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APPLICATION OF AHP DECISION-MAKING 

METHOD IN THE METHODOLOGICAL 

DESIGNING PROCESS  
 

Abstract: As the methodological approach, as a modern 

designing approach, aims at finding a larger number of 

principled solutions for the realization of certain functions of 

designs, there is a problem of choosing the right methodology 

for objective selection of the most suitable solutions. This 

paper describes AHP decision-making method and shows its 

application in evaluation and selection of principled solutions 

for an autonomous mobile robot for puck collection. The 

subjectivity in the selection process in this particular case is 

minimized using the software Expert Choice based on APH 

multi-criteria decision-making method with the participation 

of three independent evaluators. 
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1. INTRODUCTION 
 

Through a series of designing steps, the 

initial idea is being converted into a final 

product by relying on science and scientific 

knowledge. By using the iterative procedure, 

constructor (designer) has the task to make all 

necessary calculating, shaping and 

dimensioning of designs. He has to adapt the 

design to the functional settings, carry out 

technological development and do the final 

preparation of technological documentation on 

the basis of which the design will be produced. 

Given that the process of designing is a very 

responsible process, which predominantly 

affects all further stages in the preparation and 

the design production and largely determining 

the lifespan of the design, there is a need of 

identifying a larger number of various 

constructive solutions so that the company can 

follow world trends and be involved in the fight 

for the placement of products on the market. 

 

 

2. THE METHODOLOGICAL 

DESIGNING PROCESS 
 

One of the drawbacks of the conventional 

approach to designing is often subjective 

appropriation of different solutions, without 

carrying out comprehensive technical and 

economic analysis. The methodological 

designing process enables overcoming this 

problem by focusing of constructor on the 

development of new, high-quality and optimal 

solutions with the aim to develop the design 

process as a generalized method that wouldn't 

be used for individual cases only, but would 

offer the possibility of realization of any of the 

designing problems ([1]). It is implemented 

through four basic steps:  

 defining the task, 

 conceptualizing, 

 design shaping and 

 elaboration of the design details. 

It is important to clearly and precisely 

define the mission and goals that the product 

must fulfill, but also the conditions under which 

they are exercised. Therefore, this stage makes 

a comprehensive analysis which, among other 

things, reviews the possibilities of realization 

and marketing of products. Constructor finds 

similar solutions and points out the strengths of 

all of them. Appropriate literature and all 

information that may be of importance are 

being collected. 

Conceptualizing (conceiving) represents 

the most creative stage of the methodological 

designing process, because it develops a 

conceptual solution (preliminary design). The 

overall function of the system is being defined 

and then broken down into a number of partial 

and elementary. They are all viewed separately 

in order to find as much solutions as possible 

for the implementation of each of them. 
Selected principled solutions for all functions 
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are linked (according to the system of 

tolerance) in a large number of alternative 

solutions that need to be evaluated by an 

objective and methodological approach. Only 

the best one alternative solution will go on 

further elaboration. 

At the design shaping phase, constructor 

usually devotes one solution that was proven as 

the best one in the previous steps. This stage is 

followed by a large number of iterative steps 

focused on carrying out some previous 

calculations. 

A shape of structural parts is being 

defined, trying to find a standardized elements 

that meet the requirements. Various drafts have 

been drawn and materials have been chosen. 

All mentioned steps enable forming one 

compact unity. Both shape and main 

dimensions of individual structural parts are 

being defined. Techno-economic evaluation of 

solutions is carried out, so the final product of 

this phase is an assembly drawing. 

The last phase of the designing process is 

elaboration of the design details whose final 

objective is directed on completing the 

technical documentation with the developed 

workshop drawings, defined instructions for 

installation and exploitation and eventual 

production of a prototype or a model, 

conducting tests and so on. 

3. CONCEPTUALIZING 
 

Constructor forms a more conceptual 

variants of which is necessary to choose the 

best one that represents the preliminary solution 

of the design. To that purpose, it is firstly 

necessary to define the overall function of the 

system which explains the connection between 

input and output parameters (energy, material 

and signal) ([1]). Then the overall function is 

decomposed into a number of partial and 

elementary, by whose interconnection different 

functional structures could be defined. Each 

individual function is being separately observed 

in order to seek the maximum possible number 

of solutions for its implementation. All of them 

need to be evaluated by an objective approach. 

For the purpose of participating in a 

competition in the field of robotics, an 

autonomous mobile robot for collecting pucks 

(disks) of different colors was methodologically 

developed at Faculty of Mechanical 

Engineering in Podgorica. Its overall function 

is defined as: “It is necessary to create an 

autonomous mobile robot that will move on the 

field, collect pucks of appropriate color and 

deliver them to a specific location”. The overall 

function is decomposed into a number of partial 

and elementary given in Table 1. 

