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Abstract 

Ensuring product quality and safety in textile manufacturing depends on the coordinated management of human, material, 

technological, and informational resources. However, these factors are usually studied separately, and enterprises lack a single 

interpretable indicator for monitoring them together. The purpose of this study was to develop an integrated index model for 

assessing the resources that affect quality and safety at a textile enterprise and to test it on real production data. The model was 

applied to 36 months of monthly operational data. Twenty-seven initial indicators (X1-X27) were grouped into four resource 

categories: human resources, raw material and chemical resources, technical and technological resources, and information and 

traceability resources. From these, 18 relative indicators were derived and normalized according to whether an increase or a 

decrease in the indicator is favorable. Weighting coefficients were determined from expert assessments, and group indices (Q1-

Q4) and an overall resource index (Qtotal), ranging from 0 to 1, were calculated for each month. The overall index rose from 0.09 

in the first month to 0.97 in the final month, reflecting improvements in personnel competence, raw-material control, equipment 

stability, and batch traceability. Human resources and raw material and chemical resources received the highest expert weights 

(0.261 and 0.278, respectively). This increase should be interpreted as an improvement in the selected resource measures rather 

than as direct proof of improved product safety. The proposed model makes it possible to identify weak resource groups, monitor 

the factors affecting quality and safety, and substantiate operational, tactical, and strategic management decisions. 
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1. Introduction 

Ensuring product quality and safety at textile enterprises de-

pends on the coordinated management of human resources, 

the quality of raw materials and chemical agents, the condition 

of technical and technological equipment, and the information 

and monitoring system. Discrepancies in these resource 

groups can lead to product defects, production losses, un-

scheduled downtime, and non-compliance with consumer re-

quirements. [1, 2]. 

In the textile and apparel industry, traceability systems 

serve as an essential tool for quality monitoring, risk manage-

ment, and identifying the source of defects by integrating data 
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on materials, production batches, and processes. In scientific 

research, risk management, product authentication, transpar-

ency, and quality monitoring are recognized as priority factors 

in implementing traceability. [3-6]. 

Although quality management, maintenance, supplier con-

trol, and traceability have often been studied as separate man-

agerial domains, textile enterprises need an integrated ap-

proach that combines heterogeneous operational data into a 

single interpretable performance indicator. Quality manage-

ment and risk-based thinking require organizations to identify, 

assess, and control interconnected risks affecting processes, 

resources, and product conformity. Therefore, an integrated 

index that combines human, raw-material, technological, and 

traceability-related indicators can provide a more comprehen-

sive basis for identifying weak areas and prioritizing correc-

tive actions [7]. 

Recent studies also show that competence building and 

quality practices improve product quality and sustainable per-

formance in manufacturing enterprises [8]. In textile produc-

tion, AI- and IoT-based monitoring is increasingly applied to 

defect detection and quality control [9, 10], while digital prod-

uct passports are being developed to strengthen traceability, 

although technological and data-related challenges remain [11, 

12]. 

The algorithm must be developed in practice based on real 

production data. In this section, the integral resource assess-

ment algorithm, which was theoretically grounded in the pre-

vious stage, is tested using 36 months of practical data from a 

textile enterprise. The main purpose of the calculations is to 

evaluate the state of human, raw material and chemical, tech-

nical and technological, as well as information and monitoring 

resources based on a single criterion, to numerically express 

their impact on product quality and safety, and to create a clear 

analytical basis for management decisions. For this purpose, a 

database of initial indicators 𝑋1 − 𝑋27  collected over 36 

months is compiled, from which relative indicators are calcu-

lated, the indicators are normalized, expert weights are applied, 

and as a result, resource groups and the overall resource index 

are determined. 

The practical significance of this article lies in the fact that 

it allows for the assessment of resource status for each period, 

the identification of weak links, and the development of 

measures to eliminate them without limiting itself to a general 

description of the enterprise's resources. As a result, a conven-

ient mechanism is created for monitoring the state of resources, 

early detection of risks, and the development of decisions at 

the operational, tactical, and strategic levels to ensure product 

quality and safety. 

