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Dear friends and colleagues!  

This year, because of COVIS-19 pandemic we have to switch to online format with our annual 

international conference TRIZfest-2021, which was initially planned in Odessa, Ukraine. Last 

year, TRIZfest-2020 was canceled completely also because of COVID. I honestly believe, we 

will be able to meet face to face at the next conference TRIZfest-2022. 

2021 is a very important year for the entire TRIZ society. It is 95th anniversary of the author of 

TRIZ and the first president of MATRIZ Mr. Genrikh Altshuller and it is 65th anniversary of 

TRIZ itself. Congratulations to everyone! 

As you know, a key role of the International TRIZ Association (MATRIZ) is to guide a further 

development of TRIZ as a theory and its proliferation worldwide. TRIZfest-2021 is a perfect 

platform for performing this role.   A quick glance through the list of speakers and presentations 

planned for three days of the conference reveals the amazing diversity of topics. They range 

from case studies, to developing new tools, combining TRIZ with other methodologies and 

teaching TRIZ. It is now a good tradition that MATRIZ conferences include a special session 

for TRIZ Pedagogy.  

In terms of numbers, we have 114 registered participants, 42 participant of the special pedagogy 

session, 1 candidate for TRIZ Master Certification. The total number of papers is 27.  

I am grateful to the Organizing Committee of TRIZfest-2021, which has made this conference, 

happened. 

A very warm welcome to each and every one of you. I wish us every success with the 16th 

MATRIZ International Conference TRIZfest-2021 and I look forward to learning about the 

outcome. 

 

         

Dr. Oleg Feygenson, TRIZ Master 

MATRIZ President 
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Dear TRIZfest-2021 Participants and Readers, 

It is a pleasure to present the papers from the 16th International Conference ñTRIZfest-2021ò 

which was held on September 15-18, 2021. Due to pandemic, it was decided to conduct the 

conference online. 

This year the conference includes papers and presentations focused on the following topics: 

¶ Theoretical, research results. 

¶ TRIZ-related methods and tools development. 

¶ Best practices, business experiences, integration with non-TRIZ methods/tools. 

¶ TRIZ-Pedagogy 

¶ Educational methods and experiences. 

¶ Case studies. 

TRIZfest-2021 continued its special section ñTRIZ-Pedagogyò and included discussions on 

several important topics regarding TRIZ and its applications. 

We would like to thank all the authors and co-authors who contributed their works to include 

to these Proceedings and therefore provided considerable impact on further development of 

TRIZ and its dissemination around the world. 

We would like to express our sincere gratitude to all the members of the TRIZfest-2021 Organ-

izing Committee who provided their help and support as well as to the members of the Papers 

Review Committee who invested their precious time to select the best papers and provide au-

thors with comments how to improve their papers.  

And at last but not least, we would like to express our thanks to all the participants of the 

conference from many countries who contributed to the event by their engagement and their 

sometime provoking questions to the speakers. 

 

 
 

Valeri Souchkov, TRIZ Master 

Co-Chair of the TRIZfest-2021 Program Committee 
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TRIZfest-2021 

A CASE STUDY OF ENTERPRISE PRODUCT 
RESEARCH AND DEVELOPMENT BASED ON 

CUSTOMER DEMAND 

Yan Zhao, Alp Lin, Dongshuang Xu 

Beijing IWINTALL Technology Co., Ltd, China 

Abstract 

This paper will elaborate the importance of demand for product R&D from the demand side, and strive 

to establish a demand-based R&D process of enterprise products and then verify, practice and improve 

it. In order to adapt to the changing society, enterprises should move from product-oriented to demand-

oriented, and guide enterprise products R&D through demand. First, correctly grasp the market demand 

by collecting, mining, standardizing user demands and converting them to product functions. Second, 

conduct efficient system retrieval of function through system definition and function analysis, find a 

better way to map the function to structure, and optimize, evaluate and select the solution with high 

performance, simple structure and low cost. Finally, transform the solution into the final product through 

design, simulation, validation and production so that enterprises are able to obtain greater market share 

faced with the changing demands and achieve sustain innovation and profits. 

Key words: demand, function analysis, product R&D process 

1 Correctly Grasp the Market Demand 

The value and mission of an enterprise is to "satisfy customer demands". Unclear needs will 

lead to failures in new product development of a company and the product design has to be 

constantly changing with low efficiency.  

Product demands come from the market and from users. User demands are aimed at people, 

describing the problems that users encounter or the desires they want to satisfy. Every need 

should be necessary, and every need has a corresponding cost. Unnecessary requirements will 

bring unnecessary risks. In-depth and detailed analysis of customer needs is the basis for prod-

uct R&D. User needs should be clustered with a standardized description and a demand glos-

sary. We need to map the demand to function through research, clarification, standardization, 

classification, synthesis, verification, confirmation and ranking to lay a foundation for further 

development of products. 
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Fig.1. The steps of demand analysis 

1.1 Demand Research 

Demands come from VOC (Voice of Customer). It focuses on the needs of users and clients, 

upstream and downstream of the industrial chain, competitors and stakeholders. VOB (Voice 

of Business) focuses on a series of requirements such as corporate strategy, production opera-

tion and maintenance, profit and loss analysis, product quality inspection reports, core techno-

logy, new product development, and advanced technology pre-research. VOB provides stan-

dardized description and parameterized expression of demands. 

1.2 Demand Analysis 

Commonly used demand analysis methods such as affinity graph, Kano analysis, Pareto analy-

sis help us sort out the demands obtained from VOC and VOB. KJ method clusters the demands, 

KANO model prioritizes and Pareto analysis ranks them.  

1.3 Demand Transformation 

Transform the MSPVs (Main Strategic Parameter of Value) which customers want to the 

MFPVs (Main Functional Parameter of Value) that engineers focus on through MPV analy-

sis(Main Parameter of Value).  

 

Fig. 2. MPV analysis 

1. The rank of MSPV describes the ability of the actual product to meet customer needs; 

The total value of each MSPV represents the degree of support of all the MFPVs to the 

MSPVɺ 

2. The rank of MFPV means whether a certain function provided by the actual product is 

necessary to meet customer needs; 

The total value of each MFPV represents the degree of support of all the MSPVs to the 

MFPV. 
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2 Systematically Design Product Function  

Systematic thinking is important for us to analyze problems. Systematic method is used to ana-

lyze the general mode, structure and law of the system, which is our worldview and methodo-

logy for understanding a system. Systematic methods, principles, and tools will guide us when 

we face the needs of customers and explore the means of realization. 

Product function design is a method of designing the principle, function and structure of the 

product from the perspective of function and the height of the system. It converts demands to 

functions and then functions to structure, and optimizes the product structure and design. 

 

Fig. 3. The steps of product function design 

2.1 System Definition 

Defining the boundary of system is the prerequisite to analyze system functions and serves as 

a bridge between requirements and functions. 

System definition determines the boundary of the system. It is necessary to clarify the function, 

working principle, and structural feature of the system to be realized internally, and understand 

the influence and constraints imposed by the super system and the environment externally.  

The principles of system definition: demand principle; independence principle; space and time 

principle; controllability principle. 

The methods of system definition: demand-based; function-based; problem-based; process-ba-

sed; production process-based; system object-based. 

2.2 Component Function Analysis 

Function analysis is to clarify the relationship among the main functions, basic functions, au-

xiliary functions and additional functions of the technical system to better find out problems. 

Optimizing the functions and reducing the consumption of implementing functions enables the 

technical system to obtain greater value with small cost and improve the system. 

The steps of functional analysis are as follows: 1. Component analysis; 2. Interaction analysis; 

3. Functional model Establishment. 

2.3 FAST 

FAST(Function Analysis System Technique) is a powerful graphical tool for analyzing the in-

teraction relationship between functions. It reflects what kind of the design concept used to 

meet users needs. 

The steps of function analysis: 1. function definition; 2. function classification; 3. function ar-

rangement. 
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We decompose functions until there is a specific structure to realize the function. FOS(Function 

Oriented Search) helps us to find more structures to achieve the function, and morphological 

matrix combines the  solutions for further evaluation and decision-making. 

3 Scientific Evaluation of the Product Plan 

There are many factors involved when choosing a plan, including those at demand level, func-

tion level and design level. Various constraints should also be considered such as the reliability 

of technology, the manufacturability of production, the acceptability of market, the constraint 

of cost, the achievement of profit, the control of risk and so on. Therefore, the evaluation of 

product plan must be scientific, standardized, reasonable. 

Based on the criteria of novelty, value, and feasibility, compare the generated plans, formulate 

evaluation criteria, select a few better ideas through analysis and comparison, and then further 

concretize the concepts and finally select the best one.  

1. List all the concepts to be evaluated; 

2. Build evaluation model, demtermine relevant user demands or standards, and set weights 

for each demand; 

3. Organize experts to evaluate, better to have specilized experts in every process of the pro-

duct life cycle; 

4. Assign experts weights; 

5. Apply PUGH analysis; 

6. Determine product development plan. 

A very important indicator in the evaluation is the fulfillment of demand. A successful product 

should be a product that has a market, can be produced, and yields good benefits. The organic 

combination of market, business, and financial effects constitutes the three-dimensional cons-

traints of product development and the vector model of product evaluation. It comprehensively 

reflects the production and management effect of the product, and evaluates the optimal plan. 

4. Demand-based Product R&D Process 

Through the above three stages of analysis, summary and conclusion, try to put forward the 

demand-based product research and development process, and apply it to enterprise practice for 

substantiation and constant improvement. 
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Fig. 4. Product development process based on demand 

5. Case of Demand-based Product Development  

To Improve the Reliability of alarm mechanism of the laser level 

XX Company 

Product introduction: laser levels are widely used in horizontal and vertical indication in home 

decoration with high precision and easy operation. In recent years, the company has cooperated 

with client A, B, C, etc. in a number of OEM (Original Equipment Manufacturer) products. The 

product has sold X0,000 units for three consecutive years. 

Problem Description: bad alarm system directly influences user experience and takes tens of 

thousands of dollars every year, which has always brought trouble to production work. Engi-

neers have used many methods to solve it, such as wiping it with ethanol, changing alarming 

gaskets or springs. However, the problem still remained and they had to rework all the time due 

to the lack of deep understanding of the cause. There was no fundamental solution to the prob-

lem. 

1. Demand Confirmation 

1. 1 VOC and VOB analysis 
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VOC:  

Customer demand: to improve the reliability of the alarm function and improve its accuracy 

and performance; 

Market feedback: the product repair rate is increased and users complain; 

Competitors: high quality, low repair rate, more expensive; 

Business and trade department demand: to improve performance as soon as possible, improve 

the quality rate, and meet customersô needs. 

VOB:  

Demand of the work site: to improve performance and reduce rework.; 

Demand of quality inspection department: to improve performance and product quality; 

Financial statement: huge economic losses and in particular reputation damaged. 

1. 2 SPV Analysis 

To standardize the description of demands and determine SPV. 

SPV1: aesthetics (color and shape); SPV2: portability (volume and weight); SPV3: light inten-

sity and clarity (light shape); SPV4: horizon and vertical, angle = 90 degrees; SPV5: measure-

ment accuracy; SPV6: convenience of usersô operation (simplicity, ease of use); SPV7: accurate 

and timely alarm (reliability of information); SPV8: power consumption (energy consumption); 

SPV9: laser damage to eyes (harmful factors); SPV10: case tightness; SPV11: structural 

strength of case; SPV12: the convenience of work site operation; SPV13: to reduce the rework 

rate (improve production efficiency). 

1. 3 Common Demand Analysis 

According to the rework data, the quality rate in the production site is 86.5%. 

 

Fig. 5. Reasons for rework in production site 
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Fig. 6. Client inspection and Internal quality audit 

1. Using KJ method to cluster demand and determine MSPV 

2.  

 

Fig. 7. MSPV analysis 

3. Weight Assignment of MSPV with AHP 

 

 

Fig. 8. MSPV weight assignment 

4. Describing the function from demand and determining MFPV related to the implementation 

of MSPV 

 

MFPV1: controlling laser projection precision ï precision control 

MFPV2: flexibility and reliability of pendulum -- pendulum 
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MFPV3: accuracy and quality of laser ï laser emission 

MFPV4: adjusting the horizontal reference of the laser level to ensure that it meets the working 

conditions ï horizontal adjustment 

MFPV5: contact reliability of alarm trigger -- feedback (contact and disconnection reliability) 

MFPV6: reliability of  case protection ï to block pollutants and dissipating heat 

4 Demand Transformation 

Demands and functions are closely linked. Demands should be collected and confirmed from 

the market and customers and be achieved at technological and manufacturing level. We should 

identify the demands that must be met, the functions that must be implemented and the prob-

lems that must be solved. 

 

Fig. 9. MPV analysis 

5 Demand Evaluation 

Alarm reliability is what enterprises and customers focus on and needs to be improved. When 

this demand is mapped to MFPV, it is necessary to realize the improvement of contact yield. 

The touch and leave function should be fully reliable and the gravity pendulum should be flex-

ible and controllable. The case tightness should be improved. Al l of these are the functional 

problems that engineers have to solve. 

2 System Method of Product Function Design 

2. 1 System Definition 

The problem-based system definition aims at studying the bad alarm performance by putting it 

into the laser level system in order to obtain more resources to solve it. 

The operation principle of the laser level: two lasers are used to mark the horizontal and vertical 

lines. The suspended pendulum is balanced by gravity. The magnetoelectric induction is used 

to stop damping, and the voltage changes when the spring and the induction coil contact to 

alarm. 

 

Fig. 10. Laser level's components 
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Problem Description: when the machine is placed on the table with an inclination of over 5 

degrees, the pendulum is always vertical due to gravity and the alarm spring contacts with the 

sensor gasket. And the voltage added to the pendulum changes from 3V to 0V. The MCU in 

the PCB receives the signal and controls the laser to go out. 

Problem: when the machine is over tilted, it should alarm and the light should go out but it does 

not, the precision of the light exceeds the standard, and the quality rate is only 87.5%. 

1.2 Function Analysis 

 

The steps of function analysis: 1. Component analysis; 2. Interaction analysis; 3. Function mod-

eling. 

 

Fig. 11. Function model 

To identify the functional defects: 

Harmful functions in the system: the air changes (oxidizes) the sensor gasket and the alarm 

spring, and the sensor gasket changes (extrudes) the alarm spring; 

Useful but insufficient functions: the function of conducting current of the alarm spring to sen-

sor gasket is insufficient; 

Insufficient functions in the system: lack of effective measure device for swing angle of the 

pendulum. 

2. 3 FAST Function Analysis System Technology 

Based on the overall target function, we should think and design the product structure or system 

structure that can realize the function and seek the optimal solution. 
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Fig. 12. FAST model 

2. 4 Function-oriented Research 

According to the previous process of functional analysis, we should clearly define the functional 

problems and search for the corresponding principles, effects, structures and methods, and put 

forward specific solutions. 

Plan 1: To add a level base between the machine and the table. 

 

Fig. 13. Plan 1 

Plan 2: To improve its electrical conductivity by plating pure gold rather than imitation gold on 

the sensor gasket and alarm spring. 

Plan 3: The photoelectric switch emits and receives the light signal. The pendulum swings over 

5 degrees. The reflective paper deviates from the photoelectric switch and the photoelectric 

switch cannot receive the signal reflected by the reflective paper, and then the system alarms. 

 

Fig. 14. Plan 3 

Plan 4: To replace the aluminum alloy on the pendulum with purple copper to increase the 

weight of the pendulum and solve the problem of low pressure. The number of spring coils can 

be increased to improve the compressive resistance of the spring. 
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Fig. 15. Plan 4 

Plan 5: To make a lot of small bumps on the inner surface where the sensor gasket and the 

spring contact to increase the pressure. At the same time, the diameter of the spring wire can be 

increased to improve its compression capacity. 

 

Fig. 16. Plan 5 

Plan 6: To Introduce gas pendulum sensor SX into pendulum S2. 

 

Fig. 17. Plan 6 

Plan 7: To combine the induction washer and current into a capacitor. 

2. 5 Morphological Matrix 

Based on the function decomposition of the laser level, we should explore a better way to realize 

the function. 

 

Fig. 18. Morphological Matrix of laser level's functions 

The number of permutation plans is 2  2  6  2  2 = 96. 

3. Scientific Evaluation of the Product Plan 

3.1 Evaluation Model Establishment 
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Fig. 19. Evaluation model 

3.2 Plan Collection and Evaluation 

 

Fig. 20. Plan evaluation 

Finally, the best plan is the alarm system with photoelectric sensor and reflective paper. 

3.3 Experimental Verification 

According to plan 3, the first experiment with 30 prototypes was carried out, and there was not 

any alarm defect. 

 

Fig. 21. Experimental verification of quality rate  

Current sigma level: short term: 3.89; long term: 2.3954 

Plan 7 (inductive gasket capacitive alarm system):  

The patent application was approved to submit now and has been being written. 

 

Fig. 22. Plan 7 

Plan 6 (alarm system with the angle chip): 

No prior patent for the application of electronic angle module in the vertical crosslaser level 

under gravity can be found, so the plan is patentable. At present, the patent application has been 

approved to submit, and the patent is in the process of application. 

Financial Income Accounting 

Total investment: 4400 yuan 

Estimated total revenue: 22910 yuan 

Actual net income: 18510 yuan 

Project review:  
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1. Restoring the confidence of internal and external customers and increasing the purchasing 

power of external customers; 

2. Bringing a good reputation to the company. 

6. Conclusion 

Through the analysis of the above case, we have clarified the development direction and process 

of a new product. On one hand, we should carry out positive design based on customer needs. 

On the other hand, we need to analyze the functions of the existing product, seek functional 

alternatives, and form new products.  

The demand-based product R&D process is still in the exploratory stage. Different products, 

technologies, market environments and enterprise backgrounds have different demands for the 

process. Although this process has been preliminarily confirmed in the later two enterprise pro-

jects, it still needs to be continuously improved, modified and optimized. The social responsi-

bility for future enterprise development sets a higher goal for demand. Demand is the source 

and the product is the fruit. 
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APPLICATION OF TRIZ IN DESIGNING A 
SIMPLE MONITORING DEVICE FOR CHECKING 

ELECTRICAL GROUNDING CONNECTIONS 

Ali Mohammadi* 

* Electrical department of Saff-Rosemond Company, Rosemond group, Tehran, Iran 

Abstract 

Grounding is an effective solution to guarantee the safety of the electrical system. Good grounding pro-

vides both safety of personnel and protection of plants and equipment. However, electrical devices 

sometimes lose their grounding connections for several reasons. The real problem is people especially 

domestic users often cannot systematically recognize whether a specific device has suitable grounding 

connections or not. This paper aims to exploit TRIZ theory in order to seek and produce some solutions 

for solving this problem. 
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1 Project 

From the beginning, the use of electricity has presented copious challenges ranging from how 

to generate the energy appropriately to how to install a safe electrical system so that people can 

enjoy the power without difficulty. Grounding is an effective solution to guarantee the safety 

of the electrical system. The NEC, National Electrical Code describes a ground as: "a conduct-

ing connection, whether intentional or accidental between an electrical circuit or equipment and 

the earth, or to some conducting body that serves in place of the earth."[1]. in essence, in a 

grounded system, when a phase contacts to the body of an electrical device the grounding sys-

tems could transfer the current from the body to transformer via solid earth. Solid earth or gen-

eral mass of earth is part of earth, beneath the upper level of the ground, that the potential of 

each point of it is zero. Therefore, it can transfer the current such as a cable[2]. 

 Good grounding provides both safety of personnel and protection of plants and equipment[3]. 

Figure1 Demonstrates a grounded device and an earthing system. After the creation of a fault, 

grounding  system can establish a passage for the fault to flow. Accordingly, the protective de-

vices on the path could detect the fault easily. Besides, touching an appropriately grounded 

device is safe even if a fault has electrified the device's body[4]. Accordingly, ungrounded or 

even bad grounded electrical devices are not safe. Moreover, electrical devices sometimes lose 

their grounding connections. Generally speaking, Sometimes, people receive an electrical shock 

while they are touching bodies of electrical devices such as refrigerators or washing ma-

chines[2]. The shock is a sign of two different problems in the system. First of all, the grounding 
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connections do not work accurately. Second, there is a fault in the device that enables the body's 

device to be electrified[2].   

 Being ungrounded could be raised for several reasons, from loose grounding connections at 

the equipment to corrosion of copper ground bars in the earth due to environmental conditions 

or even copper ground theft[5].  If a device has lost its grounding connections, neither its elec-

trical faults would be detectable, nor it is safe enough to be touched (figure 2). One of the acute 

problems in grounding concepts namely in specific devices used in homes such as refrigerator 

or washing machine is that people cannot timely recognize when their devices have lost its 

grounding connections so that they will repair the grounding rapidly[2].  

