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Abstract 
 

In recent years, the Peruvian garment industry suffered drops in its production levels and its participation in the 
national market due to the low level of productive efficiency of its companies. In the cutting process of a garment 
company, productive problems were found such as defective overproduction, disorganization of the area and 
unproductive times that did not add value. The objective of the research is to propose an improvement model using 
Lean Manufacturing tools, specifically 5s, Kanban, SMED and Poka-Yoke, to increase the productivity level, 
currently at 78.12%. The results showed an increase in productivity of 10.78%, a reduction in defective production by 
5.43% and a decrease in setup time of 12.03 minutes. These results were validated through a simulation of the tools 
in Arena 14.0, demonstrating the validity of the proposed model. 
 
Keywords 
Productivity, 5S, Kanban, SMED, Poka-Yoke 
 
1. Introduction 
In Peru, the textile industry is of significant importance due to its strong economic impact on the country. This industry 
is the third activity with the highest contribution to the manufacturing GDP with a 6.49% share in 2019 (SNI  2021); 
and represents 3.7% of total national exports and 6.6% of exported items in the last ten years (PRODUCE 2020). 
However, the sector has fallen 1.5% each year in the last decade in contrast to the positive annual variation of the 
national GDP of 3.6% and the manufacturing GDP of 1.7% due to lower productive activity caused by low technology, 
labor costs, infrastructure, and informality, which resulted in lower participation in the national economy (SNI 2022). 
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The pandemic affected all manufacturing industries in 2020. According to the SNI (2021), the apparel subsector fell 
by 35.9% and the textile subsector fell by 25.7% with respect to 2019, generating a sector drop of 32.1%. In recent 
years, it has registered a decreased production level, which distances it from the levels registered in past seasons. 
Considering the production level of 100 in 2012, its performance in recent years has been below the normal standard, 
as medium-sized companies now possess a productivity index of 77.6% (SNI  2021). 
 
When producing garments, defective products and shrinkage often appear in the process, generating negative effects 
on companies in terms of unfulfilled orders, expenses, transportation and labor (Khan et al. 2021). The problem is 
evidenced in an improvement project conducted in Lima where the lack of planning for the reduction of shrinkage and 
defective products caused a bottleneck and affected the following processes, resulting in failures in the delivery of the 
final product (Anampa 2020). There is a significant difference between the productivity of small, medium and large 
companies in the sector due to a combination of factors such as the availability of resources, access to financing, 
economies of scale and management capacity (PRODUCE, 2020). Consequently, several studies have explored the 
implementation of Lean Manufacturing tools as alternative solutions to production problems. The main benefits of 
Lean tools are lead time reduction, stock and cost reduction, and less need for rework flows, which allows us to better 
understand processes and identify waste (Ribeiro et al. 2019). However, the implementation of lean manufacturing 
concepts alone is not enough, as a comprehensive approach that adopts a holistic perspective is required to face market 
competition (Sadiq et al.2021). 
 
The main objective of this research is to increase the productivity of a textile company, which is below the industry 
standard. To achieve this purpose, a continuous improvement model is proposed that integrates four Lean 
Manufacturing tools: 5s, Kanban, Poka-Yoke and Single Minute Exchange of Die (SMED), which will be 
implemented specifically in the cutting area of the organization. It should be noted that one of the major limitations 
was the accessibility to the company's data information due to the confidentiality that the organization has with respect 
to them, so the data of the cutting area is limited.  
 
1.1 Objectives 
The research seeks to demonstrate that the model based on 5S, Kanban, SMED and Poka-Yoke will increase the level 
of productivity in the cutting area of textile and apparel companies. First, 5S will be used to organize the work 
environment and eliminate unproductive elements and processes. Secondly, Kanban will be used to visually regulate 
the workflow and materials used. Thirdly, Single Minute Exchange of Die (SMED) will be used to reduce non-value-
added time and thus increase work flexibility. Finally, Poka-Yoke will be used to reduce the occurrence of human 
errors during the process. 
 