2. Method 

The study utilized 36 months of production data from the 

textile enterprise. The data were divided into four main groups 

representing human resources, raw material and chemical re-

sources, technical and technological resources, and infor-

mation and observation resources. Based on the initial indica-

tors 𝑋1 − 𝑋27 , relative indicators were formed, which were 

normalized according to positive and negative directions, and 

weighting coefficients were established based on expert as-

sessments. Expert-based weighting is widely used in compo-

site index construction; however, the choice of weighting 

scheme and normalization thresholds can influence the result-

ing index values [13, 14]. At the first stage of calculations, a 

36-month initial database characterizing the enterprise's activ-

ities is formed. These data are divided into four main resource 

groups: Q1 - human resources, Q2 - raw material and chemical 

resources, Q3 - technical and technological resources, and Q4 

- information and observation resources. Data for each group 

is placed in separate columns, and their logical interconnec-

tion is maintained. 

To assess the resources affecting product quality and safety 

in textile enterprises, the indicators were organized into four 

groups: human resources (Q1), raw-material and chemical re-

sources (Q2), technical and technological resources (Q3), and 

information resources (Q4). The system comprises 27 input 

indicators (X1-X27) and 18 derived indicators (g1-g18), in-

cluding ratios describing workforce competence, incoming 

material inspection, equipment readiness, maintenance com-

pletion, traceability, and documentation. The desired direction 

of each indicator is specified to distinguish indicators for 

which an increase is favorable from those for which a decrease 

is favorable. This structure provides a basis for standardizing 

the indicators and calculating group-level and overall indices. 

Table 1. Input and derived indicators used in the assessment model. 

Resource group Input indicator Derived indicator / formula 
Desired direc-

tion 

Q1 - Human resources 
X1: Total number of employees 

(persons) 
g1 = X2/X1: Share of qualified employees (%) 

Increase is 

positive 

Q1 - Human resources X2: Qualified employees (persons) g1 = X2/X1: Share of qualified employees (%) 
Increase is posi-

tive 

Q1 - Human resources 
X3: Average work experience 

(years) 
g2 = X3: Average work experience (years) 

Increase is posi-

tive 
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Resource group Input indicator Derived indicator / formula 
Desired direc-

tion 

Q1 - Human resources X4: Trained employees (persons) g3 = X4/X1: Share of trained employees (%) 
Increase is posi-

tive 

Q1 - Human resources X5: Assessment result (score) g4 = X5: Assessment result (score) 
Increase is posi-

tive 

Q1 - Human resources 
X6: Compliance with discipline re-

quirements (proportion) 

g5 = X6: Compliance with discipline require-

ments (proportion) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 

X7: Total production operations 

(units) 
g6 = X8/X7: Operator error rate (%) 

Decrease is posi-

tive 

Q2 - Raw material and 

chemical resources 
X8: Operator errors (units) g6 = X8/X7: Operator error rate (%) 

Decrease is posi-

tive 

Q2 - Raw material and 

chemical resources 

X9: Total types of raw materials 

and materials (types) 

g7 = X10/X9: Share of certified raw materials 

and materials (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 

X10: Types of raw materials and 

materials with certificates (types) 

g7 = X10/X9: Share of certified raw materials 

and materials (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 
X11: Total batches (batches) 

g8 = X12/X11: Share of batches that passed in-

coming inspection (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 

X12: Batches that passed incoming 

inspection (batches) 

g8 = X12/X11: Share of batches that passed in-

coming inspection (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 
X13: Total chemical agents (items) 

g9 = X14/X13: Share of agents with 

SDS/MSDS/TDS documentation (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 

X14: Chemical agents with 

SDS/MSDS/TDS documentation 

(items) 

g9 = X14/X13: Share of agents with 

SDS/MSDS/TDS documentation (%) 

Increase is posi-

tive 

Q2 - Raw material and 

chemical resources 

X15: Nonconforming batches 

(batches) 

g10 = X15/X11: Share of nonconforming batches 

(%) 

Decrease is posi-

tive 

Q3 - Technical and tech-

nological resources 
X16: Required equipment (units) 

g11 = X16/X17: Share of operational equipment 

(%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 
X17: Operational equipment (units) 

g11 = X16/X17: Share of operational equipment 

(%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 

X18: Scheduled maintenance activ-

ities (activities) 

g12 = X19/X18: Share of completed mainte-

nance activities (%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 

X19: Completed maintenance activ-

ities (activities) 

g12 = X19/X18: Share of completed mainte-

nance activities (%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 
X20: Inspected equipment (units) 

g13 = X21/X20: Share of equipment adjusted to 

requirements (%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 

X21: Equipment adjusted to re-

quirements (units) 

g13 = X21/X20: Share of equipment adjusted to 

requirements (%) 

