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Abstract

In order to solve the problem of low balance rate of garment production line and unbalanced work
intensity of employees, an improved genetic algorithm was proposed to optimize the balance problem
of blouse production line. The computer simulation technology was used to verify the effect of the
optimization scheme. According to the optimal solution and simulation results, the balance rate of the
blouse production line was increased from 70.5 % to 97.05 %, and the production cycle was shortened
by 32.80%. On the one hand, this study can provide research ideas for the balance of garment production
lines and even other industry production lines. On the other hand, this research can be applied in actual
production. First, the improved genetic algorithm can be used to generate the optimal layout plan.
Secondly, through the simulation of the production line, the efficiency and cycle can be predicted. The
production line will run stably and efficiently. This research shows the application potential of intelligent
algorithm and computer simulation technology in solving the production line balance problem.
(Received in September 2022, accepted in March 2023. This paper was with the authors 1 month for 3 revisions.)
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1. INTRODUCTION

At present, the global manufacturing enterprises urgently need to improve the efficiency of
production [1]. As a basic consumer goods industry, the garment industry is not only traditional,
but also a civilian production industry. It is an innovative industry that reflects human cultural
creativity, scientific and technological progress and the changes of the times. The textile and
garment industry has always been a labour-intensive industry. China has always had a certain
comparative advantage in the world with its land advantage and demographic dividend.
However, with the rising cost of textile materials, labour and land, how to reduce production
costs and improve enterprise competitiveness has become one of the hot topics in the garment
industry. In order to solve the dilemma of traditional manufacturing industry, big data analysis,
Internet technology and cloud computing are being integrated into the configuration of
manufacturing resources [2].

One of the key issues in garment production is line balancing. When the production line is
un-balanced, it will prolong production, affect the delivery time, increase production costs, and
reduce order profit margins. The unbalanced workload of workers will affect the satisfaction
and stability of employees, and eventually affect the normal operation of the entire production
workshop. Therefore, the balance of production lines is an important indicator to measure the
core competitiveness of a manufacturing enterprise [3]. However, small and medium-sized
manufacturing enterprises still adopt the traditional production line balancing method due to
the limitations of capital, technology, talents, etc. The production tasks of workers are allocated
according to the experience from the pre-production stage, and the production line is adjusted
to reduce the load of the bottleneck station only when a bottleneck occurs in the production
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process. This method mainly relies on the experience of managers and has a certain degree of
subjectivity. Without scientific calculation, there are large errors. In the actual application
process, it is easy to cause unbalance in the production lines, thereby affecting the production
efficiency.

The balance of the production line mainly depends on the rationality of the assembly line
lay-out [4]. In recent years, an increasing number of researchers have conducted various studies
on the balance of production lines. The model developed by Pilati et al. [5] defined the activity
time plan according to the task priority to maximize the workload balance of operators.
Considering the risk of task failure, Guo et al. [6] studied an expected profit-based stochastic
disassembly line balancing problem. A mathematical model was presented to maximise the
expected recovering profit with task failures, and a hybrid metaheuristic approach was
developed to efficiently solve the proposed model. Yang and Hsu [7] improved the empire
competition algorithm into a global optimization algorithm to solve the line balance problem.
Nourmohammadi et al. [8] discussed the problem of assembly line balance of human-computer
cooperation. Wang et al. [9] proposed a multi-objective improved GA to solve the disassembly
line balance problem. Ragazzini et al. [10] proposed a solution to the real-time assembly line
balancing problem based on the digital twin model, which can improve the overall productivity
of the manual assembly line and eliminate the impact of interruption. Zheng et al. [11] used
traditional industrial engineering methods to solve the problem of production line balance,
which is not universal. Zhang et al. [12] used GA to solve the efficiency loss caused by
unbalanced operation of garment sewing production line, but did not consider the limitations of
GA [13]. Qian et al. [14] established a hybrid assembly line balance model with the goal of
minimizing the beat and waiting time on the premise of determining the number of stations,
without considering the issue of production continuity. Yan et al. and Zhang et al. [15, 16] built
a mathematical model that needs to consider various situations in actual production. Liu et al.
[17] used the simulation software AnyLogic to simulate the latest matching method used by the
current freight 020 platform.