2. Literature Review 
2.1 5s in the textile sector 
The 5s methodology is a useful tool to eliminate activities that do not add value and improve efficiency, and 
implementation of the 5S methodology can have many benefits for textile companies, including reducing unnecessary 
relocations, improving workplace organization, reducing penalties for late deliveries, and increasing revenue. 
(Andrade et al. 2019). Its principles of sorting, order, cleanliness, standardization, and self-discipline help companies 
eliminate waste, increase productivity and achieve a healthier work environment (Ribeiro et al. 2019). It is simple to 
implement by companies of all sizes, in one case study it increased productivity by 20% and reduced defective 
products by 30% (Senthil et al. 2022). Demirtas et al. (2022) agree that Kaizen and 5S methodologies can be valuable 
tools for SMEs seeking to improve their production processes but to do so, employees must be trained in 5S principles 
and must be committed to implementing them. 
 
2.2 Kanban in the textile sector 
The Kanban tool is highly effective for performance improvement in the textile industry as it reduces lead times, 
improves product quality and increases customer satisfaction (Habib et al., 2023). It requires time and effort, but those 
companies that apply it properly obtain benefits that help identify and correct problems in the production process to 
improve quality (Mohan et al. 2020). It should be implemented gradually, starting with simple processes and 
expanding to more complicated ones (Poetters et al. 2020). The implementation of Kanban in a medium-sized 
company helped reduce task delivery times by 25%, also allowing 10% more tasks to be completed in the same period 
of time (Weflen et al. 2021). In addition, according to Ribeiro et al. (2019), the main benefits of this tool are lead time 
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reduction, stock and cost reduction, and less need for reprocessing flows, which allows us to better understand the 
processes and identify waste. 
2.3 SMED in the textile sector 
The SMED methodology focuses on reducing machine and process changeover times, including the activities required 
to prepare a machine to produce a new production batch (Collazos et al. 2022). It enables equipment setup operations 
to be performed in less than 10 minutes by allowing them to quickly move from processing the current product to 
processing the next product (Yacizi et al. 2020). It is divided into internal activities, which determine equipment stops, 
and external ones, which can be performed without interrupting the process, and when properly separated, time 
reduction occurs (Nikolić et al. 2023). After using SMED in a textile company, efficiency was improved with an 
average of 56.64% in the pretest and an average of 70.54% in the post test (Collazos et al. 2022). 
 
2.4 Poka-Yoke in the textile sector 
The Poka-Yoke tool is a valuable and economical tool for error prevention and productivity improvement and has a 
significant impact on process results (Harish et al. 2023). It helps to prevent human errors during processes, leading 
to an improvement in the quality of a process or service (Santos et al. 2023). The implementation of error-proof Poka-
Yoke devices in a medium-sized company reduced reprocesses by 30%, waste by 20% and preparation times by 15%, 
in addition to improving the quality of the final product and overall productivity (Aguilar et al. 2023). Bucko et al. 
(2022) claim that the use of Poka-Yoke in a textile company allowed reducing the percentage of nonconforming parts 
from 23% to 0% in the case of seals with burrs, and from 10% to 5% in the case of seals without burrs. In addition, 
the cycle time was reduced from 18 seconds to 8.90 seconds. 
 
3. Methods 
This article is a case study, which was conducted in a company belonging to the textile and apparel sector, which 
allowed an analysis of the operation of companies in this industry. An improvement model based on the Lean 
Manufacturing tools previously mentioned was proposed with the purpose of increasing production efficiency in fabric 
cutting, involving aspects such as visual control, reduction of setup times and optimization of cycle times, a reduction 
of physical limitations and a reduction of quality errors, providing a more agile and efficient process within the area. 
The proposed method contains an input, which is the low level of productivity of the cutting process, and what is 
sought is that the output can increase the value of the indicator so that it is above the industry average. The model 
contains an input, which is the low level of productivity of the cutting process, and what is sought is that the output 
can increase the value of the indicator so that it is above the industry average. For this purpose, the model has 3 
development phases: diagnosis of the problem, simulation and implementation of the simulation, these phases can be 
seen in Figure 1.   
 
