
Int j simul model 18 (2019) 2, 366-377 

ISSN 1726-4529                                                                                   Original scientific paper 

https://doi.org/10.2507/IJSIMM18(2)CO10 366 

 

MODELLING AND PRODUCTION CONFIGURATION 

OPTIMIZATION FOR AN ASSEMBLY SHOP 

Yang, S. L.
*,**,***

; Xu, Z. G.
*,**

 & Wang, J. Y.
*,**

 
* Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China 

** Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 

110016, China 
*** University of Chinese Academy of Sciences, Beijing 100049, China 

E-Mail: yangshengluo@sia.cn 

Abstract 

Flexible production is able to respond to a changing production system. To efficiently optimize a 

changed production layout and configuration, a modelling and optimization method based on discrete 

event simulation (DES) was proposed. A mathematical optimization model of the workshop layout 

was formulated and solved using a genetic algorithm (GA). In addition, a general modelling method 

for workshop logistics processes using DES was proposed to efficiently develop a simulation model of 

the complex production processes. Moreover, the simulation model of the entire production process 

was constructed using the Plant Simulation software package, and more production factors were 

considered and optimized. After the optimization process, the logistics volume decreased by 63.5 %, 

and the throughput increased by 42.0 %. Additionally, the production process was optimized, and the 

optimal equipment allocation, worker allocation, buffer allocation, and logistics vehicle allocation 

were determined. Our work can provide decision guidance and simulation validation for workshop 

planning. 
(Received, processed and accepted by the Chinese Representative Office.) 
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1. INTRODUCTION 

Facing the new industrial revolution, many countries are actively engaged in intelligent 

manufacturing to establish competitive advantages for their manufacturing industry [1, 2]. An 

important characteristic of intelligent manufacturing is flexible production whose 

corresponding workshop layout and production resource allocation are changeable. Changes 

in these workshops require a large amount of modelling and analysis to improve the 

production performance and determine the main production configuration [3]. 

In a broad sense, production configuration is a process of selecting and configuring 

appropriate production processes from the identified process elements. This study focuses on 

determining the main manufacturing resource allocations, such as the equipment allocation, 

worker allocation, buffer allocation, and logistics vehicle allocation. The determination of 

these configurations has usually been associated with the optimization of production 

performance. 

Various methods have been used to optimize the production performance, and many 

algorithms, such as genetic algorithms (GAs), artificial bee colony algorithms, and simulated 

annealing, have been developed to optimize workshop performance [4-7]. However, Zhang et 

al. [3] pointed out that it was difficult for these algorithms to address more realistic dynamic 

problems with uncertain parameters. Moreover, these algorithms suffered from low 

convergence speeds and inefficiency in complex cases or cases where there were many 

scenarios to consider. 

In addition to these optimization algorithms, value stream mapping (VSM) has been used 

to eliminate non-value adding activities and increase the service level of manufacturing 
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enterprises [8]. Production coordination and the concept of nimble organizations have been 

used to cope with changes in production [9, 10]. In addition, ARENA software and the 

Taguchi experimental design method have been applied to optimize the performance of a 

material handling transfer system [11]. Moreover, visualization support was proposed to 

improve the design of a manufacturing system [12]. However, more production factors need 

to be considered to improve the overall production process. 

Discrete event simulation (DES) was also used to optimize production performance. DES 

is a discrete-state and event-driven method for systems whose behaviour is characterized by 

abrupt changes in the value of its state [13]. DES can be used to efficiently evaluate different 

production configuration alternatives and production strategies to support decision making 

[14]. Therefore, DES has been extensively studied to optimize production systems [15-18]. 

Mainstream DES software includes Plant Simulation, Flexsim, Quest, etc. The Plant 

Simulation software package, formerly known as eM-plant, has been widely studied because 

of its powerful logistics simulation functionality. 

The simulation and optimization literature on optimizing production performance with the 

Plant Simulation software package is mainly focused on two aspects: verification and 

optimization. Verification refers to analysing the performance of proposed algorithms, 

strategies or improved scenarios; and optimization is the development and implementation of 

measures to optimize the production layout, logistics strategy, bottleneck process, assembly 

line balancing, production scheduling, buffer size, equipment configuration, worker 

configuration, etc. 

Qin et al. [19] verified the performance of proposed composite dispatching rules. Yang et 

al. [20] verified the effectiveness of a modified discrete particle swarm optimization algorithm 

for solving the multi-object sequencing problem. Grabowik et al. [21] optimized a car 

suspension manufacturing system by proposing and comparing four improvement scenarios 

based on an initial simulation. Changes in robots, workers and roller conveyors were 

simulated to perform a comparative analysis of a production system. Supsomboon and 

Vajasuvimon [22] compared three alternative strategies for optimizing a job shop production 

system. Group technology, plant layout, job enlargement and capacity expansion were 

considered to increase throughput and average worker utilization. Andrade-Gutierrez et al. 