 This paper aims to exploit TRIZ to seek and produce some solutions for creating a system in 

which consumers could be aware of the grounding conditions of their devices so that if the 

grounding does not work correctly, they could repair it as soon as possible.  

 

Figure 1. a grounded device and earthing system during a fault 

 

 

Figure 2. ungrounded device 
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2 TRIZ relation 

TRIZ is a systematic way of thinking for solving problems[6]. It is a set of tools, principles, 

algorithms and strategies developed by years of research and studies over millions of innova-

tions. This knowledge-based systematic methodology of inventive problem solving was intro-

duced by Genrich Altshuller and his colleagues in 1946 in the former USSR at first. Then it 

became widespread in the scientific concepts in the world[7]. In this methodology, Researchers 

by scrutinizing the wide variety of innovations such as patents elicit their conventional princi-

ples which play a key role in their innovations. Next, they employ these principles in developing 

other systems via especial distinctive tools. This process is also called structured innovation. 

For solving the problem by TRIZ in this paper.  First of all, the problem will be defined. Then, 

we will create an interaction matrix. The functional analysis will be performed in the next step. 

Then, the contradiction will be diagnosed. The final step will be exploiting TRIZ principles to 

creating ideas for solving the problem. 

2.1 The problem definition 

People cannot timely recognize when their devices have lost their grounding connections to 

repair the grounding rapidly. 

2.2 Idea final result  

The ideal final result (IFR) of this problem is designing a system that people could timely find 

out when the groundingôs connections has been lost. 

2.3 Interaction matrix 

An interaction matrix eases producing a functional model. In this section, the system's physi-

cal components interacting have been chosen in Table1.  Then, the elements that have physi-

cal contact with each other and are in the same hierarchical level (systemôs level)  have been 

marked. (see table 2)[8]. 

Table 1. components of the system 

 

ELEMENT HIERARCHICAL LEVEL 
POWER SYSTEM SUPER SYSTEM 

PHASE  SYSTEM 

NEUTRAL SYSTEM 

GROUND SYSTEM 

ELECTRICAL DEVICE SUPERSYSTEM 

59±L/9Ω{ .h5¸ SYSTEM 

ENGINE SYSTEM 

HUMAN SUPERSYSTEM  

I¦a!bΩ{ t!w¢ SYSTEM 
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Table 2- interaction matrix 

 PHASE NEUTRAL GROUND 
59±L/9Ω{ 

BODY 
ENGINE 

I¦a!bΩ{ 
PART 

PHASE     V   
NEUTRAL     V   
GROUND    V    
59±L/9Ω{ 

BODY 
  V   V  V  

ENGINE V  V   V    
I¦a!bΩ{ 

PART 
   V    

 
 

2.4 Functional model 

The functional analysis can vividly indicate why problems are occurring in the system. The 

functional analysis has been generated by exploiting interaction matrix. Four types of rela-

tionships, including useful, insufficient, excessive, and harmful interactions, have been con-

sidered for generating the model. Figure 3 demonstrates functional analysis. 

 

 

 

Figure 3. functional analysis 

 

2.5 Contradiction 

According to functional analysis, the contradiction can be defined as this way: 

ñWe want the grounding system to be informative for users because the users should be aware 

when the grounding does not work, And the ground systemôs condition cannot be informative 

for users since neither are users able to constantly monitor the systemôs situation, nor the sys-

tem has some kind of self-awareness about its situation to inform users about malfunctions.ò 
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Thus, the system should inform people about its malfunctions, while it cannot do it since the 

grounding system cannot monitor itself. To put it differently, if the system is forced to inform 

users, it would have severe difficulties in detecting and monitoring itself. 

2.6 Features and solutions  

According to 39 features of the contradiction matrix, the system will be more reliable if it can 

inform misconnections. However, measuring and detecting the troubles is extremely difficult. 

Thus, feature number 27 (reliability) will be improved, whereas feature number 37 (difficulty 

of detecting and measuring) will be worsened. According to the contradiction matrix follow-

ing specific principles can ease the contradiction: 

2.6.1 Principle 27: cheap disposable 

Replace an expensive object with multiple inexpensive objects, compromising certain quali-

ties.  

Solutions: 

No idea was considered 

2.6.2 Principle 40: composite material 

Change from uniform to composite (multiple) materials and systems. 

Solutions: 

No idea was detected 

2.6.3 Principle 28: mechanical interaction substitution 

Replace a mechanical method with a sensory method 

Solution of principle: 

Checking grounding connections, electricians usually exploit two mechanical methods. First 

of all, they can exploit a simple circuit and put one side on the phase outlet and the other in 

the ground port. If the circuit has a flow of current, it seems the grounding system is working 

correctly. Otherwise, there are not any appropriate grounding connections. Figure 4 displays a 

simple light bulb used to examine the grounding connection. Second, they can use a multime-

ter to check the grounding. They can regard the voltage or impedance of the system to be 

aware of the suitability of the ground loop (figure5)[9]. 
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Figure 5.  using lightbulb for checking the ground[9] 

 

 

Figure 6.  using multimeter to check the ground[9] 

If it is going to replace a mechanical method with a sensory approach, we can exploit some 

microcontrollers to constantly scan the voltage or impedance of the ground system to be 

aware of malfunctioning whenever it happens. For instance, we can design a specific multi-

meter for checking the ground of a refrigerator. The multimeter is connected to both the phase 

voltage of the fridge and the ground connection. Therefore, if the voltage or impedance 

changes, it can warn immediately.  

2.6.3.1 The difficulty of the solution 

Although designing a multimeter to monitor the ground conditions constantly can solve the 

problem, there is no need for permanent monitoring. According to principle 19 (periodic ac-

tion), system scanning can be performed in particular regular times. The multimeter can send 

a pulse of voltage to the grounding system and look after the extent of the current. Conse-

quently, it can calculate the impedance of the system. If there is an inconsistency in the calcu-

lated impedances (impedances shifts), it can alarm users.  

2.6.3.2 The solution of the problem 

Accordingly, with aid of micro controllers we can design a device that sense the current and 

voltage and calculate the impedance of the system. In other words, the microcontroller will be 
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sending a pulse at a specific time from phase and receiving its feedback from the ground pas-

sage. Then, they will calculate the impedance to be sure that the grounding system is working 

accurately. 

2.7 Modifying the solution 

Although the proposed Solution can clear up the problem, there are some issues to be consid-

ered. Having microcontrollers and cabling procedures, the device is not too economical in or-

der to be used in domestic devices. It is not advisable that every household exert an apparatus 

for every casual device such as refrigerators and washing machines. Accordingly, a new con-

tradiction can be defined in the following form: 

ñWe want use the apparatus to ease the measuring, and we do not want to use this device 

since it is way complicated and expensive.ò 

Thus, the apparatus can ease the measuring. However, this is too complicated (expensive) to 

be used in non-industrial non-sensitive applications; accordingly, feature number 37 (measur-

ing and detecting difficulty) is improving whereases it is too complicated to be used in a 

home. That is to say, feature number 36 (device complexity) is deteriorating. According to 

TRIZ matrix following principles can cure the contradiction: 

2.7.1 Principle 12: Equipotentiality 

Change operating conditions to eliminate the need to work against the potential field.  

Solutions: 

Nothing was detected 

2.7.2 Principle 40: composite material 

Change from uniform to composite (multiple) materials and systems. 

A hint of a solutions: 

In the previous solution, phase and ground were being exploiting. If the neutral is added to 

these two factors, we will move to more composite solution. 

2.7.3 Principle 17: dimensionality change 

Move from an object in two- or three-dimensional space. Use a multi-story arrangement of 

objects instead of single-story management. Tilt or oriented the object. Lay it on its side use 

its other side. 

A hint of Solution: 

The previous Solution was exploiting comparing the impedances to recognize faults in the 

system. Impedance is calculated from voltage and current. As a result, if the purpose is sim-

plifying the apparatus, then, one dimension (only current or voltage) could be compared in-

stead of considering two dimensions.  
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2.7.4 Principle 26: copying 

instead of an unavailable expensive object, use similar inexpensive copies. Replace an object, 

system, or process with optical copies. 

A hint of Solution: 

The components of the first solution will be cables, wires, microcontrollers, monitors, ETC. 

Micro controllersô function is processing voltages and currents extends. Thus, we have to ex-

ploit something inexpensive to calculate these subjects instead of microcontrollers. 

2.7.5 Solution 

According to principles, a simple apparatus for comparing voltage or current should be con-

sidered. Actually, Op-amps are incredible, simple elements to comparing signals. Figure 7 

Demonstrates a circuit with op-amps, called a feedback circuit. According to relationship 1, 

the output voltage can be scaled by setting the R1 and R2 resistors.  

The op-amp has positive and negative inputs. The positive input has been grounded in this cir-

cuit, while, negative one has been connected to the phase. As a result, the output of the op-

amp is generating based on the extents of resistors and these two input voltages (look at rela-

tionship 1). In essence, if every one of these factors (two resistors and voltages) changes, the 

output will be changed. Accordingly, if, for instance, the negative input of the op-amp in the 

circuit will be lowered or increased, the output will be altered. Exploiting this feature, we can 

use two of these circuits, totally identical, for monitoring the situation of the ground system.  

Two op-amp circuits have been drawn in figure 8. All factors, resistors, and input voltages of 

these circuits are quite similar. The negative input of the first op-amp has been connected to 

the neutral. Likewise, the negative input of the second op-amp is connected to the ground. As 

long as neutral and ground are equal, considering all other factors are identical too, the out-

puts of both op-amps are same (look at relationship 2). Thus, if a LED is established between 

these two outputs, it wonôt be on. In essence, potential differences between these outputs will 

be zero. 

 On the other hand, if the ground potential has any difference with neutral, the output of two 

op-amps would not be equal anymore. Hence, the LED will be on (figure9 and relationship 3). 

This simple device can detect any inconsistency or misconnections between neutral and 

ground. It can be attached to casual domestic electrical devices. It receives a branch of the 

phase voltage outlet of the device and a branch of ground and neutral. Thus, whenever the 

values of grounds and neutral were not equal, it can detect and alarm it.  

 Moreover, it is noteworthy to mention that neutral is grounded in MV to LV section of the 

electrical system; thus, if a ground system is working correctly, the potential of the ground 

should be approximately equal to the potential of the neutral. In fact, we have exploited this 

feature for solving this problem[2]. 

Furthermore, although we have been considered neutral and ground equal, these two extents 

are not quite same in reality. For this reason, while installing this device on the particular ap-

paratus, we should set the resistances (resistances are variable) of the circuit so that the LED 

will be off (output voltages will be equal). Then, if there is any difference between these two 

voltages later, the device can recognize it. 
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In addition, in this solution, the circuit does not consume energy unless there is an incon-

sistency between ground and neutral. Since the potential of op-ampsô out-puts are equal in 

normal situation the current does not flow between Vout1 and Vout2 points. This is like in-

stalling a bell behind a door. Whenever the door is opened the bell moves and rings. Other-

wise, the bell is fixed and it does not consume any energy. Nevertheless, the op-amp, itself, 

consumes energy in normal situation way negligible in comparison with the electrical de-

vicesô energy consumption. 

Besides, this circuit includes op-amps and some resistors. These elements are among the 

cheapest electrical elements available in market. Therefore, the cost of this protective device 

could be sensible for domestical applications. 

 

ὠ ὠ ρ   . (1)  

 

Figure 7.  op-amp in feedback circuit 

 

 

Figure 8. comparative circuit 
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ὠ ὠ . (2) 

 

ὠ ὔὩόὸὶὥὰὠ ὋὶέόὲὨ . (3) 

                                                                         

Ὑ Ὑ. (4) 

 

Ὑ Ὑ. (5) 

 
 

 

 

Figure 9. LED is on  

 

 

ὠ ὠ ὠ  . (7) 

 

ὠ ὔὩόὸὶὥὰὠ ὋὶέόὲὨ . (8) 

                                                                         

Ὑ Ὑ. (9) 

 

Ὑ Ὑ. (10) 
 

 

3 Result 

The proposed instrument has been simulated in Proteus 8 professional software. Figure 10 dis-

plays a condition that both op-amps receives same potential on their negative input. In other 

words, one of them is a ground and other is neutral. Thus, since neutral and ground are equal in 

normal condition, the voltage between two out puts is zero. 

(1) 

ὠ ὠ  . (6) 

(1) 

ὠ ὠ  . (11) 
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 However, if the ground in first op ï amp would be deleted (misconnection in grounding), there 

is difference between output voltages. Therefore, the device can warn about this problem (figure 

11). 

In the circuit R1=R3= 1K ohm, R2=R4=10K ohm, Vphase=12 V,50 HRTZ and op-amp model is 

LM741 

 

 

Figure 10.  negative inputs are equal 

 

 

Figure 11.  negative input is cut 
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4 Conclusion 

Checking grounding connections is essential for guaranteeing the safety of electrical devices. 

Sometimes, users are not aware of misconnections in their grounding systems. Thus, the elec-

trical devices could be unsafe while they are exploiting them. This paper intended to exert 

TRIZ tools and principles for designing a simple, effective tool for solving the problem. As a 

result, a specific instrument by exploiting op-amps was systematically designed to constantly 

monitor the ground situation. In case, the grounding connections would not be available, the 

device would create output voltage to enable an LED or a buzzer so that users could detect the 

fault and fix it as soon as possible. 
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TRIZfest-2021 

ARCHITECTURE AND DESIGN 
IMPLEMENTATION OF INNOMETRIC SYSTEM 

Ahmad-Ramez Kassou 

Abstract 

How to use the unique data of inventive problems, tasks, ideas and solutions to perform innovation 

projects better and faster? What is an Innometric system? A pilot approach and application are observed 

in this article, to enable the move toward a new type of integration between TRIZ practices and artificial 

intelligence.  

The lifecycle of an innovation project could be described and operated by the status control of each of 

its main entities: P-Problem, T-Task, I-Idea, S-Solution. The PTIS entity is initiated and updated during 

the innovation process, which was conducted by TRIZ roadmap and methods. The approach suggests 

modeling based on PTIS-pattern formation and its usage in software applications.    

Keywords: Innovation, Innometric system, Machine-learning (ML) method, Process, Project lifecycle, 

PTIS-pattern (entity), PTIS passport database (db), Service, Quality management system, TRIZ. 

1 Modelling PTIS-Pattern to Meet Project Management Requirements 

TRIZ based project and services can be delivered by different ways depending on the scope of 

methods applicability and expectation of output quality for projects/service stakeholders. Here, 

the author considers the innovation projects and services that could be regulated by phases of 

implementation and delivery (Data gathering and preliminary analysis, problem/task analysis, 

problem/task solving, verification and deployment). The authorôs interpretation of term ñinno-

vativenessò of a project or service conditioned by the usage of innovation methods (e.g. TRIZ 

analytical tools) [3]. 

The purpose, structure of suggested PTIS-pattern (ʉʣʝʧʦʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ), and its 

functionality were described [2], as well as the classification of innovation tasks (phases of a 

TRIZ-based project). 

The PTIS-pattern is an entity that can be created and updated at any phase of an innovation 

process (project or service). It could be created when identifying a problem, forming a task, 

generating an idea or substantiating a solution. The PTIS entities that belong to one topical 

substance are distributed sequentially along through the innovation process when delivering a 

project or a service. That means, once the PTIS-pattern is created at the beginning of a projectôs 

life-cycle, it should be cloned and modified at the end of each next phase where the entityôs 

story is enriched.  

Thereby, this service information enables performing different business cases with means of 

deep automation, e.g. problem search, identifying and developing innovation tasks/solutions 
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and quality control. The architecture of entities and their applications were inspired by the Au-

thorôs long experience with multi-modal biometric/expert systems [4] and usage of ML meth-

ods, dealing with biometric patterns and samples (such as voiceprint, face, fingerprint, iris, etc.). 

The author introduces here another notion ñThe Innometric Systemò to deal with PTIS entities 

(Inno- abr. of innovation task parameters). As for the biometric system [5], sampling and com-

paring individual characteristics is a basic process in handling the increasing volumes of unique 

data of common typical parameters/classifiers, and in software products with frequent usersô 

requests. 

To understand the nature of the PTIS entity and its role in Innometric systems it would be 

helpful to overview fragments of datatypes of developed PTIS sampling model. The Innometric 

system and its usage scenarios will be discovered next.  

The descriptors of PTIS entities consist of coded sets of classifiers and parameters (Fig. 1). The 

innovation TRIZ methods has their classifiers in this modeling for each of analysis, solving 

phases. Some sets are predetermined or extendable lists, the others are for arbitrary insertion by 

the user. The first category can be used directly in Innometric systems, the second could be 

available in similar automatic services as soon as the specialized tools are applied (e.g. the data-

mining algorithms of arbitrary texts and files). 

 

Fig. 1. Fragments of data types descriptors for patterning PTIS entities. 

Patterning PTIS entities is based on structuring codes of high-level sets and values of classifiers. 

When the user inserts their data when describing a problem, task, idea or problem, they activate 

the corresponding codes and values which form a unique structure that initiates a unique iden-

tifier. The combination of codes of entities is predetermined at each considered version of PTIS 

software (Fig. 2.). 
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Fig. 2. Fragments of the structuring codes for different PTIS software versions 

2 Background and Hypothetical Scenarios 

The common scenario of handling innovation projects (TRIZ-based tasks) considers applying 

traditional tools of project management and human-like operations (Fig. 3). Normally, when 

having a limited amount of projects and implementation resources (mainly TRIZ specialists), 

such a scenario is adequate and efficient. But this traditional project management and quality 

of service are becoming complicated and costly. Considering the accumulated knowledge about 

tasks of innovations and dealing with the increasing number of tasks with some typical param-

eters require (hypothetical scenario) the usage of a specialized expert system (Fig. 4). This new 

approach allows reaching a deeper level of automation (the design of Innometric system), which 

should reduce the cost of implementing innovation projects and improve their quality by ex-

tracting, transferring and adoption of typical knowledge about tasks and projects. 

 

Fig. 3 The background (current) scenario of managing TRIZ-based innovation projects 
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Fig. 4. The hypothetical (future) scenario ï the usage of a specialized expert system 

Advantages: 

Å Standardization of input/output data format during the implementation of instruments 

and project phases. This improves the performance and applicability of quality control 

metrics.  

Å Reducing the cost of innovation projects and services via reducing efforts of highly 

qualified TRIZ specialists (project managers, experts, consultants). 

Å Implementation of new smart types of projects and services appears via the usage of 

accumulated knowledge and PTIS entities (modelling and machine-learning tools). 

Disadvantages: 

Å At an early stage of implementing the Innometric system, a set of unwanted effects 

could happen and should be eliminated or minimized: 

Å The inaccurate format/volume of gathering data about entities (Problem, Task, 

Idea, Solution) and the insufficient level of modeling classifiers/parameters will 

limit data applicability wherefore the system production slowdowns. Measure: 

It is necessary to dynamically develop, verify and update the userôs modeling 

parameters and new data formats. 

Å Additional expenses are required at succeeding stages for involving data-mining tools 

specialized in the analysis of arbitrary user data (text, files, images etc.). Measure: 

Gradual (step-by-step) involvement of such tools with efficiency control (testing) before 

the next step. 

3 Deploying ML-Method and A\B Testing  

In real conditions, the deployment of ML method and deployment is reasonable after a success-

ful gathering of enough volume and quality of user data. Several cycles of the following steps 

to be performed: 

1. Data organization (preparing formats and settings parameters) for developing interfaces 

to receive project information from users. 

2. Describing/tuning the given user data about projects and tasks. 
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3. Forming requirements for handling user data with data-mining tools. 

4. Forming the version prototype of PTIS-pattern. 

5. Deploying the automation system of PTIS prototype usage in real project management 

tasks. 

6. Rounds of verification, data correction and elaboration of ML-method (Fig. 5) (and con-

sidering the feedback of end-users). 

Those are the necessary testing steps to provide more accurate results at each cycle (version 

testing) until reaching the aimed level of efficiency. The super-system conditions of performing 

a\b testing should also be changed (the deployment of PTIS prototypes must pass high intensity 

of applied projects and userôs requests). 

 

Fig. 5. The activity of the ML method. Input factors and results. 

 

Testing modes of the applied algorithm: 

Å Multitasking in the short-term project lifecycle 

Å Multitasking in the long-term project lifecycle  

To check the hypothetical scenario and tuning testing results, the Innometric system must pro-

vide the end-user (project manager, or consultant) with the feature of operative handling a big 

amount of parallel independent innovation tasks (selection and processing TRIZ roadmaps). 