First, a diagnosis of the problem to be addressed was made by analyzing the current situation of the company and the 
processes involved in the production of garments, with the following steps: An analysis of the main measurement 
indicators that allow evaluating the company's performance, a Pareto diagram together with a Value Stream Mapping 
(VSM) to determine the times and quantify the main problems of the process, determining that the cutting was the one 
that presented the greatest number of setbacks, an Ishikawa diagram to determine the causes that originate the problem 
and finally a problem tree that evidences the problem to be addressed and its economic impact, in addition to its 
reasons and root causes. In this way, it was identified that the main reasons for low productivity were poor planning 
of the fabric layout due to high lot change times and absence of visual tools, inefficient use of the workspace due to 
different physical limitations, and finally a high amount of waste due to inadequate quality control. 
 
Once the problems and their causes were identified, an investigation was conducted to find tools that could provide 
engineering solutions and improve efficiency, seeking to improve the productivity indicator. For this, the proposed 
model considers appropriate the integration of 4 engineering tools through a simulation, which complement each other, 
which are the following: 5S, Kanban, SMED and Poka-Yoke. Finally, the level of productivity improvement is 
measured once the simulation has been conducted, and a comparison is made between the current situation and the 
situation proposed by the model. Considering the above, Figure 1 shows the proposed model and its development. 
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Figure 1. Proposed model 
 
4. Data Collection 
In order to collect data for the research, information had to be extracted from diverse sources such as scientific articles, 
annual industry reports and research books on Lean Manufacturing tools. In addition, several visits were made to the 
production plant to get a more detailed view of the company and the performance of its activities, the managers of 
each area were interviewed about the performance of their areas and the indicators they use to measure the performance 
of their activities. With the information obtained from the workers, a VSM of the production process was made, which 
included the cycle time of each process and the number of workers per area, then a Pareto was made with the standard 
cycle times per process, determining that the cutting process was the production bottleneck representing 63.25% of 
the total. Once this problem was identified, an Ishikawa was performed to explain the reason for the delays in the 
process, and with this information a problem tree was made to explain the causes, which could translate into problems 
related to losses in waiting and unnecessary times, as well as an excess in the generation of waste. With the information 
obtained and the State of the Art, it was validated that it was possible to use Lean Manufacturing tools to provide a 
solution to the productivity problem. Figure 2 shows the steps followed in the search for results. 
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Figure 2. Diagram to achieve results 

4.1 Implementation of 5S, Kanban, SMED and Poka-Yoke 
In this phase, the Lean Manufacturing tools are put into practice through experimentation and pilot tests within the 
company. An order of use was proposed, being first the 5s tool to organize the work environment, maintain cleanliness, 
and allow the implementation of the other tools, then Kanban to visually manage the workflow and manage materials, 
then SMED to reduce setup times and increase project flexibility, and finally Poka-Yoke to reduce the occurrence of 
human errors. 
 
For the 5s tool, an internal audit was conducted to determine the current state of the organization and the steps to be 
taken to improve it. First, all unnecessary items that did not provide value were classified and categorized using 5s 
cards to indicate the action plan for each of them. Secondly, organizational and product placement measures were 
proposed to increase awareness of the area's products. Third, a cleaning plan was developed to detect problems caused 
by dirt and create corrective measures to mitigate them. Fourthly, measures were standardized through continuous 
maintenance and habit creation. Finally, the previous steps were standardized with the education of the participants of 
the implementation and a final audit was performed with the changes made and the improvements in the order. 
 
For the Kanban tool, all the sub-processes of the area and the required input and output quantities of each of them 
were mapped in order to have detailed control of the workstations. Then, Kanban cards were implemented so that the 
workers have a visual identification of the production system, it should be noted that only one card is used per order. 
Each card details relevant information such as planned quantity, unused quantity, product and shrinkage, also note 
that they are differentiated in the colors green as completed, yellow in process and red with immediate attention 
problems. Finally, Kanban boards will be used in a visible position for the workers, which will display in detail the 
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quantities entering the plant from the processing stage to the authorized stage and the stage of each activity to be 
conducted. 
 
