problems.17 In order to do so, they team up with account managers. 

Their partnering is also considered as a flex team. At TI, one face is presented to the cus-

tomer. They are responsible for all TI products. In contrast to account managers, FAEs dis-

pose of in-depth technical knowledge of the whole product portfolio.18 

The usual approach in the sales process starts with a problem that the customer is facing. 

Consistent with the system requirements the engineers select suitable TI parts of the wide 

product range. In addition, their expertise allows them to answer complex technical issues 

                                                

16 Texas Instruments Internal Documents 2014c, p. 10 - 14 

17 Eder 2014 

18 Texas Instruments Internal Documents 2014c, p. 14 - 16 
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during customer meetings with the responsible R&D team. Therefore, a close partnering with 

the customers’ R&D department is designated.19 

1.2 Motivation 

As introduced, the high-tech sector is experiencing a fast-moving development of technolo-

gies, shifted customer expectations and increased global competition. All these aspects af-

fect innovations and the innovating process of the semiconductor industry. Thus, Texas In-

struments takes action by expanding the approach in sales activities. 

Selling solutions only is not enough anymore. Customers including OEMs and ODMs excel in 

broad know-how, skills and understand their market. Third parties, web data and consultan-

cies are abundant. In order to enlarge TI’s share, unrecognized needs of the customers must 

be identified. Customer’s technology and growth boundaries must be determined. New ideas 

ought to be provoked to decision makers. The company has to engage to extend its influence 

sphere. 

The traditional sales model intends to find every potential project. Considered as the cus-

tomer project side of view, sales activities only begin with the request for information (RFI). 

The new sales model on the other hand targets at generating new projects by provoking new 

ideas, before the customer even thinks of them. Both concepts are shown in Figure 1.3. 

 

Figure 1.3: Traditional vs. New Sales Model 

(Source: Texas Instruments Internal Documents 2014b, slide 16) 

                                                

19 Eder 2014 
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Provoking new ideas is supposed to be reinforced with the use of TRIZ, the theory for 

inventive problem soving. A detailed explanation of it will follow in section 2. This additional 

and new approach to sales work, can create many benefits. Thereby, increasing TI share, 

which results in growing revenue, is the highest objective. Moreover, FAEs and account 

managers are decisively involved in developing innovative and future-proof solutions that can 

cope with new technology. They are equipped with more technical competence in system 

solutions and IC developments. Furthermore, Texas Instruments is able to strengthen and 

improve customer loyalty on the technical and personal side of view. The company can find 

solutions that are not or not easily replaceable. It can serve as a technical advisor for its cus-

tomers. Sales can become more effective. As a result of all that, TI will be capable of improv-

ing its position as an innovative company. 

1.3 Objective 

With the use of TRIZ innovation methods, the essential first step of the new sales model shall 

be realized. Hence, this master thesis aims at providing sales representatives a study how to 

apply those. This especially concerns FAEs as the application experts. Thereby, they are 

able to proactively suggest new inventive solution ideas to customers. As a consequence, 

customer demand is created and a new project can be generated. This applies not only to 

development but also to predevelopment projects. By analyzing and describing the applica-

tion of certain TRIZ tools with the help of a real example, the approach of the systematic pro-

cess for generating innovative ideas shall be shown. 

In chapter 1 it has already been stated that the automotive industry is one of the key drivers 

for the advance of semiconductors. Today’s growing need for automotive drivers to have 

evermore electronic assistance in their vehicles challenges not only R&D teams of the 

OEMs, but their suppliers as well. Often, the applications lack in reliabiltiy when they first 

launch. Their technical performance is still uncertain. Therefore, developers endeavor to 

improve the system with more and more robust inventions until the maturity of such is 

achieved. 

For this reason, the example that will be innovated with the help of TRIZ is the automotive 

trunk opening. It enables the user of a vehicle to open the tailgate without using hands. Even 

though there are already existing solutions implemented in several car models by various car 

manufacturers, there is still progress in its development ongoing. 

Hence, this thesis addresses high-tech application systems that have similar features like the 

automotive trunk opening. They are relatively new technologies that show a very dynamic 

further development. Additionally, they achieved a certain area of the technology life cycle, 
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which is why they possess typical characteristics of technologies in that phase. Moreover, 

the task is to innovate this high-tech application on the sensor level. 

It must be stressed that the objective of this thesis does not imply a completely engrossed 

solution, but the innovative idea for one. The next steps are supposed to be done within the 

generated new project in cooperation with the customer (also see the new sales model in 

Figure 1.3). 

1.4 Approach and Structure 

The first section of this master thesis provides an introduction into the theme of the thesis. 

Thereby, the need for innovating in the technology sector was described. Also, the company, 

Texas Instruments, especially its sales organization was presented. 

The following three chapters approach fundamentals and definitions. The subject TRIZ is 

expressed. The term and its components, the process and its tools are displayed. After this, 

general sensors in the automotive industry are considered. This includes their usage, re-

quirements they have to meet and the trend they are following. Chapter 4 reveals a close up 

of the previously mentioned example of the automotive trunk opening. This part consists of 

the concept, system requirement, functioning and used sensor technology solution. These 

divisions serve as the theoretical groundwork. Their explanations build the basis for the prac-

tical main part of the thesis. 

For the intention of this study it is adequate to choose a limited number of TRIZ methods. A 

higher amount would exceed the scope of this master thesis. Thus, the section examines the 

appropriateness of tools through certain criteria and other reasons. The criteria must be de-

termined in advance. Through the examination, the selection is reasoned. The outcome of 

this part is the decision for the TRIZ tools that are to be used. 

In chapter 6, the actual use of TRIZ is described. Therefore, the approach as well as the im-

plementation of each chosen tool is expressed. Thereby, the use is in accordance with the 

given systematic TRIZ approach or process. Based on several aspects defined in the theo-

retical part, the solution idea is generated, which is evaluated and critically reflected in sec-

tion seven. A final conclusion is provided in chapter 8, ending this master thesis. 

The approach and structure of this master thesis is also graphically represented in Figure 

1.4. 
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Figure 1.4: Approach and Structure of the Master Thesis 

(Source: Own illustration) 
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2 TRIZ 

The main focus of this master thesis addresses the use of TRIZ as an additional task for 

FAEs within the sales organization. Thereby, the first step of the new sales model, provoking 

new ideas, can be realized. Therefore, it is necessary to know what it is. This chapter shortly 

describes the origin, explains the idea, delineates the process and shows the main tools of 

TRIZ. 

2.1 What is TRIZ? 

The acronym TRIZ stands for the Russian phrase teorija rezhenija izobretatelskih zadach, 

which means “theory of inventive problem solving”. The founder of the theory is the Russian 

engineer, Genrich Saulovich Altschuller, who lived from 1926 to 1998. Due to his occupation, 

Altschuller was involved in patents. Hence, the foundation of this theory are years of analyti-

cal work with patented inventions. He started his studies in 1946 and published the first find-

ings in 1956. His researches revealed the following main findings: 

 Most solved problems emerge from the utilization of solution principles that were 

known before. Only a few can be considered as real inventions or scientific discover-

ies. 

 Invention tasks must overcome a contradiction. 

 The evolution of technical systems is a predictable trend. 

 The problem solving process follows a pattern and can be used for any field. 

 In order to create innovative ideas, a systematic approach can be applied by reutiliz-

ing experience and concepts of already solved problems. 

Due to all these conclusions, a new way of thinking can be established. As a consequence, it 

is possible to systematically develop innovations. This new thinking and new approach 

caused by TRIZ engendered methods and tools over the years.20 It reveals procedures of 

solutions that were not considered before. Therefore, TRIZ sets a defined process and also, 

serves as a tool box to systematically engender innovative ideas and to invent.21 

The process and tools of TRIZ will be elucidated in the following. 

                                                

20 Koltze, Souchkov 2011, p. 18 – 19 

21 Hentschel et al. 2010, p. 27 
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2.2 The Process of TRIZ 

In order to stress the systematic approach of Altschuller’s theory, the conventional process of 

solving complex problems shall be explained first. It is also known as “Trial and Error”. Here, 

the inventor tries to directly find a solution for the problem. Most often, this first trial fails. The 

inventor keeps on looking for another solution until it seems like there is none left.22 

The overall approach when using TRIZ, however, is different. It enables the user to define 

and then solve the problem. Thereby, the phases and steps are also linked. 

The TRIZ process begins with the problem situation as the starting point. The first phase, the 

problem definition, consists of several steps. Here, the user analyzes and describes the 

problem to get the specific problem. Then it must be abstracted into a generic problem. In 

this phase, the core is exposed. The second stage is the solution search. For the generic 

problem, generic solutions must be found. Through further analyses, a list of different con-

cepts with inventive ideas can be yielded. The last phase is referred to as the solution selec-

tion. This is where one solution that is considered best and most appropriate is picked out 

from the pool of solution concepts and adapted to the origin problem. The chosen solution 

constitutes the endpoint of the process.23 Figure 2.1 describes this systematic process 

graphically. It especially highlights that the steps are linked. 

 

Figure 2.1: Process of TRIZ 

(Source: Own illustration based on Koltze, Souchkov 2011, p. 16) 

Different to the traditional way, it seems like TRIZ uses a detour to get to the right solution. 

This, however, constitutes the success of TRIZ compared to other problem solving methods, 

e.g. “Trial and Error”. The attempt of moving from specific problem to specific solution in tra-

                                                

22 Zobel 2007, p. 5 - 6 

23 Koltze, Souchkov 2011, p. 16 - 17 
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ditional manners requires greater effort. Also, these users face a thinking barrier, which can 

be burst by using TRIZ due to the new comprehension of the problem.24 

Systematic innovating with TRIZ does not only present methodical but also creative actions. 

In addition, inventive problem solving is not the outcome of a random process anymore. This 

was mostly the case in the past. It results in a conscious, step-by-step, well-planned and 

continuous creating of productive inventive solutions. As a matter of fact, the success of the 

discovered principles listed in TRIZ proven to be in at least all patents that were studied by 

Altschuller.25 

2.3 TRIZ tools 

The explored principles of TRIZ resulted not only in the new process, how to generate inno-

vative ideas. Furthermore, there were several tools established that complement and support 

the process of TRIZ. The tool box, however, was initially smaller. Over the years more and 

more tools were added.26 Each of them delivers valuable results. The main tasks of them 

are: 

 Analyzing problems, 

 Determining boundary conditions to solve problems, 

 Synthesizing solution concepts and 

 Predicting the development of systems. 

TRIZ tools or methods can be used independently from each other. They serve as an inspira-

tion for the user whenever applicable. Not each tool has to be employed and also it must not 

be utilized completely to get to an idea to solve a problem. In fact, working with TRIZ tools 

only during the problem analysis can already provoke ideas to figure out the solution. Never-

theless, the usage of the tools for each phase of the whole problem solving process is most 

effective to generate potential solutions.27 

Figure 2.2 shows a roadmap with a few TRIZ tools based on the process of TRIZ (see Figure 

2.1). The focus of this master thesis is not TRIZ itself, but the use of it on the basis of an ex-

ample. Explaining each tool would exceed this thesis. As declared in chapter 1.2, the amount 

of tools that are addressed for the selection is limited. This is equally to the chosen tools 

themselves. Thereby, the collection is guided by the tools listed in the book “Systematische 

Innovation” by Koltze and Souchkov. It explains more than twenty tools. A short explanation 

                                                

24 Hentschel et al. 2010, p. 29 

25 Koltze, Souchkov 2011, p. 17 

26 Koltze, Souchkov 2011, p. 19 

27 Koltze, Souchkov 2011, p. 27 - 28 
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of each tool will be quoted in chapter 5.2. There, the examination of the TRIZ tools for the 

selection will be conducted. 