As seen from the works surveyed, a variety of research on models and methods for solving
the production line balance problem has been published. However, few of them can be used in
actual production due to the lack of technical personnel and the low level of enterprise
intelligence. Given the shortcomings of the above research, a relatively simple optimization
method was proposed to solve the garment production line balance problem. The purpose of
this study is to introduce an improved GA to reasonably arrange the garment production
process, to achieve the balance of the garment production line. The optimization results were
verified by the AnyLogic simulation software. On the one hand, this method breaks the
convention of empirically determining the scheduling scheme. At the same time, the optimal
scheme was calculated by an intelligent algorithm, which improves the balance rate of the
production line. On the other hand, by simulating the actual production situation in advance,
the possible problems therein can be predicted and necessary preparations can be made
correspondingly.

2. ANALYSIS OF THE BALANCING PROBLEM OF GARMENT
PRODUCTION LINE

2.1 Mathematical model

This paper selected a small and medium-sized enterprise production line as the research object,
which is mainly engaged in professional clothing customization. The company’s order
production volume is small, and there is little change in style. Through field investigation, we
learned that the company has realized the hanging single-piece assembly line production mode.

304



Jiang, Duan, Zheng, Shen, Li, Xu: Optimization and Simulation of Garment Production Line ...

There are two production lines in the investigated workshop, with various kinds of production
equipment and flexible station settings. After receiving the order, the person in charge first
analyses the garment production process and working hours, and then preliminarily assigns
each process to the corresponding station of the production line according to the operation
characteristics of different workers. In the production process, when the team leader finds that
there is a large backlog of products in a certain process, it will be balanced through the processes
outside the production line. The balance of the production line in the surveyed enterprise mainly
relies on previous production planning experience, and the layout of the production line is not
reasonably arranged by scientific calculation methods.

According to the above problem description, a mathematical model of a one-piece flow
production line was constructed. If producing this style of garment includes n processes, then
the process number is denoted as i (i =1, 2, ..., n), and the number of workstations is M (one
worker is set at one workstation). The workstation index is j (j =1, 2, ..., M). X indicates
whether the j™ workstation handles the i process; Xi; = 1 indicates positive and Xjj=0 indicates
negative. To obtain the Xj; value of the optimal solution, the relationship between process i and
workstation j need to be determined, to carry out a scientific arrangement and design of the
production lines. The model assumptions in this study are as follows:

(1) Determine the total output of garment products, the standard operation time of each
process, and the processing sequence of the products.

(2) The transfer time of garment cutting and semi-finished products is set in the simulation
model of the assembly line and is not considered.

(3) Two or three pieces of devices can be placed at a workstation according to the actual
situation. The workers corresponding to each workstation should be proficient in the operation
skills of the devices.

To describe the actual production process of the garment assembly lines better and make up
for the drawback of single-objective optimization assembly line balance, this study proposed a
mathematical model of garment assembly lines under multi-objective constraints and conducted
a comprehensive evaluation of the assembly line. When the number of workstations is
determined, the following objective function in Eg. (1) is established.

The balance rate of garment production lines is expressed as:

Fit,(f(x)) =

where SPT; denotes the beat of the i working place; m is the number of given workstations;
SPTmax is the bottleneck beat.
The efficiency of garment production lines is expressed as:

Fity(f(x)) = =—=— x 100 % (2)

SPT,
where SPT is the theoretical average beat.
To optimize the equilibrium index of the garment production line:

Fit;(f(x)) = /XL ,(SPT — SPT;)? (3)
where n is the total number of processes.

The constraints are listed as follows:

(1) Considering that there is a priority relationship between processes in garment production,
that is, one process must be completed before another starts. Otherwise, the processing task
cannot be completed. In this regard, it is necessary to meet the constraints of the priority
relationship between the processes.