4 Innometric System Applications 

As shown above, the Innometric system might have different business purposes and function-

ality.  Here are some of the available varieties, described by a diagram of components and 

functions: 

4.1 Gathering, Modeling and Storage 

This basic system can be used by stakeholders of services or platforms to develop their various 

business solutions (Fig. 6).  
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Fig. 6. Application 1 ï Gathering and modelling 

 

4.2 Quality Control and Project Management  

The central element here is the Quality Management System which is integrated with PTIS 

components to enable real-time estimation and tuning of roadmaps and input data at each phase 

of an innovation process (Fig. 7). 

 

Fig. 7. Application 2 ï Quality control 

4.3 Search and Identification 

The end-user (Project manager or Consultant) looks for a specified data with typical parameters 

of their unique entity (Problem, Task, Idea, Solution) to match their needs during phases of the 

innovation process (Fig.8). E.g. the user starts to study the given specific engineering problem. 

They insert problem data into the Innometric system, where the problem-pattern will be gener-

ated and a search request will be initiated to find in the database of PTIS-patterns (PTIS passport 

DB) the corresponding references of matching patterns, then the original data will be invoked 

with suggesting solving directions and other useful information to the end-user. 
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Fig. 8. Application 3 ï Search & Identification 

 

4.4 Recognition and Synthesizing 

The opportunity of such application (Fig.9) type depends on spreading the trend of freeing up 

computing resources of AI business. In this case, the Innometric system is enforced by new 

automatic modules (Synthesizer and Recognizer) and perception means to integrate with its 

informational environment (super-system components). 

 

Fig. 9. Application 4 ï Recognition & Synthesizing 

The listed types of application are briefly described here to give business architects and devel-

opers of Innometric systems the opportunity to precise and suggest new forms of PTIS-pattern 

usage. 
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5 Conclusions 

The overviewed approach is under continuous improvement due to the process of design and 

usage with real objects and entities. As mentioned in the partition of deployment, testing the 

current architecture considers multiple cycles of data gathering and estimation.  

The initial forms of data types were inspired by templates and studies of a) the questionnaire 

list of problem\task analysis at the first phase of TRIZ-based innovation projects b) feedback 

forms for the clients of innovation services b) the authorôs experience in project management 

and research [3]. 

The standardizing process of innovation management [1] gives space for submitting additional 

tools which could consider TRIZ roadmaps and methods. The announced PTIS-pattern, 

Innometric system and applications can be considered as an additional resource and tool and 

bridges for studying innovations and dramatic increase of creating new. Accumulating data and 

their interrelationships as an open-source framework could be a great chance to speed up the 

process for achieving common goals. 
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Abstract 

The mission of the paper is to show that in order to overcome the contradiction in education: achieve 

considerately a lot of benefit with little effort, is suitable apply the TRIZ approach (The secret of deci-

phering innovative perfecting of conditions, creators and creations) in the form of the Framework of the 

cycle of  mutual perfecting of conditions, creators and creations (7 = 1 + 2 x 3 in the Appendix 2) 

developed according to the laws of education from the message of the teacher of the nations (Comenius, 

1670), according to the Law of perfecting maturity of meaning of input to output transfer (Maupertuis, 

1746) and according to the laws of invention (Altshuller 1946). 

The mission of the Framework of the cycle of mutual perfecting of conditions, creators and creations 

(Framework of perfecting) is interestingly encourage creators what to use - input of transfer, clearly 

convince why to use it - meaning of transfer and memorizable show how to use it - output of transfer. 

  

Keywords: TRIZ, holistic education, upbringing, teaching, inventing 

1 Mission of holistic education  

The aim of lifelong holistic education is to multiply individual benefits of different types of 

education:  

¶ school - formal (upbringing,  teaching and inventing) 

¶ work - informal (science, research and exploitation) 

¶ leisure - nonformal (entertainment, interest and competition) 

for the preparation of an exceptional personality - creator who is constantly perfecting his ho-

listic qualities - competencies for:   

 

¶ spiritual maturity, the right habits, principles and needs, what to use 

¶ mental maturity, the right knowledge, professionality and perseverance, why to use it 

¶ physical maturity, the  right skills, experience and reliability, how to use it 

In this paper, we focus on the mission of school education (hereinafter referred to as holistic 

education), which, thanks to computer support, becomes ubiquitous, versatile and all-perfect-

ing. A step forward is new ways of targeted overcoming challenges with the growing scope, 

uncertainty and complexity within artificial advanced thinking (AI, Artificial Intelligence) such 
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as hereditary procedures (GA, Genetic Algorithms), meaningfulness of uncertainty (FL, Fuzzy 

Logic), neural networks (NN), which have found use in the approach to deep learning (DL) and 

in creations of demanding education (IL, Immersive Learning), replacing and supplementing 

reality, extended reality (XR), which includes creations replacing reality (VR, Virtual Reality) 

and Augmented Reality (AR).  

The councils for improving the maturity - humility of holistic competencies left to us by the 

teacher of nations and the discoverer of laws in education (Comenius, 1670) are still valid even 

after 350 years: 

PQ Pannuthesia all-perfecting leader   predetermines 

EQ Panegersia all-awakening  challenger  motivates 

IQ Pansofia all-cognition scientist   explores 

TQ  Panaugia all-enlightenment   inventor   overcomes 

AQ  Panglottia all-understanding manufacturer  adapts 

MQ  Panpaedia all-education  educator   instructs 

RQ Panorthosia all-correction negotiator  convinces 

 

The aim - challenge for perfecting the current way of education is to prepare future pioneers for 

meeting the requirements on competencies of tomorrow according to the conclusions of the 

World Economic Forum (WEF, 2020, 2021) through holistic education. The challenge for ad-

vanced holistic education for the professions of the future is to lead to the ability to harmonize 

simultaneously belonging, specificity and cohesion: 

 

¶ input harmonization: consequences of attitudes, foresight, prudence - responsibility 

humanity (upbringing - art): principles, searching up the correct incentives,  

what to use 

¶ meaning harmonization: depth of knowledge, penetration, professionality - interest  

expertise (teaching - science): knowledge, choosing the correct rules, why to use it 

¶ output harmonization: breadth of context, overview, versatility - synergy   

ingenuity (inventing - craft): skills, using the correct practices, how to use it 

 

The perfecting creations, which is, thanks to adaptation, independence and predetermination, 

twice as fast as the perfecting of creators, thus becomes a suitable model and a demanding chal-

lenge for holistic education (upbringing, teaching and inventing): 

 

¶ change of preset properties by taking over and combining benefits from different ap-

proaches: adaptive hybridization 

¶ targeted self-adaptation: autonomous adaptronics 

¶ intentional holistic multiplicative predetermination: active synergy  

If we want to build a reliable building, then we must first build a reliable foundation. If we want 

to move in the right direction, we must humbly return to the groundbreaking legacy (Altshuller, 

Shapiro, 1956), which is the basis for the incentives, rules and procedures of the TRIZ approach 

for mutual perfecting of creators, creations and conditions, which is the mission of holistic ed-

ucation.  

Successful best ranking world universities are rapidly moving to a holistic way of education 

(upbringing, teaching and inventing) in order to prepare students to acquire the transferable 

holistic competencies (principles, knowledge and skills) needed to meet increasingly demand-

ing challenges (quantity, diversity and complexity), so they included in the content of prepara-

tion the incentives, rules and procedures from the TRIZ approach: 
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 (https://matriz.org/resources/triz-in-academia/).  

2 TRIZ approach for perfecting conditions, creators and creations 

Altshuller was the first in the history of mankind who revealed the laws of inventing which can 

be applied on perfecting of every human activity. By analysis successful breakthroughs in hu-

man history, he revealed principles of perfecting conditions ï input for transfer to output:  

 

¶ proportionality, proper use of opportunities,  

¶ economy, proper availability of facilities, 

¶ sustainability, proper protection of resources,  

By analysis of success life stories, he revealed principles of perfecting the creators for harmony 

of physical, mental and spiritual maturity - meaning of transfer: 

 

¶ empathy, helpfulness, correct attitudes - habits, 

¶ efficiency, correct knowledge - expertise, 

¶ effectiveness, correct skills - overcoming,   

By analysis of successful inventions, he revealed the principles of perfecting creations (sub-

jects, procedures, and attitudes) - output of transfer: 

 

¶ usefulness, correct mission - function of subjects - technics, 

¶ purposefulness, essence of procedures - technology, 

¶ usability, rules of attitudes - art, 

The TRIZ approach is a generalization of the laws of perfecting the maturity of fulfillment of 

the mission of creators, creations, and conditions which are based on the idea of advanced 

needs, advaned use of resources, and advanced overcoming of contradictions. 

2.1 TRIZ approach and meaning - values of transfer input to output 

People have survived by revealing the secrets of nature, now they are revealing the secrets of 

thinking for nature to survive. If we want to understand the laws of thr development of the 

world events, it is necessary to equally replace its infinite complexity with a finite number of 

suitable representatives - patterns (conditions, creators and creations), so that our brain 

equipped with a finite number of sensors and states of evaluators can them distinguish (Turing, 

1937).  

The attractor is the final state (perfection) for a variable - dynamic system of world events 

(Gräbe, 2020). The ubiquitous manifestations of perfecting world events (mutual perfecting of 

the maturity of creators, creations and conditions) are the consequences of the effect of perfec-

tion (attractor) on world events through the attraction of perfection (Palļ§k, 2017). This driving 

force of creativity - ingenuity - discovery manifests itself according to the principle, the rule, 

the lawfulness of the least possible action - drawing resources to best fulfill the mission (Mau-

pertuis, 1746) as a generally valid permanent, reliable and fair Law of perfecting the maturity 

of meaning of input to output transfer (1): 

(V) meaning of transfer: why - values =  (F) output of transfer: how - mission /  (C) input of 

transfer: what - resources  

C

F
V =  . (1)  
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The creator - pioneer uses the conditions - resources (input, C) for valuable transfer (meaning, 

V) of input to output to achieve the mission of creations - means (output, F). 

 
Fig. 1. Meaning - values of transfer input to output 

1.1 TRIZ approach: incentives, rules and procedures 

Incentives - tools, art: intention what to use, timing, input of transfer. 

 

Support - multiplying benefits 

leader predetermines, PQ (Perfecting Quotient) 

multiplication, perfecting of holistic maturity, Ideality, 

 

Incentives - input of transfer 

challenger encourages, EQ (Emotional Quotient) 

assignment, conditions, natural, personal and group resources, 

scientist examines IQ (Intelligence Quotient), 

generalization, essence of mission, Functionality - Value, 

 

Overcoming - meaning of transfer 

inventor overcomes, TQ (Technium Quotient) 

defeat of contradictions,  

manufacturer adapts, AQ (Adversity Quotient), 

consideration, relationship of phenomena, space, time and areas, Space - Time - Domain - In-

terface, 

 

Application - output of transfer 

educator teaches, MQ (Mission Quotient), 

utilization, transfer of essence, System Transfer,  

negotiator convinced, RQ (Relationships Quotient), 

harmonization, directions of transformation, System Transition, 

 

Rules - laws, science: reason why to use, outcomes, meaning of transfer. 
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TRIZ approach covers all known approaches, as its rules are based on three laws: 

The law of perfection essence, input of transfer: what to use 

the ubiquitous attraction of perfection is the driving force behind perfecting the creativity, in-

genuity and discoveries in order to best meet the physical, mental and spiritual needs. 
 

The law of perfection importance, meaning of transfer: why to use it 

creator, creations and conditions are perfecting in the way: "considerably lot for little" with an 

effort to be emphatic, effective and efficient of the transfer of the proportionality, sustainability 

and economy of input response to the usability, efficacy and usefulness of the output. 
 

The law of perfection procedure, output of transfer: how to use it 

The mission essence of creators, creations and conditions is perfected according to the Laws of 

mutual improvement - dialectics (Hegel, 1837) for overcoming contradictions, for skipping (S 

- curve) and for progress (self - similar fractal helix). 

Table 1. Transition from current to advanced state 

 

Current state Advanced state 

What is used: 

spontaneity  

random trials - errors 

habits 

What needs to be used: 

purposefulness   

generalized incentives - tools 

adaptability, guidelines, principles 

Why it is used: 

Inertia of thinking  

fragile optimization 

presumptions 

Why it should be used: 

rules - laws  

resilient breakthrough innovation 

evidence, knowledge 
How it is used: 

closedness, dependences 

benefit, prediction 

sum of benefits  

How to use it: 

openness, procedures - instructions  

humility, predetermination 

multiplication of benefits 

 

Procedures - instructions, craft: way how to use, realization, output of transfer. 

 

Sequence of the ARIZ steps (Petrov, 2019) from the point of view of the TRIZ Access Frame- 

work: 

Analysis - input of transfer  

¶ assessment of baseline, needs, challenges, 

¶ setting a generalized target, 

¶ recognition of contradictions:  administrative - challenge, technical - external, physical 

- internal, 
 

Proposal - meaning of transfer, 

¶ generalized way of resolving the contradiction, 

¶ use of resources: time, space, field, matter, knowledge - data, 

¶ feasible way of meeting given requirements and possible change of the assignment, 

 

Evaluation - output of transfer, 

¶ benefits of the proposal, 

¶ the possibility of making the most efficient use of resources, 
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¶ using the way to meet the challenge of perfecting pioneers training. 

 

3 TRIZ approach for  holistic education (upbringing, teaching and inventing) 

Everyone is naturally curious, playful and creative - inventive, but to become a successful leader 

- creator who can handle current and future challenges: sustainability of survival conditions, a 

growing number of incentives and rapidly changing demands for holistic competences: a high 

degree of consideration (principles, input, what) a deep look of expertise (knowledge, meaning, 

why), and broad overview of openness (skills, output, how). The creator - pioneer should focus 

on his innate talents and collaborate with experts who will help him his talents: 

 

¶ detect (doctor - psychologist)  

¶ develop (teacher - lecturer)  

¶ exploite (counselor - trainer) 

A friendly, successful and effective way of using the incentives (what), rules (why) and proce-

dures (how) of the TRIZ approach in education to acquire holistic competencies is based on 

proven results of research into the laws of holistic coexistence - humanity, cognition - expertise 

and creation - invention. 

3.1 Framework of holistic coexistence - humanity 

The aim for upbringing: the uplift for coexistence (principles), the artist encourages 

What 

¶ goodness - behavior, dedication, resilience 

¶ goodness - thought, enthusiasm, attitudes, 

¶ goodness - pleasantness, consideration, relationships, 

Why 

¶ health, physical maturity, beauty,  

¶ responsibility, mental maturity, good, 

¶ harmonization, spiritual maturity, love 

How 

¶ adequacy, diligence, regularity, 

¶ importance, consistency, consequences, 

¶ reliability, compassion, belonging, 

3.2 Framework of holistic cognition - expertise 

The TRIZ approach unifies research on the way of thinking: 

Holistic thinking (Flavell, 1976): 

¶ there is holistic supervising, harmonizing and multiplying thinking throughout the brain 

(generalizing beyond cognition - metacognition in the superconscious), 

goal: upliftment, humanity - helpfulness, ingenuity 

Contemplative and imaginary thinking (Sperry, 1961): 

¶ conscious contemplative thinking takes place in the left part of the brain, 

¶ subconscious imaginary thinking takes place in the right part of the brain, 

Slow and fast thinking (Kahnemann, 2012): 
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¶ deliberate conscious slow and strenuous evaluative thinking takes place in the upper 

part of the brain,  

  goal: truth - essence, pleasure, effectiveness, 

¶ spontaneous subconscious fast and easy thinking takes place in the lower part of the 

brain, 

  goal: correctness - mission, survival, success, 

It has been confirmed that the knowledge we often deal with will remain in our memory for a 

longer period of time, because: 

¶ spontaneous thinking is constantly imaginatively looking for context necessary for the 

meaningfulness of uplift, therefore it has an important influence on the correctness of 

the consequences in the formation of judgment - ideas for decision - making 

¶ deliberate thinking focuses on truthfulness and essence, especially in terms of benefits, 

¶ harmonizing - supervising thinking switches the involvement of fast thinking (for com-

mon challenges) or slow thinking (for demanding challenges) according to the difficulty 

and thus multiplies the individual benefits of subconscious experience, conscious ex-

pertise - knowledge and superconscious generalization of ideas - inspiration, intuition. 

Instruction for cognition (knowledge - expertise), the scientist convinces 

What 

¶ subconsciousness: imagination, action, 

¶ consciousness: reasoning, evaluation, 

¶ superconsciousness: harmonization, multiplication, synergy 

Why 

¶ liveliness, lightness,  

¶ purposefulness, effort, 

¶ supervision, metacognition, 

How 

¶ search, choosing the right stimuli, needs 

¶ evaluate, research of correct laws, 

¶ use, apply good habits, 

3.3 Framework of holistic creation ï invention, the pioneer overcomes 

The TRIZ approach unifies: 

Eastern - empirical approach in the subconscious is focused on evaluation - analysis, 

¶ favors experience, induction, foresight,  

¶ from individual to general, 

¶ what is needed, artist, principles, input of transfer 

Western - rational approach in the consciousness is focused on assembly - synthesis, 

¶ favors knowledge, deduction, prediction, 

¶ from general to individual, 

¶ why it is necessary, scientist, knowledge, meaning of transfer 

Holistic - discovery approach in the superconscious is focused on multiplication - synergy, 

¶ favors imaginativeness, abduction, predestination,  

¶ from improvement to breakthrough, 

¶ how is needed, inventor, skills, output of transfer 
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Inventing for embodiment (skills - ingenuity), a pioneer overcomes 

What 

¶ experience, knowledge, ideation, 

¶ imagination, entrepreneurship, alertness, 

¶ opposites, jump, progress, 

Why 

¶ attractiveness, 

¶ transfer 

¶ conversion, 

How 

¶ discrepancy recognition, contradiction, entry, 

¶ similarity search, analysis, transfer, 

¶ invention of substance, decipherment, output, 

4 Application of the Framework of perfecting 

The features of the Framework of perfecting are based on the principles for e-learning of todays 

Z generation of zoomers that resize images on touch screens: 

¶ one view-image, what is necessary to use: one incentive of the Framework of perfecting, 

(the 7-steps cycle of mutual perfecting conditions, creators and creations), 

¶ one reason-essence, why is necessary to use: one rule of the Framework of perfecting, 

maturity equation (meaning = output / input), 

¶ one instruction-sequence, how is necessary to use: one procedure of Framework of per-

fecting, (contradiction, analysis, decipherment), 

The methodology of Framework of perfecting for education was successfully applied in numer-

ous lectures, theses (BSc., MSc., PhD., habil.) and projects for industry (automotive, railway, 

aircraft, white goods, earthmoving machinery, nuclear) for more than 20 years at Faculty of 

Mechanical Engineering, Slovak University of Technology (FME STU) Bratislava, SK. Details 

can be found in the selected links (References 13 - 17). 

http://atc.sjf.stuba.sk/english/e_projekty.html 

http://atc.sjf.stuba.sk/english/e_theo_mech.html 

https://triz.sk/en/papers.html 

My suggestion as member of Scientific Council at FME TUL to apply Framework of perfecting 

into education was accepted by Assoc. Prof. P. Lepġ²k, PhD, Vice-Dean for Doctoral Studies 

and Development, who was on scientific stay at MIT, Cambridge, Massachusetts,  USA (su-

pervisor Prof. S. Ikovenko, TRIZ Master). In his habilitation thesis (2018) the TRIZ approach 

was applied to increase efficiency of nanofibers production.  

Strategy RDI + 2030, Faculty of Mechanical Engineering, Technical University of Liberec, CZ. 

http://www.fs.tul.cz/en/faculty/strategy-r-d-i-/ 

5 Conclusions 

A great example of the impact of the Law of perfecting is the development of the brain which 

constantly strives to accomplish its mission as best as possible: taking the right decisions to best 

meet the right physical, mental, and spiritual needs (survival, pleasure and upliftment), while 
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exerting the least effort and consumption on the basis of right choice, comprehension and com-

pliance of the right incentives - challenges. 

The TRIZ community should strive to make a significant contribution to perfecting Altshuller's 

gift to the world through holistic education so that it would touch the heart of everyone, and 

make the TRIZ approach available (cheap), intelligible (favorite), and uplifting (useful). 

According to the Law of perfecting based on the action of the attraction of perfection, the time 

has come when, after periods of survival (dealing with matter) and pleasure (dealing with in-

formation), comes a period in which humanity will engage in uplift (dealing with relationships). 

