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METHOD OF PREDICTING FAVOURABLE 
INDUSTRIAL PRODUCTS 

Predicting favourable products is still challenging. It is influenced by dynamic customers' 
requirement changes and reduction of waste. An important problem is a simultaneous 
combination of customer satisfaction with environmental aspects. It resulted from a need to 
reduce the harmfulness of products and increasing the quality level of these products. 
Therefore, the aim is to propose a method to predict favourable products considering 
qualitative and environmental aspects. The method relies on predicting which product will be 
the most favourable for customer, and simultaneously will be the most environmentally 
friendly. Due to the uncertainty of decisions, the Grey Relational Analysis (GRA) was 
implemented in the proposed method. The GRA method is effective to any number of data, 
therefore the proposed method does not have limitations in numbers of qualitative and 
environmental criteria. The test was carried out based on harmful industrial products. It was 
fluorescent penetrants used in popular non-destructive testing. 

Keywords: predict, GRA, quality, mechanical engineering, production engineering, 
decisions, sustainability. 

 

1. INTRODUCTION 

Sustainable development of products is one of the key enterprise actions. It relies  
on customizing the product to customers' expectations in a pro-environmental context 
(Mentel, Hajduk-Stelmachowicz, 2020; Ulewicz, Kleszcz, Ulewicz, 2021; Pacana, Siwiec, 
Bednarova, 2020; Siwiec, Pacana, 2021). In this aim, the organizations are looking for 
different solutions. Based on customers' requirements the new products are designed or 
existing products are modified (Okrah, Hajduk-Stelmachowicz, 2020; Siwiec, Pacana, 
2021). For example, the popular House of Quality (HoQ) is used for it (Lee et al., 2019; 
Shi, Peng, 2020). Additionally, for the purpose to reduce inconsistencies in customer 
requirements the techniques with fuzzy Saaty scale are used. These methods were e.g.: 
Fuzzy Analytic Hierarchy Process (FAHP), or Fuzzy Technique for Order Preference By 
Similarity To Ideal Solution (FTOPSIS) (Ulewicz, Siwiec, Pacana, Tutak, Brodny, 2021; 
Siwiec, Bednarova, Pacana, 2020). However, these actions are still not enough. It has 

                                                           
1  Dominika Siwiec, MSc, Rzeszow University of Technology, Rzeszów, 12 Powstańców Warszawy 

Ave., 35-959 Rzeszów; e-mail: d.siwiec@prz.edu.pl (corresponding author). ORCID: 0000-0002- 
-6663-6621. 

2  Stanislav Vandžura, Ing., Technical University of Kosice, Park Komenského 19, 04001 Košice, 
Slovakia; e-mail: stanislav.vandzura@gmail.com. ORCID: 0000-0003-1850-7611. 



88 D. Siwiec, S. Vandžura 

resulted from dynamic customer requirement changes and not beneficial climate changes 
(Hajduk-Stelmachowicz, 2017). Therefore, it is necessary to design the products in advance. 
The design should allow predicting expectation quality product level with simultaneously 
considering impact product on the environment (Siwiec, Pacana, 2021). Although quality 
of products and impact of products on the environment were predicted, these two aspects in 
a single method were not combined. Integration of qualitative and environmental aspects 
will be allowed to predict product which is expected by customers and environmentally 
friendly (Siwiec, Pacana, 2021; Siwiec, Bednarova, Pacana, Zawada, Rusko, 2019). These 
pro-environmental actions reduce waste and also are consistent with the idea of continuous 
product improvement. Therefore, the aim is to propose a method to predict favourable 
products considering qualitative and environmental aspects. The method is based on 
predicting which product will be the most beneficial for the customer and at the same time 
will have the least negative impact on the environment. The method relies on double apply 
Grey Relational Analysis (GRA) (Wang et al., 2015) to allow verification of any number of 
criteria (even four data). Test of the method was done for industrial products using in 
product quality controls.  

2. METHOD 

The method was to twice use the Grey Relational Analysis (GRA) (Ertugrul et al., 2016) 
to predict the most favourable quality product level which is environmentally friendly. The 
concept of the method relies on predicting the most favourable product considering 
qualitative-environmental criteria. The algorithm of the proposed method is presented in 
Figure 1. 

The method stages in the next part of the study were characterized. 