For the SMED tool, the most important activities during the batch changeover between each order cut were identified 
and classified according to their category, whether internal or external, specifying the corresponding times for each of 
them, which were calculated using a stopwatch. With the information obtained, the total batch changeover time was 
identified through the sum total of internal tasks, allowing the next step of performing an analysis and solution 
proposals to reduce the times without consuming too many resources for the company, thus reducing the total batch 
changeover time to a lower value than the current one. 
 
For the Poka-Yoke tool, the main potential failures were identified during the performance of the work by means of 
an AMEX matrix, analyzing their severity, probability of occurrence and probability of non-detection, determining 
the riskiest activities of all. Once detected, the reason for the problems was determined and Poka-Yoke cards were 
prepared, which serve to provide solutions to these problems and detail the improvements that will be obtained if they 
are implemented. In this way, failures are mitigated in order to have better control of them and avoid their occurrence 
in future operations. 

The following are the results obtained from the current scenario of the cut-off area. To measure the level of 
productivity, a sample of the monthly production was made, taking the average of the quantities managed during a 
period of 22 working days. To measure the defective products, the route sheets provided by the workers were used, in 
which the parts of the fabric that could not pass the cutting process were counted. 

● Effectiveness level (%): 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

∗ 100% = 267462
316800

∗ 100% = 84.43% 

● Efficiency level (%): 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

∗ 100% = 267462−19967
267462

∗ 100% = 92.53% 

● Productivity level (%): 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 (%) ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 (%) = 84.43% ∗ 92.53% =
78.12% 

● Average order processing time: ∑ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 219 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 33 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

● Defective products level (%):𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

∗ 100% = 19967
267462

∗ 100% = 7.47% 

5. Results and Discussion 
Following the result of the level of organization of the area obtained in the initial 5S audit, which was 44%, a one-
month pilot test was conducted to organize the area and create an environment conducive to increased efficiency using 
this methodology. To improve this result, the cards were placed in those products that do not add value to the area by 
grouping equal products, these were filled by the person in charge of the area with the corresponding information and 
were placed in areas of easy visualization for the operators, then it was necessary to register a control of actions in 
which these could be applied within the work area, registering all those unnecessary elements that need the application 
of the tool, A cleaning plan was made during the second and third week of implementation with the support of the 
operators under the supervision of the manager and the cutting assistant, the main errors in cleaning and the causes 
that originate them were recorded, creating corrective measures to solve these problems. A 5S mural was installed 
with a record and continuous monitoring of the workers and their rates of compliance with the progress to meet the 
objectives set, and finally, through discipline, all participants were educated to commit themselves to achieve the 
objectives previously set through self-discipline and personal responsibility, obtaining a final result after a final audit 
of 95%. 
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Figure 3. 5S final audit results 

Once the 5S pilot test was completed, we proceeded with the simulation. First, an As Is model was made in the Arena 
software in which the number of orders served in the cut during a working day was simulated by taking the times 
obtained in the company for each operation performed. Twelve orders are processed daily, entering every 38.12 
minutes and arriving at the latest at 4:00 pm to meet the daily production. The distributions of each activity were 
performed using the exponential and uniform distributions in the Input Analyzer software. To validate the simulation 
the entities to be modeled will be the production orders attended during the day since the process revolves around their 
fulfillment. The different operators of the process were modeled in their respective activities and were considered as 
resources, they are 9 workers and 16 activities in the process, thus obtaining the current values. 

Six main indicators were obtained in the simulation: average order attention time, average cutting table cleaning time, 
average cutter greasing time, average daily work time, number of defective parts and number of parts produced. 

Table 1. Current scenario indicators 
 

Simulation indicators Values obtained 
Average order processing time 219.33 minutes 

Average cutting table cleaning time 9.49 minutes 
Average cutting machine greasing time 5.49 minutes 

Average daily working time 627 minutes 
Number of defective parts 1185 parts 
Number of parts produced 11950 parts 

To conduct the improvement, the proposed tools were simulated, elaborating changes in the process and creating a To 
Be model. Thanks to the Kanban and Poka-Yoke analysis, the use of the Kanban board and the Poka-Yoke cards 
allowed improving the visual control of the operation and reducing errors, ensuring a lower amount of defective 
production. Changes were generated in the “Quality Control” sub-process, where 30% of the parts entered the control 
and 70% of these passed, now only 20% entered since there was a greater confidence of correct production and 90% 
of the total analyzed passed the control. 