This means challenging the use of appropriate tools, rules and procedures (TRIZ approach) and 

trying to humanize creations (objects, procedures and attitudes) that can already emulate and 

often surpass the physical strength and achievements of human thinking and strive for advanced 

use of resources aiming to align the maturity of the creator, creations and conditions.  

The Framework of the cycle of mutual perfecting of creators, creations and conditions allows 

to use the holistic complexity of tools, rules and procedures of TRIZ approach and simultane-

ously is concise, understandable and applicable to meeting educational challenges: recognizing, 

understanding and applying the right principles, knowledge and skills.  

The sign - logo (Fig. 2) of a Framework of perfecting is a flower that represents manifestations 

of humility: 

¶ transcendent - spiritual upliftment - love (belonging) 

¶ inner - mental values - good (satisfaction) 

¶ external - body beauty (harmony)  

The unifying competence of holistic education is ingenuity, which combines imagination, 

knowledge, adaptability, anticipation, prediction and predestination, overcoming obstacles, and 

which is a promise for a full life, for survival, pleasure and humility.   

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Framework for the cycle of mutual perfecting creators, creations and conditions  
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Appendix 1 

Table 2. Perfecting the maturity of meaning of input-to-output transfer for conditions, creators, 

and creations  through the principles of art, knowledge of science, and craft of skills to handle 

the quantity, diversity, and complexity of inputs. 

 

 Perfecting the maturity of meaning of input-to-output transfer 

 

 Input of transfer  

 

Meaning of transfer 

 

Output of transfer  

 

conditions, investment 

what to use, principles 

economy 

 

creators, pioneers 

why to use it, knowledge 

efficiency 

creations, products 

how to use it, skills 

purposefulness 

art, upbringing 

incentives, love, spiritual 

advice, superconsciousness  

 

science, teaching,  

rules, goodness, mental 

reason, consciousness 

craft, inventing 

procedures, beauty, body 

way, subconsciousness 

quantity 

diversity 

complexity 

 

search 

selection 

use 

timing 

correctness 

reliability 

 

The seven principles (7 = 1 + 2  x  3) of the Framework of the cycle of mutual perfecting 

conditions, creators and creations (Framework of perfecting) under the law of perfecting the 

meaning of input-to-output transfer from TRIZ approach for holistic education (upbringing, 

teaching  and inventing) to acquire holistic competences (principles, knowledge and skills) is 

in the Appendix 2, Tab. 2. 

 

¶ Framework for perfecting the three aspects of conditions (sources, opportunities and 

means) in the seven steps of the integral cycle of input to output transfer: (alignment, 

human resources, knowledge resources, natural resources, preparedness, equipment, 

and sustainability). 

 

¶ Framework for perfecting the three aspects of creators (spiritual, mental and physical) 

in the seven steps of the integral cycle of input to output transfer: (leader, challenger, 

scientist, inventor, producer, educator, and negotiator). 

 

 

¶ Framework for perfecting the three aspects of creations  (rules, procedures and mission) 

in the seven steps of the integral cycle of input to output transfer:  (predetermination, 

needs, motor, transmission, tool, sensor, and guidance). 
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Appendix 2 

Table 3. Seven principles (7 = 1 + 2  x  3) of the Framework of the cycle of mutual perfecting conditions, 

creators and creations (Framework of perfecting) under the law of perfecting the meaning of input-to-

output transfer from TRIZ approach for holistic education (upbringing, teaching and inventing) to ac-

quire holistic competences ( principles,  knowledge and skills) 

 

           The Framework of the cycle of mutual perfecting of conditions, creators and cre-

ations 

 Input of transfer  Meaning of transfer Output of transfer  

conditions, investment 

what to use, principles 

economy 

creators, pioneers 

why to use it, 

knowledge 

efficiency 

creations, products 

how to use it, skills 

purposefulness 

PQ 
harmonization 

maturity of input, mean-

ing and output of transfer 

exceptionality 

passionate multiplica-

tion      of benefits 

maturity 

predetermination 

significance     

maturity      

of transfer 

EQ 

 

human resources 

pioneer, 

assessor, advisor 

soulfulness 

active incitement                       

of innovating 

adaptability 

needs            

curiosity 

 

input of 

transfer 
IQ 

 

knowledge resource      

lesson, information 

discovery 

expertise 

patient evaluation                  

of analyses 

dexterity 

engine           

intelligibility  

TQ 

 

natural resources 

phenomena,  fields,          

substances, time, space 

openness 

imaginative overcom-

ing      of  challenges 

usefulness 

transmission 

memorability 

 

meaning 

of transfer 
AQ 

 

energy  

readiness  

do the work 

resilience 

persistent adaptation            

of innovations 

economy  

tool               

manageability 

MQ 

 

amenities 

opportunities 

usability 

dedication 

strenuous education             

to accountability 

instructiveness 

sensor             

fun 

 

output of 

transfer 
RQ 

 

sustainability 

renewable 

resources 

consideration 

convincing justification      

for unification 

friendliness 

guidance       

inflammation 

 

The seven principles (7  =  1 +  2  x  3) of perfecting maturity of meaning- value of input to 

output transfer according to abilities of creator - pioneer: 

7:  PQ  =  EQ  x  IQ  x  TQ  x  AQ  x  MQ  x  RQ 

1:  unique law for perfecting maturity of input to output transfer,  

 PQ   for maturity of transfer 

2:  two types of access (deliberateness, spontaneity) to overcome challenge, 

3:  three pairs of competencies 
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 EQ, IQ  for input of transfer 

 TQ, AQ for meaning of transfer 

 MQ, RQ  for output of transfer. 
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Abstract 

Functional Analysis is a key tool in TRIZ. As elements components that have a rest mass and technical 

fields are accepted elements. Software per se and parameters are not allowed. Nowadays Big Data, Ar-

tificial Intelligence (AI) and software are getting more and more importance in technical system as ele-

ments that change parameters of other components and fields. We have suggested at TRIZfest 2019 to 

introduce Big Data as a resource. In the intense discussion this idea was rejected and suggested to think 

about introducing Big Data (AI & Software) as a field to function analysis. Simon Litvin suggested to 

allow software as a field. This paper will emphasis on this idea and present examples how this could 

look like. 

Keywords: Fields, Big Data, Data Analysis, Function Analysis 

 

1 Functional Analysis in TRIZ 

1.1 TRIZ Theory State-of-the-Art 

In TRIZ provides several procedures to solve problems. Originally the focus laid on technical 

systems and products, handling of contradictions and Trends of Engineering System Evolu-

tion (TESE). Functional Analysis is a key element in TRIZ for the modelling of technical sys-

tem and understanding the harmful and useful functions in a system. Todayôs technologies 

tend to include more and more software algorithms to generate the desired functionalities. A 

function is performed when a parameter of the object of the function is changed (or main-

tained).  

 

1.2 Software in Functional Analysis 

Functional Analysis starts with the detection of the function carrier. This is the unit that is ex-

ecuting an action on the object of the function in order to change (or preserve) at least one pa-

rameter of the object of the function. 
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Software (SW) per se is, according to the Naumann definition, an acronym for a program (al-

gorithm) and associated data. It can contain additional components such as software documen-

tation in the digital or printed form of a manual as an accessory. 

Software determines what a software-controlled device does and how it does it (roughly com-

parable to a manuscript). The hardware (the device itself) executes software (processes it) and 

thus puts it into action. Software is the totality of information that must be added to the hardware 

for a software-controlled device to be usable for a defined range of tasks. Due to the software-

controlled working principle, a rigid hardware can work individually. Today, it is not only used 

in classical computers, but also in many embedded systems, such as washing machines, mobile 

phones, navigation systems and modern TV sets. 

The structure of a software  

 

 
 

The processing unit usually starts the algorithm. The algorithm is set up in a Neumann machine 

as alternating command (what to do) and the information which data to use (on what to do). 

The result is a change of a parameter of the processing unit (an output signal is changed). 

With this model one can define Software (Algorithm & Data) as parameters of the processing 

unit. This would be consistent with FA on components having a rest mass. 

 

Function Carrier
Object of the 

Function
action

Parameter 1

Parameter 2

Parameter n

Parameter 1

Parameter 2

Parameter n

Data

Algorithm

Processing Unit
Object of the 

FunctionSoftware
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1.3 Artificial Intelligence (AI) in Functional Analysis 

Artificial Intelligence (AI), Machine Learning (ML) and Deep Learning (DL) are technologies 

that are currently on hype. The basic research on these technologies has started in the 1950s to 

1970s. The reason for its accelerated use today is now available resources like computers and 

storage. The core of AI, ML, DL is still a software with an operating algorithm. The difference 

to a ñconventionalò software is that the software is parametrized and changes its parameters on 

its own. The algorithm runs a feedback loop on itself on basis of the data input. 

 

 

In the above definition of Algorithm being a parameter that would mean that a parameter 

changes itself ï this will not work. 

The suggestion in this case is to define an AI, ML or DL algorithm instead of being a parameter 

as a Field. A Field represents in TRIZ a component that has no rest mass but influences the 

parameter of the object of the function. As data is not affected on change it will stay a parameter. 

 

Processing Unit
Object of the 

Function
action

Algorithm

Data

Parameter 1

Parameter 2

Parameter nSoftware

Software

Data

Algorithm

Object of the 

Function

Feedback

Processing Unit
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Processing Unit
Object of the 

Function
action

Algorithm

Data

Parameter 1

Parameter 2

Parameter nSoftware

Processing Unit
Object of the 

Function
action

Data Parameter 1

Parameter 2

Parameter n

Algorithm

 
 

2 Conclusions 

Software (SW) is getting more and more important in technologies. Especially with the up-

coming of Artificial Intelligence (AI), Machine Learning (ML) and Deep Learning (DL), soft-

ware is changing its properties: from being a static algorithm towards changing its own pa-

rameters by itself. Up to now taking SW as a parameter of a processing unit worked. With AI 

systems we need to find other way to deal with SW in TRIZ. As a first rudimentary approach 

it is suggested to allow SW to be a field. This is set to discussion and we know that it needs 

more research to foster hypothesis. 
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Abstract 

The author undertook to create a catalogue of examples for the application of the 40 inventive principles 

as used in the field of mechanical watchmaking. During the research for said catalogue a number of 

observations were made which are presented in this paper.  

Keywords: TRIZ, 40 Inventive Principles, Trends, Horology, Patents 

1 Introduction  

The 40 Inventive Principles are generalized models for solutions, and they constitute one of the 

most popular tools of TRIZ [1]. When the founder of TRIZ Altshuller was studying inventive 

solutions and tried to extract the core of how inventors achieved their inventive step he ab-

stracted these 40 ñgeneralized models of solutionsò [2]. And the documents he most studied 

were in fact patents [3].  

Patents as a source of study of innovation have several advantages. Firstly, they are highly 

structured. After a summary of relevant names, dates and classifications, an abstract is given, 

followed by an explanation of the background, the problem the invention is attempting to solve 

and an in-depth description of the invention mostly using a number of drawings. The document 

finishes with the claims, a concise description of what the inventor wishes to be granted ï the 

core of the invention so to speak.  

In the years since Altshuller many authors have shown in various publications how the inventive 

principles are applied in various fields of industry. Papers that have been published on this topic 

include the application of these principles in the food industry [4], in shoe design [5], in the 

service industry [6] or in Semiconductor and High Tech [7], for example. Most, if not all of 

those recent studies show a basic catalogue of ideas however, rather than an in-depth study of 

the field based on patents. Looking through most recent TRIZ books the same picture emerges, 

patent documents are hardly ever mentioned [8, 9, 10] and this holds true even of some of 

Altshullers works [10]. Occasionally patent documents are quoted in relation to the 76 standard 

solutions [11], but in the same book those patent quotes are missing when the 40 inventive 

principles are discussed. A regular mentioning of patent documents, or more precisely Authorôs 

Certificates, in relation to the 40 inventive principles is in Altshullers standard work: ñThe In-

novation Algorithmò [12], where he describes the inventive principles in the chapter ñthe in-

ventorôs instrumentsò, and illustrates each one of them with one or more patent examples. The 
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advantage of this approach is obvious. Not only is the link to the engineering practice demon-

strated, but furthermore a solution can be linked directly to the problem description as the in-

ventor saw it. 

In extension of this work, it was thus the objective of an investigation to explore one specific 

field of industry and using examples from the fundus of the patents as they are presented by the 

publicly available database of ESPACENET [13]. As a field of industry horology was chosen, 

and there particularly wristwatches.  The International Patent Classification (IPC) code for Ho-

rology is G04, and it is classified under ñPhysicsò. A classification search reveals that 197 911 

documents are filed under that code (April 13, 2021), the oldest document dating from August 

4th, 1845 [14] the newest from March 16th, 2021 [15]. Looking further, the classification G04B 

denotes: 

ñMECHANICALLY-DRIVEN CLOCKS OR WATCHES; MECHANICAL PARTS OF 

CLOCKS OR WATCHES IN GENERAL; TIME PIECES USING THE POSITION OF 

THE SUN, MOON OR STARSò.  

A classification search here had 99 111 hits (April 11, 2021) and this was indeed the classifica-

tion used for most searches in the context of the paper, due partly to honour the mechanical 

heritage of TRIZ, but also to satisfy the curiosity of the Author with respect to mechanical  

timepieces. Some items required the search envelope to be widened, more on that later.    

During this investigation several observations were made, and those are explained in the fol-

lowing paragraphs. 

2 On the classification of patents 

Some inventions are easy to classify. Take for example ñGB189919583A Improvements in the 

Construction of Watchesò [16]. The title is rather general and could apply to almost any of the 

inventions catalogued in the overview under consideration. The Problem description is more 

revealing [Page 1, Line 4 to 6]: 

The object of my invention is to construct or convert watches to go from one day to seven 

or eight days or for a longer period if required with one winding up.  

Continuing to the solution proposed and claimed by this invention we read [Page 1, Line 30 to 

Page 2, Line 4]: 

I employ two main-springs and barrels (or spring wheels) of suitable power, in lieu of 

the single main-spring and barrel. The said barrels é are connected by and drive the 

pinion of an extra or intermediate wheel C, the said intermediate wheel being placed 

behind the centre wheel so as to gear with and drive the centre pinion; the rest of the 

watch consisting of trains of wheels with the ordinary English, Swiss, American, or 

other mechanism.  

Classification is easy here, employing two main springs instead of a single one points towards 

Inventive Principle #1, Segmentation, and specifically to ñdivide an object into independent 

partsò [17]. 

 

 

 

 

Fig. 1. Illustrating from the invention of GB189919583A, filed September 29th, 1899 
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Other documents however were more difficult to classify. Take for example ñUS7896542B2 

Timepiece movement fitted with a vibrating alarmò [18]. The title suggests clearly that vibra-

tion is used, which points to Inventive principle #18, ñMechanical vibrationò. However, a care-

ful study of the problem description reveals the following [Column 1, Paragraph 4]:  

é This watch has drawbacks, however. Indeed, the alarm mechanism includes specific 

elements enabling the mechanism to operate in silent alarm mode, which increases the 

complexity and size of the structure é 

This sets the scene in that the problem to be solved is related to the complexity and size of the 

structure. The authors proposed solution to the problem is succinctly described in claim 1 [Col-

umn 9, Paragraph 1]:   

A timepiece movement including: (a) a first energy source, wherein said first energy 

source is coupled to an oscillating weight by a first kinematic chain for automatically 

winding said movement; and (b) a second energy source, wherein said second energy 

source is coupled both to an activating device, and to a vibrating element, by a second 

kinematic chain, to form a vibrating alarm mechanism that can be activated or triggered 

at a predetermined time; wherein the vibrating element of said vibrating alarm mecha-

nism is said oscillating weight  

Thus more close investigation reveals that, the proposed solution is based on the inventive prin-

ciple #5, Merging / Combination, and specifically to ñé bring closer together (or merge) iden-

tical or similar objects, assemble identical or similar parts to perform parallel operations.ò [19] 

So while the overall topic of using vibration to alert a user is an application of one Inventive 

Principle, this is not the problem solved by this specific patent document.  

 

 

 

 

 

 

 

Fig. 2. A drawing from the patent document US7896542B2, filed December 1st, 2008 

There is an analogy from the above to the general application of TRIZ tools. It pays to carefully 

investigate the problem before applying the tools. Specificity and exactness are important and 

pay off, both, to obtain good classification examples as well as to achieve proper TRIZ problem 

solving results.  

3 On the MPV of patents 

Another observation relates to the direction in that horology patents develop. One would expect 

that this development by and large follows the S-curve. If one assumes the Trend of the S-curve 

to be true [20], one should see a steady and obvious increase of the MPV in this field also 

reflected in the patents filed through time. This is however not patently obvious when investi-

gating which features are used in recent new watch releases of mechanical watches and specif-

ically in ñhaute horologyò and the directions initially seem rather random.  
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Take, for example the development of the face of a mechanical watch. One sees a classic evo-

lution from a single hand depicting only the hours in 12 or 24 intervals, to a two-handed con-

struction whereby the hours are depicted in 12 intervals and the minutes are superimposed in 

60 intervals. Modern wristwatches add a third hand for the seconds, and this arrangement has 

established itself as the standard version for the face of an easy reading timepiece, see figure 3. 

 

 

 

 

 

 

 

Fig. 3. Illustrating from left to right a single hour hand, a hour and minute hand and a hour minute and 

central second hand  

It is safe to assume that the single hour hand was born as the initial and simplest technical 

version of showing time, and the invention was too early to be recorded in any modern patent 

database. A watch face showing a short hour hand in combination with a longer minute hand is 

today widely used on church towers or alarm clocks. Without the seconds, or in combination 

with a small satellite second hand it is also the epitome of elegant dress-wristwatches. All these 

applications do not require the reading of time with the precision of a second. If at all, the small 

satellite second will indicate predominantly that the watch is still running rather than an exact 

indication of time. However, with a central second hand added a watch becomes suitable for 

all-round usage whereby for example races may be timed to the second, and this type of dial 

has become the default watch face for most watches.  

In this way the development trend seems to be clear. Why then has the format of the single-

handed watch been recently resurrected in a wristwatch format and is marketed as representing 

the pursuit of quality time, rather than the race to capture the very last second [21]? And why 

are new patents filed in this field even today [22]? 

 

 

 

 

 

 

 

 

Fig. 4. Illustration from document WO2016012126A2 SINGLE HAND WATCH, filed July 23rd, 

2014 

Take another example: Clocks with a so-called regulateur dial were used in specific applications 

where utmost precision was of particular importance, in watch factories as master clocks, and 

also at train stations for example. Apart from being provided with a very exact movement, they 
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distinguished themselves by separating the axis of the hour indicator from the axis of the minute 

indicator as shown in Figure 5.   

 

 

 

 

 

 

Fig. 5. Illustration of a typical watch face of a regulateur type watch 

As a consequence of the arrangements the hands of the watch only overlap each other once 

every 12 hours. Also, the prominent minute hand makes it easy to read the time exactly. Again, 

after having been virtually forgotten, this type of watch face design surfaced in 1987 for the 

first time in wristwatches [23]. And many companies not only produce such type of watches, 

but are also patenting new ideas as to their workings [24, 25]  

 

 

 

 

 

 

 

 

Fig. 6. Watch face and mechanism from document EP2510406B1, filed December 11th, 2009 

Thus, the question arises: how does the renaissance of long-forgotten techniques increase the 

MPV? What is it that makes these techniques relevant today? Likely the answer lies in part in 

the nature of mechanical timekeeping. Mechanical watches for the purpose of timekeeping has 

long been surpassed in exactness and convenience, first by electronic and quartz watches, and 

later by mobile devices and smart watches. The precision provided for time keeping has moved 

from the mechanical domain to a supersystem of linked networks. The place that mechanical 

watches occupy in the market, has thus moved from one of exactness of timekeeping to one of 

status. Thus, the normal rules of utility do not apply. Complexity, individualism and character 

[26] may play a much more pronounced role than exactness of timekeeping. This again fits 

perfectly in the trend of the s-curve, the special case of systems in stage 4: reincarnation [27]. 

In fact, a large part of the swiss watch industry seems to be thriving by following this trend, 

after their near extinction during the ñquartz crisisò of the 1980ies.  

 

 

 

 

Fig. 7. Watch with integrated automaton from document EP2880498A1, filed July 31st, 2012 
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There is however another explanation that, at least in part accounts for some of the aforemen-

tioned developments. The filing of patents and success in the market are two different things. 

Whereas success in the market is in line with a growth of MPV, a granting of a patent is not. 