2.1. Selecting of products 
The selection of products results from the entity's need who use this method. The 

number and kind of product are unlimited. The selection of products may have an effect 
e.g. product life cycle, or company' opinions. 

2.2. Determining of aim 
The aim should be to predict a satisfactory product. The satisfaction relates to achieving 

the expected product quality level, and this product will be environmentally friendly. To 
determine the aim it is useful to use the SMART method (Specific, Measurable, Achievable, 
Relevant, Time-bound) (Lawlor, Hornyak, 2012). 

2.3. Selecting of criteria 
The selection of criteria results from the needs of entity using the proposed method. 

Based on this, the product quality level considering environmental aspects will be 
determined. Therefore, the qualitative and environmental aspects should be selected. The 
qualitative criteria determine the product e.g. in the context of its use. The environmental 
criteria are criteria that characterize the product in turn of its impact on the environment.  
A total number of criteria (qualitative and environmental) should be equal to the maximum 
of 8 criteria (Mu, Pereyra-Rojas, 2017). The criteria should be selected during brainstorm 
(BM) and based on the product catalog (Jiao, Chen, 2006; Rossiter, Lilien, 1994; Siwiec, 
Pacana, 2021). 
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Figure 1. Algorithm of proposed method to predict satisfaction industrial products  

Źródło: Own study. 
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2.4. Estimating of product quality level and impact on environment 
The quality product level and its impact on the environment are estimating by Grey 

Relational Analysis (GRA) (Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015). 
The choice of the GRA method resulted from its efficiency to predict the quality level and 
analyze in an uncertain (fuzzy) environment. Additionally, the GRA method is effective for 
the small number of criteria, i.e. even four data. The product quality level is estimating 
based on qualitative criteria. While the impact of products on the natural environment is 
estimating based on environmental criteria. It relies on twice apply the GRA method, i.e. 
separately for quality level and impact of product on the environment. This is presented in 
five main steps. 

Step 2.4.1. Evaluating of products  
The evaluation of products is realized in two decision matrices (M). In the first matrix 

M, the products are evaluating based on qualitative criteria. In the second matrix M, the 
products are evaluating based on environmental criteria. For this purpose the formula (1) is 
used (Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015): 

M = m� × n� (1) 

where: m – product, n – criterion, i, j – 1, 2, …, n. 
 

The matrices are filled by assessments from 1 to 5, where 5 – the most favourable 
product for a given criterion, 1 – the least favourable product for a given criterion. 

Step 2.4.2. Normalization of assessments 
The normalization of assessments relies on the transformation of assessments from M 

matrix to values in the range from 0 to 1. For assessments of product qualitative criteria, 
formula (2) is used, because the higher the rating, the more favourable the criterion is in 
terms of the product quality level. In turn, for assessments of environmental criteria, 
formula (3) is used, because the lower the rating, the lower the environmental impact 
(Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015): 
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where: ��

��
�� – original sequence, ��


��
�� – comparison sequence, � = 1, 2, … ,�;   
�	 = 1, 2, … , �; m – alternative (i.e. product), n – criterion. 

Step 2.4.3. Calculating of relational coefficient 
The third step is calculating of Grey relational coefficient. This coefficient is calculated 

separately for qualitative and environmental criteria. For this purpose, the formula (4) is 
used (Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015): 
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where: ∆��
�� – sequence of deviations between original sequence ��∗
�� and comparison 
sequence ��∗
��.  

 

In turn, the coefficient - from formula (2) has value [0, 1]. Most often it is assumed that 
- = 0.5 (Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015). 

Step 2.4.4. Calculation of the smallest and the largest deviation 
The smallest and the largest deviation are calculated for relational coefficient values for 

qualitative and environmental criteria. The smallest deviation is calculated from formula 
(5), while the largest deviation is calculated from formula (6) (Ertugrul et al., 2016; Javed 
et al., 2019; Wang et al., 2015): 

∆#'(= max∀�∈� max∀0 1x�∗
k� − x�∗
k�1 (5) 

∆#�$= min∀�∈� min∀0 1x�∗
k� − x�∗
k�1	 (6) 

Step 2.4.5. Preparing of decision ranking 
According to the GRA method, product quality level and its impact on the natural 

environment are estimating based on grey relation assessment. It is necessary to separately 
estimate the product quality level and its impact on the environment. In this aim, the 
weighted sum of Grey coefficients is estimating by formula (7) (Ertugrul et al., 2016; Javed 
et al., 2019; Wang et al., 2015): 

γ
x�∗ , x�∗� = 2β0γ x�∗
k�, x�∗
k�!
$

04�
, where:	γ
x�∗ , x�∗� = q� (7) 

where: q – product quality level or impact of product on natural environment, i – 1, 2, ..., n. 
 