 

Table 1. Course of transformation of material, energy and signal (input into output) for the autonomous 

mobile robots for collecting disks of different colors 

MATERIAL 

TRANSFORMATION 

SIGNAL 

TRANSFORMATION 

ENERGY 
TRANSFORMATION 

1. MOTION 

In order to accomplish all other 
functions, it is necessary to realize the 

function of the movement of robots on 

the field 

 

The energy required to 

achieve the functions 

of converting 
materials 

2. COLLECTING 

It is necessary to make the collection of 

puck when robot encounters on it 

 

3. SORTING 

Pucks that are located inside the robot 

need to be sorted by color, given that 

robot collected both blue and red ones 

6. COLOR IDENTIFICATION (signal 1) 

Signal 1 provides the information on the color 

of the puck, which is necessary for the proper 

execution of the function of storage of pucks 

4. STORING 

After sorting, red pucks need be stored 

on one side and the blue ones on the 
other side 

 

5. DISPOSING 

On arrival at the base, pucks of 

corresponding color need to be disposed 

7. DETECTION OF THE APPROPRIATE 

BASE (signal 2) 

When navigating the ring, the robot should 
obtain information that has encountered a 

suitable base to which it is necessary to 

dispose (throw) pucks 
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After dismantling the entire function on 

the corresponding number of partial and 

elementary, it is necessary to find a physical 

effects that are potential solutions to specific 

functions. At this stage it is desirable to spread 

out the field of possible solutions and to 

register all solutions, even those who are 

considered that are not exactly the best ([1]). 
All solutions need to be drawn and (if possible) 

described with an appropriate equation. 

3.1 Variation of principled solutions 

 

The designation, description, sketch and 

affiliation to an appropriate physical area for 

each individual principled solution are usual 

elements that are contained in table of variation 

of solutions. 

For the case of partial function 

“collecting”, the process of variation of 

principled solutions is demonstrated in Table 2. 

 

Table 2. Variation of principled solutions for implementation of partial function “collecting” 

PARTIAL FUNCTION: COLLECTING 

Physical 

area 
The physical effect Principle of solution 

Label of 

solution 

Fluid 

Mechanics 
Suction forces 

Collecting with suction forces which 

suck pucks into the interior of the 

structure

 

2.1 

Mechanics 

(mechanisms 

and 

manipulat.) 

The complex spatial system with 

several degrees of freedom and  

greater number of engines 

 
𝑣 = �⃗⃗⃗� × 𝑟 

𝑀𝑝
⃗⃗ ⃗⃗ ⃗⃗ ∙ 𝜔𝑝⃗⃗⃗⃗⃗⃗ = − ∑ 𝑀𝑖

⃗⃗ ⃗⃗⃗ ∙ 𝜔𝑖⃗⃗⃗⃗⃗ − ∑ 𝐹𝑖
⃗⃗⃗ ∙ 𝑣𝑖⃗⃗⃗ ⃗ 

Collecting with shaped gripper 

manipulator, which would lift pucks 

one by one from the substrate and 

put into the workspace of the robot 

 

2.2 

Mechanics 

(mechanisms 

and 

manipulat.) 

𝑣𝐴 = 𝐴𝑃̅̅ ̅̅ ∙ 𝜔𝑝 

𝑣𝐵⃗⃗⃗⃗⃗ = 𝑣𝐴⃗⃗⃗⃗⃗ + 𝑣𝐵𝐴⃗⃗ ⃗⃗ ⃗⃗ ⃗ 

𝑣𝐵⃗⃗⃗⃗⃗ = 𝑣𝐵𝐶⃗⃗ ⃗⃗ ⃗⃗ ⃗ 

𝜔𝐶 =
𝑣𝐵𝐶

𝐵𝐶̅̅ ̅̅
 

𝑣𝐷 = 𝐶𝐷̅̅ ̅̅ ∙ 𝜔𝐶 

𝑀𝑝
⃗⃗ ⃗⃗ ⃗⃗ ∙ 𝜔𝑝⃗⃗⃗⃗⃗⃗ = − ∑ 𝑀𝑖

⃗⃗ ⃗⃗⃗ ∙ 𝜔𝑖⃗⃗⃗⃗⃗ − ∑ 𝐹𝑖
⃗⃗⃗ ∙ 𝑣𝑖⃗⃗⃗ ⃗ 

Collecting with a mechanism, 

shaped like the car wiper 

mechanism, which would gather 

pucks into the interior of the robot 

 

 

2.3 
D 

B 

C 

𝜔𝑝, 𝑀𝑝 

motor 

A 

P 
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Table 2. Variation of principled solutions for implementation of partial function “collecting” 

(continuing) 