(2) Each job can only be assigned to one workstation, and each worker can be assigned to
at most one workstation.

m
Ym SPT;
MXSPTmax

x 100 % (1)
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2.2 Improved genetic algorithm (GA) design

GA is a random search method based on probability. It evolved from the evolution law of
biology. Although conventional GAs have advantages over other similar algorithms, they have
limitations as well, such as easy premature convergence, poor local search ability, and low
optimization accuracy. To address these problems, this study improved the GA. First, based on
traditional GAs, the search space is expanded, the local optimal solutions are jumped out, and
it can operate in multiple populations. Second, to improve the accuracy and efficiency of the
algorithm, the crossover rate and the mutation rate are adaptively adjusted. Finally, particle
swarm optimization and GA are combined to improve the convergence speed of the algorithm.
The flow chart of the improved GA is shown in Fig. 1.
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Figure 1: Flow chart of the improved GA.

(1) Real coding: When solving a problem with a GA, the parameters cannot be processed
directly. They must be transformed into chromosomes or individuals made up of genes
according to a certain structure. This conversion operation is called encoding. Generally, binary
coding is used to solve most problems [18]. The process of the garment production line is
complex and numerous, and its balance is a relatively complex process arrangement problem.
Therefore, this study adopted the method of real coding and formed a chromosome with the
length of the process number according to the priority of operation.

(2) Calculate the fitness value: This paper takes the maximum balance rate, maximum
efficiency, and minimum balance index of the garment production line as the optimization
objectives. Therefore, the mathematical model of the objective function is taken as the fitness
function. The higher the balance rate and the establishment efficiency, the smaller the
equilibrium index, and the higher the fitness, the more likely an individual is to be selected for
the next generation.

(3) Select action: Tournament selection was chosen in this study which is a commonly used
selection method in GA. Tournament selection removes a certain number of individuals from
the population each time, and then selects the best individuals to enter the descendent
population. This operation is repeated until the new population size reaches the original
population size.

(4) Adaptive crossover and mutation operation: The crossover probability and mutation
probability of GA are generally fixed values, but different crossover rates and mutation rates
will directly affect the solution accuracy and efficiency of the algorithm. Since it is impossible
to determine when the optimal individual appears. To improve the solution accuracy and
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efficiency of the algorithm, it needs to be adaptively adjusted: when the individual fitness of
chromosomes exceeds the average level of population fitness, the crossover rate and mutation
rate should be adjusted according to certain rules. In order not to destroy the advantage of genes
in individuals, the probability of crossover and mutation is usually reduced. Otherwise, it is
assigned a large, fixed value [19].

(Pcmin_Pcmax)

P = FPmax + max G G (4)
(Pmmin_Pmmax)

Bn = Punmax + max G G (5)

where P¢ is the crossover probability, Pcmax iS the maximum crossover probability, Pcmin is the
minimum crossover probability, Pm is the mutation probability, Pmmax is the maximum mutation
probability, Pmmin is the minimum mutation probability, max G is the maximum number of
iterations, and G is the current number of iterations.

In this study, the two-point crossover method was selected as the crossover operation. The
two-point crossover method is to randomly select two crossover points on a chromosome and
exchange the fragments between the crossover points. The specific operation steps are as
follows:

Step 1: Randomly select any two chromosomes (F1, F2) in the population as collateral for
crossover operation.

Step 2: Randomly generate two crossover points Pcl and Pc2 on the chromosome and
divide the chromosome into three parts: front, centre, and back.

Step 3: The crossover part is the middle part of the chromosome. Take out the middle part
of F1 and arrange it in F2 according to the sequence. Then, arrange it according to the process
priority, and put the rearranged genes back into F1. Similarly, take out the middle part of F2
and arrange it in the order of this part in F1, and then put the rearranged genes back into F2
according to the process priority and retrograde arrangement. In this way, new offspring
chromosomes are produced. Such crossover operation does not affect the priority relationship
between the production processes. The operation flow of the two-point crossover is shown in
Fig. 2.