In addition, the SMED analysis reduced the setup times of the “Cutter greasing” and “Cutting table cleaning” activities, 
which occupied a total of 14.98 minutes of the total cycle time. With the changes proposed by the tool, the simulation 
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of these times was reduced to occupy 2.95 minutes in total, thus reducing the unproductive times and the total time of 
the cutting operation, which previously had a value of 219.33 minutes, to an improved value of 184.46 minutes. For 
the calculation of the final number of replicas, 186 replicas were simulated to have a maximum error of 480 pieces in 
the simulation. 

Table 2. Improved scenario indicators 
 

Simulation indicators Values obtained 
Average order processing time 184.46 minutes 

Average cutting table cleaning time 2.49 minutes 
Average cutting machine greasing time 0.46 minutes 

Average daily working time 577 minutes 
Number of defective parts 263 parts 
Number of parts produced 12872 parts 

Figure 4 below shows the simulation diagram that was used in Arena to obtain the desired results. It simulates the 
process from the time the mold is printed, the fabric is stretched, the fabric is cut, it goes through quality control and 
the finishes are made to leave the cutting area. 

 

Figure 4. Graphical representation of the improved model 

5.1 Numerical Results 
The indicators after the simulation are presented below, it should be considered that the productivity level of the 
average production conducted within 22 working days is considered. 

● Effectiveness level (%): 283162
31800

∗ 100% = 89.38% 

● Efficiency level (%): 283162−5786
283162

∗ 100% = 97.96% 
● Productivity level (%): 89.38% ∗ 97.96% = 87.56%  
● Average order processing time: 184 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 46 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
● Defective products level (%): 5786

283162
∗ 100% = 2.04% 
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5.1 Graphical Results 

The following visual results were obtained during the implementation of the pilot test and simulation: 

 

Figure 5. 5S Audit Comparison before and after 

 

Figure 6. Simulation indicators As Is and To Be 

5.1 Validation 
The proposed model was validated through a pilot test that lasted 1 month for the 5S tool and a simulation in Arena 
software for the other methodologies, with the latest information obtained after the simulation results, the calculation 
of the indicators was performed again. The table shows the variation between the initial and final results. 

 
Table 3. Comparison of indicators results between scenarios 

 
Indicators Initial Situation Final Situation 

Productivity Level (%) 78.12% 87.56% 
Order Processing Time (min) 219.33 184.46 

Defective Products (%) 7.47% 2.04% 
 

With the results obtained for the indicators in the final situation after the simulation, it can be concluded that the main 
objective of the research was met, since all the indicators showed an improvement with respect to the initial situation, 
validating the improvement. However, if the model is implemented in the company, it may be open to further 
improvement. 
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6. Conclusion 
The implementation of the Lean Manufacturing tools was of vital importance for the improvement of the productivity 
of the fabric cutting process since, when applied correctly and with appropriate standardization and commitment on 
the part of the workers, they facilitate the reduction of waste and unproductive time. At the end of the implementation 
of the improvements, productivity of 87.56% was achieved, representing an increase of 9.44% compared to the initial 
value of 9.44%, demonstrating the reduction of the technical gap of the indicator and validating the contribution of 
the methodology conducted to obtain better manufacturing efficiency. 

The 5s tool improved the level of organization and distribution of materials and resources in the work area by 
establishing classification and cleaning measures, Kanban and Poka-Yoke improved production flow control thanks 
to visual and faulty production control, and SMED reduced waiting times between processes to achieve a reduction in 
total cycle time, thus generating a more efficient cut.In conclusion, the results obtained validate the improvements 
achieved in the organization thanks to Lean Manufacturing tools and their impact on efficiency, effectiveness and 
productivity, demonstrating that they are a valuable alternative for streamlining processes, optimizing manufacturing 
work and obtaining better results. 
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