Furthermore, the quality of the filed patent documents varies widely. Some of the documents 

are merely patent applications, which were filed but never granted, due to lack of novelty or 

inventiveness or several other reasons. Other documents are granted patents, but the examina-

tion procedure and the quality of examination may vary with country and individual examiner, 

so also here the quality is not guaranteed, and some inventions may even not work as proposed 

in the patent. Furthermore, a patent application may be aimed at fulfilling rather esoteric needs 

[28]. 

 

 

 

 

 

 

 

 

Fig. 8. An image from US5031161A, a watch that, based on a set of data, calculates and displays the 

wearerôs remaining life expectancy; filed February 15th, 1991 

4 The mists of time 

During the attempt to find examples for all inventive principle, it became apparent that many 

obvious examples of the application of inventive principles in horology were missing in the 

patent database. Especially the inventors of some of the oldest and fundamental inventions of 

mechanical watchmaking are unknown. 

Early mechanical clocks, for example, often had a single hand only to indicate the hours [29]. 

As clocks and watches became more accurate a single hand was not sufficient any more to 

indicate the exact time. Inventive Principle #1 was applied, and clocks and watches moved from 

displaying the time with a single hand to two or more hands. However, this change happened 

in the middle ages, patent law did not exist, and neither the inventor nor the history of the 

invention has been recorded.  

In the centuries following the middle ages, patent law was slowly established, and it did exist 

to some extend during the time of Abraham-Louis Breguet who lived at the time of Napoleon 

and was one of the foremost innovators in watchmaking who patented many of his inventions. 

These include some milestones in the development of watches [30], both in terms of practicality 

as well as accuracy, such as the self-winding watch (1780), the ratchet key for winding clocks 

and watches (1789), the constant force escapement (1798) and the tourbillon (1801). However, 

while these inventions were patented, the patent documents are too early to be included in the 

modern patent database and will thus not be found when searching.  

Furthermore there is also a cultural bias in that many early inventions made, for example in 

China, India, or the Arabic countries are not recognized, documented or known in the Western 

world.  
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Thus, there is a gap in knowledge either due to the fact that over time the inventors have been 

forgotten, that they belong to a cultural horizon not well documented in our western society,  

and/or due to the incompleteness of the available databases, and unfortunately, this gap includes 

some of the most fundamental inventions ever made with respect to horology.  

5 The specificities of mechanical timepieces 

Another difficulty appeared when trying to identify examples for some of the inventive princi-

ples. Most inventive principles are very general and can be widely applied in all fields of sci-

ence. However a few seem specifically aimed at a much narrower technical field. While exam-

ples of utilizing them in horology may exist, their main application lie elsewhere.  

Take, for example, Inventive Principle #38: Strong oxidants. The first recommendation is to 

move ñfrom ambient air to oxygenatedò air [31]. Only after extensive search a patent by 

Rolex was identified [32]. It discusses that self-compensating spiral springs for a mechanical 

balance-spiral spring oscillator for a watch or clock movement or other precision instrument 

can be made of an Nb-Hf paramagnetic alloy possessing a positive thermal coefficient of 

Young's modulus (TCE), capable of compensating for the thermal expansion of both the spiral 

spring and the balance. In the manufacturing of these springs, during heating and cooling, it 

has been found that the initiation of recrystallization and its development depend on the oxy-

gen concentration, which in turn is a key parameter to influence the TCE. 

 

 

 

 

 

Fig. 9. shows a graph of TCE (ppm/[deg.] C.) charted with respect to the fixing temperature ([deg.] 

C.). Filed May 18th, 2001 

It is apparent that the invention, while being important to improve a specific component that is 

utilized in a watch, may just as well be applicable to the manufacturing of components in other 

industries. Still, it may be the best example available for the use of this inventive principle in 

horology. Therefore, in many ways luck is needed to identify suitable examples for some of the 

inventive principles. 

Another related issue appears with Inventive Principles that relate to techniques used in non-

mechanical watchmaking. Take for example Inventive Principle #28, Mechanics substitution 

[33]. Replacing mechanics in mechanical watchmaking mostly leads to identifying inventions 

in electronics or smart watches [34], which on one hand leaves the original scope of the inves-

tigation but on the other hand points clearly towards the direction that the industry has taken as 

a whole.  

 

 

 

 

 

Fig. 10. Drawing from document DE19821320A1, filed May 13th, 1998 
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6 Conclusions 

At the conclusion of this paper, the work on identifying a suitable set of 40 inventive principles 

for horology has not yet been concluded. Several interesting observations can nevertheless al-

ready be made: 

1. To illustrate the inventive principles well, it is paramount to be precise and to carefully 

identify both, the problem to be solved as well as the solution found in the respective 

patent documents.  

2. As mechanical timepieces and ñhaute horologyò specifically are by and large in the ñre-
incarnationò phase of the s-curve, the MPV is not based on utility, but on other, mostly 

status-related factors. 

3. Many fundamental inventions in mechanical watchmaking have been made a long time 

ago, and the inventors have been forgotten, and/or their documents are not available in 

todayôs publicly available databases. 

4. While many inventive principles are easy to illustrate, some are much less so, as their 

proposed direction leads away from the core of the field to be investigated: mechanical 

timepieces. 

5. Finally, and not to be forgotten, the research has offered the author an extremely inter-

esting insight into a fascinating world where mechanical excellence has not been re-

placed with electrons and bits. 
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Abstract 

The TRIZ Business Association [16] has accumulated sufficient experience in conducting strategic ses-

sions [1] for commercial organizations using TRIZ. The objectives of strategic sessions may vary, but 

most often come down to finding strategic decisions that need to be made for the survival and develop-

ment of an organization in a changing market environment. It is the rapid changes in the market environ-

ment that impose significant restrictions that render ineffective the organization's previous business mo-

dels, products and / or key business processes that provide a sustainable value proposition for the com-

pany (Figure 1). The main assumption that was postulated when developing a strategic session program 

is that the value proposition of a commercial organization should maximally meet the requirements of 

the main stakeholders of the business system and key supersystems. The methodology for conducting a 

strategic session, proposed in this work, is based on this assumption. The purpose of the strategic session 

is to develop a set of measures to solve the initial problem posed by the customer. 

Keynotes: TRIZ, strategic sessions, MPV-analysis, system of technical contradictions. 

1 Introduction. 

The objectives of strategic sessions may vary, but most often come down to finding strategic 

decisions that need to be made for the survival and development of an organization in a chang-

ing market environment. 

It is the rapid changes in the market environment that impose significant constraints that render 

ineffective the organization's previous business models, products and / or key business pro-

cesses that provide a sustainable value proposition for the company (Figure 1). 
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Fig. 1. The concept of a business system, taken as a basis in business TRIZ [2]. 

 

The main assumption that was postulated when developing a strategic session program is that 

the value proposition of a commercial organization should maximally meet the requirements of 

the main stakeholders of the business system and key supersystems (Figure 1). The methodol-

ogy for conducting a strategic session, proposed in this work, is based on this assumption. 

The purpose of the strategic session is to develop a set of measures to solve the initial strategic 

purpose posed by the customer. 

Examples of strategic sessions purposes: 

3. How, while maintaining the quality of bread production significantly reducing the cap-

ital intensity of production and the required area of the enterprise to scale up the busi-

ness? 

4. How to increase revenues at least 10 times for a startup «Fightingnet»? 

5. How to provide Russia's strategic projects with unique equipment in the face of increas-

ing sanctions pressure of USA? 

6. Development of measures to support the construction industry in the Ural Federal Dis-

trict in the face of restrictions associated with COVID-19 in 2020 in Russia etc. 

2 The sequence of actions during the strategic session and the applied TRIZ 
tools. 

The strategic session is holding in the following sequence: 

1. Statement of the strategic goal as if a problem. 

2. Schematization of the inventive situation [3]. 

3. Selecting key stakeholders. 

4. Determining the requirements of key stakeholders. 

5. Choice of the target hypothesis. 

6. Determination of the degree of compliance with the requirements of stakeholders in the 

framework of the selected target hypothesis. 

7. Definition of gaps. 

8. Selection of preliminary solutions for bridging the gaps. 

9. Determination of secondary undesirable effects. 

10. Modeling contradictions. 

11. Resolution of contradictions. 

Below is a table of the correspondence of TRIZ tools to the performed action from the above 

sequence (Table 1). 
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Table 1. Correspondence of TRIZ tools to the performed action from the sequence during the stra-

tegic session. 

N 
Activity  TRIZ tools and other tools 

1 
Statement of the strategic goal as if a 

problem. 
¶ Administrative contradiction 

[13]. 

¶ Description of innovative situa-

tion. 

2 
Schematization of the inventive situa-

tion [4]. 

Schematization [4]. 

3 
Selecting key stakeholders. Schematization [4]. 

4 
Determining the requirements of key 

stakeholders. 

MPV-analysis [5]. 

5 
Choice of the target hypothesis. See bellow  

6 
Determination of the degree of compli-

ance with the requirements of stake-

holders in the framework of the selected 

target hypothesis. 

MPV-analysis [5]. 

7 
Definition of gaps. MPV-analysis [5]. 

8 
Selection of preliminary solutions for 

bridging the gaps. 
¶ Brain storming [7]. 

¶ List of Contradictions in ITB 

form. 

9 
Determination of secondary undesirable 

effects. 
¶ Brain storming [7]. 

¶ List of Contradictions in ITB 

form. 

10 
Modeling contradictions. Technical contradictions. 

11 
Resolution of contradictions. ¶ Contradiction analysis [3]. 

¶ Inventive Principles [10]. 

¶ IFR + Resources for business 

TRIZ [4]. 

12 
System assembly and analysis of the ob-

tained transformations. 
¶ Mind Map [8]. 

¶ Multicriterial matrix of solu-

tions [2]. 

¶ Ideas Landscape [2]. 

 

3 Choice of the target hypothesis. 

Table 1 shows that you should use existing TRIZ-tools. There are materials described TRIZ 

tools mentioned in paragraph 4 of this paper. 

There is only a step in the proposed algorithm to describe in detail. It is the point 5 in the table 

1.  

This tool is not specific to TRIZ. Nevertheless, we have added this tool to the toolkit of strategic 

sessions for a reason. The fact is that strategic sessions are always associated with forecasting 

tasks, with an attempt to look into the future. And the future, as you know, is always vague. 

The word "vague" should be understood as a problem with many unknowns. So, the target 

hypothesis is designed to convert some of the variables into constants through the formulation 

of hard constraints. In this case, we are not trying to predict any events, but artificially translate 
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some of the variables into constants. In such cases, consideration of the degree of compliance 

of the system under study with the requirements of stakeholders may turn out to be much easier, 

and even the search for intermediate solutions - and even more so, becomes obvious. 

Here are some examples of such strategic assumptions. 

Example 1: 

In solving the problem of stabilizing the construction industry during the COVID-19 pandemic 

in 2020, we introduced the assumption that strict restrictions will last for at least 3 years (for-

tunately for everyone, in reality, everything turned out to be not so bad). 

Example 2. 

In the problem of the multiple growth of the bakery's business, the most important hypothesis 

was introduced: 

The quality of the product remains unchanged. Hence, the task immediately arose in a new 

formulation: how to preserve the quality of the product, by several times reducing the capital 

intensity of production and the required area with the aim of further scaling up the business? 

Why is that? The fact is that this enterprise has reached great heights in terms of product quality, 

its products have won all kinds of competitions. In this case, it was the correct focus during the 

strategic session. 

Example 3. 

Introduction of alternative hypotheses in the problem of developing a strategy for a distribution 

company under sanctions restrictions from the United States. 

Å we conditionally believe that the sanctions completely cut off access to European and 

American equipment. Further, we assume that this resource is 100% closed for us. 

Å we conditionally believe that without European and / or American equipment, in the 

next 5 years, large customers will not be able to solve their strategic tasks. Further, we 

work with the assumption that this equipment will need to be imported into Russia in 

any case, and the country will solve this problem at the state level. 

Since the work was carried out specifically with commercial organizations, the first hypothesis 

was chosen about the complete prohibition of the import of this equipment into the territory of 

the Russian Federation, as the most unfavorable option. All the solutions found subsequently 

corresponded precisely to this hypothesis. 

4 Case.  

Case "How to continue deliveries of unique equipment in the face of increasing USA sanctions 

pressure"?  

The case was supplied by a distribution company. Published with restrictions. The material has 

been partially changed. The course of the solution is shown before contradictions are revealed. 

Recommendations resulting from the session are not listed in this paper. 

4.1 Administrative contradiction. 

Problem: in the context of the sanctionôs restrictions, difficulties arise with the supply of equip-

ment for company X. 

Required: to develop measures to preserve the distribution business. 
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System composition: company, suppliers, competitors, legal framework, consumers in the tar-

get area. 

Limitations: solutions must be in the legal framework. 

4.2 Schematization of the initial situation. 

 
Figure 2. Schematization of the initial situation. 

 

4.3 Highlighting key stakeholders on the diagram. 

 
 

Figure 3. Highlighting key stakeholders on the diagram. 

 

4.4 Determination of the Stages of the process life cycle. 

Process: purchase of unique equipment. 
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Main steps: 

 

Å Determination of the need according to the requirements of the State Program. 

Å Working out the task with the customer. 

Å Working with the criteria for making a decision of the customer. 

Å Coordination and entry into the purchasing plan. 

Å Tender. 

Å Contract and placing an order with the manufacturer. 

Å Delivery according to the contract. 

4.5  Definition of stakeholderôs MPVs. 

There are stakeholders (figure 3) in lines and stages of the process life cycle in columns.  

 
Table 2. Definition of stakeholderôs MPVs [4]. 

 
 

D
e

te
rm

in
a

ti
o

n
 o

f 
th

e
 n

e
e

d
 a

c
-

c
o

rd
in

g
 t

o
 t
h

e
 r

e
q

u
ir
e
m

e
n

ts
 o

f 

th
e

 S
ta

te
 P

ro
g

ra
m
 

W
o

rk
in

g
 o

u
t 
th

e
 t
a

s
k
 w

it
h

 t
h

e
 

c
u

s
to

m
e
r 

W
o

rk
in

g
 w

it
h
 t

h
e

 c
ri
te

ri
a
 f

o
r 

m
a

k
in

g
 a

 d
e

c
is

io
n

 o
f 

th
e

 c
u

s
-

to
m

e
r 

C
o

o
rd

in
a
ti
o

n
 a

n
d
 e

n
tr

y
 i
n

to
 t

h
e

 

p
u
rc

h
a

s
in

g
 p

la
n 

T
e

n
d

e
r 

C
o

n
tr

a
c
t 

a
n

d
 p

la
c
in

g
 a

n
 o

rd
e

r 

w
it
h

 t
h
e

 m
a

n
u
fa

c
tu

re
r 

D
e

li
v
e

ry
 a

c
c
o

rd
in

g
 t
o

 t
h
e

 c
o

n
-

tr
a

c
t 

Decision 

maker on 

the top level 

Compli-

ance of the 

state pro-

gram with 

the capa-

bili -ties of 

the cus-

tomer 

Compli-

ance with 

the terms 

of refer-

ence 

Best sup-

plier 

Deadline 

 

Compli-

ance of 

the for-

mal 

requi-re-

ments 

Best sup-

plier 

- Deadline 

 

Comp-

liance of 

the formal 

require-

ments 

Decision 

maker on 

the tech-

nical level 

Equip-

ment re-

newal 

Compli-

ance with 

the terms 

of refer-

ence 

 

Proposal 

optimi-za-

tion  

Best sup-

plier 

Mini -

mum in-

vol-ve-

ment 

 

Compli-

ance with 

the terms 

of refer-

ence 

Compli-

ance with 

the terms 

of refer-

ence 

- Trainings 

of tech-

nical staff  

 

Technical 

support 



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

76 

Company 

group rep-

resen-tative 

Quantity 

of attract-

ing invest-

ment 

- Several 

convenient 

suppliers-

rivals 

Purcha-

sing 

deadline 

 

Compli-

ance of 

the for-

mal 

requi-re-

ments 

Law com-

pli-ance 

- Deadline 

Head-quar-

ter repre-

sent-tative 

- - Several 

convenient 

suppliers-

rivals 

Purcha-

sing 

deadline 

 

Compli-

ance of 

the for-

mal 

requi-re-

ments 

- - - 

Ministry of 

Education 

and Science 

represent-

tative 

Quantity 

of attract-

ing invest-

ment 

 

Minimum 

appropri-

ate scien-

tific -cal 

base 

Local 

manufac-

turer prior-

ity 

- Compli-

ance of 

the for-

mal 

requi-re-

ments 

Compli-

ance with 

ministry 

restric-tion 

to allow 

for suppli-

ers to par-

tici-pate in 

the con-

tracts  

 

Local 

manufa-

cturer pri-

ority 

Special ac-

counts 

compli-

ance  

 

Cash flow 

control 

compli-

ance 

Deadline 

 

PR to tar-

get audi-

ence 

Manufa-

cturer rep-

resent-ta-
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the terms 
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their ad-

vanta-ges 

 

Compli-

ance with 

the anti-
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the anti-
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4.6 Choice of the target hypothesis. 

 

Å Hypothesis 1. We conditionally believe that the sanctions completely cut off access to 

necessary equipment. Further, we assume that this resource is 100% closed for the target 

area. 

Å Hypothesis 2. We tentatively believe that without necessary equipment in the next 5 

years, large customers will not be able to solve their strategic tasks. Further, we work 

with the assumption that this equipment will need to be imported in the target area in 

any case, and the government will solve this problem at the state level. 

Å Solution: choose the first hypothesis as the most unfavorable option. 

4.7 Determination of the degree of compliance of the process with the requirements of 
the stakeholders, considering the chosen hypothesis. Identifying gaps. 

 
Table 3. Determination of the degree of compliance of the process with the requirements of the 

stakeholders. 

 

Stakeholderôs MPVs Low Me-

dium 

High 

1) Decision maker 
   

Compliance of the state program with the capabilities of the 

customer 

+ 

  

Compliance with the terms of reference + 

  

Best supplier 

  

+ 

Deadline 

 

+ 

 

Compliance of the formal requirements 

  

+ 

2) Decision maker in the technical level 
   

Equipment renewal + 

  

Compliance with the terms of reference + 

  

Proposal optimization 
 

+ 

 

Best supplier 
 +  

Minimum involvement  
  

+ 

Compliance with the terms of reference 

  

+ 
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Trainings of technical staff 

  

+ 

Technical support 

 

+ 

 

3) Company group representative 
   

Quantity of attracting investment 

  

+ 

Several convenient suppliers-rivals 

 

+ 

 

Purchasing deadline  
  

+ 

Compliance of the formal requirements 

  

+ 

Law compliance   + 

Deadline 

  

+ 

4) Headquarter representative 
   

Several convenient suppliers-rivals 

 

+ 

 

Purchasing deadline  
  

+ 

Compliance of the formal requirements 

  

+ 

5) Ministry of Education and Science representative 
   

Quantity of attracting investment  
 

+ 

 

Minimum appropriate scientifical base + 

  

Local manufacturer priority 

  

+ 

Compliance of the formal requirements 

  

+ 

Compliance with ministry restriction to allow for suppliers to 

participate in the contracts 

  

+ 

Special accounts compliance  
  

+ 

Cash flow control compliance 

  

+ 

Deadline  
  

+ 



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

79 

PR to target audience 

  

+ 

6) Manufacturer representative 
   

Participation in the contest + 

  

Winning in the tender + 

  

To be allowed 
+ 

  

Creating the terms of reference according to their advantages  + 

  

Compliance with the anti-corruption agreement for all compet-

itors 

  

+ 

Quantity of getting revenues 
+ 

  

Compliance with the anti-corruption agreement for all competitors  
 

+ 

 

Deadline 
+ 

  

Compliance of the formal requirements 
+   

 

Notice: 

¶ Gaps are in italics. 

¶ MPVs of manufacturer representative are not considered further since it depends on 

the current situation and cannot influence it. 

 

4.8 Determination of harmful effects and identification of contradictions. Modeling 
contradictions in the ITB format. 

Further, we consider only gaps, and we try to find a previous solution by brainstorming with an 

expert team. After that, we are determining the second harmful effects to get contradictions.  

Unfortunately, not all previous solutions in this work can be published. In some cells of the 

matrix, intermediate solutions have been removed and replaced with the entry "SOLUTION N 

...". 
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Table 4. List of contradictions. 

 

N IF THEN BUT 

1 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities). 

SOLUTION 1 The negotiation pro-

cess and signing of 

agreements can take 

more than 1 year. 

2 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities). 

Conduct a detailed analysis of 

suppliers from all non-restricted 

countries. 

Conduct a product analysis of ap-

proved vendors to select strong 

solutions (decision revision). 

Identified suppliers 

might not provide the 

required service sup-

port. 

3 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities). 