This study selected inversion mutation operation. According to the adaptive mutation
probability, two mutation points are selected on the chromosome, and the region to be mutated
is inverted to form a new individual. The inversion mutation operation is mainly to exchange
the corresponding genes. That is, the first and the last exchange, the second and the penultimate
exchange, and so on. The process of chromosome variation is shown in Fig. 3.
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Figure 2: Chromosome two-point crossing process.  Figure 3: Chromosome variation process.

(5) Population gene exchange: The improved GA proposed in this study combined the gene
exchange of the dual population GA, which can effectively avoid the algorithm from falling
into local optima. The population gene exchange stage includes the following two parts.
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Step 1: Exchange the two genes with the best fitness function values between the two
populations;
Step 2: Randomly exchange the genes of the remaining parts of the two populations.

3. SIMULATION EXPERIMENT: CONSTRUCTION OF SIMULATION
MODEL

The operation problems of the garment production line are very complex. It is difficult to
evaluate them before they are put into production. It is also difficult to adjust them in time when
problems are found during the operation of the production line. Even the flexible production
line will also produce certain production waste. Therefore, the simulation model of the
production line is established before the formal production to simulate the operation of the
production line. The objective to be optimized and the actual operation efficiency of the pipeline
can be predicted to make the production process smoother. Combined with the simulation
results, the production line is adjusted to obtain the best optimization plan.

3.1 Model assumptions

The simulation model is only a simplified reproduction of the actual production line. Therefore,
it cannot show the true situation of the production line. Assumptions need to be set for some
uncertain factors that can be controlled manually and have little impact on the operation of the
production line. In order to make the simulation model most close to the real production
situation and achieve the ideal simulation effect, it is necessary to set the assumptions of the
model according to the focus. The assumptions of the simulation model are as follows:

(1) The material supply of the whole production line is sufficient and timely, and there is
no shortage of materials.

(2) Itis assumed that each process operates independently without affecting each other.

(3) The working time set in the model is the standard working time of each process. All
operators can meet this standard, and the normal break of employees has been taken into
account. The production line can be regarded as running in a continuous and complete effective
working time.

(4) The equipment in the whole production line can operate normally, and all operators are
on duty. In addition, the rework caused by nonconforming products in the production process
and waste disposal are not considered.

(5) Some processes do not require sewing equipment, and are mainly completed manually.
In the simulation model, the workbench is regarded as the processing equipment, and its
utilization rate is the operator's work efficiency.

3.2 Parameter settings

The parameter settings of each object used in the simulation model are as follows:

(1) Source

It refers to the material input to the production line. The parameter settings are shown in
Fig. 4a. The arrival rate is defined as the average rate of the cut input, and the maximum number
of arrivals is set to represent the number of garments in this simulation.

(2) Queue

It refers to the temporary storage area of cut pieces or semi-finished products. The parameter
settings are shown in Fig. 4 b. The capacity is mainly set according to the maximum number of
semi-finished products allowed to be cached in this area, and is queued according to the "first
in, first out" rule.

(3) Delay
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It refers to the time when the pieces or semi-finished products are delivered. The parameter
settings are shown in Fig. 4d. The delay time follows the triangle distribution, and the capacity
is the number of clothes produced by the production line.

(4) Assembler

It indicates that this process requires multiple pieces input and combined processing. The
parameter settings are shown in Fig. 4 c. The quantity is the number of pieces or semi-finished
products required for current processing, and the delay time is the processing time. The resource
set is the equipment and operators used in this process.

(5) Service

It indicates that this process processes a single piece or semi-finished product. The
parameter settings are shown in Fig. 4 e. The resource set is the equipment and operators used
in this operation. The queue capacity is the current number of processed pieces or semi-finished
products, and the delay time is the operation time.

(6) Resource Pool

It refers to processing equipment or operators. The parameter settings are shown in Fig. 4f.
The resource type is Static, and the capacity is determined by the number of people or
equipment required by the current operation.