 

Figure 2.2: Roadmap of TRIZ Tools 

(Source: Own illustration based on Koltze, Souchkov 2011, p. 28) 

Yet, this roadmap only serves as a proposal for the user. It provides a possibility, when to 

use which tool depending on the innovation case. Every process phase offers more than one 

tool. As mentioned before, the tools can be applied independently from each other. Still, the 

user needs to choose, in which phase to utilize the right method to achieve the desired out-

come.28  

 

                                                

28 Koltze, Souchkov 2011, p. 29 
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3 Sensors in the Automotive Industry 

Sensors have the function to gather measurable variables of the environment. Thus, they act 

“as the requirement for all changes and developments in the natural and technical surround-

ing of humans”. Different effects of science are responsible for the operation of sensors, i.e. 

physics, chemistry or biology. Hence, sensors enable various possible applications.29 

One industry that has already realized many sensing applications is the automotive industry. 

The demand will rise even further due to the increase of electronic system content in modern 

automobiles and the desire for more and more high-tech applications by consumers. Or 

simply put the trend towards a smart car.30 

This chapter approaches the usage of sensors in automobiles. It shows requirements, which 

need to be considered for those. Also, it briefly describes the trend that sensors are facing in 

the automotive industry. 

3.1 Usage of Sensors in Automobiles 

In the past 40 years control functions that were realized mechanically were replaced by elec-

tronically controlled units. This is due to changed requirements and challenges, but also be-

cause of new opportunities for enhanced functions in vehicles. As a consequence, sensors 

were needed to gather the variables of the surrounding and technical context of automobiles, 

as well as actuators to modify those. 

At the beginning internal systems of the power train, chassis, body work and driving safety 

were the sole focus for sensor solutions. Today, the usage of sensors in vehicles has ex-

tended beyond that. Figure 3.1 illustrates a portion that is deployed in automobiles.31 Sensor 

types “such as oil pressure, coolant temperature, vehicle speed and fuel level sensors have 

long been featured”.32 Newer sensors also provide measured parameters of the close exter-

nal environment of the car. They offer a high rate of performance, safety, comfort, conven-

ience and driving pleasure for vehicles. 

                                                

29 Hering 2012, p. 1 

30 Viola 2011 

31 Reif 2012, p. 14 

32 ReportLinker 2013 
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Figure 3.1: Diversity of Automotive Sensors 

(Source: Reif 2012, p. 10) 

Examples for more recent sensors and their applications are: 

 Ultrasonic sensors detect obstacles and therefore can be used for park assistance, 

self-parking or valet parking. 

 Short range radars determine the presence of objects with the potential to cause a 

collision that surround the car closely. They are also known as “pre-crash sensors” 

and benefit by saving time and an earlier activation of safety systems. 

 Image sensors can decode traffic signs. In addition, they detect the shape of the lane. 

Both can call attention for the driver or even allow the vehicle to drive autonomously. 

Night vision can be realized when combining an infrared sensitive image sensor with 

infrared heater and a display for the driver.33 

3.2 Requirements for Automotive Sensors 

General sensors are established for a broad usage. Their developments do not depend on a 

specific application. Automotive sensors, however, are different as they are designed and 

                                                

33 Reif 2012, p. 13 - 15 
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optimized for special applications, e.g. the rain sensor, to name one. Its sole purpose is de-

tecting rain to start the windshield wipers. Automotive sensors are considered as complex 

electronics. In order to manufacture them, their specific application must be known. Then, 

these can be specified and optimized. Also, they are associated with a whole system. There-

fore, the process of developing them requires a long time period. Usually this time frame is 

equal to the one for the whole system development.34 Additionally, developers must meet the 

following five requirements that are due to development trends. 

3.2.1 Low Production Costs 

There are around 150 sensors built in modern vehicles,35 while production of automobiles in 

Germany already reached up to 5.45 million in 2013.36 These high numbers of both, quantity 

of sensors per car and the total of manufactured vehicles make clear that production costs 

must be kept low. This enables OEMs to either keep margins at the same level or even in-

crease them. The target cost for one sensor has a typical sum of 1 – 30€. This can be real-

ized through automation of the production process. Thereby, a large amount of sensors can 

simultaneously be yielded. With batch processing for example, usually 100 to 1000 sensors 

are produced on one Silicon (Si) wafer.37 

3.2.2 High Reliability 

The great importance of the reliability of automotive sensors is due to the function of some 

sensors. These have a major role that can affect all humans in or even outside the vehicle. 

As a result, sensors are categorized in three reliability classes with descending priorities de-

pending on their functions: 

 Steering, brake and passenger safety 

 Engine/powertrain, chassis/wheels 

 Comfort, diagnose, information and anti-theft system 

The first mentioned class ranks the highest priority, which can be compared with the reliabil-

ity figure in the field of aerospace. Reliability is already confirmed during the process of de-

sign and must be guaranteed throughout the whole life cycle of the sensors. Therefore, man-

ufacturers must use best reliable materials as well as robust and good methods. Also, a con-

                                                

34 Reif 2012, p. 17 

35 Reif 2012, p. 24 

36 Statistiken zum Thema Automobilproduktion 

37 Reif 2012, p. 24 
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tinuous integration must be achieved. It assures no hazard of failure through detachable 

connections.38 

3.2.3 Harsh Operating Conditions 

The installation spot of the sensor in the vehicle constitutes what kind of stress the particular 

sensor is exposed to. Stress can appear mechanically, climatically, chemically or electro-

magnetically. As a matter of fact, sensors are mostly placed directly at the measuring point. 

This is due to resulting advantages and thus causing enhanced demands. Additionally, sen-

sor systems consist of other indispensable components besides the actual sensor element, 

e.g. seals, brackets, bonding or connectors. Hence, requirements such as being leak proof or 

robust against liquids, resistant to low or very high temperatures or being continuously flexi-

ble during their years of operation have to be fulfilled. 

Specific know-how in packaging is crucial to withstand stress. For example expertise in pas-

sivation and connection technology, EMC protective measures or low-vibration assembly is 

demanded. Moreover, sensor developer should be well versed, in what kind of stress can 

come upon the particular installation spot of the sensor.39 

3.2.4 Small Design 

Another requirement attributes to the design of automotive sensors. As mentioned before, 

sensors are mostly found directly at the measuring points. These spots often provide limited 

space for installation. Added to this, the design demand especially concerns sensors that are 

attached on the outside of the vehicle. They have to be assembled in a manner that avoids 

their visibility.40 With the increasing amount of electronic systems used in cars and the shape 

of automobiles getting more compact, the capacity for placing sensor solutions decrease. A 

small design is therefore the next crucial requirement sensors have to face. Developers ac-

cess technology of miniaturization to accomplish this issue.41 

3.2.5 High Accuracy 

Many automotive sensors do not require such a high level in accuracy. An exception here is 

the air-mass sensor. Nevertheless, there are more sophisticated and complex systems de-

                                                

38 Reif 2012, p. 24 - 25 

39 Reif 2012, p. 25 - 26 

40 Reif 2007, p. 93 

41 Reif 2012, p. 27 
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veloped, which demand high accuracies. One possibility to fulfill this requirement is the re-

duction of production tolerance. Moreover, the refinement of technologies in adjustment and 

compensation is another option. The integration of sensors, however, is the more effective 

way to achieve the desired accuracy. The different integration levels extend to so-called 

smart sensors. They offer advantages by fully exploiting the accuracy that is inside the sen-

sor. This includes unloading of the control unit; consistent, flexible and bus capable interfac-

es or multiple use of sensors.42 

 

Figure 3.2 graphically shows the usage and the requirements of sensors with their general 

functioning in the automotive field. 

 

Figure 3.2: Usage and Requirements of Automotive Sensors 

(Source: Own illustration) 

3.3 Trend of Automotive Sensors 

According to a research report deducted by BBC Research in October 2014, sensor technol-

ogy in the automotive industry is a promising market. The analyzed issue approaches a time 

frame of five years starting in 2015. They expect a growth of $13.1 billion by the end of the 

time period. The amount correlates with a compound annual growth rate (CAGR) of 9.7% for 

the years from 2015 to 2020. 
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As mentioned in chapter 3, the range of electronic systems in modern vehicles boosted. 

Consequently, sensors as an indispensable feature of them must be enhanced as well. The 

need for sensors and the associated urge for the progress of them have many reasons: one 

of them being governmental regulations and laws, which have to be fulfilled. Moreover, de-

mands and wishes by customers must be the focus of attention. The former named claim 

ensuring efficiency and safety orders, as well as environmental and emission requirements 

for automobiles. The second stated demand enhanced automotive applications in the area of 

safety, infotainment and comfort.43 

This master thesis deals with a sensor technology that contributes to an application in the 

field of comfort, the automotive trunk opening. 
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4 Automotive Trunk Opening 

This chapter conveys a deeper insight into the high-tech application automotive trunk open-

ing. The application was first introduced during the International Motor Show in Frank-

furt/Main, Germany (IAA) in September 2009 by the global automotive supplier Brose.44 This 

innovation was a completely new comfort function for users. 

4.1 The Concept 

The technology allows the user to open and close the tailgate without using hands. It is es-

pecially claimed when both hands cannot be used to perform any activities due to load. Set-

ting down the load to look for the key or even to manually open or close the trunk is not nec-

essary anymore. This contactless or hands-free application ensures more comfort and con-

venience to the user. 

The current solution is realized by sensors underneath the rear bumper. These are triggered 

by a leg gesture, or more precise, a kick motion (1). This kick actuates the tailgate (2).45 Fig-

ure 4.1 shows the automotive trunk opening “Easy Open” for the CC (former Passat CC) of 

Volkswagen. Common terms for the concept are also “hands-free opening and closing”, “mo-

tion sensor”, “kick-to-open” or “kick-sensor”.46 It is already implemented in a few models of 

several car manufacturers.  

 

Figure 4.1: “Easy Open” by Volkswagen 

(Source: The Independent 2015) 

                                                

44 Brose Fahrzeugteile GmbH & Co. KG 2009 

45 Pudenz 2012 

46 Texas Instruments Internal Documents 2014a, slide 3 
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The first implemented solutions of automotive trunks enabled users to exclusively open the 

liftgate. This was completed over the past couple years with additional options. The latest 

feature is also capable of closing or holding the movement of the tailgate with the same ac-

tion of the foot. An automatically stopping of the trunk moving is assured when the system 

detects any obstacles. The system of some automotive manufacturers even offer a warn 

signal before the trunk opens or closes. An example for the last mentioned added option is 

presented by Mercedes-Benz.47 

4.2 General Functioning and System Requirements 

The general functioning of the current solution of the automotive trunk opening is displayed in 

Figure 4.2. The progress begins with a deliberate movement pattern of the foot. It serves as 

a trigger which is received by sensors. For the process to continue, a confirmed check is 

needed. It examines if the key fob is authorized. Next, the signal of the kick and the author-

ized key fob are sent into the remote keyless entry (RKE) module. Both were prior converted 

into an electronic signal by the sensor. The RKE consists of two controllers. One controller is 

located in the key fob. The other one can be found in the receiver side which means in the 

tailgate of the vehicle in this case. The controllers operate either alone or can be combined 

with a body control module (BCM). Here, the measured signals are evaluated and the signal 

is transmitted into the tailgate control unit, which causes to automatically open the lid of the 

trunk. 

 

Figure 4.2: General Automotive Trunk Opening Function Flow Chart 

(Source: Texas Instruments Internal Documents 2014a, slide 6) 
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Relating to the foot movement, the user must mind several aspects for this system to work. 

Only a proper execution of it guarantees the trunk to open. The motion must be carried out in 

the center of the rear bumper where the sensors of the application are installed and can de-

tect the object. Also, the foot has to be extended far enough. A weaving from side to side or 

a contact with the bumper will not cause the system to react. The duration of the kick perfor-

mance must not be too long. This means that the foot has to leave the area under the rear 

bumper after a maximum of two seconds.48 

In order for this high-tech application to work, however, another requirement is needed be-

sides the kicking beneath the rear bumper. The combination of a special keyless entry, or 

also known as passive entry system, is required. It demands only authorized keys and allows 

the owner of the vehicle to get access without pressing a button on the key. When the key is 

in a close range, it can be detected and permits the systems to perform. The distance of 

1.5m from tailgate to the authorized key may not exceed for the automotive trunk opening to 

function. The requirement is also indicated in Figure 4.1 and Figure 4.2. 