Increase is posi-

tive 

Q3 - Technical and tech-

nological resources 

X22: Planned operating time 

(hours) 
g14 = X23/X22: Unplanned downtime ratio (%) 

Decrease is posi-

tive 

Q3 - Technical and tech-

nological resources 
X23: Unplanned downtime (hours) g14 = X23/X22: Unplanned downtime ratio (%) 

Decrease is posi-

tive 

Q3 - Technical and tech-

nological resources 
X24: Coded batches (batches) g15 = X24/X11: Share of coded batches (%) 

Increase is posi-

tive 

Q4 - Information re-

sources 

X25: Batches with complete docu-

mentation (batches) 

g16 = X25/X11: Share of fully documented 

batches (%) 

Increase is posi-

tive 
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Resource group Input indicator Derived indicator / formula 
Desired direc-

tion 

Q4 - Information re-

sources 

X26: Batches certified under 

OEKO-TEX® STANDARD 100 

(batches) 

g17 = X26/X11: Share of batches certified under 

OEKO-TEX® STANDARD 100 (%) 

Increase is posi-

tive 

Q4 - Information re-

sources 

X27: Batches recorded on time 

(batches) 

g18 = X27/X11: Share of batches recorded on 

time (%) 

Increase is posi-

tive 

Table 2. Resource factors and their initial Xn indicators over 36 months. 

Resource factors and their initial Xn indicators over 36 months 

M 
Q1 - human resources 

Q2 - raw material and 

chemical resources 

Q3 - technical and technological 

resources 

Q4 - 

information and 

observation 

resources 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 X25 X26 X27 

1 943 218 3,5 10 74 0,84 18200 22 10 7 30 28 8 5 3 600 555 28 22 555 500 16800 68 22 20 18 15 

2 945 218 3,5 10 73 0,83 18750 20 10 7 28 27 8 5 3 600 558 30 23 558 556 16600 70 28 27 16 16 

3 941 218 3,4 10 75 0,85 19100 20 11 8 32 31 8 5 2 600 560 29 23 560 558 17000 65 25 24 14 16 

4 944 218 3,5 10 74 0,84 18600 18 11 8 32 30 9 6 3 600 560 31 24 560 558 16900 67 25 23 15 17 

5 947 218 3,5 10 76 0,86 19350 20 11 8 30 30 9 6 3 600 575 30 24 575 572 17200 58 25 24 16 18 

6 946 218 3,5 10 75 0,85 19000 20 12 9 32 31 9 6 3 600 575 32 25 575 572 17000 55 27 25 15 17 

7 948 228 3,6 12 76 0,86 19600 19 12 9 30 30 9 6 3 600 575 31 25 575 573 17300 54 27 26 16 18 

8 944 228 3,5 12 74 0,83 18850 20 12 9 31 28 10 7 4 600 580 30 23 580 578 16700 55 28 25 16 18 

9 950 228 3,6 12 77 0,87 20100 22 13 10 32 31 10 7 3 600 580 32 26 580 577 17500 54 29 27 18 20 

10 949 228 3,6 12 76 0,86 19750 22 13 10 30 29 10 7 3 600 590 31 25 590 587 17400 52 29 28 17 19 

11 946 228 3,6 12 75 0,85 19250 20 13 10 33 30 10 7 4 600 590 30 24 590 588 17100 52 29 28 17 19 

12 948 228 3,6 12 78 0,88 20300 22 13 10 34 32 10 7 3 600 590 32 26 590 586 17600 50 28 28 19 21 

13 949 240 3,5 15 76 0,88 20000 20 13 11 35 31 10 8 3 620 610 32 28 610 607 17500 50 28 27 20 22 

14 950 240 3,6 15 80 0,89 20450 20 14 12 34 31 11 9 3 620 610 33 29 610 605 17700 50 27 25 22 24 

