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A B S T R A C T  A R T I C L E   I N F O 
Unlike mass-volume products, custom-made products provide multiple options 
at the ordering stage and therefore require a system flexible enough to accom-
modate these needs. This study developed a worker-balancing algorithm for 
custom-made products that enable equitable workload distribution across dif-
ferent numbers of workers. The key variables considered are task duration, the 
number of workers, and the type and complexity of the tasks involved in pro-
ducing custom-made garments. The proposed algorithm is designed as an op-
timized production assignment by sequentially assigning the number of work-
ers and tasks for each production operation. The main steps of the algorithm 
are as follows: (1) calculate the basic pitch time (BPT); (2) determine the num-
ber of workers and the time per worker required for the highest-level task; and 
(3) redistribute the workload between the highest-level task and the second-
highest-level task. The algorithm was applied to generate production assign-
ments for scenarios involving four to seven workers. The outcomes of the pro-
posed method were compared with the current five-worker assignment in use. 
The results show that balance efficiency increased from 69.9 % to 83 %. To 
further validate the algorithm, a production process was modelled and simu-
lated using a discrete-event systems simulation tool. The simulation confirmed 
the reliability of the balance efficiency, as labour utilization closely matched the 
calculated balance efficiency. This study is significant because it addresses 
workload balancing in small-scale, custom-made garment production. Moreo-
ver, it offers a practical approach to distributing task durations that accounts 
for both worker competencies and the specific nature of the tasks performed. 

 Keywords: 
Custom-made garment; 
Flexible manufacturing system; 
Garment production management; 
Line balancing; 
Workload distribution; 
Discrete-event simulation; 
Balance efficiency  

*Corresponding author:  
cezar@konkuk.ac.kr  
(Park, C.K.) 

Article history:  
Received 4 December 2024 
Revised 12 June 2025 
Accepted 23 June 2025 

 
Content from this work may be used under the terms of 
the Creative Commons Attribution 4.0 International 
Licence (CC BY 4.0). Any further distribution of this work 
must maintain attribution to the author(s) and the title of 
the work, journal citation and DOI. 

References  
[1] Wen, Y., Li, X., Yan, R., Zhu, X. (2024). A comparative empirical study on the product R&d capability of manufactur-

ing industry, Tehnički Vjesnik–Technical Gazette, Vol. 31, No. 1, 88-97, doi: 10.17559/TV-20230427000579. 
[2] Chan, K.C.C., Hui, P.C.L., Yeung, K.W., Ng, F.S.F. (1998). Handling the assembly line balancing problem in the cloth-

ing industry using a genetic algorithm, International Journal of Clothing Science and Technology, Vol. 10, No. 1, 21-
37, doi: 10.1108/09556229810205240. 

[3] Chen, D., Zhao, X.R. (2021). Production management of hybrid flow shop based on genetic algorithm, International 
Journal of Simulation Modelling, Vol. 20, No. 3, 571-582, doi: 10.2507/IJSIMM20-3-CO12. 

[4] Ünal, C. (2013). A new line balancing algorithm for manufacturing cell transformation in apparel industry, Indus-
tria Textila, Vol. 64, No. 3, 155-162. 

[5] Jaganathan, V.P. (2014). Line balancing using largest candidate rule algorithm in a garment industry: A case study, 
International Journal of Lean Thinking, Vol. 5, No. 1, 25-35. 

[6] Shim, K.N., Kim, J.S., Oh, J.Y., Suh, E.J. (2014). A study on 'line balancing' of women's jacket production, ,The Korean 
Fashion and Textile Research Journal, Vol. 16, No. 6, 979-986, doi: 10.5805/SFTI.2014.16.6.979. 

[7] Bappy, M.M., Musa, M.A., Hossain, M.F. (2019). Productivity improvement through line balancing-A case study in 
an apparel industry, Global Scientific Journal, Vol. 7, No. 2, 893-902. 

https://doi.org/10.17559/TV-20230427000579
https://doi.org/10.1108/09556229810205240
https://doi.org/10.2507/IJSIMM20-3-CO12
https://doi.org/10.5805/SFTI.2014.16.6.979


 

[8] Xu, H., Xu, B., Yan, J. (2019). Balancing apparel assembly lines through adaptive ant colony optimization, Textile 
Research Journal, Vol. 89, No. 18, 3677-3691, doi: 10.1177/00405175188198. 

[9] Ghosh, S., Gagnon, R.J. (1989). A comprehensive literature review and analysis of the design, balancing and sched-
uling of assembly systems, International Journal of Production Research, Vol. 27, No. 4, 637-670, doi: 
10.1080/00207548908942574. 

[10] Sakib, N., Mohiuddin, H.M., Mehidi, S.H. (2014). An optimal layout design in an apparel industry by appropriate 
line balancing: A case study, Global Journal of Research in Engineering, Vol. 14, No. 5, 41-49. 

[11] Xie, Z., Du, J., Chen, Q., Wang, X. (2021). Enhancing the labor division in the balancing of apparel assembly lines 
with parallel workstation through an improved ant colony algorithm, Journal of Engineered Fibers and Fabrics, Vol. 
16, doi: 10.1177/15589250211055784. 

[12] Kim, M., Kim, S. (2023). Effects of step-by-step line balancing in apparel assembly line, Journal of Engineered Fibers 
and Fabrics, Vol. 18, doi: 10.1177/15589250231191196. 