(7) Sink

It indicates that garment production is completed. The parameter settings are shown in
Fig. 4g.
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Figure 4: Simulation model parameter settings: a) Source, b) Queue, ¢) Delay, d) Assembler,
e) Service, f) Resource Pool, g) Sink.

4. EXAMPLE APPLICATION

4.1 Analysis of the blouse process

A local garment manufacturer was investigated on the spot. A batch of blouses produced by the
manufacturer, which are basic shirts, were taken as an example. Its style features medium-long
sleeves and non-elastic fabric. By measuring the production process and working hours of this
blouse, it is found that there are 50 processes, with 6 kinds of equipment needed, including an
automatic sewing machine for lockstitch, electric steam iron, ironing table, overlock sewing
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machine, trademark binding machine, and keyhole nailing machine. The process flow chart of
the blouse is shown in Fig. 5.
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Figure 5: Process flow chart of blouse manufacturing.

4.2 Optimization scheme of production line

Since the enterprise in this survey is a small and medium-sized garment enterprise, the order
quantity is relatively small. Therefore, the production line layout of the enterprise is a linear
layout according to the transmission mode of the pieces. There are six workstations on the
production line, and each station is equipped with multiple machines, which is convenient for
the production line change and meets the production needs of various styles of garments. The
enterprise’s approach to balancing the production line is mainly to assign production tasks to
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the workstations based on experience. At the same time, an offline process is set up to
dynamically balance the production line and digest additional processes in advance.

The algorithm in this study was implemented by JAVA. The initial population is 200. The
number of iterations is 500. The maximum crossover probability is 0.9. The minimum crossover
probability is 0.5. The maximum mutation probability is 0.05. The minimum mutation
probability is 0.01. The production line arrangements before and after optimization are shown
in Table I.

Table I: Production line arrangement plan before and after optimization.

Workstation Before optimization After optimization
Task collection Time (s) Task collection Time (s)
1,2,3,4,5,31,17, 32, 1,2,3,4,56,7,8,9, 10,
1 33, 18, 19 302 11,12, 13, 14 413
15,17, 18, 19, 20, 21, 22,
2 34,20,6,7,8,9,21 368 2334, 25, 26 412
35, 22, 10, 11, 12, 13, 31, 32, 33, 34, 35, 36, 37,
3 23,36, 24, 14 219 38, 39, 40, 41 388
25, 26, 15, 16, 27, 28,
4 29 30 485 27, 28, 29, 46 392
5 37, 38, 39, 40, 41, 42 327 42,43, 44, 45, 16, 30 401
6 43, 44, 45, 46, 47 351 47,48, 49, 50 399

4.3 Production line simulation model

According to the traditional production line arrangement scheme, AnyLogic software was used
to simulate the assembly line to verify the feasibility of simulating garment production. For
example, the enterprise plans to produce 600 blouses, with workers working 8 hours a day. The
simulation experiment was carried out using the production line arrangement scheme before
optimization. The daily output of this blouse is about 45 pieces, which is consistent with the
practice. The results show that the AnyLogic software has high accuracy with excellent
performance in garment production simulation.

In this study, the simulation system of blouses was built in the AnyLogic software
environment. The production cycle and equipment utilization factors of 600 blouses were
collected and analysed. Through the comparison between the original production line and the
optimized production line, the feasibility of the production line design scheme and the
effectiveness of the new algorithm was verified.

5. RESULTS AND DISCUSSION
5.1 Results

According to Egs. (1), (2), and (3), the balance rate of this production line is 70.50 %, the
compilation efficiency is 70.52 %, and the balance index is 194.77, which has not reached the
balance rate of the production line. Therefore, the improved GA was used to optimize the
production line balance of the blouse, and the optimization results of the production line were
verified by AnyLogic software. The results show that the optimized production line balance
rate is 97.05 %, the compilation efficiency is 96.85 %, and the equilibrium index is 22.87.