15 947 240 3,6 15 80 0,89 20800 18 14 12 36 35 11 9 3 620 608 34 30 608 608 17800 62 28 28 23 25 

16 951 240 3,6 15 81 0,9 20300 18 14 12 32 31 11 9 2 650 640 33 30 640 635 17700 50 28 27 24 27 

17 953 240 3,7 15 82 0,91 21000 20 14 12 36 35 11 10 3 650 645 34 31 645 643 17900 48 29 26 26 25 

18 952 240 3,7 15 82 0,9 20700 21 15 13 38 37 12 10 3 660 655 35 31 655 652 17800 47 30 29 27 29 

19 955 255 3,7 22 78 0,91 21400 19 15 13 39 39 12 10 2 660 656 34 32 656 654 18000 49 32 31 29 31 

20 954 255 3,7 22 80 0,92 21000 17 15 13 35 35 12 11 2 660 656 35 33 656 656 18100 48 32 30 30 30 

21 956 255 3,7 22 80 0,92 21600 17 15 13 38 37 12 11 2 660 658 35 33 658 657 18200 47 33 33 32 30 

22 958 255 3,8 22 82 0,93 21300 18 16 14 39 37 13 12 2 660 658 36 34 658 658 18300 45 33 30 28 30 

23 959 255 3,8 22 80 0,94 22000 16 16 14 39 39 13 12 2 660 658 36 35 658 657 18400 48 32 31 29 29 

24 960 255 3,8 22 75 0,94 22350 16 16 15 40 38 13 12 2 660 658 36 35 658 655 18500 45 34 32 31 31 

25 958 277 3,7 22 80 0,9 22100 15 16 15 42 38 13 12 2 680 678 36 35 678 670 18400 47 34 34 31 32 

26 960 277 3,8 22 82 0,94 22550 13 16 15 42 40 13 12 2 680 678 36 36 678 675 18600 42 33 33 30 30 
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Resource factors and their initial Xn indicators over 36 months 

M 
Q1 - human resources 

Q2 - raw material and 

chemical resources 

Q3 - technical and technological 

resources 

Q4 - 

information and 

observation 

resources 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 X25 X26 X27 

27 962 277 3,8 22 80 0,94 22900 12 17 16 42 41 14 13 2 680 678 37 36 678 675 18700 45 38 37 36 35 

28 961 277 3,8 22 79 0,95 22600 10 17 16 42 42 14 13 2 680 677 37 37 677 673 18700 52 37 36 35 34 

29 963 277 3,9 22 82 0,95 23200 10 17 16 39 37 14 13 1 680 678 37 37 678 677 18800 54 36 36 34 34 

30 964 277 3,9 22 81 0,96 23000 11 17 16 42 42 14 13 1 680 678 38 37 678 677 18900 54 38 37 34 36 

31 962 305 3,9 22 80 0,96 23350 10 18 17 42 40 15 14 1 680 678 38 38 678 678 19000 52 38 36 35 35 

32 965 305 3,9 22 80 0,96 23600 10 18 17 39 38 15 14 1 700 698 38 38 698 696 19100 42 38 37 36 36 

33 963 305 4 22 82 0,97 23450 11 18 17 43 42 15 14 1 700 698 39 38 698 697 19000 40 38 35 35 34 

34 964 305 4 22 83 0,97 23800 10 18 17 42 42 15 14 1 700 698 39 39 698 697 19200 42 39 37 36 36 

35 965 305 4 22 83 0,97 24100 9 18 17 42 41 15 14 1 700 698 39 39 698 698 19300 40 39 39 36 37 

36 965 305 4 22 85 0,97 24300 10 18 18 40 40 15 15 1 700 698 40 40 698 697 19400 37 38 37 36 36 

 

Table 2 presents indicators for human resources: number of 

employees, qualified personnel, length of service, trained per-

sonnel, certification results, compliance with discipline, oper-

ations performed, and operator errors; certified materials, 

batches, access control, chemical agents, and non-compliant 

batches for raw materials and chemical resources; number of 

equipment, technical services, adjustments, and unscheduled 

downtime for technical and technological resources; and cod-

ing, documentation, certification, and recording for infor-

mation resources. In this way, important aspects of the enter-

prise's activities are consolidated into a single information da-

tabase. 