[23] optimized a flexible die-casting engine-head plant to reduce the production cycle time 

and increase productivity by identifying the bottlenecks and improving the production 

process. Huang et al. [24] optimized the facility layout in a flexible manufacturing workshop 

with the Plant Simulation Layout Optimizer optimization module. Hodoň et al. [25] optimized 

a production scheduling process by using Plant Simulation to detect wasted resources and 

assess generated schedules. Supsomboon and Vajasuvimon [26] optimized a production 

planning process to produce more products with a minimum number of workers. 

Based on the above literature, some conclusions are obtained. Few researchers optimized 

the overall performance of a factory through simulation. Most of them only simulated and 

optimized certain production factors, such as bottleneck processes or equipment 

configurations. In addition, few studies have comprehensively considered a facility layout and 

production process optimization. Moreover, a general simulation modelling method is lacking 

when using Plant Simulation, especially for logistics modelling, which is one of the most 

complex and important parts of production system modelling. 

This paper seeks to efficiently establish a workshop simulation model to comprehensively 

optimize production performance and determine the main production configuration. A GA 

was used to optimize the layout of an assembly shop and Plant Simulation was used to 

establish and optimize the entire production process of the shop. Moreover, a general 

modelling methodology for workshop logistics processes was proposed to uniformly describe 

the logistics processes of all the workstations. In this study, more practical production factors 
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were considered and optimized. In addition, the proposed modelling methodology for the 

logistics process can be used to effectively construct a simulation model of complex 

production processes. After the optimization process, the logistics volume decreased by 

63.5 %, the throughput increased by 42.0 %, and the optimal production configuration in 

terms of the equipment allocation, worker allocation, buffer allocation and logistics vehicle 

allocation, were obtained. This study can provide more efficient, accurate and comprehensive 

guidance and verification for workshop planning. 

2. METHODS 

2.1  Mathematical model for layout optimization 

To operate production systems efficiently, factories should not only be operated with optimal 

planning and operational policies but also have a well-designed facility layout [27]. The 

facility layout problem (FLP) in this study can be simplified as a quadratic assignment 

problem (QAP). The QAP can be described as a one-to-one assignment problem of n facilities 

to n locations. A mathematical model was established with the objective of minimizing the 

total logistics volume. 

The following assumptions are made for the QAP. 

(1) The locations for the workstation layout and the distance between these locations are 

fixed; 

(2) The number of workstations equals the number of locations; 

(3) Each workstation has the same shape and area. 

The objective function is formulated as Eq.(1) [28]: 

 1 1 1 1min n n n n

i j k l ik jl ij klf d x x        (1) 

Subject to: 

 1 1, 1,2,3,...,n

j ijx i N    (2) 

 1 1, 1,2,3,...,n

i ijx j N    (3) 

 
1 ,  if workstation  is assigned to location 

0 ,  otherwise
ij

i j
x


 


 (4) 

where fik denotes the amount of flow between workstations i and k, and djl denotes the 

distance between locations j and l. 

2.2  Design of a general modelling method for workshop logistics 

A simulation model of the workshop consists mainly of the following modules: workstations, 

logistics and workers. Logistics is one of the most important and complex modules in 

modelling. 

Based on the common characteristics of the logistics processes in production workshops, a 

general modelling methodology for workshop logistics processes using Plant Simulation was 

proposed. The production logistics processes were expressed using transport requests, vehicle 

movements, loading, unloading and workstation operations. Additionally, a vehicle allocation 

strategy and optimum path search strategy were designed to assign vehicles to distribution 

tasks. The distribution tasks were allocated according to task priority and the number of 

available vehicles. The path optimization was carried out according to the shortest path 

principle. Finally, the proposed logistics control strategy was implemented using SimTalk, a 

programming language in Plant Simulation. 
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In this study, a vehicle only received one distribution task at a time. In addition, the 

recording and assignment operations for the transport tasks were carried out using a specified 

distribution table. 

The flow chart of the proposed modelling method for the logistics processes is shown in 

Fig. 1 A. 

 

Figure 1: The proposed modelling method and the workshop under study: A) General modelling 

method of the workshop logistics process for DES, B) Initial layout scheme, C) Process 

flow chart. 

The production logistics process was summarized as the following four processes. 
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(1) Transport requests 

The transport requests were generated when an assembly operation was completed. For 

the workstations that operated the first process, a transport request for supplying would also 

be generated. These requests would be recorded in the distribution table. Then, according to 

the priority of the distribution task and transport vehicle availability, vehicles were assigned, 

received the destination, and moved to the destination. 