PARTIAL FUNCTION: COLLECTING 

Physical 

area 
The physical effect Principle of solution 

Label of 

solution 

Mechanics 

Rotary motion of roller / 

conveyor belts using torque 

 
𝑀𝑝 ≥ 𝑀𝑖 + 𝑀𝑝𝑎𝑘 

𝑀𝑖 = 𝐽 ∙ 𝜀𝑝 

𝑀𝑝𝑎𝑘 = 𝑛 ∙ 𝐹𝑡𝑟 ∙ ℎ 

𝑀𝑝𝑎𝑘 = 𝑛 ∙ 𝜇 ∙ 𝐺𝑝𝑎𝑘 ∙ ℎ 

Collecting with drum with paddles 

which would push pucks along an 

inclined plane 

 

2.4 

Mechanics 

Collecting with conveyor belts 

 

2.5 

Mechanics The effect of shape 

Collecting with cone element which 

would direct pucks towards the 

interior without rising them from the 

ground 

 

2.6 

 

 

4. EVALUATION OF PRINCIPLED 

SOLUTIONS 
 

In order to purpose of objective selection 

of the best principled solutions, all previously 

suggested solutions were evaluated using the 

AHP methodology in relation to pre-defined 

criteria of product quality. 

Characteristics of the overall quality of the 

product can be classified as: functional, 

structural, technological, economic, ergonomic, 

aesthetic, transport, patent-legal, 

environmental, characteristics of reliability, 

security, unification, standardization, etc. ([2]) 

In order to select the best solutions and 

thus achieve a satisfactory level of product 

quality, it is necessary to assess their suitability 

in relation to the criteria to be fulfilled ([3]) 

which arise from the design description, its 

purpose, claims of customers, market demand 

and all other reviewed in detail in the list of 

demands in the phase of defining the task. 

 

v 

𝐹𝑡𝑟 

𝐹𝑡𝑟 

ℎ 

ℎ 

𝜔𝑝 

𝑀𝑝 
𝜔𝑝 

𝑀𝑝 

𝜔𝑝, 𝑀𝑝 

𝐹𝑡𝑟    𝐺𝑝𝑎𝑘 
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4.1 Evaluation criteria 

 

In order to make the evaluation of 

principled solution, it is necessary to develop a 

system of criteria in accordance with the list of 

demands. In relation to the defined criteria it is 

necessary to evaluate the previously proposed 

principled solutions and choose, in terms of 

quality, the most favorable. In the specific case, 

the overall system of criteria for partial function 

“collecting” is broken down into four most 

important: 

 functionality, 

 reliability, 

 simplicity and 

 costs, 

wherein the significance of each of them in 

relation to the overall execution of the functions 

is largely different. Decomposition of criteria 

and sub-criteria continues hierarchically. Table 

3 defines the criteria and sub-criteria for the 

assessment of individual solutions for the 

realization of the partial function “collecting”. 

 

Table 3. The criteria / sub-criteria for 

assessment of principled solutions for 

implementation of partial function „collecting“ 

T
h

e 
o

ve
ra

ll
 s

ys
te

m
 g

o
a
ls

 

Functionality 

Simply perform of function 

The unambiguous perform 

of function 

Good possibility of 

integrating functions 

Reliability 

A small risk of puck 

jamming 

A small risk of 

malfunctions 

Simplicity 

Easy production 

Easy installation and 
replacement of parts 

A small number of 

structural parts 

The low level of 

machining 

Costs  

 

1.1. Features of AHP multi-criteria decision-

making method 

 

Multi-criteria methods (MCDM) are the 

most widely used methods of decision-making 

in the world of science, business and 

engineering. They can significantly help 

improving the quality of decisions through the 

decision-making process that the problem 

explains, rationalizes and efficiently solves ([4], 

[5]). By using the MCDM methods, the overall 

problem is being separated into the objectives, 

criteria, sub-criteria, sub-sub-criteria... up to 

alternatives, whereby the recommendation is 

that the number of elements in a hierarchical 

level is 7±2 ([6], [7]). The elements are the 

criteria, sub-criteria… and alternatives. Due to 

the fact that a comparison of the two elements 

is carried out in relation to the superior one, it is 

not advisable to choose a larger number of the 

comparative elements. 

