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Abstract.Based on the ant colony algorithm, this paper explores its application in
optimizing shirt pocket manufacturing process parameters. As one of the critical
processes in garment manufacturing, the layout and stitching process of shirt pockets has
an essential impact on the appearance and quality of products. Because the traditional
experience makes it difficult to meet the optimization needs of the production process,
we introduce the ant colony algorithm into the process optimization field to simulate the
cooperation and competition behavior of ants in searching for food and seek the best bag
production scheme. In this study, experiments were designed to collect bag-making data
under different parameters, and an ant colony algorithm was used to optimize. The results
show that the ant colony algorithm has remarkably optimized shirt pocket manufacturing
process parameters. By comparing the ant colony algorithm with the traditional method,
we verify the superiority of the ant colony algorithm in optimizing process parameters
and provide a new idea and plan for improving the shirt-making process.
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1 Introduction

With the continuous evolution of fashion and technology, shirts, as a standard piece of
clothing, have been increasingly demanding in style and quality. As one of its essential
decorative elements, the shirt pocket needs to be beautiful and practical and maintain
coordination with the overall design. However, traditional shirt pocket-making is often limited
by experience and fixed rules, and it isn’t easy to meet the needs of diversification and
personalization[1].Therefore, it is significant research to introduce the advanced optimization
method into the shirt pocket manufacturing process.

The significance of this study is to provide an innovative idea and method to improve the
traditional shirt pocket manufacturing process, and promote the garment manufacturing
industry to develop in the direction of intelligence and personalization[2]. At the same time,
through the introduction of ant colony algorithm, it also provides a useful reference for other
similar process optimization problems. This paper will discuss the application value of ant
colony algorithm in the optimization of shirt pocket manufacturing process parameters, and
provide scientific and reasonable methods and basis for process improvement and
optimization.
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2 Related theories and methods

The ant colony algorithm is a heuristic optimization algorithm based on the foraging behavior
of ants in nature[3]. Its basic principle is to simulate ants' cooperation and competition
behavior in searching for food. The ants in the algorithm represent the candidate solutions in
the search solution space, and the pheromones are similar to the chemicals released by the ants
on the path to guide the ants 'movement and selection. Ants choose a course with a high
pheromone concentration and release pheromones along the way, making it more likely that
other ants will choose that path. With the iteration, the pheromone gradually accumulates in
the position of the optimal solution, thus realizing the optimization of the problem[4].

The basic idea of ant colony algorithm in shirt pocket process optimization is to find the
optimal solution through the guidance of pheromone and the cooperation of ants. In the
application of shirt pocket making process, the shirt surface can be regarded as a solution
space, and ants represent candidates for different pocket positions or seam path segments.
According to the pheromone concentration and heuristic factors, ants choose the appropriate
location or path segment and release pheromone on it. With the iteration, the pheromones
gradually gather in the optimal position or path segment, and guide the ants to concentrate
near the optimal solution, so as to achieve the optimization of the process[5]. Through the
introduction of ant colony algorithm, we hope to find a better parameter setting in the shirt
pocket manufacturing process, improve the efficiency and quality of the process, and achieve
the goal of intelligence and personalization.

3 Application of ant colony algorithm in optimization of shirt pocket
manufacturing process parameters

3.1 Application of ant colony algorithm in pocket layout optimization

Finally, the ants tend to choose the location with higher pheromone concentration by the ant
colony algorithm, which achieves the optimization effect of the pocket layout[6]. The specific
steps of the ant colony algorithm in the pocket layout optimization are as follows:

Initialize the pheromone(1):

               $τ(i,  j)  =  τ_{0}$,  where  $τ_{0}$                             (1)

Route selection: The ants select the location according to the pheromone concentration and the
heuristic factor and calculate the path selection probability as follows(2).(3):

P_{ij} = \frac{(τ_{ij})^α * (η_{ij})^β}{\sum_{k \in N_i} (τ_{ik})^α * (η_{ik})^β}     (2)

P ij = ∑ k∈Ni (τik )α∗(ηik )β(τij )α∗(ηij  )β                     (3)

where $P_{ij}$is the probability of an ant moving from position $i$to position $j$,$α$and
$β$are parameters,$N_i$represents the neighbor set of position $i$, and $η_{ij}$is heuristic
information.

Update pheromone(4):

$τ(i, j) = (1 - ρ) * τ(i, j) + Δτ(i, j)$                 (4)



where $ρ$is the pheromone evaporation coefficient and $Δτ(i, j)$is the pheromone increment.

3.2 Application of ant colony algorithm in pocket sewing process optimization

When the ant colony algorithm is applied to optimize the pocket sewing process, the calculation
of heuristic information and the fitness function definition must be adjusted according to the
specific situation. The ant chooses the next stitching position according to the pheromone, and
the heuristic report then updates the pheromone according to the fitness value on the path[7].
Finally, the stitching location with the highest pheromone value is selected as optimal.

Ant colony algorithm in the pocket sewing process optimization algorithm parameter setting:

- Number of ants AntsNum

- Max Iterations

- Evaporation Rate

- Pheromone renewal intensity Q

Initialize Pheromone Matrix

Cycle MaxIterations times:

    Do the following for each and i:

        Initialize and Position[i]

        For each stitching position j, the heuristic information StitchQuality[j] of the
position j is calculated

        Select the next position k among the unvisited stitch positions, using the
roulette wheel, taking into account the pheromone and heuristic information StitchQuality

    Update the pheromone on the path the ant has traveled:

        For each, i do the following:

            Calculate the fitness of the path traveled by ant i Fit #The fitness function
is defined according to the actual situation, and factors such as stitching quality and time can
be considered

            PheromoneMatrix[i][j] = (1 - EvaporationRate) * PheromoneMatrix[i][j] +
Q / Fit

    Update the global pheromone matrix:

        For each stitch location, j:

            For each and i, the pheromone update value is accumulated

End Loop

Select the best suture position. Stitch_best

Back Stitch_best



4 Experimental Design and Results Analysis

4.1 Experimental setup and parameter selection

An experiment was designed to verify the application effect of the ant colony algorithm in the
optimization of shirt pocket manufacturing process parameters. The experimental setup was as
follows:

Ant colony algorithm parameters: set the number of ants, iteration times, pheromone
evaporation coefficient, and other parameters.

The number of ants: 50, the number of iterations: 10, the pheromone evaporation coefficient:
0.2, the heuristic factor: 2.Pocket layout optimization experiment: Choose a different number
of pocket candidate positions. Pocket candidate positions: A, B, C, D, E.Initial pheromone
concentration: 0.5.Optimization experiment of pocket sewing process: design different sewing
line paths. Suture path segments: P1, P2, P3, P4, P5.Initial pheromone concentration: 0.3.

4.2 Experimental data acquisition and processing

Ants' route choice and pheromone concentration were recorded in each experiment round[8].
By repeating the experiment many times, sufficient data were collected for analysis. After the
experimental data were collected, the data were normalized to facilitate the comparative
analysis under different parameters,Table 1and Table 2 .

Table 1. Experimental data of pocket layout optimization

Number of
iterations

position A
pheromone

Position B
pheromone

Position C
pheromone

Position D
pheromone

Position E
pheromone

1 0.3 0.4 0.5 0.6 0.7
2 0.5 0.6 0.7 0.8 0.9
3 0.6 0.8 0.9 0.85 0.75
4 0.7 0.9 0.95 0.7 0.8
5 0.8 0.7 0.8 0.9 0.6
6 0.9 0.85 0.75 0.8 0.7
7 0.7 0.6 0.8 0.9 0.8
8 0.85 0.75 0.8 0.7 0.9
9 0.6 0.7 0.85 0.8 0.9
10 0.75 0.8 0.7 0.9 0.6

Table 2. Experimental data of suture process optimization

Number of
iterations

pathway P1
pheromone

pathway P2
pheromone

pathway P3
pheromone

pathway P4
pheromone

pathway P5
pheromone

1 0.3 0.4 0.5 0.6 0.7
2 0.4 0.6 0.7 0.8 0.9
3 0.6 0.8 0.85 0.75 0.7
4 0.8 0.9 0.7 0.6 0.8



5 0.9 0.7 0.8 0.85 0.75
6 0.7 0.6 0.8 0.9 0.85
7 0.75 0.8 0.9 0.7 0.6
8 0.8 0.7 0.6 0.85 0.9
9 0.6 0.8 0.7 0.9 0.75
10 0.85 0.75 0.9 0.7 0.6

4.3 Result analysis and discussion

By analyzing the experimental data of pocket layout optimization, it can be observed that with
the increase of iteration times, the pheromone concentration of each position increases
gradually[9]. Finally, the ants tend to select the place with a higher pheromone concentration,
and the optimization effect of pocket layout is achieved. The experimental data of sewing
process optimization also showed a similar trend. The ants selected the sewing line path
segment with higher pheromone concentration in the iterative process and realized the
optimization of the pocket sewing process.

The experimental results show that the ant colony algorithm has specific application potential
in optimizing shirt pocket manufacturing process parameters. By simulating the cooperative
and competitive behavior of ants, the ant colony algorithm can guide ants to concentrate near
the optimal solution to find a better solution in pocket layout and sewing process. The
pheromone concentration was observed to gradually converge to the optimal position or path
segment in the experiment, which verified the effectiveness of the ant colony algorithm in
process optimization[10].

5 Validation of process optimization effect

5.1 Shirt pocket making Sample making

To verify the application effect of the ant colony algorithm in optimizing shirt pocket
manufacturing process parameters, the samples optimized by the ant colony algorithm and the
traditional samples were made into ten pieces, respectively. Make a sample of the actual shirt
pocket as follows:Material preparation: Prepare the required materials such as shirt fabric,
sewing thread, pocket fabric, etc.Pocket layout: According to the parameters optimized by the
ant colony algorithm and the traditional process parameters, the pocket layout is designed
respectively. Mark pocket locations on shirt fabric.Suture process: Perform the suture process
according to different parameter settings. Compare the difference between the optimized
suture process and the traditional process.Sample making: Make shirt pocket samples
according to pocket layout and stitching process.

5.2 Process optimization effect verification method

(1)Comparison of appearance quality: Compare the pocket layout and sewing process of
different samples and analyze the difference in appearance quality. The appearance quality of
the selection optimized by the ant colony algorithm was compared with that of the traditional
model using professional quality evaluation standards, namely, the flatness of the suture line
and the accuracy of pocket position. The appearance quality score of each sample was



assessed. The suture flatness score and the pocket position accuracy score for each piece are
expressed on a scale of 1 to 10, respectively.

(2)Functional verification: Test the differences in functionality, usability, and durability of the
pockets of different samples in actual use. The primary use function of the sample pocket was
tested by simulating everyday wear scenarios. Compare the usability and durability
differences between ant colony algorithm-optimized samples and traditional samples. Each
piece's usability and durability scores are expressed on a scale of 1 to 10, respectively.

5.3 Experimental results and verification analysis

Through the production and verification of actual samples, we have obtained the following
results and analysis:

Fig.1 Comparison of appearance quality

Regarding appearance quality comparison(Figure 1), the sample optimized by the ant colony
algorithm showed better appearance quality in the pocket layout and sewing process. The
optimized pocket position is more accurate, the stitching line is smoother, and the overall
appearance is more beautiful. The average sample score optimized by the ant colony algorithm
was 8.375 for suture flatness and 9.2 for pocket position accuracy. The conventional pieces
had an average score of 8.5 for suture flatness and an average score of 7.8 for pocket position
accuracy. The advantages of the ant colony algorithm in optimizing the appearance quality of
samples can be obtained by comparing the scores.



Fig. 2 Results of functional verification and comparison experiment

Regarding functional verification(Figure 2), the usability and durability data show that the
optimized samples show better functionality in actual use. The pocket layout is more
reasonable, convenient, and practical; The stitching is more robust, and the pocket is more
durable. In contrast, traditional samples have some functional deficiencies.

The ant colony algorithm's application effect in optimizing shirt pocket manufacturing process
parameters has been verified. The optimized samples showed apparent appearance quality and
functionality advantages, which proved the potential and value of the ant colony algorithm in
process optimization. The experimental results provide strong support and guidance for
improving and optimizing the process.

6 Conclusion

This study discusses the application of the ant colony algorithm in optimizing shirt pocket
manufacturing process parameters. Firstly, the process and critical points of shirt pocket
manufacturing are introduced in detail, and the application of the ant colony algorithm in
pocket layout and sewing process optimization is discussed. In the process optimization effect
verification, the actual application effect of the ant colony algorithm in process parameter
optimization was verified from appearance quality and actual use function through essential
sample preparation and functional verification. The results show that the sample optimized by
the ant colony algorithm has apparent appearance quality and functionality advantages, which
strongly supports improving and optimizing the shirt pocket manufacturing process.

This study provides a preliminary verification for applying the ant colony algorithm in
optimizing shirt pocket manufacturing process parameters. However, there are still many
future research directions to explore. First, we can consider comparing more optimization
algorithms with the ant colony algorithm to find a more suitable method for process
optimization. Secondly, we can expand the scope of research to explore the application of the
ant colony algorithm in another garment-making process and the combination with different
intelligent optimization algorithms.



In addition, with the continuous development of technology, the optimization effect of the ant
colony algorithm in the shirt pocket-making process can be further studied by combining
computer simulation and practical experiments to provide more possibilities for the
improvement and innovation of the garment-making process. In a word, this study offers a
preliminary verification for applying the ant colony algorithm in optimizing shirt pocket
manufacturing process parameters. Also, it provides some helpful inspiration and prospects for
future research directions. Through continuous exploration and innovation, it is expected to
improve the quality and efficiency of the process and promote the development of garment
manufacturing technology.
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