Conduct a detailed analysis of 

suppliers from all non-restricted 

countries. 

Conduct a product analysis of ap-

proved vendors to select strong 

solutions (decision revision). 

Customer confidence 

in the brand may be 

insufficient. 

4 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities). 

Conduct a detailed analysis of 

suppliers from all non-restricted 

countries. 

Conduct a product analysis of ap-

proved vendors to select strong 

solutions (decision revision). 

Insufficient supplier 

solvency. 

5 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

SOLUTION 5 The target channel 

might be closed down. 

6 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

SOLUTION 6 It is prohibited by a 

law. 
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7 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

SOLUTION 7 The negotiation pro-

cess and signing of 

agreements can take 

more than 1 year. 

8 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

SOLUTION 8 Customer's equipment 

has access restrictions. 

9 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

SOLUTION 9 The risk to lose busi-

ness. 

10 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

Development of devices that 

meet the requirements of a state 

customer. 

The risk not to get the 

goal. 

11 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

Development of devices that 

meet the requirements of a state 

customer. 

Unacceptably long 

process. 

12 Compliance of the state 

program with the custom-

er's capabilities is low 

(compiled by capabilities) 

Development of devices that 

meet the requirements of a state 

customer. 

The available budget 

would be not suffi-

cient. 

13 Compliance with the 

terms of reference is in-

sufficient 

See above 

 

14 é 

  

  

You get the goals of the strategic session after resolving of all contradictions. After doing that 

you must sum up all solutions with the one mind map [8] to analyze them before getting the 

road map. 

 

5 Discussion 

The strategic session is not always held using the technologies described in this article. It hap-

pened that we had to use the system operator [13], flow analysis [4], functional analysis for 
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business systems [15], as well as the concept of ideality and the IFR in order to find innovative 

solutions at the upper level of the problem statement (this option was present in our practice, 

and it worked very successfully). 

Even though the author conducted most of the strategic sessions according to the technology 

presented in these guidelines, as follows from the above paragraph, deviations from it are quite 

common. 

A separate subject should be considered the use of lines of systems development in strategic 

sessions, specially developed for business systems. This tool belongs to TRIZ predictive tools 

and its use for such tasks is self-evident. 

In addition, a promising direction is a synthesis of TRIZ tools with traditional methods of busi-

ness analysis, including methods that are actively used in the IT environment in the conceptual 

design of software products. 

We invite interested specialists to the discussion. 
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Abstract 

Fluorescent markers are widely used to protect banknotes, passports, and other important documents. 

To make these markers visible, they must be illuminated by ultraviolet (UV) radiation, which causes 

special dyes to emit fluorescent light. The patterns and colors of the revealed markers are used to assess 

the authenticity of an object. Because the fluorescence is relatively weak, as compared to daylight and 

office light conditions, the examined object is usually observed in a darkened place. 

Such an explicit approach is inappropriate when the detection must be performed imperceptibly. This 

may be the case for discretely screening people to look for marks on the skin or clothes of an assailant 

left by a pepper gel thrower or discretely screening banknotes to identify those passed as a ransom, etc. 

Because of the hidden nature of such a process, it must be performed unnoticeably, without changing 

the location and appearance of the examined objects. This implies that activation UV beam and emitted 

fluorescent light must not be visible to people witnessing the examination, yet reliable detection of the 

markers must still be performed.  

This conflict has been successfully resolved with TRIZ, resulting in a filed patent application. The main 

idea of the solution is to use a low-intensity time-variable UV light source for illuminating the objects 

and process the objects' images acquired by a camera to detect color changes too small to be noticed 

with a naked eye. Simulation experiments indicated that the markers might be reasonably recognized 

even for the intensity share of the fluorescent light as low as 1% of the ambient light level. 

Keywords: TRIZ, contradiction resolving, ultraviolet, fluorescence, detection, human perception 

1 Introduction 

1.1 Visible light and ultraviolet radiation 

It is stated in the literature, that the range of electromagnetic radiation perceived by humans as 

visible light spans from 400 nm (violet) to 700 nm (red), while some sources specify this range 

as 380÷780 nm. Ultraviolet (UV) is the name of the radiation between the violet end of the 

visible light and the X-rays, which corresponds to the wavelength range from 10 nm to 400 nm. 

Official classification [1] indicates several UV bands, e.g. VUV (Vacuum UV, 10÷200 nm), 
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UVC (100÷280 nm), UVB (280÷315 nm), and UVA (315÷400 nm). Only the longest wave-

lengths of the UV range (approximately 360÷400 nm) are visible to humans as purple, while 

radiation shorter than 280 nm is considered harmful to living organisms [2]. 

When a light beam reaches the surface of an object, it is partly reflected in a specular way (as 

in a mirror) or in a diffuse way (when scattered on a rough surface). If the object is transparent, 

the light is partly refracted and transmitted, with dispersion (as in a prism) if the beam contains 

components of different wavelengths. In a translucent object, the light is scattered on its way 

through the material, resulting in diffuse transmission besides the specular one. The light is also 

partly absorbed by the object, especially if it is opaque [3]. Additional effects may include light 

polarization or diffraction, but we are only interested in reflection, making the object visible, 

and absorption providing energy for fluorescent light emission.  

1.2 The physics of fluorescence 

Fluorescence is a phenomenon of a very short emission of visible light after providing an object 

with additional energy, and this property differentiates fluorescence from phosphorescence, 

which is characterized by much longer light emission (glowing). The fluorescent light appears 

when the electrons return to their ground energy levels from the levels temporarily elevated by 

activating the object with radiative energy. 

A convenient and widely used method of inducing fluorescence is to illuminate an object with 

ultraviolet radiation (which will be further called UV light for simplicity). It is known that the 

energy of radiation is inversely proportional to its wavelength. The wavelength of UV light is 

short enough for pumping up the electrons to higher energy states, which are unstable in a given 

object temperature. Some amount of the acquired energy is immediately returned as fluorescent 

light, and the rest dissipates within the object as heat. 

Due to the energy conservation rule, the wavelength of fluorescent light is longer than the wave-

length of the activating radiation, while the color (spectrum) of the emitted light depends on the 

chemical composition of the activated part of the object. Hence, to use fluorescent light for 

application purposes, the object must be illuminated with radiation of wavelength sufficiently 

short to energize the electrons and intensity sufficiently high to make the emitted light visible 

in given ambient conditions [4]. 

1.3 Detection of fluorescence  

Many minerals and other natural substances manifest specific fluorescence upon energizing 

with UV light, which may be used to support finding and recognizing such substances. Bank-

notes, passports, identification cards, and other documents are protected against forgery with 

markers imprinted with fluorescent dyes, which remain invisible in usual ambient light and may 

only be seen when illuminated with UV light (as it is schematically shown in Fig. 1). 
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Fig. 1. A typical approach to detection of fluorescent markers ï fluorescent light induced  

by UV light is masked by ambient light, and the results may be visible to other people 

Because the fluorescence is relatively weak, as compared to daylight and office light conditions, 

the examined object is usually observed in a darkened place (see Fig. 2). Therefore a typical 

device used for verification of the banknotes comprises a UV light source installed in a case 

forming a shaded niche where a banknote is placed to let the user see and evaluate the markers.  

 

Fig. 2. An improved approach to detection of fluorescent markers ï a shield is used  

to block the ambient light partially, but the results may still be visible to other people 

The common objective of the mentioned applications is to induce fluorescence to visually detect 

and assess certain properties of the expected markers (such as presence, locations, shapes, and 

colors), which in turn indicate authenticity or other specific properties of the marked object. 

Such a scenario is suitable for an explicit examination of objects, and it is used in similar forms 

in airports and other locations where identity documents are checked. Since the markers are 

observed with a naked eye, any person seeing the object illuminated by the UV light has an 

equal chance to see the results of examination (if individual differences in perception between 

people are neglected). 

The explicit approach is inappropriate when the detection must be performed imperceptibly to 

other people, especially the person being examined. This may be the case of a hidden screening 

of people to look for marks on the skin or clothes of an assailant left by a pepper gel thrower or 

hidden screening of banknotes to identify those passed as a ransom or bribe, etc. Because of the 

covert nature of such a process, it must be performed unnoticeably, without changing the loca-

tion and appearance of the examined objects. This implies, in particular, that activation UV 

light and emitted fluorescent light must not be visible to people witnessing the examination.  

object
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bystander

UV light 
source

ambient light 
source

direct ambient light
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reflected UV light +
reflected ambient light

direct UV light
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2 Imperceptible detection of fluorescence in ambient light 

This chapter describes how the problem was analyzed and solved using TRIZ tools. The struc-

ture and operation of the devised system are also presented, while simulation experiments and 

their selected results are described in the next chapter. 

2.1 Function analysis 

The multitude of possible applications of the system is generalized for further considerations 

as the imperceptible detection of fluorescence in ambient light. In some cases, the properties of 

the expected fluorescent markers are known in advance with details (such as for banknotes and 

identity documents), and in other cases, only some general characteristics of the expected mark-

ers are known (as for stains made by a pepper gel thrower). The main function of the system, 

verbalized as to detect fluorescence, is heavily constrained by two requirements: the detection 

must be performed in ambient light, and the detection must be imperceptible to bystanders. 

The systematic approach to function modeling starts with a component model. However, fol-

lowing Fig. 1, we would only have UV light source, object, user, bystander, and ambient light 

source, with the UV light source being the whole system and the remaining items being the 

supersystem components. Therefore the model has been given finer granularity, resulting in the 

decomposition indicated below. 

System components:  

Å UV light source  

Å direct UV light  

Å optical element  

Å power source  

Å switch (power control)  

Å case  

Supersystem components:  

Å user  

Å bystander  

Å ambient light source  

Å direct ambient light  

Å object (with fluorescent mark-

ers)  

Å fluorescent light  

Å reflected UV light  

Å reflected ambient light  

The interactions between the components have been identified for such a decomposition, and 

the developed function model is depicted in Fig. 3. 

Table 1. Descriptions of the functions 

carrier  function object type level comment 

user controls switch useful normal  

power source powers switch useful normal  

switch powers UV light source useful normal  

case holds UV light source useful normal  

case holds optical element useful normal  

case holds power source useful normal  

case holds switch useful normal  

case blocks direct UV light useful normal  

UV light source generates direct UV light useful normal  

optical element shapes direct UV light useful normal  

direct UV light informs user harmful  decreases contrast 

direct UV light informs bystander harmful  reveals detection 

direct UV light illuminates object useful normal  
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object reflects reflected UV light harmful  decreases contrast 

reflected UV light informs user harmful  decreases contrast 

reflected UV light informs bystander harmful  reveals detection 

object generates fluorescent light useful normal  

fluorescent light informs user useful insufficient  

fluorescent light informs bystander harmful   reveals detection 

ambient light source generates direct ambient light useful normal  

direct ambient light informs user useful normal regular seeing 

direct ambient light informs bystander useful normal regular seeing 

direct ambient light illuminates object useful normal regular seeing 

object reflects reflected ambient light useful normal regular seeing 

reflected ambient light informs user useful normal regular seeing 

reflected ambient light informs bystander useful normal regular seeing 

 

Fig. 3. Function model of a marker detector intended for an imperceptible operation in ambient light 

The actual detection of the markers is performed by the user, being a supersystem component. 

Also, the fluorescent light performing the function to inform the user and the object performing 

the function to generate the fluorescent light are supersystem components. The main function 

is to illuminate object with direct UV light so that the object is the target of the system. 

2.2 Formulating the problem 

The stronger the activation light is, the brighter the fluorescent light becomes, which makes 

marker detection easier, but at the same time, it makes it harder to keep the examination unno-

ticeable to the bystanders. Hence, the problem situation may be described with the following 

technical contradiction: 

IF the UV light is strong 

THEN the markers are detected properly 

BUT the detection is perceptible to others 

On the other hand, making the activation light weaker increases the chances for the examination 

to be unnoticeable, but at the same time, it will make detection of markers harder because of 

the lower intensity of the emitted fluorescent light. So the problem situation may also be de-

scribed with another technical contradiction: 

IF the UV light is weak 

THEN the detection is imperceptible to others 
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BUT the markers are not detected properly 

Therefore a system capable of detecting fluorescent markers in ambient lighting imperceptibly 

to other people should provide a solution to the following physical contradiction: 

Å the UV light must be strong to enable detection of the markers, AND 

Å the UV light must be weak to keep the detection imperceptible. 

The detection employs the fluorescent light emitted by the markers, not the UV light itself, and 

neither the UV light nor the fluorescent light may be visible to keep the detection unnoticeable, 

so that the original contradiction may be reformulated to a more generic one: 

Å the optical changes must be visible to enable detection of the markers, AND 

Å the optical changes must not be visible to keep the detection imperceptible. 

Because these requirements refer to different roles, we may apply separation in relation:  

Å the optical changes must be visible to the user to enable detection of the markers, AND 

Å the optical changes must not be visible to the bystander to keep the detection imperceptible. 

2.3 Cause-effect analysis 

To analyze the nature and roots of the problem, the Cause-Effect Chains Analysis (CECA) has 

been performed for two target disadvantages derived from the contradiction mentioned above: 

Å visibility of the optical changes to the user is insufficient,  

Å visibility of the optical changes to the bystander is excessive. 

Due to the paper size limitation, a detailed description of the analysis cannot be presented here, 

so we will only briefly summarize its course and results.  

For the user, we want to increase the visibility of fluorescent light, while the UV light reflected 

by non-fluorescing areas of the object may decrease contrast. For the bystander, we want neither 

fluorescent light nor UV light to be visible, as this would violate the requirement of impercep-

tibility. This characterizes the main parts of the developed CECA diagram depicted in Fig. 4. 

The folders indicate hidden diagram fragments documenting deeper causes, and the expanded 

view of folder 6 is shown in Fig. 5.  

 

Fig. 4. An overview of the CECA diagram 



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

89 

The visibility depends on changes of a visual stimulus in relation to the reference level of the 

stimulus. Furthermore, visual sensations depend on the brightness, contrast, color (determined 

by the contributing wavelengths), and modulation of a light beam as well as the duration of the 

stimulus, and therefore changes in these parameters may increase or decrease the visibility. 

Because the detection must be provided in the existing ambient light conditions, the reference 

level of the stimulus cannot be changed. Amplitude changes (modulation) of fluorescent light 

follow those of the excitation UV beam. The color of the object observed in the ambient light, 

color of emitted fluorescent light, and other optical properties (e.g. reflection characteristics) 

remain beyond control, as they are predetermined or unknown in advance. 

Since the user- and bystander-related parts of the diagram describe the same optical phenomena 

and are significantly similar in structure, they have several common root causes. They are rep-

licated in particular subgraphs for clarity and annotated with suffixes (see Fig. 5). 26 such 

shared causes were identified, triggering 60 effects in total, and the top of this list is as follows: 

Å UV beam modulation is unsuitable - 5B (5 effects), 

Å fluorophore composition is unknown in advance - 4G (4 effects), 

Å fluorophore composition cannot be changed - 4F (4 effects), 

Å UV beam wavelength is unsuitable - 4D (3 effects). 
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Fig. 5. Expanded folder 6 of the CECA diagram (brightness of the fluorescent markers is insufficient) 

Also, a few other root causes seem manageable more than the others (although with a supposed 

increase in system complexity): 

Å distance between the object and the UV light source is unknown in advance - 7D, 

Å location of the object to be illuminated by UV beam is unknown in advance - 7F, 
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Å location of the UV light source is fixed - 7E. 

Concluding, the following key disadvantages have been selected for further consideration as 

the most promising since they appeared at least once in each sub-diagram in the context of 

contradictory demands: 

(1) UV beam modulation is unsuitable, 

(2) UV beam wavelength is unsuitable, 

(3) viewing conditions are unsuitable, 

(4) location of the user is unsuitable, 

(5) location of the bystander is unsuitable, 

(6) amount of the UV light emitted by the source is insufficient, 

(7) amount of the UV light emitted by the source is excessive, 

(8) user's eyes sensitivity to fluorescent light modulation is insufficient, 

(9) bystander's eyes sensitivity to fluorescent light modulation is excessive. 

Finally, these key disadvantages have been transformed into key problems enumerated below. 

The key problems are formulated in such a way that solving any of them would eliminate both 

target disadvantages (numbers in parentheses show mapping onto key disadvantages). 

KP1: How to make the bystander's eyes less sensitive to fluorescent light and UV beam? 

(1, 2, 3, 9) 

KP2: How to make the user's eyes more sensitive to fluorescent light? 

(3, 8) 

KP3: How to make the UV beam to induce fluorescent light visible only to the user? 

(1, 2, 6, 7) 

KP4: How to set up the locations of people to make fluorescent light visible only to the user? 

(3, 4, 5) 

2.4 Developing the solution 

Approaching KP1, we might think about selective attenuation of the UV light and fluorescent 

light on their way to bystander's eyes, being similar to shielding against the ambient light used 

in regular fluorescence detectors (see Fig. 6). Unfortunately, this method appears unusable here 

because we want the process to be literarily invisible to all but the user, who is aware of the 

detection. Therefore we must not perform any additional operations on the examined object or 

the people involved in or witnessing the examination. 

 

Fig. 6. Shielding cannot be used for solving KP1 because we are not allowed to change the procedure 

object
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Because the ambient light, object, and bystanders should not be affected in any way, we may 

switch to KP2 and apply the other way around principle by using weak UV light inducing weak 

fluorescent light with selective enhancements provided to improve users' ability to detect the 

markers as it is shown in Fig. 7. 

 

Fig. 7. Detection may use weak fluorescent light, which is converted to be detectable only by the user 

2.5 System structure and operation 

The solution idea described above may be implemented by illuminating the examined object 

with a low-intensity UV light and then extracting and amplifying imperceptibly small optical 

changes using a camera, image processing system, and an output device signaling the results of 

detection (see Fig. 8). To reliably recognize the fluorescent markers, we need to confirm that 

they are only visible during the excitation and disappear otherwise. Hence the UV beam should 

be variable (e.g. pulse-modulated).  

The processing system monitors the video stream continuously and captures the images ac-

quired by a camera when the object is only illuminated with the ambient light and when it is 

also temporarily illuminated by imperceptibly weak UV light. Such reference images are sub-

tracted pixel-wise, and the differential image carrying extracted information about fluorescent 

markers is amplified and further analyzed. The final results of the image processing are sent to 

the output device, which informs the user. 

 

Fig. 8. Imperceptible detection of fluorescent markers in ambient light ï modulated UV light induces 

fluorescent light too weak to be seen with a naked eye, which is acquired by a camera and extracted  

by an image processing system to inform the user through an output device 

An obvious solution would be to use a display to present the processed image of the object to 

the user, possibly with some additional information. Depending on application requirements, 
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other output devices may be used to provide e.g. sound notification as in some metal detectors, 

with intensity, pitch, and cadence related to the parameters of the fluorescent markers detected 

(and possibly recognized against a pattern collection) by the processing system.  

The modified function model from Fig. 3 is shown in Fig. 9. 

 

Fig. 9. Function diagram of a detector providing imperceptible detection of fluorescent markers in  

the ambient light conditions (with the added camera, image processing system, and output device) 

3 System simulation 

The simulation experiments covered selected aspects of the system operation, including: 

Å image processing with static results demonstrating the influence of the luminescent light on 

the appearance of the objects in the ambient light and visibility of the fluorescent markers, 

Å image processing with dynamic results showing how amplitude and pattern of luminescent 

light modulation change the appearance of the objects in the ambient light, 

Å prototyping the algorithm of selecting images of minimum / maximum average intensities 

located possibly close to each other in a video sequence.  
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Table 2. Selected sample images used in the simulation experiments  

ï ambient light images and respective UV light images (not to scale) 

identity card -  back   

  
driving license -  front   

  
banknote -  front   

  

Image processing experiments were implemented using Adobe Photoshop Elements application 

and pictures of documents and banknotes available on the website of Polish Security Printing 

Works (www.pwpw.pl), as observed in ambient light and UV light. Algorithm prototyping was 

done in Visual Basic for Applications (VBA) using the MS Excel platform. The schemes and 

results of the selected experiments are presented below. 

3.1 The experiments 

The first group of experiments covered sample documents protected with fluorescent markers. 

The illumination with UV light of different relative intensities was first simulated by additively 

mixing the ambient light image with a fluorescent image using weights ranging from 1% to 

100%. Then the original ambient light image was subtracted from the mixed image, and the 

differential image was processed by a histogram correction algorithm providing expansion of 

the dynamic range of the pixel values to obtain optimal contrast, as shown in Fig. 10. 