(2) Vehicle movements 

The vehicles moved to their destination according to the shortest path principle. Each 

track contained an entry control method at its entrance and a sensor in the middle. The entry 

control method determined whether the current track was the target track, and the sensor 

determined whether the target workstation was within the coverage area of this track. If both 

of the judgements were true, the current vehicle would stop and carry out the loading or 

unloading operation. Otherwise, the vehicle would continue to move to their destination. 

(3) Loading and unloading 

The loading and unloading was performed based on whether the vehicle carried parts. If 

the vehicle was empty, a loading operation would be performed. Parts would be moved from 

the target workstation to the vehicle. In addition, the next process for the part would be read 

and assigned as the current vehicle’s next destination. Otherwise, an unloading operation 

would be performed. The parts would be moved to the target workstation, and the vehicle 

destination would be deleted. 

(4) Workstation operation 

After the parts were unloaded, if the termination conditions were not met, the production 

process would continue. One of the workstation operations, assembly, test or detect would be 

performed. After the operation, the next procedure for the part would be read, and the next 

transport request would be sent. Moreover, for the workstations that operated the first process, 

a transport request for supplying would also be generated. 

3. LAYOUT OPTIMIZATION 

3.1  The case study: a manual assembly shop 

A manual assembly shop was used as an optimization case study. This shop assembles six 

types of semi-manufactured parts (A-F) into a final product, through three assembly stages, 

two inspections and one packaging process. The initial workshop layout and process flow are 

shown in Fig. 1 B and Fig. 1 C. The semi-finished parts are transported from the semi-finished 

product warehouse to the assembly shop by a truck. Then, parts B and E are hoisted and 

transported to the temporary storage area, and the other four parts are hoisted and transported 

to the Automatic Storage and Retrieval System (ASRS). Five of each part are stored. When 

the number of parts stored is less than two, a transport request will be sent, and four parts will 

be transported from the semi-finished product warehouse each time. Inside the workshop, two 

types of automatic guided vehicles (AGVs) are used to transport the parts to the workstations. 

The smaller AGV is used for parts A, B, C and D, and the larger AGV is used for part E and 

other assembled parts. 

There are six types of workstations in the assembly shop. Their operation time and the 

number of workers required are shown in Table I. 

3.2  Modelling and optimization of the layout 

To obtain the optimal layout, a simulation model for the layout optimization was developed 

using the Plant Simulation software and was based on the established mathematical model. 

The GA module in Plant Simulation was used to optimize the total logistics volume. 
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The workstations in the shop were represented as M01-M17, as shown in Table II. In 

addition, the distance matrix is shown in Table III, and the annual throughput was assumed to 

be 1000 units. 

Table I: The process time and number of 

workers required for each workstation. 

Station 
Number of 

stations 

Time

(min) 
Workers 

AS1 5 156 1 

AS2 4 150 1 

AS3 3 120 1 

Detect 1 15 1 

Test 2 15 0.5 

Pack 1 45 2 

Note. 'Workers' is the number of workers required for 

each workstation. For the test workstations, two 

workstations were operated by one worker. Hoisting time: 

15 min; AGV speed: 0.17 m/s; Truck speed: 5.56 m/s. 

Table II: Workstation representation. 

Code Station Code Station 

M01 AS14 M10 Test1 

M02 AS15 M11 Test2 

M03 AS16 M12 Pack 

M04 AS17 M13 Charge 

M05 AS18 M14 StoreB 

M06 AS31 M15 StoreE 

M07 AS32 M16 ASRS 

M08 AS33 M17 TroShoot 

M09 Detect     

Table III: The distance matrix. 

Location 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 0 4 8 9 5 9 13 17 14 10 14 18 22 19 15 23 29 

2 4 0 4 13 9 5 9 13 18 14 10 14 18 23 19 19 25 

3 8 4 0 17 13 9 5 9 22 18 14 10 14 27 23 15 21 

4 9 13 17 0 4 8 12 16 5 9 13 17 21 10 14 22 28 

5 5 9 13 4 0 4 8 12 9 5 9 13 17 14 10 18 24 

6 9 5 9 8 4 0 4 8 13 9 5 9 13 18 14 14 20 

7 13 9 5 12 8 4 0 4 17 13 9 5 9 22 18 10 16 

8 17 13 9 16 12 8 4 0 21 17 13 9 5 26 22 14 12 

9 14 18 22 5 9 13 17 21 0 4 8 12 16 5 9 17 23 

10 10 14 18 9 5 9 13 17 4 0 4 8 12 9 5 13 19 

11 14 10 14 13 9 5 9 13 8 4 0 4 8 13 9 9 15 

12 18 14 10 17 13 9 5 9 12 8 4 0 4 17 13 5 11 

13 22 18 14 21 17 13 9 5 16 12 8 4 0 21 17 9 7 

14 19 23 27 10 14 18 22 26 5 9 13 17 21 0 4 12 18 

15 19 23 27 14 10 14 18 22 9 5 9 13 17 4 0 8 14 

16 23 19 15 22 18 14 10 14 17 13 9 5 9 12 8 0 6 

17 29 25 21 28 24 20 16 12 23 19 15 11 7 18 14 6 0 
      Note. The values are the sum of the distance in the lengthwise and widthwise directions. The width of a location is 