The sum of product quality level values or impact on the natural environment should be 
equal to 1 (8) (Ertugrul et al., 2016; Javed et al., 2019; Wang et al., 2015): 

2β0 = 1
$

04;
 (8) 

where: <
��∗, ��∗� – grey relational assessment, i.e. correlation level between original and 
comparison sequence. 

 

Consequently, two ranks are obtained. The first ranking is determining product quality 
level considering qualitative criteria. The maximum value is the first position in the ranking, 
i.e. the product the most satisfied in terms of quality. The second ranking is determining the 
impact of products on the environment considering environmental criteria. The maximum 
value is the first position in the ranking, i.e. the product the most negative (harmful) for the 
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environment. The minimum value is the last position in the ranking, i.e. the product the 
least negative (harmful) for the environment. 

2.5. Prediction of satisfactory product 
At this stage of the method, the satisfactory product is predicted, i.e. the product the 

most favourable by qualitative and environmentally friendly. The most favourable product 
has the first position in qualitative criteria ranking and the first position in environmental 
criteria ranking. 

3. RESULTS AND DISCUSSION 

Test of the method was carried out based on fluorescent penetrants using in popular non-
destructive testing (NDT). These penetrants were used in one of the Podkarpacie enterprises 
to control products from the aviation and motorize industries. In the enterprise, important 
was to achieve customers' satisfaction by simultaneously reduce harmful of these products 
on natural environment. Therefore, it was considered justified to apply the proposed 
method. 

According to first stage of the method, the products to verify were selected. There were 
six penetrant from brands: Magnaflux, Chemetall, and Sherwin, which was using to test 
quality of product. The characteristic of products were presented in publicly available safety 
data sheets for these products. To test of the method these penetrants were marked randomly 
and conventionally from P1 to P6. 

Next, in second stage of the method, the aim of the analysis was determined. The 
purpose was to predict satisfactory fluorescent penetrant to achieve product with expected 
quality level and environmentally friendly. 

Then, as indicated in third step, the qualitative and environmental criteria of penetrants 
were selected. The criteria were selected during brainstorm and based on product catalogue. 
The qualitative criteria were: sensitivity level, drying time after penetration, density and 
viscosity. However, the environmental criteria were: health, rafined oil, reactivity and flash-
point. 

According to fourth stage of the method, the penetrant quality level and their impact on 
environment were estimated. The Grey Relational Analysis (GRA) was used for it. In the 
first stage, fluorescent penetrants were separetly assessmented in turn of qualitative and 
eivornmental criteria. For that two M matrices were prepared (Table 1). 

Following from second step of the method, assessments from qualitative and 
environmental criteria form M matrices were normalized. The formulas (2–3) were used for 
that. Results are shown in Table 2. 

Then, according to third stage of the method, the Grey Relational Coefficient were 
calculated. It was assumed coefficient equal to - = 0.5. Next, in fourth stage, the minimum 
and maximum deviation were calculated. These calculation were based on values of 
relational coefficient for qualitative end environmental criteria. Results is shown in  
Table 3. 

In fifth step of the method, two rankings for qualitative and environmental criteria were 
created. The first ranking determines the product quality level considering qualitive criteria. 
The second ranking determines the impact of product on environmental considering 
environmental criteria. Results are shown in Table 4. 
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Table 1. Matrix of qualitative and environmental criteria 

Qualitative 
criteria 

Sensitivity level 
Drying time after 

penetration 
Density Viscosity 

p
ro

d
u

ct
 

P1 5 4 3 3 

P2 4 4 3 4 

P3 4 4 4 3 

P4 4 3 2 2 

P5 3 2 3 2 

P6 3 4 3 3 

Environmental 
criteria 

Health Rafined oil Reactivity Flash-point 

p
ro

d
u

ct
 

P1 3 2 3 4 

P2 3 2 2 3 

P3 2 1 2 3 

P4 3 2 3 3 

P5 3 2 2 4 

P6 2 1 1 2 

Source: Own study. 