Depending on the nature of the problem, 

many methods of multi-criteria decision-

making have been developed, whereby the 

AHP (Analytical Hierarchy Process) method is 

the most dominant in practice, because of the 

simplicity in application and a wide range of 

problems that have been shown to provide 

satisfactory solutions. It is being realized in six 

steps ([4]): 

1) defining the objectives (which is done 

with consideration of the feasibility of 

AHP methods), 

2) hierarchical structuring of the problem 

(which gives an insight into the relation 

between the elements and the complexity 

of the problem) 

3) comparison in pairs in relation to the 

higher level (sub-criteria are mutually 

compared in comparison to the superior 

criterion. According to the so-called Saaty 

scale ([7], [8]), which is most common in 

AHP procedure, the alternatives of equal 

importance are graded with 1, while 

alternatives with weak, strong, very strong 

and absolute superiority get grades 3, 5, 7 

and 9 respectively, ie alternatives with 

weak, strong, very strong and absolute 

inferiority get grades 1/3, 1/5, 1/7 and 1/9 

respectively. It is also possible to use 

inter-marks – 2, 4, ½, ¼ etc.), 

4) synthesis of the results (that makes the 

ranking of alternatives according to the 

weight coefficients. As it is the 

recommendation that more people be 

included in evaluation process, synthesis 

of results makes sublimation of all 

assessments), 

5) determining the consistency of results 

(which performs the recognition of 

unconformities in the evaluation in order 

to achieve maximum objectivity in 

assessing, inter alia. The result is 

considered as sufficiently accurate if the 

coefficient of inconsistency is less than 

0.10, although low inconsistency should 

not be a goal in itself) and 
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6) the ranking of alternatives (which defines, 

after analyzing the consistency, the final 

ranking of ideas). 

There are many different software based 

on AHP methodology, of which, according to 

[4], software Expert Choice is the most 

appropriate to use in terms of structuring 

problems and developing alternatives, so it was 

the one applied in this case. 

The subjectivity of assessment is a general 

problem, which is particularly pronounced in 

the process of designing. Evaluation which is 

based on the development of environmental 

objectives and criteria has the tendency to 

reduce subjectivity to a minimum. However, if 

the evaluation process is carried out 

independently by several experts, then we can 

talk about an increased level of objectivity. 

Software Expert Choice allows the inclusion of 

more assessors in the decision-making process 

and making the final judgment about the quality 

of some of the proposed solutions. 

 

4.2 Evaluation of principled solutions by 

using software Expert Choice 

 

In order to make the evaluation of 

principled solutions, it is firstly necessary to 

define the importance of individual criteria, in 

relation to the overall objective of the system, 

that could be done by mutually comparison of 

each criteria / sub-criteria in relation to the 

corresponding parent criterion for each 

particular hierarchical level. Each of three 

assessors defined, from their own point of view, 

the importance of the criteria / sub-criteria 

proposed in Table 3, whereas the obtained 

results are shown in Figure 1. 

 

 

a) 

 

b) 

 

c) 

Figure 1 - Rating of criteria and sub-criteria for the implementation of partial function „sorting“ in 

accordance with: a) the first, b) the second and c) the third expert 

 

Then, each of the evaluators estimates 

individual alternatives according to the 

elaborated system of criteria. Rating of 

principled solutions is given in Figure 2. 

Final ranking of principled solutions 

(alternatives) presents the sublimation of 

individual rankings that were being carried out 

by each expert. 
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a) b) c) 

Figure 2 – Rating of principled solutions for the implementation of partial function „sorting“ in 

accordance with: a) the first, b) the second and c) the third expert 

 

Figure 3 shows the final ranking list of 

principled solutions for function “sorting”. 

 

 
Figure 3 – The final ranking list of principled 

solutions for the realization of partial function 

“sorting” 

 

Of all the proposed principled solutions, 

after the evaluation process, only the solutions 

highlighted as the best ones are being accepted. 

In this specific case only solutions 2.6, 2.3, 2.1 

and 2.4 should pass through the next phases of 

the designing process. 

Analogously to the previous procedure, 

principled solutions for the realization of other 

partial and elementary functions need to be 

defined and their evaluation process performed. 

Then, the accepted principled solutions for all 

other partial and elementary function are being 

linked into the conceptual variants. The best 

conceptual variant represents a preliminary 

design that will, over the design shaping and 

elaboration of the design details, result in the 

elaboration of the final product. 

5. CONCLUSION 
 

The main advantage of the methodological 

designing process is being reflected in the 

approach based on the finding a large number 

of different solutions and their objective 

assessment, which summarized guarantee the 

success of the procedure. For that purpose, the 

application of AHP methods of decision-

making can bring significant results. 

Any assessment and decision-making is 

always accompanied by a certain degree of 

subjectivity of the individual evaluators. 

However, in this case, the evaluation of 

principled solutions is committed by three 

assessors, so we can talk about increased 

overall level of objectivity. 

Apart of the evaluation process and the 

selection of principal solutions, the application 

of AHP in assessing the quality of the various 

structural variants would certainly enhance 

final product quality. This would significantly 

reduce mistakes with reducing the total cost 

level, especially if we take into account the fact 

that the costs incurred in removing 

inconsistencies made in conceptualizing phase 

in each successive phase of designing and 

exploitation of the product are being 

progressively increased. 
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