Table 2 reflects the enterprise’s primary information field, 

which serves as the basis for the analysis. The main signifi-

cance of the table lies in the fact that it systematizes raw data 

for all resource groups, and all subsequent calculations are 

carried out based on this database. The presentation of table 

data over time allows for the dynamic monitoring of resource 

status. 

3. Results 

The proposed integrated assessment model was applied 

based on 36 months of production data from the textile enter-

prise. Initially, relative indicators characterizing human, raw 

material-chemical, technical-technological, and information-

observation resources were formed from 27 initial indicators. 

Indicators were normalized according to their positive and 

negative directions, and integral indices were calculated for 

four resource groups - 𝑄1 , 𝑄2 , 𝑄3 va 𝑄4  - using weighting 

coefficients determined based on expert assessments. 

The identified relative indicators were standardized based 

on formulas depending on the type of indicator in the positive 

or negative direction. 

Based on the results evaluated by the established expert 

group, weight values were determined using formulas (Ap-

pendix). 

Table 3. Weight coefficients of internal factors determined for Qn. 

Q1 Q2 

№ g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 

Group weight Wg 0,178 0,173 0,162 0,146 0,168 0,173 0,254 0,297 0,246 0,203 

Check 1 1 

Q3  Q4 

№ g11 g12 g13 g14 g15 g16 g17 g18 
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Group weight Wg 0,242 0,250 0,258 0,250 0,242 0,267 0,233 0,258 

Check 1 1 

Integral index of human resources: 

𝑄1,𝑡 = 0.17838𝑧1,𝑡 + 0.17297𝑧2,𝑡 + 0.16216𝑧3,𝑡
+0.14595𝑧4,𝑡 + 0.16757𝑧5,𝑡 + 0.17297𝑧6,𝑡

                             (1) 

𝑄1,1 = 0.17838 ∗ 0.01 + 0.17297 ∗ 0.17 + 0.16216 ∗ 0

+0.14595 ∗ 0.08 + 0.16757 ∗ 0.07 + 0.17297 ∗ 1 = 0.06
  

Table 4. Values obtained by 𝑄1,𝑡. 

Month Q1 Month Q1 

1 0,06 19 0,53 

2 0,06 20 0,52 

3 0,09 21 0,53 

4 0,10 22 0,58 

5 0,14 23 0,59 

6 0,11 24 0,53 

7 0,22 25 0,66 

8 0,11 26 0,75 

9 0,21 27 0,73 

10 0,18 28 0,75 

11 0,18 29 0,82 

12 0,24 30 0,81 

13 0,25 31 0,89 

14 0,34 32 0,93 

15 0,37 33 0,94 

16 0,39 34 0,96 

17 0,42 35 1,00 

18 0,40 36 0,99 

Raw materials and chemical resources index 

𝑄2,𝑡 = 0.25424𝑧7,𝑡 + 0.29661𝑧8,𝑡 + 0.24576𝑧9,𝑡 + 0.20339𝑧10,𝑡                           (2) 

Technical and technological resources index 

𝑄3,𝑡 = 0.24219𝑧11,𝑡 + 0.25000𝑧12,𝑡 + 0.25781𝑧13,𝑡 + 0.25000𝑧14,𝑡                      (3) 

Information and Traceability Index 

𝑄4,𝑡 = 0.24167𝑧15,𝑡 + 0.26667𝑧16,𝑡 + 0.23333𝑧17,𝑡 + 0.25833𝑧18,𝑡                         (4) 
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The value of each integral index is in the range from 0 to 1. 

An index approaching 1 indicates that this resource group is 

in a high position, and an index approaching 0 indicates that 

there are resource problems. 

Expert weights of resource groups 

According to experimental data, the following weights were 

obtained based on expert assessments for groups Q1, Q2, Q3, 

and Q4. 

Table 5. Expert weights of resource groups in the integrated model. 