 

Table 2. Normalized assessments of qualitative and environmental criteria 

Qualitative 
criteria 

Sensitivity level 
Drying time after 

penetration 
Density Viscosity 

p
ro

d
u

ct
 

P1 1,00 1,00 0,50 0,50 

P2 0,50 1,00 0,50 1,00 

P3 0,50 1,00 1,00 0,50 

P4 0,50 0,50 0,00 0,00 

P5 0,00 0,00 0,50 0,00 

P6 0,00 1,00 0,50 0,50 

Environmental 
criteria 

Health Rafined oil Reactivity Flash-point 

p
ro

d
u

ct
 

P1 1,00 1,00 1,00 1,00 

P2 1,00 1,00 0,50 0,50 

P3 0,00 0,00 0,50 0,50 

P4 1,00 1,00 1,00 0,50 

P5 1,00 1,00 0,50 1,00 

P6 0,00 0,00 0,00 0,00 

Source: Own study. 
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Table 3. Relational coefficient values for qualitative end environmental criteria 

Qualitative 
criteria 

Sensitivity level 
Drying time after 

penetration 
Density Viscosity 

p
ro

d
u

ct
 

P1 1,00 1,00 0,50 0,50 

P2 0,50 1,00 0,50 1,00 

P3 0,50 1,00 1,00 0,50 

P4 0,50 0,50 0,33 0,33 

P5 0,33 0,33 0,50 0,33 

P6 0,33 1,00 0,50 0,50 

Environmental 
criteria 

Health Rafined oil Reactivity Flash-point 

p
ro

d
u

ct
 

P1 1,00 1,00 1,00 1,00 

P2 1,00 1,00 0,50 0,50 

P3 0,33 0,33 0,50 0,50 

P4 1,00 1,00 1,00 0,50 

P5 1,00 1,00 0,50 1,00 

P6 0,33 0,33 0,33 0,33 

Source: Own study. 

 

Table 4. Result of used the GRA method to determine qualitative and environmental criteria 

Products Qualitative criteria – ranking Environmental criteria – ranking 

P1 0,75 1 1,00 5 
P2 0,75 1 0,75 3 
P3 0,75 1 0,42 2 
P4 0,42 3 0,88 4 
P5 0,38 4 0,88 4 
P6 0,58 2 0,33 1 

Source: Own study. 

 

On this stage it was concluded, the most favourable quality product level has three 
penetrants P1, P2, P3, which quality level on 0.75 level were determined. Although, in the 
context of impact these penetrans on environmental it was shown, that the most favourable 
is P6 penetrant. The most favourable was penetrant P6, because this penetrant has second 
place in ranking of qualitative criteria and the first place in ranking of environmental 
criteria. Accordance with ranking it is possible to predict of satisfaction from other 
penetrants. Therefore, the last choice of penetrant depends on entity using of the proposed 
method.  

4. CONCLUSIONS 

Sustainability development of products still is challenge. In this context the enterprises 
are tried to achieve customers' expectations by improvement existing products. Hence, in 
the era of unfavourable climate changes it is important also considering environmental 
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aspects. Mainly problem is predicting of expected changes in products and impact of these 
changes on environment. Therefore, important is looking for different instruments 
supporting this process. Therefore, the aim was to propose a method to predict favourable 
products considering qualitative and environmental aspects. The method has relied on 
predicting which of product is the best for customers and simultaneously is friendly for 
environmental. The method was designed in the five main stages. Additionally, in the 
proposed method, the Grey Relational Analysis (GRA) was implemented, which is effective 
in a fuzzy (uncertain) decision environment. The method was tested based on harmful 
fluorescent penetrants. These products were used in popular non-destructive testing (NDT) 
in quality control. The six penetrants were analyzed. The penetrants based on qualitative 
and environmental criteria were verified. The qualitative criteria were: sensitivity level, 
drying time after penetration, density and viscosity. However, the environmental criteria 
were: health, rafined oil, reactivity and flash-point. After double applied Grey Relational 
Analysis it was possible to predict the most beneficial industrial product. It was product 
about favourable quality level and simultaneously the most favourable for the environment. 
It was shown the effectiveness of the method to predict beneficial qualitative-environmental 
decisions for industrial products. Hence, this method can be applied for any product, which 
prediction quality level considering environmental aspects is necessary. 
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