 

http://www.pwpw.pl/
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Fig. 10. Experimental setup of static simulation using an original image  

(ambient light image) and UV light image on the input 

Because the image processing application recognizes and refuses to load images of banknotes, 

samples of this type have been processed using a simplified version of the above scenario. The 

brightness of the sample UV light images has been decreased in geometrical series by compact-

ing the histogram range by half 7 times, obtaining brightness of 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 

and 1/128 of the input image. Such images were processed by a histogram correction algorithm, 

as in the original scenario (see Fig. 11). Then the same procedure was repeated for the UV light 

images of documents examined before to compare the results. 

 

Fig. 11. Experimental setup of simplified static simulation using only UV light image on the input 

Another group of experiments was aimed at assessing the noticeability of original image 

changes simulating time-variable UV light illumination. The effect of dynamic changes has 

been obtained by stacking the ambient light images of the same object with a gradually in-

creased and decreased share of the UV light image. Several collections of this type have been 

prepared as animated GIF images with different amplitudes (1÷100% of added UV light image), 

different numbers of intermediate levels (0÷8 samples), and different intervals of switching 

between the images (100÷600 ms). Such files were observed in a web browser to evaluate the 

visibility of blinking. The experiments have shown that even changes as big as 40% may be 

difficult to spot if they are sufficiently smooth. 

3.2 Selected results 

The results were qualitatively evaluated by visually assessing the similarity of the revealed 

markers to the UV light image, and average image brightness was also recorded as a synthetic 

characteristic of a whole image. Due to the image processing scheme, the differential images 

are not identical with the weighted UV light images used for mixing (even for the 100% share). 

Nevertheless, the presence, locations, and shapes of the markers may be confirmed even when 

as small amount as 1% of UV light image is added to the original image, and the results obtained 

beyond 5% share are visually identical to those obtained for 100% UV light image added. 
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Table 3. Selected results of image processing simulation for 1%, 10%, and 100%  

of the UV light image colors added to the ambient light image; the average brightness  

of differential image (not shown), and the expanded image is given in the right column 

original ambient light 

image  

average brightness 204,06  

UV light image  

average brightness 42,71  

  
ambient light image addi-

tively mixed with a 

weighted UV light image  

differential image pro-

cessed with a  histogram 

correction algorithm  

 
1% UV -  average bright-

ness 204,15  

 
average brightness 0,12 ­ 

12,17  

 
10% UV -  average bright-

ness 206,05  

  
average brightness 2,03 ­ 

36,30  

 
100% UV -  average bright-

ness 223,85  

  
average brightness 19,80 

­ 34,74  

4 Summary and further work 

The contradiction describing the problem has been formulated and successfully resolved using 

TRIZ tools, resulting in a method and device described in a patent application PL434862 filed 
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to the Patent Office of the Republic of Poland [5]. The main idea of the solution is to use a low-

intensity time-variable UV light source for illuminating the objects and process the objects' 

images acquired by a camera to detect color changes too small to be noticed with a naked eye. 

The underlying algorithms have been prototyped by computer simulation using sample images 

of documents protected with fluorescent markers. The experiments indicated that the markers 

might be reasonably recognized even for the intensity share of the fluorescent light as low as 

1% of the ambient light level. 

In addition to optical changes, the developed solution employs three other inventive principles, 

as it inverts the usual approach by decreasing fluorescence intensity instead of increasing it 

(the other way around), provides a selective enhancement to a weak signal (partial or excessive 

actions), and uses a UV beam of variable intensity to activate the markers (dynamization). 

Expected secondary problems may result from differences between the performed concept sub-

stantiation and requirements of real-life applications. The samples used for simulation differ 

from the marks left by pepper gel in terms of intensity, regularity of shape, and foreseeability 

of location. Moreover, the verification only employed still images, while the system is expected 

to detect markers in video sequences, where object tracking will be necessary. 

Further work will cover developing a software application to be used on smartphones and other 

mobile devices together with a standalone UV lamp. Such configuration requires a more com-

plicated approach than when the processing system controls the UV light source because the 

modulation parameters of the UV beam (in particular the modulation phase) are not known and 

must be deduced from the video stream. For this purpose, spatiotemporal filtering methods may 

supposedly be applied, similar to those used to measure heart rate by analyzing invisible 

changes of skin color caused by blood flow [6]. 
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distance TRIZ-trainer course and the Solving 

Mill software (the example of SAMSUNG) 

 

Nikolay Shpakovsky 

Target Invention, Minsk, Belarus 

 

Abstract 

The use of TRIZ in the innovative activity of a company yields good results both in the patenting dy-

namics and in the quality of the ideas produced. Of great importance is competent introduction of TRIZ 

into the structure of the companyôs innovative subdivisions. This primarily refers to the organization of 

training specialists in solving inventive problems.  

The use of the online TRIZ-trainer system in addition to the traditional forms of study (a series of sem-

inars conducted by a trainer) provides significant advantages. It becomes possible to train the companyôs 

employees in several stages by increasing the training material complexity. 

This learning system has proved good in teaching University students and post-graduates. As a result, 

the value of University graduates in the labor market grows significantly. Production companies are 

provided with specialists already able to solve problems at a patentable level. 

1 TRIZ in Korea 

The worldôs first experience in the wide systemic application of TRIZ [1,2] to the production 

process started in 1998 when LG offered a permanent job to Dmitry Kucheryavy from Minsk. 

The annual number of patent applications filed by LG employees increased almost fivefold in 

the period between 2000 and 2007 (Fig. 1). 

 

 

 

 

 

Fig.1. Patenting dynamics at LG (according to the data of the Gold Fire program) 
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Taking this experience into account, Samsung SDI invited Vasily Lenyashin and Leonid 

Chechurin to work for the company. They showed good results in solving inventive problems 

and in 2000 a decision was taken to invite TRIZ experts to Samsung Advance Institute of Tech-

nology (SAIT). They were Nikolay Khomenko and the author of this article.  

From the very beginning, the SAIT managements wanted to clarify two questions: 

1. Is TRIZ a well-elaborated method of invention or are they just dealing with capable en-

gineers? 

2. How effectively can TRIZ be applied to the process of new product development and to 

solving production problems? 

To get an answer to the first question, they proposed the TRIZ group to solve problems from 

different fields of the companyôs activities. SAIT provides scientific and methodological assis-

tance to all 200 small and big Samsung companies, so the group had to solve problems from 

the field of medicine and microelectronics, the production of plastics and household appliances, 

displays and semiconductors, chemistry and power engineering ï too many to name. Despite 

such a variety of problems, the TRIZ group demonstrated fairly good results. On that basis, the 

SAIT management drew a conclusion that TRIZ was really an effective method which could be 

formalized to transfer the knowledge and skills in inventive problem solving to the companyôs 

specialists. 

The effectiveness of TRIZ was checked by constantly recording the economic effect of the 

TRIZ groupôs work. The conclusions were as follows - in the first two years of work, the SAIT 

TRIZ group brought the company a profit of $92 mln. Of course, one should take into account 

large production volume, but for a group of three, it was a meaningful result. 

TRIZ-based systemic invention began to actively develop on Samsung. Experienced TRIZ spe-

cialists from the former USSR were invited to all major companies of the corporation, systemic 

inventions began to produce significant results. 

 

 

Fig.2. Patenting dynamics at SAMSUNG (according to the data provided by the Gold Fire program) 

The results of that work look very well indeed. The period of active application of TRIZ at 

Samsung lasted from 1999 to 2007. During that time, the number of technical solutions patented 

by Samsung specialists per year grew by 14 times throughout the corporation and by 11 times 

at Samsung Electronics (Fig. 2). A serious base of patented ideas formed the basis for the tech-

nological and innovative breakthrough of the company, which confidently moved to the leading 

position in the world. 
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2 Teaching TRIZ 

The corporation management studied the obtained results of practical application of TRIZ at 

SAIT and Samsung SDI and raised the question of introducing TRIZ as one of the standard 

innovative methods. This implied mass training of employees. 

The profit received by a company from the introduction of systemic TRIZ-based invention can 

be huge if the influence of the following two factors is used to the full extent: the training of 

problem-solving specialists and the efforts by the company's management to organize systemic 

invention. While the training of TRIZ specialists is easy to manage, the organization of systemic 

invention at a company depends entirely on its management. The management must ensure the 

following things: 

¶ motivation of employees for obtaining patentable solutions to problems, 

¶ selection of problems, the solution to which ensures the maximum economic effect for 

the company, 

¶ understanding of the TRIZ-training purpose as the development of problem-solving 

skills and not just obtaining a certificate. 

Training of companyôs employees along with solving real production problems is an important 

stage in the TRIZ implementation. The main problem here as a rule is the lack of time. TRIZ 

training at the initial level requires at least two weeks and the full course takes about two 

months. For this time, it is necessary to free employees from performing their work duties, 

which means an additional cost. 

In addition, the selection of specialists for such seminars is often carried out at random, without 

sufficient consideration of individual features. At the same time, it is not always possible to 

select the employees most suitable for consulting work. Often, the suitability or unsuitability of 

an employee can only be determined on completing a training course, when time and money 

have already been spent. 

The elimination of these problems was considered as a separate managerial task. The fulfilment 

of that task resulted in a program of step-by-step training of the company's personnel, including 

the creation of a permanent TRIZ-group led by one of the company's top managers. 

The introduction of systemic invention at a company occurs at three levels (Fig. 3). 

 

1st level. The dissemination of the methodological knowledge on TRIZ among the compa-

ny's specialists, formation of a community of inventors. The first, initial stage of training can 

be completed by all employees of the company. In this case, students receive the basic 

knowledge of TRIZ and problem-solving skills. At this stage, the student can learn the logic of 

constructing solutions and consolidate it by solving a certain number of educational problems. 

The goal is creating an innovative culture at the company. After completing the first level 

course, the specialist knows about TRIZ, understands its terminology, has an idea of problem-

solving tools and algorithms. In the course of training, the initial skill of solving an inventive 

problem is formed. Experience shows that completing the first level course would be useful for 

30-40 % of the total number of the companyôs employees. 

After the initial straining stage, the most capable employees are selected, who can be recom-

mended for further training at teacher-led seminars. 

The method is distance learning using the TRIZ-trainer computer program, introductory semi-

nars and webinars. 
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Fig. 3. The three-stage scheme for training companyôs specialists to solve problems using TRIZ  

 

2nd level. Training of inventive problem solvers. 

The goal is the training of qualified users of invention techniques capable of finding patentable 

solutions to production problems. The minimum number of trained problem solvers can be 5-

10% of the company's specialists involved in the production technology and organization and 

in the development of new products. 

The method is training seminars based on solving educational and real production problems 

under the guidance of an experienced trainer. At the second stage, the student has an opportunity 

to improve the knowledge gained at the initial stage of training, investigate into the theoretical 

foundations of TRIZ, gain in-depth practice of solving educational and real problems. 

The total duration of such seminars can range from two weeks to a month in blocks of 3-5 days 

with intervals. During the intervals, the students solve companyôs problems on their own under 

the guidance of a trainer. 

 

3rd level. The final stage of training is an internship of employees in solving real problems 

under the guidance of an experienced TRIZ consultant.  

Here the students can gain a deeper understanding of the theoretical foundations of problem 

solving and gain practical skills in identifying problems in a real production situation and solv-

ing them. They can learn the targeted search for information when working with the specialists 

of the customer team, as well as develop skills in assessing and choosing the best solution in a 

particular situation. 

The goal is organizing a group of highly qualified invention specialists who would coordinate 

the work of the company's inventors and solve complex problems given by the companyôs man-

agement. The number of specialists in the companyôs TRIZ group can range from 3 to 7 persons. 

The method is conducting master classes for inventors selected at the second stage of training, 

internship in the course of practical solving of the companyôs problems and training of employ-

ees. 
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3 Peculiar features of inventive problem solving 

Major problems relate to the first-level training. It is especially important to organize such train-

ing during the initial period of TRIZ implementation in order to popularize systemic invention 

at the company and remove the unreasonable fear of tackling an inventive problem. 

The main problem here is usually the lack of time. The initial training course requires 2-3 days 

of studies, which at the company level means a significant loss of working time. Therefore, you 

need to carefully figure out what should be taught to a specialist and how to do it with minimum 

expense. 

First of all, it is necessary to determine what to teach. 

The answer here is simple, but often ignored by TRIZ teachers. It is necessary that the trainee 

not only, and not so much study the theoretical principles of TRIZ, but pay the most serious 

attention to the practical side of the matter. The most important goal is to develop the skill of 

solving an inventive problem. That is, the subject should be called ñHow to solve inventive 

problems using TRIZò. 

To effectively teach problem solving through training, we need a clear problem-solving struc-

ture. Then you can repeat the solution process many times, explaining and fixing the peculiar 

features of performing each action. 

In this regard, the approaches of the General Theory of Strong Thinking (OTSM), developed 

by Nikolai Khomenko [3,4], were attractive. A clearly limited narrowing search space implies 

at the same time some freedom of action within its boundaries (Fig. 3). In addition, OTSM 

comprises actions to be performed when solving a problem in accordance with the classical 

scheme of cognition - ñtransition from a concrete situation to its abstract models; transformation 

of these models; building a specific solutionò, which is more understandable to engineers with 

traditional education. 

Our approach is as follows: to develop the most suitable structure for solving a problem, it is 

advisable to combine OTSM with TRIZ elements. In this case, TRIZ tools have an auxiliary 

function, helping to carry out the steps of the algorithm. This can be done by rigidly setting 

several key points of the solution process, providing for more or less free transitions between 

them (Fig. 4). 

 

Fig. 4. The proposed approach to problem solving 

 



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

103 

This structure was developed by Elena Novitskaya and me on the basis of many yearsô experi-

ence in solving real problems and is illustrated by the "Christmas tree" diagram [5] which has 

now been transformed into the AIPS - the algorithm for correcting problem situations (Fig. 5) 

[6]. 

 

 

 

Fig. 5. The scheme of correcting problem situations (AIPS) 

 

Now it is clear what to teach. The TRIZ-training goal should be developing the skills of practi-

cal solving of inventive problems. The AIPS algorithm is well suited for this purpose. Now we 

need to decide how exactly to train a specialist. 

Most suitable for corporate training is a system that combines online training and seminars 

under the guidance of a teacher - a distance learning course. In such a combined training system, 

basic information and control assignments are presented on electronic media and can be ac-

cessed by the trainee at any time, for example, via the Internet or through the company's corpo-

rate network. In addition, each student can contact a personal tutor-consultant through a com-

puter network. The teacher accepts and evaluates control tasks and can also answer questions 

and help the student perform the actions necessary for solving a problem in the most rational 

way. In this case, personal contact between the student and the teacher is not required. Thus, 

the advantages of two competing training systems are combined. 

Currently, there are many distance learning courses available in TRIZ. However, most of them 

are focused on software-based learning. The purpose of such training is to give the student 

knowledge about the subject being studied. However, in order to teach students to solve in-

ventive problems, it is necessary to give them not only knowledge, but, first of all, skills. 
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Fig. 6. «Spiral» method of training 

 

Therefore, the most appropriate way to teach TRIZ is through training. In this case, the student 

is asked to perform some action, and theoretical knowledge is involved when necessary and to 

the extent necessary. An example would be learning any repetitive activity, such as driving a 

car or airplane. The purpose of the training is to develop the skill of performing actions. Further 

training is aimed at a deeper mastery of the theoretical knowledge necessary to understand the 

meaning underlying the actions performed. 

In this case, the training proceeds as if in a spiral (Fig. 6). 

One turn of this spiral is a solved and carefully analyzed problem. With each turn, the field of 

knowledge about the problem-solving process expands and the student gains practical skills. 

The unfolding spiral is an endless curve, just like the study of TRIZ. After receiving the initial 

skills, the solver is set free to gain new experience. It is a never-ending process, like, for exam-

ple, learning a foreign language. 

This approach dramatically increases the effectiveness of training, but teacher-led trainings are 

time-consuming. 

4 TRIZ-trainer 

We have been elaborating this approach to solving real production problems for many years 

and used it as a basis for developing the "TRIZ-trainer" distance learning system for SAM-

SUNG. The distance course was tested in training the company's specialists and showed good 

results. Target Invention has improved the distance course, its version in Russian is available 

(Fig. 7). 
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Fig. 7. The homepage of TRIZ-trainer 2001 

 

The information offered to the student in TRIZ-trainer is grouped into several functional blocks, 

the main of which are the following: 

1. Problems 

The "Control tasks" block offers the students a set of problems with a possible structure of the 

solving process. The statement of the problem is clarified by animated illustrations. 

2. Analysis of problems 

This block offers a detailed analysis of educational and real production problems built in ac-

cordance with the "Christmas tree" diagram. 

3. Solving procedure 

This part of TRIZ trainer contains the necessary theoretical information about the key points of 

the problem-solving process and transitions between them. In addition, there is a glossary with 

short definitions of the concepts used in TRIZ-trainer, and links to the literature used and rec-

ommended for self-improvement. 

The work with TRIZ-trainer is organized in the following way. 

In the "Problems"  section, the student receives a set of problems for solving and solves them, 

observing the sequence of actions prescribed by the template based of the algorithm for cor-

recting problem situations (AIPS). The produced ideas and problem-solving process itself are 

sent to the teacher through the communication system. The teacher evaluates ideas and, together 

with the student, analyzes the solving progress and points out errors and inaccuracies. 

To better understand how to solve an inventive problem, the students can refer to the ñAnalysis 

of problemsò solved by this method and solve their problems by analogy with the presented 

case studies. 

The Solving Process section explains the problem-solving process in more detail. Here you can 

see the theoretical approaches both to the implementation of each step and to the solution of the 
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problem as a whole, get acquainted with the tool-application examples. In the theoretical section 

of the program, a number of control questions are provided, to which the student must answer 

by choosing the appropriate, in his opinion, answer option. 

For additional explanations of terms and approaches, see the "Glossary"  and recommended 

sources of information from the "List of References" below. 

The texts of the program contain a large number of crosslinks which will connect you to the 

desired section of the theory or glossary. 

Important components of the educational process are webinars conducted by a trainer, as well 

as constant communication between a student and a teacher through the communication section. 

They provide the student with the opportunity to ask any question at any time, including ques-

tions concerning real problems he is working on, and the teacher has the opportunity to assess 

the individual abilities of each student. This structure allows the teacher to simultaneously work 

with a group of students and the student has the opportunity to consult with his teacher at any 

moment. 

 

 

 

Fig. 8. The combined program of TRIZ-trainer and Solving Mill 

Currently, we have developed an extended version of the TRIZ-trainer program. This program 

presents the problem-solving process modified to take into account the experience gained 

through practical consulting and training of specialists. In addition, the solving part has been 

significantly expanded in the program. It forms a separate block and is named Solving Mill. 

TRIZ-trainer and Solving Mill form a modular structure for teaching inventive problem solving 

and supporting the userôs problem-solving process (Fig. 8). The advantage of such a combined 

program is that its blocks can be used both jointly and separately. 

 That is, if our goal is to teach students, then we can only use the TRIZ-trainer program. If, on 

the other hand, we want to focus on solving companyôs real problems, then it is appropriate to 

use the Solving Mill program. Another possibility is the joint application of the two programs. 

In this case, it is possible to organize training of specialists along with practical problem solv-

ing. 
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5 Conclusions 

¶ Teaching the problem-solving basics with the help of the "TRIZ-trainer" distance learn-

ing system is very effective for companies and universities. 

¶ Tuition fee per student is much lower than in case of teacher-led seminars. 

¶ The TRIZ-trainer distance learning program not only gives knowledge of TRIZ, but, 

first of all, teaches to solve problems. 

¶ The "TRIZ-trainer" distance learning system is easily integrated into the traditional 

training structure of company specialists and university students. 

¶ The "TRIZ-Trainer" distance learning system provides methodological unity with the 

inventive problem-solving software Solving Mill, both software can complement each 

other. 
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Abstract 

In 2019, the first set of multiple ISO guidance standards for innovation were released. The ISO 56000 

family offers guidance to product and process organizations for defining, adopting and operating inno-

vation management systems, and establishes a common language for innovation practices. Currently, a 

total of eight ISO innovation standards are in different stages of development, review and publication, 

including standards for intellectual property management, strategic intelligence management, and idea 

management. The release of ISO 56002 (Guidance on Innovation Management Systems) in July of 2019 

is raising questions from industry leaders and startups alike as to how the standard can be adopted, not 

only to shape their innovation management systems, but also combine the guidelines with other man-

agement system standards such as quality management (ISO 9001), environmental management (ISO 

14001), and asset management (ISO 55001). The emergence of ISOôs innovation standards presents a 

unique opportunity for the TRIZ community to provide focused insight and guidance over the next few 

years which could spark a renaissance in the awareness, enablement, and adoption of TRIZ methods 

across many industries. 