[13] Perret, J.K. (2023). A simultaneous balancing and sequencing algorithm to plan assembly lines in the fashion in-
dustry, Research Journal of Textile and Apparel, Vol. 27, No. 3, 389-413, doi: 10.1108/RJTA-04-2022-0045. 

[14] Chen, G.Y.H., Chen, P.S., Dang, J.F., Kang, S.L., Cheng, L.J. (2021). Applying meta-heuristics algorithm to solve as-
sembly line balancing problem with labor skill level in garment industry, International Journal of Computational 
Intelligence Systems, Vol. 14, No. 1, 1438-1450, doi: 10.2991/ijcis.d.210420.002. 

[15] Duca, O., Bidică , C., Mincă, E., Gurgu, I.V., Păun, M., Dragomir, F. (2021). Optimization of production planning for a 
flexible assembly technology on a mechatronics line, Studies in Informatics and Control, Vol. 30, No. 1, 53–66, doi: 
10.24846/v30i1y202105. 

[16] Dakak, S., Nizam, S.(2022). Modeling production technological advantage in Syrian clothes manufacturing industry, 
Journal of Service, Innovation and Sustainable Development, Vol. 3, No. 1, 1-13, doi: 10.33168/SISD.2022.0101. 

[17] Sršen, S., Mernik, M. (2021). A JSSP solution for production planning optimization combining industrial engineer-
ing and evolutionary algorithms, Computer Science and Information Systems, Vol. 18, No. 1, 349-378, doi: 
10.2298/CSIS201009058S. 

[18] Ghutukade, S.T., Sawant, S.M. (2013). Use of ranked position weighted method for assembly line balancing, Inter-
national Journal of Advanced Engineering Research and Studies, Vol. 1, No. 3, 5-7. 

[19] Hannan, M.A., Munsur, H.A., Muhsin, M. (2011). An investigation of the production line for enhanced production 
using heuristic method, International Journal of Advances in Engineering & Technology, Vol. 1, No. 5, 77-88. 

[20] Stevanov, B., Sremcev, N., Lazarevic, M., Anderla, A., Sladojevic, S., Vidicki, P. (2022). Optimization of the subas-
sembly production process using simulation, International Journal of Simulation Modelling, Vol. 21, No. 4, 663-674, 
doi: 10.2507/IJSIMM21-4-633. 

[21] Esmaeilian, G.R., Ismail, N., Sulaiman, S., Ahmad, M.M.H.M., Hamedi, M. (2009). Allocating and balancing of mixed 
model production through the parallel assembly lines, European Journal of Scientific Research, Vol. 31, No. 4, 616-
631. 

[22] Jin, M., Wu, S.D. (2003). A new heuristic method for mixed model assembly line balancing problem, Computers & 
Industrial Engineering, Vol. 44, No. 1, 159-169, doi: 10.1016/S0360-8352(02)00190-0. 

[23] Xu, W., Sun, H.Y., Awaga, A.L., Yan, Y., Cui, Y.J. (2022). Optimization approaches for solving production scheduling 
problem: A brief overview and a case study for hybrid flow shop using genetic algorithms, Advances in Production 
Engineering & Management, Vol. 17, No. 1, 45-56, doi: 10.14743/apem2022.1.420. 

[24] Bojic, S., Maslaric, M., Mircetic, D., Nikolicic, S., Todorovic, V. (2023). Simulation and Genetic Algorithm-based ap-
proach for multi-objective optimization of production planning: A case study in industry, Advances in Production 
Engineering & Management, Vol. 18, No. 2, 250-262, doi: 10.14743/apem2023.2.471.  

[25] Choi, K.M., Hwang, H.J., Jun, J.I., Park, Y.S. (2012). Process control analysis for efficient production management of 
customized baseball uniforms, The Korean Fashion and Textile Research Journal, Vol. 14, No. 4, 597-606, doi: 
10.5805/KSCI.2012.14.4.597. 

[26] Yang, M.M., Wu, L., Qi, J., Ying, B.A., Wang, Y. (2024). Balance study of clothing single-piece production line based 
on dual-population genetic algorithm, Journal of Fiber Bioengineering and Informatics, Vol. 17, No. 1, 51-60, doi: 
10.3993/jfbim03071. 

[27] Witthayapraphakorn, A., Jaijit, S. (2023). Using simulation to determine the reorder point under uncertainty of a 
retail store, International Journal of Simulation Modelling, Vol. 22, No. 2, 199-210, doi: 10.2507/IJSIMM22-2-630. 

 

https://doi.org/10.1177/00405175188198
https://doi.org/10.1080/00207548908942574
https://doi.org/10.1080/00207548908942574
https://doi.org/10.1177/15589250211055784
https://doi.org/10.1177/15589250231191196
https://doi.org/10.1108/RJTA-04-2022-0045
https://doi.org/10.2991/ijcis.d.210420.002
https://doi.org/10.24846/v30i1y202105
https://doi.org/10.24846/v30i1y202105
https://doi.org/10.33168/SISD.2022.0101
https://doi.org/10.2298/CSIS201009058S
https://doi.org/10.2298/CSIS201009058S
https://doi.org/10.2507/IJSIMM21-4-633
https://doi.org/10.1016/S0360-8352(02)00190-0
https://doi.org/10.14743/apem2022.1.420
https://doi.org/10.14743/apem2023.2.471
https://doi.org/10.5805/KSCI.2012.14.4.597
https://doi.org/10.5805/KSCI.2012.14.4.597
https://doi.org/10.3993/jfbim03071
https://doi.org/10.3993/jfbim03071
https://doi.org/10.2507/IJSIMM22-2-630

	References