Moreover, the keyless system guarantees that the kick motion is consciously conducted by 

the user and not by any other person by accident, e.g. a child that is playing. Also, it keeps a 

false activation of the application caused by conductive objects from happening.49 

In general the system requires a definite human trigger or intentional gesture to actuate the 

opening when it is desired by the user. This action must be performed close to the installa-

tion spot of the sensor. This ensures a detection of the sensor within the sensor detection 

range. Also, the system needs an identification that the desired action is released by the cor-

rect person by a valid access authority. 

4.3 Sensor Technology Solution 

There are different solutions for the sensor to be adopted. An research conducted with 14 

patents gives further information about what kind of sensor technologies are currently used 

to implement this application (see Appendix A). This subchapter provides the reader with a 

shortened and simplified understanding of the sensor technology that is nowadays imple-

mented. 
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4.3.1 Existing Sensor Solution 

There are multiple existing sensor technology solutions for this application known: capacitive, 

inductive, optical or ultrasonic proximity sensors (PS).50 In general, inductive and capacitive 

PSs detect either metallic or non-metallic objects. Ultrasonic PSs, however, identify objects 

by evaluating reflected sound waves.51 Yet, the capacitive technology is the one that pre-

vailed. 

Already one of the first patents of this invention reveals that two capacitive proximity sensors 

must be adopted.52 The existing sensor solution is indicated in Figure 4.3. The top sensor (3) 

and the bottom sensor (4) are installed on the rear bumper (1) of the vehicle. They constantly 

measure the capacity. Through entering the operation fields by an object, the sensors which 

are used as switches recognize a change of the capacity. As mentioned above, the current 

solution claims a kick motion. Hence, the object that must be detected is the shin and the 

foot. Thereby, the electrical capacity, or the change of it, is measured. This is achieved by 

using a sensor electrode as one capacitor plate and the human body part as the second 

plate. The two sensors must be placed geographically apart to allow the movement detec-

tion. Thus, it is guaranteed that they have two different detection ranges. Only the right order 

of entering the two ranges signifies the correct performing of the movement pattern. There-

fore, the sequence ensures that the identifying signal is a kick motion. This is evaluated in 

the electronic control unit (2). It induces the lid of the trunk to conduct as desired. 

                                                

50 Holzberg, Schneider 2012 
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Figure 4.3: Automotive Trunk Opening Concept 

(Source: (BMW Group) 

Capacitive sensors are applied due to low power consumption. They can continuously oper-

ate by monitoring the area of the tailgate. Additionally, the creation of two separated detec-

tion ranges ensures no overlapping of those and a further reduction of power consumption.53 

4.3.2 Development of the Sensor Solutions 

In chapter 3.2 it is stated that automotive sensors have to fulfill several requirements. There 

are multiple patents registered for the automotive trunk opening. They reveal better elabora-

tions for the invention meeting the requirements to a greater extent. Mainly these offer im-

provements concerning less battery consumption, a faster reaction of the system and a more 

effective and robust sensor unit aiming to reduce false trigger. Yet, the inventions are still 

based on the same concepts as explained in 4.3.1. 

For example, the susceptibility to errors was advanced for a more precise and accurate 

recognition of the kick movement.54 Another exemplary improvement concerns the preven-

tion of giving access to unauthorized persons or animals. As a result, the combination with 

the keyless entry system was implemented.55 
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Another issue concerned an improved manufacturing and assembly method due to limited 

space where the sensor unit has to be installed as well as prevention of possible damaging 

of the sensor electrode.56 

The latest inventions of the examined patents provide improvements that lead to less 

misdetections.57 They also implicate advantages of inexpensive sensor and robust sensor 

solutions that are resistant towards external mechanical environmental impact.58 

In addition to the improvements in a better functioning of the application, there are also ex-

tensions around this package. The first invention that is also the standard option enables the 

user only to open the tailgate. Over time further inventions developed offered additional fea-

tures to the application. Those include the closing and stopping feature, opening and closing 

in combination with the cargo area cover, contactless anti-trap protection or collision protec-

tion.59 

Despite all the activity in the development of this sensor application in the past, work is still 

ongoing with optimizing and customizing as the main issues. 

The development of the sensor solution and the system of the automotive trunk opening re-

veals the typical progress of a technology. This evolution of a system is displayed in Figure 

4.4. It consists of four different phases. In the first three stages, the level of ideality of the 

system increases. Thereby, the speed of the development differs. At the beginning, the new 

technical system is invented and major problems are eliminated. Here, the curve slowly 

achieves a small level of ideality. This first step is considered as the infancy stage. Then, 

enhancements are undertaken for the system in the second phase. The system experiences 

a rapid growth, which is also the name of the stage. The maturity of the technology has not 

been achieved yet. It has potential to advance. During this phase, the automotive trunk open-

ing is located. Progresses already occurred, but are followed up. After the rapid growth 

stage, the maturity arrives. Here, the system still has small possibilities to progress, before it 

finally achieves its “end ideality” in the old age stage. There, the system can also decline.60 
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Figure 4.4: System’s Evolution 

(Source: Own illustration based on Slocum, Lundberg) 

High-tech applications like the presented system experiencing the rapid growth stage are the 

focus of this master thesis. Due to the dynamic further development of these relatively new 

systems and their condition of not being matured yet, there is need to especially promote 

such applications. 
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5 Selection of TRIZ Tools 

As the number of TRIZ tools is too great and also not all tools are applicable for every case, 

only few can be reflected. The most suitable has to be selected for the intention of the thesis. 

In this chapter, criteria for the selection of decent TRIZ tools are determined. These consider 

not only the capabilities of a busy FAE, but also criteria that concern question of what kind of 

technical system is presented. Based on these and other reasons, the tools will then be se-

lected. 

5.1 Criteria for the Selection of TRIZ tools 

Regarding the criteria concerning FAEs there are three issues. FAEs are engaged with their 

main responsibilities. Thus, the first priority demands the use of TRIZ to be as less time-

consuming as possible, meaning that a minimum amount of tools should be applied. The 

next important criterion claims the utilization to be able to be conducted by few FAEs or flex 

teams. Furthermore, the application of TRIZ is new to the sales staff and is launched for the 

first time. The selected tools should therefore be easy to understand and deploy, so no in-

tensive occupation of them is required. They should especially be appropriate for beginners. 

Related to the example, the selected TRIZ tools shall be suitable for high-tech applications 

like the automotive trunk opening represents. As this application constitutes an electronic 

system with multiple components the tools should display this to provide a better understand-

ing. 

Additionally, there is already a decent solution available that is well accepted on the market. 

When there is an established solution existing, however, the problem might be covert. 

Hence, TRIZ tools are intended as a support in order to comprehend the problem, yield the 

core problem of the system and formulate a specific assignment. 

5.2 Examination and Selection 

On the basis of the criteria the tools, which will be used in this thesis will be examined. The 

evaluation of those will determine their applicability. Thereby, tools will be reflected that were 

shown in the roadmap in Figure 2.2. For each process phase at least one tool has to be se-

lected. The result of the examination and therefore the selected tools is exhibited in each 

table of the following subchapters. The tables indicate information regarding a short descrip-
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tion of the respective tool61, its evaluation and applicability. If the tool is selected for the au-

tomotive trunk opening, the check box in the last column is marked. 

5.2.1 1st Phase: Problem Definition 

The automotive trunk opening is an electronic system that consists of several different com-

ponents that interact. Hence, the function analysis qualifies. It provides an overview or graph-

ical description of the whole technical system. 62 Function analyses are well-known to engi-

neers. Therefore, these are also easy to conduct for them. The function analysis serves as 

the basis to better understand the system and supports the further progress. For that, tech-

nical contradictions should be applied. They identify the core problem of the automotive trunk 

opening system that has not been defined yet. Even though the formulation of contradictions 

might seem difficult, this tool is most effective. It serves as the main concept of inventive 

problem solving. Working with contradictions, whether technical or physical, has advantages. 

It recommends the further use of TRIZ tools. This serves as the main reason to select the 

contradictions in addition to accelerating the process of innovating. Generally, technical con-

tradictions deal with the system performance and its improvement. At the same time, this 

causes a degradation of another parameter. In contrast, physical contradictions cover physi-

cal parameters. Thereby, both a positive and negative attribute of a physical parameter exist. 

According to Koltze and Souchkov, physical contradictions are easier to work out. For over-

coming technical contradictions, however, the use of qualified solution principles is pro-

posed.63 Thus, technical contradictions are favored and selected.  

TRIZ intensively deals with the problem definition first. It is seen as the main aspect of in-

ventive problem solving with TRIZ. Moreover, it results in the success of this theory.64 Thus, 

the decision to choose two tools to define the specific problem makes sense here. This is 

additionally justified due to the difficulty of using technical contradictions. The function analy-

sis facilitates the application of the technical contradictions. 

Other tools, which can be deployed during the first phase, are mostly too elaborate and time 

consuming. This concerns tools like the substance-field-model or the root-conflict-analysis. In 

other cases they are simply ineffective. For example the innovation checklist would be helpful 

to describe the technical system. The core of the problem, however, cannot be discovered. 

Also, this tool is very elaborate and time consuming as well. The task to innovate a particular 

component of the system is already given and does not have to be figured out anymore. A 
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similar case exists with the evolution analysis. The assignment claims the use of TRIZ for 

high-tech applications. These are on a specific evolution level that is known. Thus, applying 

this tool would be abundant. Furthermore, the thesis does not intend to focus on economic or 

business issues. Hence, the tool value-conflict-mapping that includes this aspect as well is 

not adequate. This seems to be more applicable for marketing or business development than 

FAEs. 

Table 5.1 reveals the examination of TRIZ tools that are recommended to be applied during 

the phase of problem definition. 

 

Table 5.1: Evaluation Table of the Problem Definition Phase 

(Source: Own illustration) 

5.2.2 2nd Phase: Solution Search 

For the second phase of the TRIZ process, the selection is already made. The decision is 

due to the selection that was made for the problem definition. When working with technical 

contradictions, TRIZ provides the next tool. It directs the user to deploy the 40 innovation 

principles. These describe generic solution concepts to overcome contradictions. For those 

again, the contradiction matrix can be applied as a support to narrow down the number of 

TRIZ-Tool Short Description Evaluation Applicable

Innovation Checklist Checklist with questions to 

colloquially define general 

problem and to narrow down 

specific problem

Especially suitable for beginners, 

but very elaborate and time 

consuming

Function Analysis Analysis to illustrate the whole 

technical system with its 

components, useful and useless 

functions and the interaction of 

those

Provides overview through full 

illustration of the electronic 

system, recommended for new 

developments of systems

Process Analysis Analysis to illustrate process 

flow

Similar to function analysis, but 

more suitable for innovations of 

processes than components

Contradiction Formulation of contradictions 

(technical or physical) that has 

to be overcome

Identification of the core problem 

of the task that has not been 

defined yet possible

Substance-Field-Model Specific illustration of a problem 

between two components

Function analysis is needed, too 

detailed and time consuming

Evolution Analysis Analysis to determine the 

location of a system in the 

technology evolution

Location of the system in the 

technology evolution already 

determined (see chapter 6.4.2)

Root-Conflict-Analysis Analysis to acquire 

contradictions

Requires a negative effect to be 

described at first, very elaborate

Value-Conflict-Mapping Overview that shows the 

relations between the three 

contradictory voices (market, 

business and technology) to 

choose the contradictions that 

has to be overcome

No Consideration of the three 

voices in this thesis
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appropriate solution concepts. Referring to the general TRIZ process, the matrix is used to 

identify the generic problem. Additionally, it leads to generic solutions. These tools especially 

show that the TRIZ steps are systematically arranged and linked. Despite the prescribed 

sequence, there are other advantages with contradictions. The matrix is highly commended 

for beginners because of the easy deployment. Hence, the contradiction succession particu-

larly fulfills the criteria that were compiled related to the users of TRIZ. Moreover, the matrix 

delivers innovation principles that most certainly success as they are the result of the exami-

nation of patents.65 

The remaining TRIZ tools are eliminated as a result of the decision for technical contradic-

tions. Also, the criterion to deploy a minimal amount of tools is accomplished. Hence, the 

sales representatives’ occupation with TRIZ is kept as low as possible. 