assumed to be 1. According to the dimensional scale, the length is 3, the distance between the lengthwise and widthwise 

directions are 2 and 1, respectively, with a few exceptions. 

Moreover, some constraints are considered: ASRS, test and charge workstations are 

limited to areas S, T and H, respectively, as shown in Fig. 1 B. 

Finally, the layout optimization model is shown in Fig. 2 A. 

A GA was used to solve the mathematical and simulation models. Fig. 2 B shows that the 

evolutionary process of the offspring converges after 23 generations. After the optimization 

process, the total logistics volume was reduced from 442518 to 270626, which was 63.5 % 

less than that before the optimization process. The optimal layout is shown in Fig. 2 C. 
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Figure 2: Modelling and optimization of the workshop layout: A) The simulation model for layout 

optimization, B) Evolution curve of the GA; population = 50, max. generation = 35, 

crossover rate = 0.8, mutation rate = 0.1, C) Optimal layout scheme. 

4. MODELLING AND OPTIMIZATION OF THE PRODUCTION 

PROCESS 

4.1  Modelling and analysis of the entire production process 

The production simulation model of the entire production process was established using the 

Plant Simulation software based on the above optimal layout scheme. As shown in Fig. 3, the 

model mainly includes the following modules: warehousing, workstations, workers, tracks, 

scheduling strategy, experiment module and statistical analysis. 

 
      Note. The assembly workstations were designed to be flexible to adapt to future product adjustments. 

Therefore, each assembly workstation could perform operations AS1-AS3. In this study, three assembly 

workstations were used for operation AS3, and the others were used for operations AS1 and AS2. 

Figure 3: Production simulation model of a manual assembly shop. 

The production process was operated 7 hours a day for 22 days a month. After the 

simulation, the monthly output was 150 units. The facility utilization rates and the worker 

efficiencies are shown in Fig. 4 A and Fig. 4 B, respectively. 

Fig. 4 A shows that blockages occurred in many workstations and that the workstation 

utilization was generally low. Fig. 4 B shows that 14 main assembly workers were sufficient 
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under the current production conditions. Further analysis showed that the blockages occurred 

mainly because the packaging operational cycle was too long and there were not enough 

buffers at every workstation. Therefore, the production process and configuration needed to 

be optimized. 

4.2  Optimization of the production processes and configuration 

According to the above analysis, the workshop production process was optimized through 

buffer usage and bottleneck elimination. In addition, the optimal allocation of the main 

production resources was determined through the design of experiment (DOE) method. 

In this study, both the number of workers and AGVs were determined to be adequate 

before they were optimized so that they would not become a limiting factor for an increase in 

the production volume or further performance improvement. 

(1) Buffer size optimization 

Among the six types of workstations, buffers were not set at types AS1 and AS2 because 

there was no extra space at these two types of workstations and they would be replenished as 

soon as they were idle. In addition, buffers should be set up after the packaging workstation. 

Therefore, five types of workstations needed buffers. 

The DOE method was used to optimize the buffer size where the maximum throughput 

was used as an evaluation index. A two-level experimental design was employed to improve 

the computational efficiency. The upper bound of the buffer size was determined in the first 

stage, and the specified buffer size was determined in the second stage. 

In the first stage experiment, the buffer size of each workstation increased from 1 to 5 

with an increment of 2. The results are shown in Fig. 4 F. 

The experimental data showed that the minimum upper bound of the buffer size for 

maximum throughput was 1, 1, 3, 3 and 1. Therefore, the second stage experiment, which 

increased the buffer size from 0 to the corresponding minimum upper bound, was designed. 

An additional 128 experiments were carried out. 

After the buffer optimization, the optimal buffer configuration was 1, 1, 2, 2 and 1. Under 

this configuration, the monthly output reached 195, which was 30 % higher than that before 

buffer optimization. In addition, as shown in Fig. 4 C, the blockage of each workstation was 

obviously reduced, and the utilization was greatly improved. Moreover, Fig. 4 G shows that 

most buffers have relatively high occupation rates and low full occupation rates, indicating 

that the optimized buffer configuration was reasonable. 

(2) