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Abstract 

The production rate growing rapidly as the high demand of the product keeps 

increasing in the manufacturing industry. However, these can contribute to the 

inefficiency, low-quality product and limitation of the design product with time-

consuming delivering the performance and requirement to the customers. The 

objective of this paper is to develop the integrated Analytic Network Process 

(ANP) and Theory of Inventive Problem Solving (TRIZ) in the Conceptual 

Design Selection. ANP and TRIZ were represented as a multi-criteria decision 

making and an inventive problem solving respectively to perform a new 

integrated framework by considering the product requirements and the 

contradiction problems simultaneously. A case study of a manual wheelchair in 

selecting the best design concept was conducted. The result shows design concept 

1 was selected as the best design concept with the highest value of 0.304 (30.4%). 

From the case study conducted, the application of integrated TRIZ and ANP was 

verified and the best design concept of a wheelchair was determined.  

Keywords: ANP, Design selection, TRIZ, Wheelchair. 
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1. Introduction 

Recent advances in multi-criteria decision-making method had reached a higher 

demand in the manufacturing industry. In designing concept, the conceptual stage 

had to deal with the design selection method based on the current product design. 

This research focuses on the design selection of a product to produce the best 

quality design. Due to determining, the right selection is very crucial and important 

at the conceptual design stage; the Analytic Network Process (ANP) was selected 

as the decision-making method in this study. ANP was introduced by Saaty [1], 

which an enhancement of Analytic Hierarchy Process (AHP). The method includes 

the judgement of the criteria selected that would generate value of weight priorities. 

However, before selecting and determining the best design concept, there are 

several issues needed to be solved in the market demand. In order to solve the 

issues, one of the problem-solving tools can be employed is the Theory of Inventive 

Problem Solving (TRIZ).TRIZ was invented by Genrich Altshuller and introduced 

inventive principle solutions based on 200,000 patents. The solutions consist of          

40 inventive principles, determined by 39 system parameter in the contradiction 

matrix [2]. The integrated ANP and TRIZ approach was proposed and discussed in 

the paper to determine the best design at the conceptual design stage. 

The scope of this project devoted the highest demand in manufacturing 

industries, which is medical equipment in the medical field. The medical centre 

required medical equipment supplies each day to do treatment on a patient. A 

visit has taken place at the rehabilitation department, Serdang Hospital. During 

the visit, wheelchair as the highest demand for medical equipment in an average 

of two cases a day. Mostly focused on a manual wheelchair by considering 

injuries of a patient and the patients often faced a problem in determining the 

suitable wheelchair that fit their usage. This has led to the inaccuracy in selecting 

the manual wheelchair, causing their injuries not to be treated well or else raises 

other issues to its users. Therefore, the proposed integrated ANP and TRIZ was 

verified by conducting a case of determining the best design of manual 

wheelchair at the conceptual design stage. 

2. Literature Review 

Conceptual design is considered as the most creative, complicated and difficult 

stage in the product development, which implies that designers need broad cross-

disciplinary knowledge, complex technical support and sound design theory to 

acquire design concepts [3]. Mansor et al. [4] and Li et al. [5] described that the 

conceptual design is one of the most pivotal stages where the conceivable solution 

is produced to fulfil the required design of the product in the early development.  

Chen et al. [6] proposed a knowledge-based framework for the creative 

conceptual design of multi-disciplinary systems through reusing and combining 

known principle solution in different disciplines. Becattini et al. [7] established the 

original model and a dialogue-based software application, which developed by 

integrated of the logic of ARIZ with some OTSM-TRIZ models to guide over the 

analysis of inventive solutions.  

In some cases, the utilization of design optimization tools is proposed for 

identifying the physical contradictions implicit in a mechanical system such as the 

generalized issue model based on the traditional TRIZ theory and TRIZ general 



2718       Hambali A. and Amira Farhana M. T. 

 
 
Journal of Engineering Science and Technology     September 2018, Vol. 13(9) 

 

solutions that turned in new optimization issues to apply a novel solution [8]. 

Inventive problem solving using TRIZ should be efficient that it ought to solve 

problems, which are stagnant and ought to have the capacity to use the newly 

discovered technique [9]. Vries et al. [10] explained that creating a framework for 

encouraging the use of TRIZ in analysing and tackling mono- and co-disciplinary 

design problems of electromechanical products in the Netherlands. 

Shih and Chen [11] have set up a conceptual design of a future mobile or 

portable healthcare devices using the Quality Function Development (QFD) with 

the (ANP) and the Theory of Inventive Problem Solving (TRIZ). Saaty [1] 

describes that ANP act as an essential phase in decision making, neglected so far 

because of the hierarchical structures used in traditional methods and their inability 

to deal with feedback in order to choose options not simply based on attributes and 

criteria, but also according to their outcomes both positive and negative-an essential 

and so far a missing consideration in decision making.  

Design selection in the automotive field required the best design tools to create 

the excellent part of automotive systems. Mansor et al. [12] proposed AHP method 

in the selection of the most suitable natural fibre to be hybridized with glass fibre 

reinforced polymer composites for the design of a passenger vehicle centre lever 

parking brake component. Nepal et al. [13] presented a fuzzy set theory based 

Analytic Hierarchy Process (fuzzy-AHP) framework for prioritizing customer 

satisfaction attributes in target planning for automotive product development. Yang 

et al. [14] proposed a comprehensive list of criteria for material evaluation relevant 

to automotive remanufacturing has been developed to make automotive 

components more remanufacturable by improving the materials selection process 

during the early design stage using Fuzzy TOPSIS as an evaluation of the 

performance of the candidate materials based on the proposed criteria.  

Keramati et al. [15] proposed the cost factor for supplier selection, which was 

considered through the integrated QFD-ANP methodology, which classified 

criteria into two categories customer needs and engineering requirements. Rosli et 

al. [16] intended to enhance the “Theory of Inventive Problem Solving” TRIZ 

methodology by integrating with the Multi-Criteria Decision Making (MCDM) 

tool; Analytical Hierarchy Process (AHP), which acts as a support tool to assist the 

TRIZ experts or design engineers. Azroy et al. [17] proposed the integrated of 

Failure Mode and Effect Critical Analysis (FMECA) and AHP approach to reduce 

the thriftless of time and costs, labour during the packaging process by identifying 

the failure of the current process and select a new concept for the packaging process 

of automotive stamping part.  

By replacing hierarchies with networks, ANP has generally utilized in multi-

criteria decision-making tool, which is the AHP [18]. The ANP is put together with 

the fuzzy approach to prevent any uncertainties with its conventional in conceptual 

design alternative selection in a new product development environment to achieve 

most fulfilling needs and expectations of the customers as their opinion will always 

be differing with engineering specification of Original Equipment Manufacturers 

(OEM) [19, 20].  

From various integrated methods discussed as mentioned earlier, there is no 

research work carried out by previous researchers on the simultaneous integration 

of ANP and TRIZ has found in the literature review. The purpose of this paper is 

to develop an integrated framework of the Analytic Network Process (ANP) and 
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Theory of Inventive Problem Solving (TRIZ) for determining the best design 

during the design selection process at the conceptual. 

3. Methodology 

The proposed method is a design selection in the conceptual design stage based on 

the approach of multi decision-making ANP and problem-solving TRIZ tool. The 

shortcomings of ANP and the TRIZ method were explored and the current 

integration of both methods was identified. These materialize the elements that 

need to be enhanced to integrate ANP and TRIZ method simultaneously. The whole 

system is called as an integrated framework based on the tools used.  

3.1. Analytical network process 

The use of the ANP is not only limited to itself but also can be integrated with other 

tools, which enhance the ANP approach to create a new integrated tool resulting in 

an excellent quality outcome. There are 4 major steps in ANP, firstly model 

construction and problem structuring, secondly is a pairwise comparison matrix 

and priority vectors thirdly is supermatrix formation and lastly is the selection of 

the best alternatives [1, 21]. In the pairwise comparison, the judgements often 

expressed numerically using the scale for pairwise comparison and a corresponding 

number is associated with the criteria judgements. The scale for pairwise 

comparison is shown in Table 1. 

Table 1. Scale for pairwise comparison [22]. 

Relative 

intensity 
Definition Explanation 

1 Equal value Two requirements of equal value 

3 Slightly more value 
Experience slightly favouring one requirement 

over another 

5 
Essential or strong 
value 

Experience strongly favouring one requirement 
over another 

7 Very strong value 
A requirement is strongly favoured and its 

dominance is demonstrated in practice 

9 Extreme value 
The evidence favouring one over another is of the 

highest possible order off affirmation 

2, 4, 6, 8 

Intermediate values 
between two adjacent 

judgements 

When compromise is needed 

Reciprocal 
Reciprocals for  
inverse comparison 

 

3.2. Theory of inventive principle 

The ANP steps are integrated with the steps from TRIZ to form a new selection 

process. The specific TRIZ way of problem-solving works towards resolving 

contradictions or conflicts while offering an inventive solution as shown in Fig. 1. 

Figure 2 shows the typical problem-solving process. A common type of problem-

solving obtained from brainstorming in the form of a general solution and specific 

solution. However, this may cause human errors, time consuming and 

ineffectiveness, and raises another issue. Besides, there was no verification of the 

efficiency of the problem solutions. Therefore, TRIZ was invented to obviate the 

limitation and inaccuracy of solutions to the problem. 
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Fig. 1. TRIZ way of problem-solving. 

 

Fig. 2. Typical problem-solving process flow. 

There are application of the model of problem in certain cases, for instance, 

finding the front bumper that consists of criteria of price, functional and aesthetic 

value. The criteria would be the model of problem in the case. To generate the 

bumper with complete criteria, AHP was used hierarchically to select the concept 

bumper design using the given criteria as a tool to solve the problem. Therefore, 

the model of the solution is the best concept design bumper.  

TRIZ presents hierarchically system innovation to resolve the problems with 

specific solutions. However, the original problem is commonly at a high level and 

does not really provide enough details to solve the problem. Therefore, TRIZ 

provides the flow steps mainly for a problem, which has a contradiction that can be 

modelled in the form of a function whereby a useful function may give rise to 

ineffective, redundant or noxious functions. In this paper, the development of a 
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model of the problem can be narrowed down using engineering contradiction to 

two characteristics or parameters as improving and worsens parameters. TRIZ 

problem-solving map is illustrated as shown in Fig. 3. 

 

Fig. 3. TRIZ problem-solving map. 

4. Integration of ANP and TRIZ 

The traditional TRIZ and control ANP works together to form a new integrated 

method to accurately select the best design at the conceptual stage for the 

wheelchair. The data collected from the survey were converted to be analysed using 

the new integrated framework. Figure 4 shows the new integrated framework of 

ANP and the TRIZ method. The result is predicted to be the best alternatives with 

the highest value among the designs. 

4.1. Integrated framework of ANP and TRIZ 

The integrated framework of ANP and TRIZ generated from the limitation of each 

method in order to emphasize appropriate results. Specific problem mostly 

generated from current issues occurred. The identification of root cause problem 

was carried out. The definition of the goal was set up and a control network was 

developed. In this research, the ANP method using super decision software 

illustrated feedback control network between criteria and alternatives.  
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Fig. 4. Integrated of ANP and TRIZ framework. 

Super decision software is decision-making software that applied AHP and 

ANP techniques, which are the most potent synthesis methodologies for merging 

judgments and data to effectively rank options and predict results. A data 

interpreted to categorize the criteria required in order to solve the problem. Thus, 

from the criteria, the system parameter was performed and map into 39 system 

parameter to obtain worsening and improving parameter. Thus, the parameter was 

applied in contradiction matrix to produce inventive principle solutions.  

However, the suggested inventive solutions may consist of more than 1 solution 

that would lead to reviewing each of the inventive solutions. There were cases that 

inventive solutions were not compatible with the problem and some cases might 

have zero solution, which manually reviewing the solutions that fit with the issues. 

Therefore, the solutions invented few design concept based on the suggested 

inventive solution. 

Each of the criteria would be evaluated according to its superiority in the design 

concept. The process of evaluating would be known as a pairwise comparison 

matrix, which using the scale for pairwise comparison judgement as shown in Table 

1. The pairwise comparison matrix generates inconsistency ratio value, which must 
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be less than 0.1. However, if the value of the inconsistency was more than 0.1, then 

the re-observation is necessary.  

Using super decision software, unweighted supermatrix and cluster matrix were 

generated. Note that the unweighted supermatrix and cluster matrix was based on 

the judgement in the pairwise comparison matrix. Weighted supermatrix is derived 

by the multiplication of an unweighted supermatrix with cluster matrix and 

produces the value of 1. Nevertheless, if the value of the cluster matrix was already 

1, and then the multiplication process is not necessary.  

The value of unweighted supermatrix will be equal to the weighted supermatrix. 

The final step is to obtain limit matrix. The value of the weighted supermatrix was 

increased stochastically several times until the weight of each column is equal to each 

other. This shows the limit matrix is stable. For the result, the highest value is referred 

to Synthesis, an alternative weight. Synthesis interprets three types of the weight of 

synthesis that consists of ideal, normal and raw. The result considers only normal 

weight, which is an alternative weight at the normalized weight by cluster priority. 

The highest value in normal weight is selected as the most appropriate design. 

5. Conceptual Design Selection of a Manual Wheelchair: A Case Study 

5.1. Specific problem generated and defining the goal 

The manual wheelchair required human power to monitor the movement as two 

hands are needed to keep it moving steadily. For those who suffer from upper limb 

impairment, this will arise a difficulty since the upper body does not well 

functioning. Thus, the improvement of the conceptual manual wheelchair is done 

by identifying the limitation of the current design and the selection of the best 

wheelchair conceptual design will be defined in the study. 

5.2. Identify the system parameter 

As the study resolving an engineering contradiction, the system parameters, which 

improves and worse is to be identified through the 39 systems parameters. Normally, 

the statement “if the parameter 1 improves then.., but the parameter 2 worsens” helps 

to explain clearly what the problem is about and what parameters are in contradiction 

to each other. Table 2 shows the criteria of the wheelchair and system parameter that 

relate to the wheelchair design concepts by the explanation of sub-criteria. 

Table 2. System parameter of wheelchair design concepts. 

No Criteria Sub-criteria System parameter 
1 Performance Lightweight #1 Weight of moving object 

#2 Weight of stationary object 

  Easy to store #4 Length of stationary object 
   #12 Shape 

  Strong Framework  #14 Strength 

#27 Reliability (robustness) 

2 Safety   

3 Ergonomics Force #10 Force 

#11 Stress/pressure 

#19 Use of energy by moving object 

4 Handling Assembly #32 Ease of manufacture (manufacturability) 

  Smooth movement #15 Duration of action by moving object 
#33 Ease of operation (manufacturability) 
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5.3. Develop control network 

The criteria for selecting the wheelchair conceptual design were collected by a short 

interview with the patients in the hospital. Figure 5 shows the ANP network model 

feedback in super decision software. Figure 6 illustrates the network model 

feedback with outer dependence. The arrow pointed two ways of the criteria and 

alternative indicates that alternative also has an impact towards the criteria. In ANP, 

there is no goal cluster since the criteria and the alternatives were the clusters that 

involved in the network feedback. 

5.4. Implementation of contradict matrix with a pairwise comparison matrix 

The contradiction matrix implemented once the improving and worsening system 

parameters were identified and known as contradiction matrix, which used to 

interpret the potential 40 inventive principle solutions as shown in Table 3. The 

most probable inventive principle as compared to criteria selected will be utilized 

in the pairwise comparison by the scale for pairwise comparison. 

Nevertheless, some of the suggested inventive principle extract from the 

previous contradiction matrix may be dismissed since it does not relate with any of 

the selected criteria. The pairwise comparison then takes place with respect to the 

selected criteria. Upon the suggested inventive principle, only 3 are selected 

through the contradiction matrix to solve the problem. The suggested inventive 

principle as listed in Table 4. 

 

Fig. 5. Network model feedback in super decision. 

 

Fig. 6. Network model with feedback and outer dependence. 
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Table 3. Contradiction matrix extract. 

Worsening 4 11 14 19 

Improving 

Length of 

stationary 

object 

Stress/ 

pressure 
Strength 

Use of 

energy by 

moving 

object 

1 Weight of moving 

object 
 10, 36, 37, 40 18, 27, 28, 40 12, 31, 34, 35 

2 Weight of stationary 

object 
1, 10, 29, 35 8, 10, 19, 35 2, 10, 27, 28  

10 Force 10, 28 11, 18, 21 10, 14, 27, 34 10, 17, 19 
12 Shape 7, 10, 13, 14 10, 14, 15, 34 10, 14, 30, 40 2, 6, 14, 34 
15 Duration of action 

by moving object 
 3, 19, 27 3, 10, 27 6, 18, 26, 35 

27 Reliability 

(robustness) 
11, 15, 28, 29 10, 19,  24, 35 11, 28 11, 19, 21, 27 

32 Ease of manufacture 

(manufacturability) 
15, 17, 27 1, 19, 35, 37 1, 3, 10, 32 1, 26, 27, 28 

33 Ease of operation 

(manufacturability) 
 2, 12, 32 3, 28, 32, 40 1, 13, 24 

Table 4. Suggested inventive principle from contradiction matrix. 

Inventive 

principle 
Explanation 

10 Preliminary action  
Pre-arrange objects such that they can come into action from the 

most convenient place and without losing time for their delivery 

13 The other way round 

Make movable parts (or the external environment) fixed, and fixed 

parts movable 

15 Dynamization 

Allow or design the characteristics of an object, external 

environment, or process to change to be optimal or to find an optimal 

operating condition 

The suggested inventive principle solutions were then implemented in the 

conceptual design of the wheelchair. The alternatives design concepts were 

proposed to solve the limitation design of the existing wheelchair as shown in         

Fig. 7. Each design concepts represent each of the suggested principles. Designs 1-

3 were generated according to the ‘The other way round’, ‘Preliminary Action’ and 

‘Dynamization’ respectively. 

The data extract from the survey previously was key in and the result of the 

weighting was shown in the right column. Before each element is selected for the 

final calculation in the supermatrix, inconsistency index is important to be 

determined, so that the elements is to be considered are relatively important to be 

weighted. Inconsistency index can be accepted if less than 0.1 or else re-observation 

is necessary. Figures 8-14 show the pairwise comparison and the inconsistency index. 

Final calculation was computed by the software and the result was clearly shown. 

Table 5 shows the value of the inconsistency index of the comparison. Since 

the values were less than 0.1, then a comparison was stable. The re-observation 

is not necessary. 
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(a) Design 1. (b) Design 2. (c) Design 3. 

Fig. 7. Alternatives wheelchair design concept. 

 
Fig. 8. Pairwise comparison with respect to criteria “ergonomics”. 

 
Fig. 9. Pairwise comparison with respect to criteria “handling”. 

 
Fig. 10. Pairwise comparison with respect to criteria “performance”. 

 
Fig. 11. Pairwise comparison with respect to criteria “safety”. 

 
Fig. 12. Pairwise comparison with respect to design 1. 
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Fig. 13. Pairwise comparison with respect to design 2. 

 
Fig. 14. Pairwise comparison with respect to design 3. 

Table 5. Inconsistency index of comparison. 

Node 

comparison 

Inconsistency 

index 

Ergonomics 0.03703 

Handling 0.06239 

Performance 0.02795 

Safety 0.03703 

Design 1 0.09888 

Design 2 0.05787 

Design 3 0.05787 

5.5. Unweighted supermatrix  

Unweighted super matrix obtained after the pairwise comparison of each criterion 

and the alternatives. Figure 15 shows unweighted supermatrix derived from super 

decision software. 

 

Fig. 15. Unweighted upermatrix. 

5.6. Weighted supermatrix 

The weighted supermatrix is a supermatrix of the result by multiplication of 

unweighted supermatrix and cluster matrix as shown in Fig. 16. The sum of each 

column must be equal to 1. Nevertheless, if the sum of unweighted supermatrix was 

already 1, then weighted supermatrix is not required as the value of each column 

will be the same. Figure 17 illustrates weighted supermatrix, the same value as 

unweighted supermatrix. 
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Fig. 16. Cluster matrix. 

 

Fig. 17. Weighted supermatrix. 

5.7. Limit matrix and selection of best design concept 

Figure 18 shows the powers of unweighted supermatrix are performed to acquire 

the limited supermatrix. Every column of this figure shows the final ratio scale of 

each element in the criteria and alternatives. This result is the finding of the ratio 

priorities of elements among criteria and alternatives cluster, which shows the 

results by normalizing the ratio scale priority in each cluster. Hence, the best 

concept design after performing the ANP weighting system through super decision 

is concept 1 with a value of 30.4%. 

 

Fig. 18. Limit matrix. 

5.8. Validation of the design concept selection 

The synthesis priorities for the alternatives as shown in Fig. 19 present three kinds 

of weight synthesis; Ideals, Normal and Raw. The normal weight is an alternative 

at the normalized weight by cluster priority. Raw weight represent as limit matrix 

and ideal weight formed by the dividend of normal weight of each alternative with 

the highest normal weight among alternatives. 

Figure 20 shows the sensitivity analysis in selecting design concept. Red lines 

represent as design concept 1. This verified the design concept to be more stable 

and high quality among the other alternatives. 

Next, Figs. 21-27 illustrate the node sensitivity of the criteria and the 

alternatives to compare the result in each element. The figures show that the design 

concept 1 was most stable in every element of the component. Therefore, design 

concept 1 was verified as the best concept design in selecting a manual wheelchair. 
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Fig. 19. Overall synthesis priorities. 

 

Fig. 20. Sensitivity analysis. 

 

Fig. 21. Node sensitivity of design 1. 

 

Fig. 22. Node sensitivity of design 2. 
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Fig. 23. Node sensitivity of design 3. 

 
Fig. 24. Node sensitivity of ergonomics. 

 
Fig. 25. Node sensitivity of handling. 

 
Fig. 26. Node sensitivity of performance. 



Development of Integrated Analytic Network Process (ANP) . . . . 2731 

 
 
Journal of Engineering Science and Technology     September 2018, Vol. 13(9) 

 

 

Fig. 27. Node sensitivity of safety. 

6. Conclusion 

The integrated of ANP and TRIZ was proposed in this paper to present a new 

decision-making tool with high-quality product consideration. TRIZ is used to solve 

contradict problems while ANP is for the decision-making tools. The ANP 

judgements work simultaneously with the TRIZ system parameter to obtain the 

contradiction matrix results the suggested problem-solving ideas, inventive principle. 

This can be used at the conceptual design stage of the product development process 

for the proper evaluation. As the result, the framework of the integrated ANP and 

TRIZ was developed and the framework performed through the case study of 

selecting the best design concept of the wheelchair. The result showed that the highest 

weight priorities value of design concept 1 was selected as the best concept design. 

The framework verified the quality design concept through consideration and 

evaluation of the criteria with the suggested inventive principle besides improving 

the limited use of Traditional TRIZ and ANP method. 
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ANP Analytic Network Process 
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MCDM Multi Criteria Decision Making 
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OTSM General Theory of Powerful Thinking 

QFD Quality Function Deployment 
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