Still, some methods cannot be used due to other aspects. Either the reason is the extent or 

the lack of required information of a specific tool. Gathering the missing data should have 

been conducted in advance. Also, creativity techniques, i.e. smart little people, size-time-cost 

operator and 9-windows-model, are only needed when thinking barriers must be overcome. 

The examination of the selection is listed in Table 5.2. 

                                                

65 Koltze, Souchkov 2011, p. 64 
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Table 5.2: Evaluation Table of Solution Search Phase 

(Source: Own illustration) 

5.2.3 3rd Phase: Solution Selection 

As already stated, not every tool has to be used if the user knows what to do. For this master 

thesis, the task is to use TRIZ on a high-tech application of the automotive industry. This 

assignment consists of two aspects. First, it regards a high-tech application. According to the 

Oxford Dictionaries, this means an “advanced technological development”. In order to fulfill 

TRIZ Tool Short Description Evaluation Applicable

Resource Analysis Analysis of resources that are 

handled and resources that are 

used

Very extensive

Effects-Database Database with effects  (= so-

lution resources) that were 

successfully used in the past

Solution search with 

contradictions chosen

Trimming Approach to reduce costs or to 

circumvent patent 

Not the objective of the 

innovation

Contradiction Matrix Matrix to help to incrementally 

solve technical contradictions

Especially suitable for beginners, 

easy to deploy, provides 

unerring hint for solution 

principles, the use of 

contradictions is determined for 

the first phase

Innovation Principles Principle solution concepts to 

solve technical contradictions

Contradiction matrix leads to the 

principles anyway

Separation Principles Principles to solve physical 

contradictions

To overcome physical 

contradictions, not technical 

contradictions

76 Standard Solutions Standard solution concepts for 

generic formulated problems

Substance-Field-Analysis 

needed

Pattern of Evolution Disclosure of solution features 

that develop the system further 

according to the technology 

evolution

Solution search with 

contradictions elect

Feature Transfer Transfer of solution options from 

a technical system with similar 

functions into a new combined 

system

Solution search with 

contradictions elect

Smart Little People Creativity technique to solve a 

problem by using an unlimited 

amount of smart little people that 

are deployable for everything

Can be used anytime and 

independently from other tools, 

only when thinking barrier must 

be broken down

Size-Time-Cost 

Operator

Thought experiment in which the 

problem is contemplated as 

extreme regarding the three 

aspects of size, time and costs

Can be useful when working with 

contradictions, only when 

thinking barrier must be broken 

down

9-Windows-Model Description of the system in 

different levels regarding the 

structure of the system (system, 

subsystem and super-system 

and the temporal development 

(past, present and future)

Can also be used during the 

problem definition, only when 

thinking barrier must be broken 

down
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this, the chosen innovation principle must consider this. Secondly, the automotive industry 

faces a particular trend. In chapter 3.3 it is mentioned that among others, customers strive for 

more comfort. This implies a more convenient and easier handling of the vehicle. These two 

aspects point out an innovative idea according a higher level of automation. It should realize 

an application that requires less human action. Therefore, solution concepts that do not aim 

this direction can be eliminated. Also, innovation principles, which cannot be applied due to 

common sense, can be removed from the list as well. 

None of the tools suggested for the last TRIZ phase is employed. This is due to the aware-

ness of the two aspects. Another reason is the need to keep the number of applied TRIZ tool 

as small as possible. The examination of the tools shows that they are inappropriate to use 

for this case. The rate of ideality can result in different figures when calculating the formula. 

Multiple opinions can emerge. All of them may be comprehensible, but not appropriate. This 

can happen, if not clarified in advance what is considered as the most beneficial function of a 

system. For instance, a high performance with low battery durability may be equally ideal to 

long lasting battery durability with less performance.66 Therefore, this TRIZ tool is inconven-

ient. This is especially notable, if the solution selection is performed by one single FAE. A 

further matter is the missing customer specifying the own point of view for an ideal solution. 

Hence, the planned demand creation might not be provoked. 

The evolution level tool could make most sense. High technologies present most up to date 

technologies. Going one step further on the technology evolution ensures the high-tech ap-

plication stays as such. Due to the fact that the trend of the automotive trunk opening system 

is known, it is not necessary to deploy this tool. 

TRIZ criteria are not used because the amount of tools should be kept as small as possible. 

In Table 5.3 the evaluation for this decision is demonstrated in short. 

                                                

66 Koltze, Souchkov 2011, p. 43 
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Table 5.3: Evaluation Table of Solution Selection Phase 

(Source: Own illustration) 

In order to summarize the selection of the TRIZ tools, the general graphic illustration of the 

TRIZ process serves as an aid. It clarifies the sequence of using TRIZ tools for this particular 

assignment. The adjusted process chart conveys an overview of the approach. Moreover, it 

provides an orientation for the user which tools has to be adopted, during which step. It sup-

ports the awareness, what kind of outcome is expected after using each tool (see Figure 

5.1). 

 

Figure 5.1: Adjusted Process of TRIZ with Selected Tools 

(Source: Own illustration) 

TRIZ Tool Short Description Evaluation Applicable

Rate of Ideality Selection of the solution that 

is most ideal according to 

the highest outcome of the 

rate of ideality formula 

(qualitative) plus the 

evaluation of the solution’s 

fit in the specific 

environment

Possibly different outcomes of 

the rates of ideality depending 

on environment and measure of 

value

Evolution Level Selection of the solution that 

is a further development 

according to the technology 

evolution 

Most suitable for high-tech 

applications, but not necessary 

since direction for further 

development is clear

TRIZ Criteria Selection of the solution that 

fulfills criteria of the 

specification book plus 

approximately 15 so-called 

TRIZ-criteria most

Use of evolution level preferred 
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6 The Application Example 

After describing the systematic approach of TRIZ with its tool box, explaining general auto-

motive sensors, constituting the concept of the automotive trunk opening and determining the 

most suitable tools for each process step, the necessary groundwork for the use of TRIZ for 

the example of the automotive trunk opening is completed. This chapter contains the main 

task of the thesis. It is about the actual use for the selected high-tech example. For that, each 

chosen tool is explained first, then the approach of each is described and the implementation 

for the exemplary application is shown. 

First, the problem situation is described in more detail. The task is to find a new solution for 

this application with several conditions. 

The solution claims an application that enables an opening of the tailgate without using 

hands. Thereby, it is triggered through an intention of a human. Only authorized users are 

able to open the tailgate. The user is considered as a human of average height without phys-

ical handicap. The authorization of the user is still accomplished by the utilization of a key fob 

like the current solution applies. The application is realized by a sensor. It is attached, where 

it can best sense the trigger. Here, almost all requirements that are valid for general automo-

tive sensors matter as well: 

 high functional reliability, 

 withstand of harsh stress, 

 small design and 

 high accuracy. 

6.1 Function Analysis 

The function analysis examines the technical system in order to illustrate the functional struc-

ture. Thereby, the user gets an overview of the whole technical system with its single com-

ponents, their interactions and functions and the sequences.67 

The problem situation has to be graphically transformed into a function model by using the 

function analysis. Hence, the specific problem is worked out. The analysis consists of several 

steps. 

 

                                                

67 Koltze, Souchkov 2011, p. 108 
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6.1.1 Approach 

Step 1: Identification of components 

All relevant components or elements of the system and the super-system must be identi-

fied.68 The number of components should be kept as small as possible. This avoids unnec-

essary complexity of the function analysis and the further approach for this study. The com-

ponents, which are less important for the system, can be consolidated if possible. 

Step 2: Identification of interactions 

Connections between the different components are examined and identified. In order to do 

so, the use of a matrix is suited. Thereby all components are listed in the first row and the 

first column of the matrix. Diagonally, the matrix is left blank. Now, the components are con-

sidered by pairs. If the two elements interact, the check box in the cell can be marked. If not, 

the box stays empty.69 This general approach can also be seen in Table 6.1. Also, it must be 

borne in mind that the first row presents the active components that affects the passive com-

ponent in the column. 

 

Table 6.1: Matrix for Identification of Interactions 

(Source: Own illustration) 

Step 3: Identification of functions 

For each interacting component pair the associated function is analyzed. A function always 

has to be formulated actively, i.e. “component A affects component B”. An example for a cor-

rect formulation would be rear body holds sensor instead of sensor is attached on the rear 

body. This also determines the direction of the function. More than one function per compo-

nent is feasible.70 The respective function or functions are then included in the matrix next to 

the marked check box (see Table 6.2). 

                                                

68 Koltze, Souchkov 2011, p. 115 

69 Hentschel et al. 2010, p. 54 

70 Koltze, Souchkov 2011, p. 115 

System Name Component A Component B Component C Component D

Component A

Component B

Component C

Component D
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Table 6.2: Matrix with Functions 

(Source: Own illustration) 

Step 4: Identification of the quality of the functions 

Every function has different qualities depending on the system context. All possible qualities 

are indicated in the following table (Table 6.3). Additionally, it gives a short explanation to 

each quality and the symbol, which has to be utilized for the function model. 

 

Table 6.3: Quality of Functions 

(Source: Own illustration based on Koltze, Souchkov 2011, p. 112 – 113) 

With this table (Table 6.3) the functions can be determined. Each letter stands for a quality. It 

must be added to the matrix next to the function. 

The information given in the matrix of the function analysis can then be employed in order to 

draft the function model. 

System Name Component A Component B Component C Component D

Component A      Function      Function

Component B

Component C

Component D      Function

Quality Explanation Symbol

Useful (positive) 

function (P)

Function is absolutely 

provided and the result 

is positive as expected.

drawn through

Useful but insufficient 

function (I)

Function has a useful or 

positive effect, the 

yielded result is not 

satisfying.

dashed

Useful but badly 

controlled (and 

therefore insufficient) 

function (BC)

Function has a useful or 

positive effect, but is not 

satisfying. The required 

effect appears too early, 

too late, subsides, is 

unsteady etc. Therefore 

an insufficient result is 

gained.

dashed

Useful but excessive 

function (E)

Function has a useful or 

positve effect, but yields 

a larger result as 

required or desired.

double line

Harmful (negative) 

function (N)

Function has a harmful 

or negative effect.
snake line
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6.1.2 Implementation of Function Analysis 

Regarding the automotive trunk opening example, the list consists of eleven elements. Two 

components can be merged. All relevant components for the automotive trunk opening are 

shown in the Table 6.4. There are short explanations to components included, where need-

ed. 

 

Table 6.4: List of Components with Explanation for the Automotive Trunk Opening 

(Source: Own illustration) 

The most important element of the application is the sensor. It senses the intention to open 

the trunk. Moreover, it is attached on the body on the vehicle. There, it can best sense the 

variable that has to be measured. For the more precise location of the body, the rear body of 

the vehicle makes sense. It is the area, where the trunk is located. The user sets the variable 

for the sensing measurement, an intentional action. In order to perform the action, the user 

will stand nearby the trunk, whenever desired to open it. Sensors need sensor processing. 