Resource Group 

Quality 

Manage-

ment De-

partment 

Head of 

Produc-

tion 

Tech-

nolo-

gist 

Labora-

tory 

Ware-

house De-

partment 

Specialist 

Digitali-

zation, IT 

Depart-

ment 

Human 

Re-

sources 

Depart-

ment Av-

erage 

score 

Group 

Weighs 

Wg 

Human resources 4 4 5 4 5 4 4 4,29 0,261 

Raw materials and 

chemical resources 
5 4 5 4 5 5 4 4,57 0,278 

Technical and tech-

nological resources 
4 4 4 4 4 4 5 4,14 0,252 

Information and 

search resources 
3 3 4 3 4 3 4 3,43 0,209 

Total 16,43 1,000 

 

As seen from the table, human resources and raw materials 

and chemical resources have the highest priority, their share in 

the overall model is 28%. Technical and technological re-

sources accounted for 25 percent, while information and ob-

servation resources accounted for 21 percent. 

For each month, the Q1-Q4 integral indices are multiplied 

by the group weights, and the total resource index is calculated: 

𝑄
total,𝑡

= 0.26087𝑄1,𝑡 + 0.27826𝑄2,𝑡

+0.25217𝑄3,𝑡 + 0.20870𝑄4,𝑡
       (5) 

This formula reflects the priority influence of human re-

sources and raw materials and chemical resources on product 

quality and safety. Q3 represents technical and technological 

stability, and Q4 represents information flows and product 

traceability. 

Over the 36 months, Q_total increased from 0.09 in the first 

month to 0.97 in the last month. This indicates an improve-

ment in the selected resource-management indicators of the 

enterprise, including qualification, certification, maintenance 

and traceability indicators. The index describes the state of the 

resources that influence product quality and safety; it is not a 

direct measure of product quality or safety. Because each in-

dicator was min-max normalized within the 36-month obser-

vation range, the index values are relative to this range: a value 

near 0 corresponds to the weakest observed state and a value 

near 1 to the strongest observed state, not to an absolute level 

of quality or safety. 

Table 6. Values obtained by 𝑄total. 

Month Q total Month Qtotal 

1 0,09 19 0,66 

2 0,28 20 0,72 

3 0,24 21 0,69 

4 0,20 22 0,66 

5 0,34 23 0,70 

6 0,30 24 0,68 

7 0,40 25 0,66 
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Month Q total Month Qtotal 

8 0,27 26 0,72 

9 0,40 27 0,80 

10 0,43 28 0,80 

11 0,33 29 0,83 

12 0,39 30 0,83 

13 0,40 31 0,83 

14 0,45 32 0,92 

15 0,49 33 0,85 

16 0,59 34 0,91 

17 0,57 35 0,92 

18 0,56 36 0,97 

 
Figure 1. Dynamics of the total resource index over 36 months. 

Figure 1, showing the dynamics of the total resource index 

Qtotal over 36 months, visually demonstrates the growth trajec-

tory of the overall index. The graph shows low points in the 

initial period, a growth stage in the middle period, and a sta-

bilization phase in the final period. The figure shows a low 

initial level, a growth stage in the middle period and stabiliza-

tion at the end of the observation period. This trend is con-

sistent with the management measures implemented at the en-

terprise, but a causal effect cannot be established from the in-

dex alone. 

4. Discussion 

The results obtained show that the integral resource index 

is of practical importance for managing product quality and 

safety at a textile enterprise. The increase in the total resource 

index from 0.09 to 0.97 during the 36-month observation pe-

riod is consistent with improvements in the selected indicators 

of human resources, raw material and chemical supply, tech-

nical and techno-logical stability, and information and tracea-

bility systems. This result indicates that monitoring resources 

not individually, but based on a single integral criterion, helps 

in the timely identification of problematic links in the enter-

prise. 

Based on the calculated index, the following indicative 

management thresholds are proposed: (i) Q_total ≥ 0.80 - 

maintain the existing management system, standardize posi-

tive experience and continue planned monitoring; (ii) 0.60 ≤ 

Q_total < 0.80 - take preventive measures in the resource 

group with the lowest index; (iii) 0.40 ≤ Q_total < 0.60 - warn-

ing level: introduce enhanced monitoring, develop a correc-

tion plan for the weakest resource group and define responsi-

ble departments and deadlines; (iv) Qtotal < 0.40 - prompt man-

agement intervention, internal audit and review of technolog-

ical and organizational processes. These thresholds are indic-
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ative; they have not been validated against independent qual-

ity or safety outcomes and should be calibrated on additional 

data before being used as formal decision rules. 