The production beats of each workstation before and after optimization are shown in Fig. 6.
It can be concluded that after optimization, the production beats of each station are basically on
the same line, indicating that the balance rate of the production line has been improved.
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According to the running results of the simulation software, the total time to produce 600
blouses before the optimization is 380,800 seconds. According to the working time of 8 hours
per day, it takes 13.23 days to complete the task. After optimization, the total time to produce
the same 600 blouses is 256,033 seconds which is equal to 8.89 days. The production efficiency
is 32.80 % higher than the original.

The labour and equipment load on the production line at the steady operation stage is shown
in Fig. 7. It can be concluded that the production line is labour-intensive because all processes
require manual operations. The utilization rate of special equipment such as overlock sewing
machines, trademark ordering machines, and buttonhole sewing machine is small, which is
related to the used times during production. The low equipment utilization of some workstations
is due to the allocation of many auxiliary processes. In other words, many processes require
workers to do manually. However, some workstations have higher equipment utilization rates
by the equipment required for the assigned operations.

- Before optimization 100 ?9 98
I After optimization

‘ 91 91 91 23 92

500 90

[}
i 82 83

|
80!
T

-
(=
o

70

60 \
51 52

w
=3
o

50 |f 48

46
40 (B8 37
M 31

[~
(=3
o

Operation time (s)

20

—_
(=3
o

Utilization rate of personnel and equipment (%)

2 PO SE P & F S L& L S
Q‘g,si\(\ \&(‘ “5 \‘o éoo“g‘ \‘o é\\\ 2 é\c*‘ (“ q‘\o RS é“
Station index i +F T & “\o e “\o
Figure 6: Production beat of each station. Figure 7: Labor and equipment load of the

production line.

5.2 Discussion

The main contribution of the research presented is the introduction of a more scientific process
allocation approach for the garment industry that also reduces the possibility for human induced
error. It can help enterprises improve production efficiency and shorten production cycle, thus
effectively reducing production costs and increasing enterprise benefits. At the same time,
computer simulation technology is introduced for garment production. Evaluate the advantages
and disadvantages of the layout scheme by simulating the operation of the production line, and
timely adjust the faults and production bottlenecks of the production line. It can effectively
reduce the loss of the enterprise to ensure the stable and smooth operation of the production
line.

Based on the above analysis, the particularity of garment production needs to be considered
in the further intelligent algorithm design. It means dividing the processes using similar
equipment together as much as possible into one workstation. Production efficiency and the
utilization rate of production equipment can be maximized when the balance rate reaches the
optimal level. In addition, in order to break through the limitations of intelligent algorithms and
improve practically, it is necessary to develop a garment production line balance optimization
system interconnected with the production management system. In the meanwhile, according
to the actual situation of small and medium-sized garment production enterprises, the balance
of garment mixed production lines is considered to be the future research concern.
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6. CONCLUSION

In this research, an improved GA was used to solve the balancing problem of the garment
production line. First, the optimal solution to the problem was obtained by using real-number
coding, a dual-population strategy, as well as an adaptive crossover, and mutation operation.
After that, through the simulation operation of the simulation software, the optimized
production cycle can be obtained, which is convenient for the reasonable planning and
arrangement of other production plans. The example shows that the improved GA has good
adaptability to solve the balancing problem of the garment production line. After optimization,
the balance rate of the production line was increased from 70.5 % to 97.05 %. The simulation
results show that the production efficiency is increased by 32.80 %. In addition, the proposed
method can extract various information that cannot be obtained by traditional methods, such as
the production cycle of the order and the utilization of labour and equipment.

In future research, elements such as human factors, lean management, low carbon and other
factors can be taken into account in the design of garment production lines. What’s more, the
development of a garment production line balance optimization system linked to production
management system is beneficial to improve practical operability. Due to limited conditions,
only the mass production line of a single variety of garments was used as the research object.
The follow-up research will be extended to the multi-variety mixed-flow assembly line balance
problem according to the actual production situation of the enterprise.
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