It is responsible for data processing. This again imparts information to an actuator. The in-

formation, however, can only be forwarded, if a correct key is sensed by the key sensor to 

ensure the user is authorized to operate the automotive trunk opening. The last two men-

tioned components can be consolidated as the valid access authorization. The single ele-

ments are less important for the whole system. All electronic components can only work with 

power. As the name of the application also indicates, the tailgate that constitutes the trunk is 

counted among. These components represent the system. To fully describe the automotive 

trunk opening, the elements of the super-system must be included as well. Belonging to this, 

is the intention to open the trunk by an intentional action of the user. Additionally, there are 

two different system environments that matter. System environment1 expresses all unin-

tended actions, triggered either by animals or humans. These actions lead to misdetections 

and cause the tailgate to open without the wish to happen so. This could be, for example, a 

dog wagging its tail, while the automotive user is in within the range of valid access authori-

Explanations

unintended actions triggered by animals or humans that 

cause misdetections

working conditions (mechanical, climatic, chemical or 

electromagnetic) that cause a worsening of the sensor state

area of the vehicle where the trunk is located

sensor for the automotive trunk opening

intention of user to open the trunk 

SensorKey sensor for key fob authorization

Key authorization of user

Power

 Valid access authorization

Components

System Environment₁

System Environment₂

Rear Body

SensorATO

Intentional Action

Sensor Processing

Actuator

Tailgate
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zation. System environment2 describes working conditions. In general, four different kinds 

of conditions might occur. There are mechanical like vibrations, climate e.g. temperature or 

humidity, chemical such as splash water and oil, or electromagnetic working conditions like 

insolation or overvoltage. All these induce a worsening of the state of the sensor. A typical 

example could be a soiling of the sensor when driving through mud.  

This description of each component reveals interactions between those and the respective 

function. Every function constitutes positive aspects besides the functions interacting with 

both system environments. These have negative qualities. The matrix presented in Table 6.5 

displays the implementation of these three steps of the function analysis. Thereby the func-

tions are exhibited in blue. Positive functions are illustrated by a green P, whereas negative 

functions are demonstrated by a red N. Both are added in brackets. 
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Table 6.5: Identification of Interactions, Functions and Quality of Functions for the Automotive Trunk Opening 

(Source: Own illustration) 

With the information in this matrix, shown in Table 6.5, the function model can be drafted. Figure 6.1 illustrates the function model for the high 

tech application example. 

This description of the approach is very detailed. Yet, it is best for TRIZ beginners to get started. After conducting the function analysis several 

times, the user becomes more versed. Then, step 2 to 4 can also be merged.71 

 

 

 

                                                

71 Koltze, Souchkov 2011, p. 115 

Automotive Trunk Opening System Environment₁ System Environment₂ Rear Body SensorATO Intentional Action Sensor Processing Actuator Tailgate Power Valid Access Authorization

System Environment₁      Actuate (N)

System Environment₂      Influence (N)

Rear Body      Hold (P)

SensorATO      Detect (N)      Detect (P)      Transmit (P)

Intentional Action      Actuate (N)

Sensor Processing      Enable (P)      Transmit (P)      Enable (P)

Actuator      Enables (P)

Tailgate

Power      Supply (P)      Supply (P)      Supply (P)      Supply (P)

Valid Access Authorization      Transmit (P)
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Figure 6.1: Function Model for the Automotive Trunk Opening 

(Source: Own illustration) 
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6.2 Technical Contradictions 

Technical systems have to meet numerous challenges and requirements. The different ob-

jectives of these often implicate contradictions. Hence, technical systems hold two attributes 

at the same time, positive and negative.72 If the improvement of an attribute or function of the 

system simultaneously causes a worsening of another attribute, it is referred to as a technical 

contradiction.73 

The specific problem has already been well defined by the function analysis. The core prob-

lem, however, is not uncovered yet. In order to yield it, the specific problem must be refined. 

This is accomplished with the help of technical contradictions. The formulation of those must 

be conducted sharply and aimed. This process step represents half of the whole approach to 

get the solution of the problem.74 Therefore, most of the time and effort is spent during this 

phase. 

6.2.1 Approach 

Step 1: Identification of contradiction location 

The function model indicates where contradictions are potentially located. Especially harmful 

or negative functions can directly lead the user to the right location of contradictions. Still, 

there is the possibility having more than just the obvious contradictions. These can mostly be 

found around the area of negative attributes. There, the firsts were already discovered. 

Step 2: Formulation of contradictions 

The basis of a contradiction is a particular neutral condition of a system. It engenders both a 

positive and negative attribute. This effect is graphically shown in Figure 6.2. 

                                                

72 Koltze, Souchkov 2011, p. 57 & 59 

73 Hentschel et al. 2010, p. 81 

74 Koltze, Souchkov 2011, p. 58 
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Figure 6.2: Effects of Contradictions 

(Source: Own illustration based on Koltze, Souchkov 2011) 

Negative functions in function analyses are used as the negative attributes when formulating 

the contradiction. The user must then deliberate, which condition leads to this negative ef-

fect. After that, the positive aspect that also occurs due to the same condition must be identi-

fied. 

Step 3: Formulation of technical contradictions 

With the help of the established contradictions from step 2, the actual formulation of technical 

contradiction is simplified. The “regular” contradiction displays the core of the current specific 

problem. This was described through the function analysis. The technical contradiction, how-

ever, reveals the problem when changing the parameter. This parameter is responsible for 

the condition. The change of it is undertaken to make the system work better. The improve-

ment achieved by the change causes a worsening. This is based on the change as well. 

First, the parameter C must be found. It induces the “regular” condition (1). The positive at-

tribute of the contradiction is restated in a negative form (2). The same is done for the nega-

tive attribute of the contradiction conversely (3). This eventuates in the new negative attribute 

A and the new positive attribute B. The latter represents the first system parameter, which 

has to be improved. This improvement causes a simultaneous worsening of A, the other sys-

tem parameter. If both attributes can be ascribed to the parameter C, the technical contradic-

tion is done correctly. Moreover, the following sentence can be used as a self-check. 

“Through the change of an adjustable parameter C, the attribute A is improved, but at the 

same time causes the attribute B to worsen.”75 For that, only the respective parameter and 

attributes must be inserted. As this describing of the approach seems very confusing, Figure 

6.3 expresses step 3 graphically. Also, the following implementation for the automotive trunk 

opening in section 6.2.2 helps comprehending it. 

                                                

75 Koltze, Souchkov 2011, p. 90 
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Figure 6.3: Formulation of Technical Contradictions 

(Source: Own illustration based on Koltze, Souchkov 2011) 

6.2.2 Implementation of Technical Contradiction 

The automotive trunk opening example disguises four technical contradictions. For beginners 

this step can be very difficult. It is most time consuming compared to the other steps. There-

fore, first failures are likely to happen. Nevertheless, this should not discourage to continue 

looking for the correct technical contradiction. Also, the formulation of the “regular” contradic-

tion is not necessarily needed. It is, however, recommended for beginners to utilize. It sup-

ports to detect technical contradictions. Moreover, it is worth finding other exemplary contra-

dictions. These can be found, for example, on the web. They can additionally serve as a 

template. They show how attributes are supposed to look like. Hence, they make clear how 

to correctly formulate technical contradictions. Another auxiliary that was used, is to look 

through the subsequent tool, the contradiction matrix. It consists of 39 generic parameters. 

The detailed explanation will be provided in section 6.4.1. Viewing those can help detecting 

attributes that are likely to be found in the presented system. 

For each identified technical contradiction illustrations are displayed. They help to better un-

derstand the implementation of this TRIZ tool. In each figure, the three steps are shown. 

Thereby, the illustration consists of two parts. The first demonstrates the identification of the 

location of the technical contradiction in the function model. Still, not the whole model is illus-
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trated. It only exhibits the relevant area for the respective contradiction. The remaining part is 

cut off. The contradicting components and their interactions are highlighted. The second part 

is the formulation of the technical contradiction with the aid of the “regular” contradiction. It 

represents the illustration of Figure 6.3 adapted to the automotive trunk opening example. 

6.2.2.1 Technical Contradiction “Sensor Threshold” 

The first technical contradiction can be found due to the negative functions between the sys-

tem environment1 and the sensor for the automotive trunk opening. This location of contra-

diction shows the negative attribute (step 1). The sensor is wrongly triggered through the 

system environment1. This is based on the neutral condition that the sensor sensitivity is suf-

ficient to detect actions. Hereby, an easy execution of the intentional action for the user is 

already enough to trigger the sensor (step 2). 

The easy execution represents the positive attribute of this case. The parameter that corre-

lates with the sensor sensitivity is the sensor threshold. Changing it would improve the pre-

vention of misdetections. Also, this change and hence improvement would worsen the exe-

cution of the intentional action. It would result in a more difficult conduction of the trigger for 

the user (step 3). It needs to be performed more sharply and precisely in order to be detect-

ed by the sensor. The image presented in Figure 6.4 shows the implementation of this first 

technical contradiction “sensor threshold”. 

 

Figure 6.4: Technical Contradiction “Sensor Threshold” 

(Source: Own illustration) 

6.2.2.2 Technical Contradictions “Sensor Position” and “Sensor Robustness” 

Another location of a contradiction can be detected where the system environment2 badly 

influences or impacts the sensor (step 1 of a) and b)). The reason for this is the attachment 

of the sensor on the rear body of the vehicle. This area is easily exposed to all kinds of work-
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ing conditions. At the same time, it facilitates the optimal sensing range (step 2 of a) and b)). 

Contemplating this contradiction, two technical contradictions can be emerged. 

Since the sensor is attached on a specific area of the vehicle, the first parameter is the sen-

sor position. By adjusting the position, the improvement of the impacts through the system 

environment2 is achieved. If the sensor is put in a different spot, e.g. inside the vehicle, it is 

completely removed from the critical area of the rear body. Therefore, the system environ-

ment2 has no more effect on the sensor anymore. Also, a new position can worsen the sens-

ing range. In the same exemplary case, the user could not reach the sensor anymore. The 

sensor is taken away from the area where the user gives the signal to open the tailgate (step 

3 of a)). 

Additionally, the sensor robustness can be considered as another parameter of this technical 

contradiction. Here, a mechanic change in order to make the sensor more robust is meant. If 

this is done, the sensor can be attached anywhere without decreasing its functioning. Relia-

ble sensing is not dependent on the position. For this parameter, the improvement and wors-

ening of the same attributes as the ones for the sensor position apply as well. Still, the back-

ground is different. In this instance, the improvement implies a more resistant sensor against 

the system environment2. It can still impact the sensor but with no harmful consequences. 

The worsening of the sensor range is about an actual decrease of the physical range of the 

sensor (step 3 of b)). 

The illustration in Figure 6.5 explains the chain of thoughts and the outcome of both technical 

contradictions graphically. 
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Figure 6.5: Technical Contradiction a) „Sensor Position“ and b) „Sensor Robustness" 

(Source: Own illustration)
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6.2.2.3 Technical Contradiction “Signal Type” 

All negative functions in the function analysis share the fact that they are related to the sen-

sor of the automotive trunk opening. Hence, it makes sense to identify the location around 

this sensor as additional possibilities for contradictions. 

The last negative attribute in the system is a little bit harder to identify. The function analysis 

showed that the sensor interacts with the intentional action. This expresses what is supposed 

to achieve. Yet, it also interacts with the system environment1 (step 1). This fact implies a 

difficult distinction of the sensor between intentional und unintentional actions. The negative 

attribute is induced due to few input parameters for recognition of the action signal. The sen-

sor needs more information besides for example only a change of capacity. Thereby, it can 

distinguish if the action was desired or accidently performed. The positive attribute of few 

input parameters is an easy sensing method (step 2). Changing the signal type of the action 

into a unique intentional action with more input parameters for recognition can provoke an 

improvement of the distinction. This, however, causes the complexity of the sensing method 

to worsen (step 3). The graphical explanation of this technical contradiction “signal type” is 

shown in Figure 6.6. 