The final decision should be developed not only based on 

the overall index, but also in depth to the level of the weakest 

resource group and the most problematic indicator. 

If Q1 is low, strengthen the system of personnel training, 

professional development, certification, and internal disci-

pline; 

If Q2 is low, strengthen incoming inspection, raw-material 

certification and chemical documentation, and reduce noncon-

forming batches; 

If Q3 is low, review the maintenance plan, adjust equipment, 

and reduce unscheduled downtime; 

If Q4 is low, measures will be taken to digitalize the batch 

coding, documentation, and tracking system. Such AI- and 

IoT-supported tracking has been reported in recent textile ap-

plications [9-11]. 

This recommendation is supported by studies indicating 

that planned maintenance and Total Productive Maintenance-

oriented practices can improve equipment availability and 

overall equipment effectiveness in textile manufacturing [15, 

16]. 

It is advisable to divide management decisions into three 

levels: 

Operational decisions - measures to be implemented within 

a period of up to 1 month; for example, restoring access con-

trol discipline, terminating problematic batches, and providing 

immediate instructions to reduce operator errors. 

Tactical decisions - medium-term measures implemented 

within 3-6 months; for example, personnel retraining, revision 

of the maintenance plan, standardization of the documentation 

system. 

Strategic decisions - systemic measures designed for a pe-

riod of 1 year or more; for example, digitalization, moderni-

zation of equipment, improvement of the quality management 

system, transfer of traceability to a fully electronic system. 

The main advantage of this approach is that a management 

decision does not remain a mere general recommendation but 

rather becomes a system of comprehensive measures linked to 

a specific resource group, specific indicators, and specific 

deadlines. As a result, the integrated assessment algorithm 

serves not just as a simple analytical tool for enterprise man-

agement, but as a practical management mechanism for ensur-

ing quality and safety. 

Limitations. The index is based on resource and manage-

ment indicators from a single enterprise over 36 months, so 

the results cannot be generalized without further testing. Min-

max normalization makes the index relative to the observed 

range of each indicator, and the expert weights reflect the 

judgment of a seven-member panel; agreement among the ex-

perts was statistically significant for the four resource groups 

(Kendall's W = 0.60, p = 0.006) but not within several groups 

of indicators. In addition, one input indicator (the share of 

nonconforming batches) is an outcome-type measure included 

in the index, while independent outcome data (finished-prod-

uct defect rates, customer complaints, safety test failures) 

were not analyzed. Therefore, the rise in the index should be 

interpreted as a trend in the selected management indicators 

and not as direct evidence of improved product quality or 

safety. Future work should validate the thresholds and test the 

sensitivity of the index to alternative normalization limits and 

weighting schemes using independent quality and safety data. 

5. Conclusion 

The study utilized an integral index model for a comprehen-

sive assessment of human, raw material-chemical, technical-

technological, and information-observation resources affect-

ing product quality and safety at a textile enterprise. Based on 

36-month data, indicators 𝑋1 − 𝑋27were normalized, and re-

source indices 𝑄1 − 𝑄4 and the total 𝑄total  index were deter-

mined using expert weights. 

The calculations showed an increase in the total resource 

index from 0.09 to 0.97, indicating an improvement in the se-

lected resource-management indicators. The proposed model 

makes it possible to identify weak resource groups, monitor 

the factors affecting quality and safety, and substantiate oper-

ational, tactical and strategic management decisions; its 

thresholds are indicative and require validation against inde-

pendent quality and safety outcomes. 

Abbreviations 

g1-g18 Derived (Relative) Indicators Calculated from X1-X27 

IT Information Technology 

MSDS Material Safety Data Sheet 

OEKO-TEX® STANDARD 100 International Product-safety Certification of Textiles Tested for Harmful Substances 

Q1-Q4 Indices of the Four Resource Groups: Human; Raw Material and Chemical; Technical 

and Technological; Information and Traceability 

Q_total Total (Overall) Resource Index 

SDS Safety Data Sheet 

TDS Technical Data Sheet 

W_g Weight Coefficient (of a Resource Group or of an Internal Factor) 

X1-X27 Initial (Input) Indicators of the 36-month Database 
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z Standardized (Normalized) Value of a Derived Indicator, in the Range 0-1 
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