ISO Background 

Founded in 1947, the International Organization for Standardization (ISO) is a standards-setting 

body composed of technical and industry leaders representing over 160 countries. The original 

goal of ISO was ensuring that products and services are safe, reliable, and of good quality. For 

decades, ISO published standards mostly related to manufacturing and units of measure. In 

1987, ISO published its first quality management standard (ISO 9001) which has become one 

of the most recognized and widely adopted standards today. The environmental standard, ISO 

14001 followed a few years later in 1996. Since then, ISO branched out into many fields in-

cluding information security, social responsibility, energy management, and even corporate in-

tegrity. 

ISO 56000 Overview 

The ISO 56000 series is a family of standards for Innovation Management, with a goal of 

providing guidance to organizations on how to structure and manage innovation (and related 

activities) with consistent processes, programs, and metrics. The standards provide baselines 
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for innovation management as a discipline, which can be easily integrated with widely adopted 

management system standards, including ISO 9001. The approach to innovation management 

taken by the ISO 56000 family is a systems approach, which considers numerous interrelated 

elements that influence each other in the way innovation is managed. The standards are de-

signed to support innovation in organizations of any size, and drive benefits across the organi-

zation, its markets and establish a sustainable innovation culture. 

At the time of writing this paper, the ISO 56000 family contained or was developing the fol-

lowing standards: 

Å ISO 56000: Innovation management ï Fundamentals and vocabulary (Published 

in 2020) 

Å ISO 56002: Innovation management ï Innovation management system ï Guid-

ance (Published in 2019) 

Å ISO 56003: Innovation management ï Tools and methods for innovation part-

nership ï Guidance (Published in 2019) 

Å ISO 56004: Innovation management ï Assessment ï Guidance (Published in 

2019) 

Å ISO 56005: Innovation management ï Tools and methods for Intellectual Prop-

erty management ï Guidance (Under development) 

Å ISO 56006: Innovation management ï Tools and methods for strategic intelli-

gence management ï Guidance (Under development) 

Å ISO 56007: Innovation management ï Idea management (Under development) 

Å ISO 56008: Innovation management ï Tools and methods for innovation oper-

ation measurements (Under development) 

Å ISO/WD TS 56010: Innovation management ï Illustrative examples of ISO 

56000 (Under development) 

 

As of September of 2020, four of the ISO 56000 standards listed above have been published, 

and four others are at various stages of development. An additional standard (ISO 56010) is in 

the early working draft / technical specification phase. 

One standard in the ISO 56000 family establishes a foundation from which the other standards 

are built. The ISO 56000 standard (Fundamentals and vocabulary) helps organizations use a 

common terminology for innovation management and enables consistency in communications 

about innovation processes and outcomes. The standard provides a universal vocabulary, fun-

damental concepts and principles of innovation management that enable organizations to share 

their innovation activities in a credible and consistent manner. ISO 56000 is referenced by other 

standards in this family. Any organization that is looking to adopt one or more of the ISO In-

novation Management standards should consider adopting the ISO 56000 standard as a starting 

point for communicating innovation concepts, practices, and activities. 

The TRIZ practitioner has much to gain by reviewing the scope and content of the ISO 56000 

standard. Within the standard are fundamental concepts which align to some of the key benefits 

of TRIZ methods, practices and use cases. In one specific example, section 4.2.5 of the standard 

outlines reasons an organization would want to adopt practices of innovation management. 

These reasons include [1]: 

Å ensuring the alignment of innovation activities and initiatives with the strategic 

direction of the organization, including resource allocation, indicators, and fol-

low-up 

Å ensuring that the innovation strategy and objectives are flexible and adaptable to 

the evolution of promising opportunity areas and innovations 
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Å managing the trade-off between optimization of performance and exploration of 

new opportunities in the organization 

Å fostering a culture supporting innovation activities and creating the appropriate 

conditions to innovate effectively, including securing resources 

Å removing barriers for innovation initiatives and innovators, e.g. implement pro-

cesses and provide support to enable innovation activities in the organization 

Å ensuring that innovation activities are based on an understanding of stated or 

unstated needs and expectations 

The TRIZ practitioner should recognize several alignments of TRIZ methods and use cases that 

align to the value drivers outlined in this section of the standard. For example, ñEnsuring that 

the innovation strategy and objectives are flexible and adaptable to the evolution of promising 

opportunity areasò speaks directly to consideration of TRIZ patterns of evolution. As part the 

adoption of some or all of the ISO 56000 family of standards (notable, and as weôll discuss, 

ISO 56002), the TRIZ practitioner is right to ask themselves questions which include [2], ñWhat 

does increased ideality look like for an organization adopting these standards? What are patterns 

of increasing adoption complexity that could be simplified? What adoption elements have 

matching or mismatched characteristics? Are there modes of adoption that require less human 

involvement?ò. 

The ISO 56000 family is not prescriptive. Instead, it sets guidelines by which an organization 

can incorporate and build their own unique practices that help them achieve standardized inno-

vation goals and parameterized assets. The alignment of TRIZ to concepts, drivers and innova-

tion management use cases described in these standards is significant and presents opportunities 

for TRIZ practitioners to (re)introduce TRIZ to organizations in a way that is consistent and 

repeatable across organizations and industries. Among the currently published standards in the 

ISO 56000 family, ISO 56002 presents the largest opportunity for TRIZ practitioners to have 

meaningful discussions and repeatable, measurable impacts with their clients. 

ISO 56002  

One of the more recent standards in the ISO 56000 family to be published (again, as of the time 

of the writing of this paper) is ISO 56002 (Innovation management system), and is by far, one 

of the more comprehensive of the published standards in this track to date. The ISO 56002 

guidance standard covers many aspects of innovation management, from ideation through val-

idation (and the culture that sustains the innovation process), commercialization, and protection 

of a resulting intellectual property 

asset in one or more markets. The standard introduces a key driver and justification for all 

organizations (of any size) to consider implementing an innovation management system: 

An innovation management system guides the organization to determine its innovation 

vision, strategy, policy, and objectives, and to establish the support and processes 

needed to achieve the intended outcomes.ò [3] 

It is reasonable to assume that audience of this paper would tacitly or explicitly know and agree with 

the benefits of adopting an innovation management system (and certainly, ISO 56002 gives an exhaus-

tive list). What is of key importance in the introduction of this standard are eight principles which drive 

the foundations of an innovation management system. The eight principles are considered to be an open 

set to be integrated and adapted within an organization. The eight principles, as listed in the standard, 

are:  

a) realization of value  

b) future-focused leaders  



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

111 

c) strategic direction  

d) culture  

e) exploiting insights  

f) managing uncertainty  

g) adaptability  

h) systems approach  

 

The TRIZ practitioner should recognize that the methods and tools of TRIZ can align to many, 

if not all of these principles (some more directly than others). It is an important consideration 

when discussing the value of TRIZ methods with an organization. It is often too easy to focus 

a TRIZ discussion on the capabilities of TRIZ methods or tools, instead of the business value 

that TRIZ can help an organization realize. The principles and guidelines in ISO 56002 will be 

carefully studied and adopted by many organizations in the coming years. Aligning the benefits 

and value proposition of different aspects of TRIZ to different parts of the standard will enable 

TRIZ practitioners to more effectively drive adoption of TRIZ within a standard context (which 

is focused on sustainable value creation and delivery). 

ISO 56002 and TRIZ Adoption 

This paper has already presented some initial observations of where TRIZ and the ISO 56000 

series has intersections. Ultimately, it is advisable that each TRIZ practitioner should review 

one or more of the standards to determine the best areas of intersection for their own practice. 

ISO 56002 provides a comprehensive set of guidelines for the scope, establishment, culture, 

operation, leadership roles and objectives of an innovation management system. Within the ISO 

56002 standard, there are a number of guideline sections which are highly aligned to the bene-

fits, methods, tools and practices of TRIZ. The following list presents a tiny sampling of these 

sections with recommendations for how TRIZ practitioners might align and help foster not only 

the adoption of TRIZ, but also the adoption of the ISO 56002 standard (as well as the ISO 56000 

family). 

1. Section 4.1.1(b): ñThe organization should regularly determine areas of opportunity 

for potential value realization.ò 

 TRIZ practitioners often lead teams or workshops that focus on discovering the most 

valuable problems to solve as a preamble to helping teams identify and validate con-

cepts. As part of a regularly scheduled event within an organization to identify areas of 

value creation, TRIZ offers benefits that help fulfill this guideline.  

 

2. Section 4.1.2(f): ñThe organization should regularly scan and analyze the external con-

text, considering issues related to the potential opportunities and threats, also those that 

might result from disruptions.ò 

 Organizations that create products, processes or other forms of intellectual asset value 

need to be aware of whatôs coming, and have an ability to project what might be coming, 

independent of documented insights. TRIZ practitioners are well-aware of the power 

and value of S-curve analysis, and of methods that examine how technologies and solu-

tions might evolve. Organizations that adopt ISO 56002 are going to commit to re-

sources (and roles) that require this kind of forethought and analysis. TRIZ practitioners 

have a particularly strong conversation point within this guideline and should consider 



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

112 

asking organizations how they currently track and project future solutions and disrup-

tions to their value streams.  

3. Section 5.1.2(a): ñTop management should demonstrate leadership and commitment 

with respect to value realization by allowing for conceptualization, experimentation, 

and prototyping, involving users, customers, and other interested parties to test hypoth-

eses and validate assumptions.ò  

An organization that adopts ISO 56002 will be committing to principles that will be 

embraced by leadership roles as well as subject matter experts. The standard maps out 

significant guidelines for leaders in terms of fostering, developing, and maintaining an 

innovation culture that is a critical part of an effective innovation management system. 

The TRIZ practitioner has every reason to have conversations with top management 

about their current methods for creating new ideas, solutions and how they are validated 

(as well as considerations such as freedom to operate). TRIZ offers unique and powerful 

ideation methods and systematic approaches to problem-solving. Top management that 

is investing in the adoption of the ISO 56000 family should be very receptive to discus-

sions that provide practical, prescriptive means for meeting the guidelines set forth in 

the standards. This is a unique opportunity for TRIZ practitioners to drive high-value, 

high-impact conversations across organizations and industries that proposes the adop-

tion of TRIZ methods as key components of meeting ISO 56000 series guidelines. 

4. Section 7.6(b): ñThe organization should consider creating awareness of, ensuring ac-

cess to, and providing training for, the available (innovation) tools and methods.ò  

Section 7.6 of the ISO 56002 standard focuses on the tools and methods that necessary 

for the development, maintenance and continuous improvement of an innovation man-

agement system. Tools and methods can focus on ideation, scenario planning, idea man-

agement, design strategies, business model templates and many other topics related to 

managing innovation. The form and formats of such tools and methods can include (and 

are not limited to) guides, presentations, software, presentations, and live services. Sec-

tion 7.6 of the ISO 56002 is perhaps the easiest point of entry for a TRIZ practitioner to 

start a conversation with an organization regarding the adoption of TRIZ tools and meth-

ods as part of an ISO 56000 adoption strategy. Combined with other alignments to the 

ISO 56002 standard and the ISO 56000 family, the TRIZ practitioner can create tailored 

and effective roadmaps to help organizations achieve ISO 56000 adoption through the 

adoption of TRIZ methods and tools.  
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Recommendations 

The ISO 56000 family of standards is a framework designed to address high-degrees of varia-

tions in communication, uncertainties and processes for managing innovation that have existed 

for decades. The current publication roadmap and schedule for the standards track comes at a 

time when demand for innovation initiatives will grow exponentially in the coming years. As 

an innovation method and platform, TRIZ has been minimally adopted by small teams in com-

panies and institutions of various sizes for years. TRIZ is often considered a ñnicheò discipline, 

and without dedicated sponsorship, is rarely adopted as a sustainable program by even the larg-

est of organizations. The awareness by governments and industry of the ISO 56000 family is 

growing, and is raising questions by organizations as how to best adopt the standards. It is 

recommended that TRIZ practitioners become aware and well-versed in the ISO 56000 family, 

and keep a watchful eye on the continuing development and upcoming releases of additional 

standards in this track. It is also recommended that TRIZ organizations work with their mem-

berships to develop alignment strategies of TRIZ methods to the ISO 56000 family, and create 

materials and services promoting the adoption of the ISO 56000 family through leveraging of 

TRIZ tools, methods and insights. 

By aligning the business value proposed by the ISO 56000 family with TRIZ, the TRIZ com-

munity has a unique opportunity over the next few years to significant increase mindshare and 

adoption of TRIZ tools and methods in the name of driving value through the adoption of in-

novation management standards. 
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Abstract 

In the early 1990s, first attempts were made to examine if a systematic approach used in TRIZ can be 

used beyond engineering: in particular, to assist supporting solving innovative problems and challenges 

within the areas of business and management. The experience gained since helps with drawing conclu-

sions regarding the applicability of the approach as well as which parts of TRIZ can be directly used in 

the areas of business and management; which parts cannot be used or must be adapted; and what new 

knowledge is needed. The paper summarizes state-of-the-art of modern TRIZ tools for different types 

of innovative projects in business and management. 

Keywords: TRIZ, Business Innovation, Innovation Training 

 

1 Introduction 

For a long time, engineering innovation has been among the most important factors driving the 

progress of human civilization. Today it is obvious that business innovation is not less important 

to successfully compete and becomes the necessity. Modern business environment is extremely 

dynamic and fast, information technology and global networking eliminate borders, which used 

to keep businesses in their comfort zones, the market continuously demands better services, 

competition even between small companies moves to a global scale.  

At the same time there was no solid and proven method that would support business innovation. 

In search for a solution, more and more businesspeople turn their attention to TRIZ. While 

TRIZ nowadays is primarily known and used in technology and engineering, applications of 

TRIZ in business and management areas have been practically unknown. It should not be sur-

prising: TRIZ was created by engineers for engineers. The vast majority of TRIZ professionals 

work in the areas of engineering rather than business due to historic reasons.  

In addition, most of TRIZ experts working in the technology areas are vaguely familiar with 

specifics of business environments. It became obvious that a separate version TRIZ for Busi-

ness and Management was needed.  
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Relatively recently, TRIZ developers started to expand application of TRIZ to business and 

management areas [1, 2, 3, 4, 5, 6].  

The results appeared to be rather encouraging: a number of seemingly unsolvable business and 

management problems were solved quite effectively and efficiently. Such situation triggered 

further development of TRIZ for Business and Management, which has been actively evolving 

during recent years. A major step in further promotion of ñBusiness TRIZò was made by intro-

duction of Darrell Mannôs book ñHands-On Systematic Innovation for Business and Manage-

mentò [7] in 2004. It triggered performing further experiments by business professionals in 

academia and industry. 

In contrast to engineering innovation which occurs either in a technical product or in a manu-

facturing or a production process, innovative solutions in business and management have a 

broader scope and can occur at different places of a specific business ecosystem (Fig. 1). Red 

spots in the figure demonstrate where such innovations can usually take place.  

Note that sometimes, to achieve improvement of collaborative efforts within the value network, 

innovation of a business system of a supplier can be demanded. 

 

 
 

Fig 1. Red spots mark places where business and management innovation can take place. 

 

As we all know, modern TRIZ is based on the assumption that all technical systems evolve 

according to certain regularities. Once we know these regularities, we are capable of predicting 

future evolution of systems and considerably lower the risks when choosing the direction of 

innovative changes. This assumption is based on the basic model of a technical system proposed 

in the early times of developing TRIZ by the author of TRIZ G. Altshuller (Fig 2). 

It becomes obvious that the same assumption ï evolution of applies to business systems, but 

with its own regularities. To unify business systems and to extract the patterns of evolution of 

business systems, a TRIZ-based model of a business system was suggested (Fig 3) [8]. Cur-

rently such a model is considered as fundamental and is used as a basic during the development 

of different TRIZ tools for business and management. 
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Fig. 2. Models or a Technical System in TRIZ 

   
 

Fig. 3. Model of a Business System in TRIZ 

 

A business system is a model of an organization which converts some input to a certain output 

by adding value.  As seen, a model of a business systems resembles a technical system although 

includes different parts. Nevertheless, a conceptual similarity at a functional level helps to es-

tablish analogies and conduct many parallels. First of all, both technical and business systems 

are utilitarian systems, which are created artificially to satisfy some human goals and meet 

certain demands.  

However, numerous attempts in the past to directly apply technical TRIZ to create business 

innovations or solve business problems mostly failed.  

One of the reasons is a cognitive bias. When we explain TRIZ principles with the help of tech-

nical examples, non-technical people will understand the examples, but they will hardly connect 

it with their own area of competence and therefore will not capture these principles and incor-

porate them to their own practice. 

To solve this problem, during a number of years, studies were conducted to understand which 

and how some parts of TRIZ can be adapted to business language and business tasks.  

As a result, it was proposed to distinguish a different direction within TRIZ for systematic ap-

plications of TRIZ principles for business innovation, which is today known as ñBusiness 

TRIZò.  



Proceedings of the MATRIZ International Conference TRIZfest-2021: September 15-18, 2021 

 

117 

 

2 Modern Business TRIZ 

Modern Business TRIZ is a result of 20 years of adaptations and developments. Its tools are 

smilar to the tools of technical TRIZ, including classical ones. They are structured to the cur-

rucila accordingly three large areas of competence (Fig. 3): 

1. Tools for solving specific stand-alone problems.  

2. Tools for analysing systems and processes, and extracting and ranking of problems. 

Disruptive innovations and process/systems cost cutting. 

3. Tools for future forecast, breakthrough innovations, and antcipating failures. 

 

 
 

Figure 3. Three levels represent the current structure of Business TRIZ 

 

Table 1 shows tools which are included to a modern training program for Business TRIZ. 

Similar to MATRIZ curricula for technical TRIZ, it consists of three competence levels.  

Table 1. Tools of Business TRIZ in the current Business TRIZ Curricula 

 
Today, these levels of competence are implemented in a training and certification program de-

veloped by the International Business TRIZ Association (IBTA) [9]. 
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Currently, the following three groups of tools are in the program: 

 

1. Tools of classical TRIZ which remained unchanged. 

2. Adapted tools: classical and modern tools of technical TRIZ which were incorporated 

to Business TRIZ but underwent slight or serious adaptations. 

3. New tools which were developed for Business TRIZ.  

2.1 Adapted Tools 

As mentioned above, adapted tools represent the largest group of TRIZ tools. They are listed in 

Table 2. 

Table 2. Adapted tools of TRIZ 

 
 

To illustrate the changes, let us take a look at two most known problem solving tools of TRIZ: 

40 Inventive Principles and 76 Standard Inventive Solutions.  

In particular, a modified version of the most famous TRIZ tools - 40 Inventive Principles for 

eliminating technical contradictions, contains the following changes:  

¶ Partly changed the content of each principle to adapt it to business terminology. 

¶ Completely changed contents of Inventive Principles 8, 9, 12, 14, 18, 19, 28, 29, 30, 

31, 36, 37, 38 

¶ Changed the titles of Inventive Principles 12, 14, 18, 28, 29, 30, 31, 32, 36, 37, 38. 

¶ In each principle were changed the quantity of subprinciples, and currently the system 

includes of 192 recommendations. 

 

An example of an updated inventive principle #12 is shown in Fig. 5. 
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Fig. 5. An Inventive Principle for Business and Management. 

Similarly, the new matrix of contradiction elimination for business and management is available 

and consists of 45 business parameters [10].  

The same applies to what is known as ñStandard Inventive Solutionsò. A classical TRIZ System 

of Standard Inventive Solution is based on a so-called ñsu-fieldò (substance-field) analysis and 

consists of 76 standard solutions. Although the approach can be effectively used for solving 

business and management problems, using the word ñsubstanceò would be obscure. Therefore 

a model was changed: rather that ñsubstance-fieldò, an ñobject-fieldò analysis is used. 

Examples of two modified and adapted Standard Inventive Solutions for business and Manage-

ment are shown in Fig. 6. 
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Fig 6. Two examples of Standard Inventive Solutions for Business TRIZ. 

In addition, the inventive standards are grouped differently than in technical TRIZ. While in 

technical TRIZ they are grouped according the line of evolution of technical systems, in Busi-

ness TRIZ, standard inventive solutions are grouped according to the type of problems they 

solve. In total, there are 5 groups of problems [11] (Fig. 7). 
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Fig 7. Current structure of a System of Inventive Standards 

2.2 New Tools 

In addition, new tools for Business TRIZ were developed. Some of them appear to be univer-

sal and can be applied to both technical and Business TRIZ [11]. They are listed in Table 3.  

 

 

 