 

Figure 6.6: Technical Contradiction „Signal Type" 

(Source: Own illustration) 

6.3 Innovation Principles 

This tool was established due to Altschuller’s analyses of patents. They yielded that the elim-

ination of similar abstract formulated contradictions is based on the application of similar, 

recurring solution concepts. Thereby, they are not dependent on the industry. Summarizing 

these, the number of concepts can be broken down to 40. They are named innovation princi-
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ples. Each one represents a variety of abstracted patents. All patents overcame technical 

contradictions in an innovative way. Therefore, the success of this tool is justified due to 

these documented cases of the past. This proofs that the generic solution concepts will most 

certainly also apply for current and newer ones. The list of 40 generic solution concepts is 

also shown in Table 6.6. As seen, each principle is provided with a number. The numbering 

is needed to facilitate the depiction of the contradiction matrix. The detailed description of the 

matrix follows after this subchapter (6.3.1). Retransforming or adapting an innovation princi-

ple can lead the user from the generally valid solution to the specific solution of the prob-

lem.76 77 

 

Table 6.6: List of Innovation Principles 

(Source: Own illustration based on Koltze, Souchkov 2011) 

When using this tool, there is no need to come up with own thoughts for generic solutions. 

The innovation principles directly supply the user with generic solution concepts. Still, it is 

necessary to be aware of the meaning of the generally paraphrased principles. Also, it must 

be known how to apply them for the own specific problem. The innovation principles there-

                                                

76 Hentschel et al. 2010, p. 91 

77 Koltze, Souchkov 2011, p. 63 - 64 

1. Segmentation 21. Skipping

2. Taking out 22. Blessing in disguise

3. Local quality 23. Feedback

4. Asymmetry 24. Intermediary

5. Merging 25. self-service

6. Universality 26. Copying

7. Nested doll 27. Cheap short-living objects

8. anti-weight 28. Mechanics substitution

9. Preliminary anti-action 29. Pneumatics and hydraulics

10. Preliminary action 30. Flexible shells and thin film

11. Beforehand cushioning 31. Porous materials

12. Equipotentiality 32. Color changes

13. The other way round 33. Homogeneity

14. Spheroidality – curvature 34. Discarding and recovery

15. Dynamics 35. Parameter changes

16. Partial or excessive actions 36. Phase transitions

17. Another dimension 37. Thermal expansion

18. Mechanical vibration 38. Strong oxidants

19. Periodic action 39. Inert atmosphere

20. Continuity of useful action 40. Composite materials

Innovation Principles
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fore serve as an inspiration for the user, how the solution concepts can successfully be 

adopted.78 Looking at the TRIZ process, this tool is used for the third step, generic solution. 

6.3.1 Approach 

Each innovation principle is defined through instructions, implementation recommendations, 

and typical examples. The last mentioned were realized based on those principles or can be 

traced back on those.79 So, every individual solution concept has its own approach descrip-

tion. There is no general approach. The chosen innovation principles simply have to be fol-

lowed. In order to access those, either TRIZ literature, e.g. “Systematische Innovation” by 

Koltze and Souchkov, webpages like www.triz40.com or apps like 40IP can be used. In order 

to enable the practical utility, all 40 innovation principles are depicted in this master thesis 

(see Appendix B). Thereby, they are extracted from Koltze and Souchkov. 

Compared to the enormous amount of analyzed patents, the number of resulting innovation 

principles was extremely reduced. Yet, not all 40 solution concepts can be examined in order 

to find the most matching one. This approach would be very time consuming and inefficient. 

Thus, there are a few methods helping the user to narrow down the number of targeted inno-

vation principles. As a result, the relevant solution concepts can be selected even faster. 

First, the innovation principles can be structured. The division can be done in several ways. 

They can be distinguished between universal and specific. Therefore, one potential way to 

limit the number is to analyze the universal solution principles prior. Afterwards, the matching 

and more specific ones must be examined. Another kind of listing is possible. Several princi-

ples are only the inversion of others. This fact establishes the possibility for the second dis-

tribution. For example, there is a principle for combining (i.e. merging) on the one hand and 

separation (i.e. segmentation and taking out) on the other hand. A last option is through ar-

ranging according the most commonly applied principles. This approach is based on an easy 

assumption: the more often the solution concept was used, the higher the possibility for a 

right applicability for other problems. 80 

None of the structured lists are employed in this master thesis. Thus, they are not displayed 

here. The first two mentioned can be looked up in the book written by Zobel 2007. The third 

alternative listing is displayed in the work of Livotov, Petrov 2002. 

Another method to choose the targeted innovation principles is the contradiction matrix. This 

is the alternative that is used for this thesis. The tool serves as a support and is directly as-

                                                

78 Hentschel et al. 2010, p. 93 

79 Koltze, Souchkov 2011, p. 64 

80 Koltze, Souchkov 2011, p. 88 & 89 

http://www.triz40.com/
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sociated with innovation principles. Also, it is notable that one step in the TRIZ process was 

left out. So far, the problem was only defined specifically. TRIZ claims an abstracting of the 

problem. This step is also conducted with the help of the contradiction matrix. Hence, the tool 

is inserted here. 

So, the first part of the implementation of the innovation principles will be explained in the 

following chapter (see section 6.4). The actual realization of the solution concepts is needed 

later (see chapter 6.5). As mentioned above, it is also simply a following of instructions given 

by each principle. For a better comprehension, however, the tool was explained in this sec-

tion. 

6.4 Contradiction Matrix 

The contradiction matrix is also known as the innovation matrix. This tool leads the user to 

the most suitable innovation principles. The number of those is narrowed down to a maxi-

mum of four. The intention of the tool is to make the search for matching solution concepts 

more efficient. In order to use it, the formulation of technical contradictions is required.81 

The first step requires an abstracting of the established technical contradictions. For that, the 

tool provides so-called technical parameters. Altschuller’s patent analysis yielded 39 repeti-

tive parameter, which are universal. Each technical contradiction can be expressed with re-

spectively two of them. Thus, the contradiction matrix restates the problem into a generic 

problem.82 

Altschuller released the first version of the classic contradiction matrix in 1964. He kept on 

going developing the matrix until 1971. This one has 39 parameters to abstract the technical 

contradiction. It is still commonly deployed by TRIZ users.83 Yet, there are a few parameter 

pairs that do not lead to a reduction of the innovation principles. For those, all 40 principles 

must be considered. 

Today, there are newer contradiction matrixes based on further patent analyses. The “matrix 

2003” was established by Darrell Mann, Simon Dewulf, Boris Zlotin and Alla Zusman. All 

empty cells of the classic matrix have been completed with possible solutions. It has 48 pa-

rameters instead of 39. Additionally, the parameters were grouped in different categories like 

physical parameter, performance, efficiency and non-functionality. As a consequence, their 

use is facilitated. This renewal is only directed to a better selection of the parameters. There 

                                                

81 Koltze, Souchkov 2011, p. 90 

82 Hentschel et al. 2010, p. 84 

83 Koltze, Souchkov 2011, p. 90 & 94 



6 The Application Example 

51 

is no development regarding the solution principles. The “matrix 2010” is another update of 

the classic contradiction matrix by Altschuller.84 

For this master thesis, the classic contradiction matrix by Altsschuller is deployed. How to 

use this matrix will be explained in the following part. 

6.4.1 Approach 

Step 1: Finding the appropriate parameters 

The technical contradiction represents the specific problem. It consists of own formulations of 

the attributes A and B. These have to be restated with generalized terms, the technical pa-

rameters. Thereby, the most suitable ones must be found from the list of the parameters.85 

For a better understanding, and hence an easier deployment of the 39 parameters, each can 

be found in more detail in Appendix C. Since multiple technical parameters refer to moving 

and stationary objects, these two terms are defined in the beginning of the appendix and 

apply for the perspective parameters. 

Step 2: Reading the contradiction matrix 

After rephrasing the improving feature (attribute B) and worsening feature (attribute A), the 

actual contradiction matrix is used. The suggested solution principle can be read out. There-

by, the improving feature is always listed downwards in the first column. The worsening fea-

ture is recorded from left to right in the first row of the matrix. The cell that can be traced back 

to both chosen parameters contains the solution principles that most certainly match with the 

chosen parameters. Two to four innovation principles are respectively recommended. The 

order of the suggested principles is sorted by the frequency of their occurrence.86 

This approach is graphically revealed in Figure 6.7. It displays an example with the parame-

ter number five, area of the moving object, as the improving feature. The ease of operation 

represents the worsening feature. Here, the whole contradiction matrix does not need to be 

shown. The figure exposes only an excerpt. The selected technical parameters lead to the 

innovation principles 15, 17, 13 and 16.87 For this example, the outcome is not examined in 

more detail. It only serves as a better understanding of the use of the contradiction matrix. 

                                                

84 Koltze, Souchkov 2011, p. 99 

85 Hentschel et al. 2010, p.88 - 89 

86 Hentschel et al. 2010, p. 94 

87 Koltze, Souchkov 2011, p. 92 
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Figure 6.7: Exemplary Reading of Contradiction Matrix (Excerpt) 

(Source: Own illustration based on Koltze, Souchkov 2011) 

Due to the great number of technical parameters, the printed matrix is extensive and incon-

venient to read. Therefore, the user can use online programs or apps to access the matrix. 

Still, for the practical utility of this master thesis, the contradiction matrix is enclosed in Ap-

pendix D. For the implementation here, the app TRIZ crossover was utilized. 

6.4.2 Implementation of Contradiction Matrix 

For a better comprehension of the implementation of this tool for the example, the technical 

contradiction is repeated each time. Thereby, the sentence for self-checking is used as an 

aid. After that, the parameters are assigned with a short argumentation where needed. For 

reading the contradiction matrix, the app TRIZ crossover is used. Each table summarizes the 

execution of the contradiction matrix. As the contradiction matrix yields the appropriate inno-

vation principles, they are shown here. They are dealt with in chapter 6.5. 

6.4.2.1 Technical Contradiction „Sensor Threshold“ 

The technical contradiction for the sensor threshold reads as follows: through the change of 

the sensor threshold, the prevention of misdetections is improved, but at the same time 

causes the execution of the intentional action to worsen. 

The improvement by preventing misdetections can also be seen as a reduction of error in a 

measurement. Less error in a measurement is equivalent with a higher accuracy in a meas-
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urement. Or differently expressed, the measured value corresponds more with the actual 

value. This aspect is included in the technical parameter number 28 measurement accuracy. 

The execution of the intentional action must be seen as the operation of the user to enable 

the application. Therefore, it can be considered as the ease of operation. The worsening pa-

rameter is number 33. Putting these two parameters into the app, the innovation principles 1, 

13, 17 and 34 emerge. The outcome of this is conveyed with Table 6.7. 

 

Table 6.7: Use of Contradiction Matrix for the Technical Contradiction „Sensor Threshold“ 

(Source: Own illustration) 

6.4.2.2 Technical Contradiction „Sensor Position” 

The formulation of the technical contradiction of the sensor position results in the following: 

through the change of the sensor position, the impacts through the system environment are 

improved, but at the same time causes the sensing range to worsen. 

Another position separates the sensor from the system environment. Hence, no negative 

influences exist in a close area of the sensor. They are regarded as extensively eliminated 

and cannot affect the sensor anymore. As a consequence, the quality and efficiency of the 

system’s functioning is not reduced. The suitable improving feature is number 30, external 

harm affects the object. At the same time, the sensor is removed from the spot where the 

user is supposed to enable the application. Therefore, the sensor range might not be enough 

to detect the user’s intention. The sensor cannot receive the required signal properly. This 

signal can be equally seen as the information for the sensor. Hence, through the new posi-

tion, the sensor loses the needed information. Parameter number 24 implies this loss of in-

formation. The combination of these two technical parameters leads to the innovation princi-

ples 22, 10 and 2 (see Table 6.8). 

 

Table 6.8: Use of Contradiction Matrix for the Technical Contradiction „Sensor Position“ 

(Source: Own illustration) 

Parameter Improvement of # Improving Feature Worsening of # Worsening Feature # Innovation Principle

1 Segmentation

13 The other way round

17 Another dimension

34
Discarding and 

recovering

Ease of operation33
Sensor 

threshold

Prevention of 

misdetections

Measurement 

accuracy
28

Execution of 

intentional 

action 

Parameter Improvement of # Improving Feature Worsening of # Worsening Feature # Innovation Principle

22 Blessing in disguise

10 Preliminary action

2 Taking out

Sensor 

position

Impact through 

system 

environment2

External harm 

affects the object 
30 Sensing range Loss of information24
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6.4.2.3 Technical Contradiction „Sensor Robustness” 

The issue of the sensor robustness veils the following contradiction: through the change of 

the sensor robustness, the impacts through the system environment are improved, but at the 

same time causes time the sensing range to worsen. 

As stated before, the robustness is mechanically increased. Through a shielding, the sensor 

is more resistant. Thus, impacts through the system environment have no effect on it. There-

by, the stability of the sensor is also meant. The sensor can withstand negative influences. 

The associated technical parameter is number 13, stability of the object’s composition. 

Through the mechanic shield, the sensing range is worsened. I.e. the field, in which the sen-

sor can detect, is minimized. This field surrounds the sensor. It can also be treated as a 3-

dimensional space. The space occupied is the volume. This apprehension directs the user to 

parameter 8, volume of stationary object. The result of reading the matrix or using the app is 

displayed in Table 6.9. The corresponding innovation principles are 34, 28, 35 and 40. 

 

Table 6.9: Use of Contradiction Matrix for the Technical Contradiction „Sensor Robustness“ 

(Source: Own illustration) 

6.4.2.4 Technical Contradiction „Signal Type” 

Reviewing the subject of the signal type, this technical contradiction is presented: through the 

change of the signal type, the distinction of the intentional action is improved, but at the same 

time causes the complexity of the sensing method to worsen. 

The new signal type should have more input parameters in order to assure a unique signal, 

and therefore an assignment of the intentional action. It cannot be mistaken with a similar 

accidently conducted action. The sensor can better distinguish between intentional and unin-

tentional actions. The appearance of the essential component “intentional action” (see func-

tion analysis) is improved. Hence, the shape of the action is being made distinguishable. This 

is ascribed to technical parameter number 12. A new signal type can require one or more 

additional elements. As a consequence, interactions increase as well. The system can get 

more difficult and complex. This description is in accordance with the technical parameter 

device complexity. Here, the contradiction matrix suggests the innovation principles 16, 29, 1 

and 28. The following table (Table 6.10) illustrates these findings. 

Parameter Improvement of # Improving Feature Worsening of # Worsening Feature # Innovation Principle

34
Discarding and 

recovering

28
Mechanics 

substitution

35 Parameter changes

40 Composite materials

Sensor 

robustness

Impact through 

system 

environment2

Stability of the 

object's composition
13 Sensing range 8

Volume of stationary 

object
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Table 6.10: Use of Contradiction Matrix for the Technical Contradiction „Signal Type” 

(Source: Own illustration) 

6.5 Solution Selection 

Through the use of the contradiction matrix, three to four most probable innovation principles 

for each technical contradiction are presented. Yet, the user must select the solution concept 

considered best. Therefore, it is necessary, to understand the respective innovation princi-

ples and their possibilities. Also, the determined criteria for choosing the solution must be 

reclaimed. Here, the actual implementation of the tool innovation principle is conducted. This 

represents the last step of the TRIZ process. 

When considering possibilities to implement the generic solution concept, the role of a FAE 

gains importance. The outcome of using the principle is a possible solution idea. It needs to 

be checked and evaluated, how far the innovative idea is feasible. As FAEs serve as the 

technical expert, they can decide the technical feasibility. Furthermore, they have the exper-

tise and know-how of the company’s product portfolio. They can determine if there are parts 

available or not. In addition, they are familiar with the company’s R&D work, so they know, in 

which states the developments are. 

The user must consider that the selected and adapted solution for each technical contradic-

tion cannot interfere with another one. When merging all elaborated single solution ideas, the 

result must be a conclusive and practical idea. Optimally, it can be presented to the custom-

er. Hence, it makes sense to summarize all adapted innovation principles and formulate an 

end solution. Still, this end idea does not have to be fully matured. The solution idea should 

attract the customer to work with the idea and TI. It can then be developed alongside with the 

customer as a new business partner. 

For this example of the automotive trunk opening, the selection concentrates on the aspects 

mentioned in chapter 5.2.3: ensuring the state of being high technologies, following the trend 

of more automotive comfort and an ever more futuristic vehicle. Also, innovation principles 

that cannot be used due to common sense help choosing the solution concept. 

Parameter Improvement of # Improving Feature Worsening of # Worsening Feature # Innovation Principle

16
Partial or excessive 

actions

29
Pneumatics and 

hydraulics

1 Segmentation

28
Mechanics 

substitution

Device complexitySignal type
Distinction of 

intentional action
12 Shape

Complexity of 

sensing 

method

36
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The evaluation for the selection will be shown in tables like in chapter 5.2. For the respective 

innovation principle possibilities for implementation are considered first. These should be 

stimulated through the inspiration of innovation principles in each TRIZ user’s mind. Yet, they 

cannot be provoked every time. This is the result when there are no feasibilities due to com-

mon sense. Those can be eliminated. Then, a short evaluation is conducted for each imple-

mentation possibility. Thereof, the considered best solution idea is determined. This solution 

idea is highlighted in each table. The more people participate for this process step the more 

useful opportunities engender. Additionally, the evaluation is comprehensible for everyone. 

Therefore, the selection for the best solution can be based on many people’s decision and is 

well-considered. 

6.5.1 Technical Contradiction „Sensor Threshold” 

The contradiction matrix led to the innovation principles 1, 13, 17 and 34. The elimination for 

segmentation is justified because the possibility for implementation could interfere with the 

technical contradiction “signal type”. The diversity of elements in the system could be in-

creased (worsening of device complexity). This is the case, if multiple, differently performed 

actions are introduced. Thereby, the number of sensors would have to rise as well. The other 

two innovation principles are feasible. Still, they are not selected. Their implementation would 

not be a development according to the defined aspects. There would be no progress regard-

ing a more high-tech solution. Also, it does not increase the level of automation and thus, 

automotive comfort. The most matching solution concept here is another dimension. This 

decision can also be retrieved from Table 6.11. 
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Table 6.11: Evaluation of Innovation Principles for „Sensor Threshold“ 

(Source: Own illustration) 

In the automotive trunk opening, this can be realized with the intentional action. If using the 

current kick to open action, the image of the leg or foot should additionally be detected. An-

other possible idea could also be implemented by using speech. Speech is detected acousti-

cally. Besides sound, speech offers the content of what is said, representing the other di-

mension. Through the help of the added dimension, misdetection can be prevented. The 

image of the leg or the speech of humans can assure it is not an animal or a playing child. 

For both possibilities the ease of operation is not worsened as well. The chosen principle 

only complies with the defined aspects. It presents an advanced technological development. 

Using a camera or speech recognition increases the technology level of the current system. 

Moreover, speech enables a more convenient implementation for the user. These facts cru-

cially determine the decision. 

6.5.2 Technical Contradiction „Sensor Position” 

The selection for the “sensor position” can also be seen in Table 6.12. The matrix resulted in 

the innovation principles 22, 10 and 2. Blessing in disguise can be eliminated due to common 

sense. There are no possibilities for an implementation of this solution concept. The innova-

tion principle preliminary action could be used to overcome the contradiction. However, it is 

# Innovation Principle Possibility for Implementation Evaluation

1 Segmentation

Segmentation of intentional 

action in multiple easy actions 

(simultaneously or consecutively) 

to ensure the intention of opening 

the trunk (need for more sensors 

possible if execution of each 

action is performed differently)

Possible interfering with 

contradiction "signal type" 

due to a worsening of 

device complexity

13 The other way round

Making sensor "movable" instead 

of stationary by adapting sensor 

sensitivity to condition as needed 

Feasible, not interfering with 

other ideas, no 

development according 

defined aspects

17 Another dimension

Inserting another dimension in 

order to additionally determine 

the detected action (image of 

moving object or content of 

speech)

Feasible,  not interfering 

with other ideas, complies 

with defined aspects

34
Discarding and 

recovering

Activating and deactivating 

sensor according to location of 

key (within or beyond predefined 

range)

Feasible, not interfering with 

other ideas
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not practical. The potential idea is a highlighting of the best detecting spot on the vehicle. 

This can be an issue with the design of the car. Hence, the innovation principle taking out 

qualifies. 

 

Table 6.12: Evaluation of Innovation Principles for „Sensor Position“ 

(Source: Own illustration) 

Instead of installing the sensor on the vehicle where it is exposed to the system environment, 

putting it into the key can be an alternative option. Drivers carry their keys in their pockets or 

purses. There, it is minimally affected by external environmental factors. Yet, if they are, the 

factors have less impact on the sensor. The system environment surrounding the key is less 

“aggressive” than the one that influences the vehicle. Moreover, the sensor in the key is addi-

tionally protected through the case. The key is always taken along. Especially, since it is 

needed to verify the authorized user as a system requirement mentioned in chapter 6. Thus, 

the required information is continuously in range of the sensor. 

6.5.3 Technical Contradiction „Sensor Robustness” 

In order to overcome this contradiction, the innovation matrix suggests the principles 34, 28, 

35 and 40. Composite materials lead to a decent solution for the technical contradiction 

“sensor robustness”. The decision is made due to its appropriateness with the former idea of 

using the key. Moreover, it completes the idea. This constitutes the main cause for choosing 

the innovation principle. Therefore, it is preferred. The evaluation for the other solution con-

cepts can be read out of Table 6.13. 

# Innovation Principle Possibility for Implementation Evaluation

22 Blessing in disguise -
Not practical due to 

common sense

10 Preliminary action

Illustrating the best spot (on 

vehicle) for the user to stand in 

order to ensure an optimized 

detection of the action even when 

sensor is "hidden" from the 

harmful system environment

Not practical, issue with 

design of car

2 Taking out

Putting sensor in key → protects 

sensor, required information 

always within range

Feasible, complies with 

defined aspects
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Table 6.13: Evaluation of Innovation Principles for „Sensor Robustness“ 

(Source: Own illustration) 

The case of the key can be seen as an additional mechanic shell. It enhances the stability of 

the sensor. Yet, a complete, all round protection of the sensor worsens the sensing range. 

Thus, the material should not completely cover the key. It should have small notches at sev-

eral spots. Thereby, the sensor is able to detect the trigger. 

6.5.4 Technical Contradiction „Signal Type” 

To eliminate the contradiction “signal type”, the user gets to the innovation principles 16, 29, 

1 and 28. Table 6.14 displays the evaluation and selection. Regarding the possibilities for 

implementation following must be clarified first: for the innovation principles 16 and 1 a re-

peated execution of the intentional action is proposed. This would cause a rising number of 

elements in the system. According to the definition of the parameter device complexity, more 

and different elements would constitute the worsening. Here, however, the potential realiza-

tions claim the performance of the same action. Thereby, the same sensor can also be used. 

Thus, the diversity in the system is not enhanced. This interpretation of the parameter was 

utilized. Still, these two solution concepts are not suitable. They do not progress the solution 

according the defined aspects. Pneumatics and hydraulics cannot be transformed for the 

automotive example. Hence, it is not appropriate. The most promising solution can be found 

through the innovation principle mechanics substitution. 

# Innovation Principle Possibility for Implementation Evaluation

34
Discarding and 

recovering

Removing and reinserting of 

mechanic protection according to 

location of key (within or beyond 

predefined range)

Feasible, not interfering with 

other ideas

28
Mechanics 

substitution

Creating robustness not through 

mechanic protection but fields 

(electric, magnetic or 

electromagnetic) that have no 

effect on reduction of sensing 

range

Not matching with former 

chosen idea (mechanic 

protection through case of 

key given)

35 Parameter changes Increasing size of sensor

Not practical due to the 

requirement for automotive 

sensor "small design"

40 Composite materials

No complete covering of sensor 

with the mechanic protection, 

achievable through notches

Feasible, matching with 

former chosen idea (sensor 

in key)
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Table 6.14: Evaluation of Innovation Principles for „Signal Type“ 

(Source: Own illustration) 

Implementing an acoustic signal type emerges a better distinction of the intentional action. 

However, relying on a sound only is not enough. In addition, speech is required. It can explic-

itly determine the intentional action. Using speech recognition has more input parameters for 

the system to work with. The current system detects only a change of capacity by a move-

ment of an object. Yet, it does not realize if the object was a moving human body part or an 

animal. Also, it cannot decide if the movement was executed accidently or on purpose. The 

speech assures that in addition to an existing sound, there are particular words triggering the 

sensor. This makes the signal type distinguishable and unique. Regarding the system, no 

additional component is needed to realize the speech recognition. The system requires a 

sensor and an intentional action anyway. Concerning the current solution for the automotive 

trunk opening, only the sensor has to be replaced by a speech recognition sensor. Further-

more, the intentional action is exchanged into speech. Thus, implementing this solution idea 

does not represent a worsening of the device complexity. The sensor technology is a further 

development. It corresponds to high-techs and increases the level of automation of the sys-

tem. A last argument is also its matching with the idea to put the sensor into the key. 

As a consequence, misdetections of the sensor are eliminated. It is not possible for animals 

to imitate human speech. The application can also be realized differently. Thereby, the sys-

tem is activated first through a particular word. Then, an additional word expresses the desire 

of opening the trunk. By making use of the voice, there are no restrictions for the user in the 

ease of operation. This is part of the first technical contradiction. In fact, it can even be an 

improvement. This is especially the case, if the user holds heavy load. Kicking and therefore 

standing on one foot, even only just for a short period of time, can be inconvenient. 

Installing speech sensor in the key can be compared to a smartphone with a speech recogni-

tion program for questioning and giving orders. This feature was developed over several 

# Innovation Principle Possibility for Implementation Evaluation

16
Partial or excessive 

actions

Multiple execution of intentional 

action, determination of average

No development according 

defined aspects

29
Pneumatics and 

hydraulics
-

Not practical due to 

common sense

1 Segmentation

Repeating of same action (no 

additional sensor and therefore 

component needed) to ensure 

action was intended

No development according 

defined aspects

28
Mechanics 

substitution

Using speech instead of a moving 

object as a signal to additionally 

determine content of speech and 

therefore assure distinguishable 

of signal

Feasible, complies with 

defined aspects, matching 

with former ideas
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years. Today, it can even be used when having the phone in the pocket or in a purse.88 

Notches in the case of the key can serve as the spot where the microphone is put in. Addi-

tionally, the employment of sound routing or multiple microphones could improve to distin-

guish the ”word(s)” detection. This enables a decent implementation of the application. 

6.6 The Solution Idea 

After using TRIZ for the automotive trunk opening the following solution idea emerged: The 

automotive opening is realized through a speech recognition sensor. It is assembled in the 

key. The concept of the idea is shown in Figure 6.8. When the user approaches a deter-

mined area of the vehicle, the sensor is activated. Also, through entering this area, the key-

less access system recognizes the authorized user. Then, the defined words must be ex-

pressed. This could be, for example: “open trunk!” (1). The command, however, can be 

changed. It can be individually adjusted. Therefore, the chosen phrase must be saved in ad-

vance during a learning cycle. Via a microphone, the sensor detects the speech (2). The sig-

nal is then transmitted by radio link. Afterwards, the signal processing processes the data. 

The information gets to the actuator. And this finally results in the opening of the tailgate (3). 

Thereby, the application only works if the key is authorized. This requirement had to be met 

also with the current solution. It operates the same way. 

The fact that the key is carried in purses or pockets vaporizes the sound of the speech. 

Therefore, this presents an issue that needs to improve in order to ensure a better under-

standing of the signal. This would present an issue that can be worked out in cooperation 

with the customer. 

                                                

88 Geiger 2014 
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Figure 6.8: Solution Idea for the Automotive Trunk Opening 

(Source: Own illustration based on BMW Group 2013, Framepool AG and Boeriu 2014) 
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7 Reflection of the Solution Idea 

Using TRIZ generated the idea to replace the current sensor technology that detects object 

with a sensor for speech recognition. This sensor is not a new technology. Developments for 

this invention started in the 1960s.89 Today, it is mostly applied in smartphones, tablets and 

also smart watches with great success. However, speed assistance is an interesting technol-

ogy not solely for these devices. There are other “smart gadgets” on the market as well: e.g. 

TVs, dolls or the new Amazon Echo. The last mentioned is a device that is used in homes 

and can provide the user with information, music, news and more by voice even from a big-

ger distance. It is also connected to the cloud.90 Furthermore, voice command can be found 

in cars. The recent usage and background, however, is different. Here, the application of 

speech recognition implementations increase the driver’s and road safety by ensuring the 

hands permanently stay on the wheel while driving. Therefore, the driver remains focused. 

There is no need to concentrate on manually operate other systems in the vehicle.91 The 

broad application fields show that this audio technology of speech recognition is on a proper 

state of art development status. This especially regards the quality of understanding what 

was said and hence the correct execution of the command. The technology functions within a 

decent wide range and can fairly cushion background noises. Still, it has the potential to en-

hance.92 Thus, the usage of speech recognition and command for comfort issues is definitely 

a technology that needs to be considered and developed in the automotive industry anytime 

soon. 

Regarding the idea of using the key, there are also progresses in the direction of smart keys. 

For example, there are more possibilities with BMW’s future car keys: they can serve as a 

paperless ticket, credit card payment or it allows the person to access the hotel room. Addi-

tionally, first car keys with touchscreen displays were introduced. They provide the owner of 

the vehicle with information such as “open or closed state of the vehicle, mileage, fuel level 

[or] battery charge level (for electric vehicles)”.93 Therefore, the solution idea regarding using 

the car key like a small smartphone with voice assistance is not unreasonable. 

A further considering of the financial aspect here, however, implies that the solution will still 

need more time before it can be implemented. Almost every person nowadays has a 

smartphone. The combined usage of it with the key serves as a more probable solution for 

now. Another more economic idea would also be an installing of the speech recognition sen-

                                                

89 Tusch 2012 

90 Amazon 2014 

91 Hatfield 2014 

92 Hatfield 2014 

93 inkwire 2014 
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sor in the vehicle close to the central taillight. Due to the height, this location ensures that the 

voice is in optimal range of the sensor. In addition, the microphone does not have to be di-

rectly attached on the car. The aid of a small hose can be utilized. Thereby, the electronics 

can be hidden behind the hose and are protected from the system environment. Through the 

hose, the sound waves can find their way to the microphone and the sensor. 

At Texas Instruments, the development of advancing the speech recognition technology has 

been in progress for more than 30 years. Thus, the technology is on a decent level today 

already.94 The introduction of the idea to implement speech recognition for the automotive 

trunk opening has already taken place. It resulted in a successful outcome. The customer, an 

automotive supplier, showed great interest in a cooperation to develop the application with 

the specific idea. 

In order to establish a complete, fully working and reliable system, there are many factors, 

which still need to be considered. Adding to this, there are the customer’s requirements that 

have to be considered as well. Thereby, questions like the exact position of the microphone 

and sensor can be clarified. The area for recognizing the authorized user and for activating 

the sensor must be determined. Technical details ensuring a working system, e.g. rest cur-

rent consumption, must be worked out together. Additional endeavors are needed to ensure 

an ever better reliability of the system and an increased sensing range. At that, dealing with 

noises of the surrounding ranks as well. This can be handled with active noise cancellation 

(ANC). The technique is designed for canceling unwanted sounds. Thereby, an antisound is 

created. Through the combination of the unwanted and the antisound, both sounds are can-

celed.95 Also, it must be decided on a more specific speech signal type: Does the customer 

prefer a version where a word or even words shall be deployed? Or is another option with a 

pre-saved self-chosen triggering word by the user in the beginning rather favored? 

Furthermore, another consideration could also concern a further development of an addition-

al application based on the same technology. Once the automotive trunk opening has been 

realized with speech recognition, the technology could also be used for similar applications. 

A close example would be an automotive opening of all other doors of the vehicle. This tran-

sition will not be a difficult assignment. However, it will be a great progress in promoting the 

comfort issue around automobiles. Also, more distant applications could also be worth con-

sidering. 

All these issues will have to be discussed in the won collaboration with the customer. 

                                                

94 Agarwal 2012, p, 3 

95 Texas Instruments Homepage 2015 



8 Conclusion 

65 

8 Conclusion 

The study of the use of TRIZ for high-tech applications resulted in the solution idea to adopt 

speech recognition for the automotive trunk opening. Thereby, the most suitable TRIZ tools 

were selected to show the use. The decision led to the deployment of the following tools: 

function analysis, technical contradictions, innovation principles and the contradiction matrix. 

The selection was based on several conditions. First, TI’s sales representatives are begin-

ners. An easy comprehension and implementation of the tools were required. Also, they are 

timely bounded due to their main responsibilities. As a result, the number of selected TRIZ 

tools was kept small. Regarding the technical system, the tools matched high-tech applica-

tions like the automotive trunk opening presents. The used tools considered the electronic 

system with the multiple components. 

After applying the function analysis, four technical contradictions could to be revealed. These 

described the core of the specific problem. Through abstracting them with the 39 parameters, 

they were restated into generic problems. The contradiction matrix directed to most suitable 

and promising innovation principles. Yet, only the considered best solution concepts were 

chosen for the respective technical contradiction. In order to define the best solution, two 

elements were considered. The implementation of the selected principle expresses most a 

further development according high technologies. In addition, it follows the automotive trend 

and realizes more comfort for the user. By deploying the innovation principle the generic 

problems were solved. The final adapting of the generic solutions to the origin problem of the 

automotive trunk opening conducted the chosen solution idea. It yielded speech recognition 

that is assembled in the key. 

The exemplary use illustrates the effective implementation of TRIZ for high-tech applications. 

A new solution idea was provoked for the application example that can be suggested to the 

customer. The study can serve as a template or guide for further similar systems. Thereby, it 

helps the sales representatives to apply it on other high-tech applications. Moreover, the 

study demonstrates more features. TRIZ changes the way a person thinks. The usual focus 

on solving problems is shifted to defining problems. Thereby, it enables to overcome thinking 

barriers and hence leads to an idea with a high potential to success. TRIZ can help many 

people to provoke ideas due to the systematic and structured procedure. Not only one genius 

mind is able to generate innovative ideas intuitively. Even though, the use is challenging, it is 

feasible. Thereby, the use of TRIZ in a team is favorable. Taking TRIZ trainings, however, is 

recommended. Thus, also other tools that are more appropriate in different problem situa-

tions can be adopted. Moreover, it can help convey the philosophy of TRIZ. 

During the usage, another fact stood out. According to Koltze and Souchkov, a generic for-

mulation of every technical system is possible with the 39 parameters. This, however, was 
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not fully comprehensible. This is for example the case, when the parameter for the worsening 

of the sensing range through the sensor robustness had to be identified. A revision of the 

technical parameters to better match problems in the field of electrical engineering might be 

a potential approach. Therefore, a very intensive task including great patent analyzes is re-

quired. 

Nevertheless, this study shows the benefit of TRIZ. The implementation for the automotive 

trunk opening not only provoked a solution idea that is theoretical feasible. In fact, the intro-

duction of speech recognition gained great interest by the customer. A cooperation in devel-

oping this technology was won. Therefore, this accomplished order proves the success of the 

use of TRIZ for high-tech applications to provoke new ideas within the sales organization. 

 



 

67 

Appendix 

This master thesis contains an appendix on an enclosed CD. The content of it is listed here. 

 

Appendix A: Patent Research on Automotive Trunk Opening Sensors 

Appendix B: Innovation Principles in German Language 

Appendix C: 39 Parameters with Explanations 

Appendix D: Contradiction Matrix in German Language 
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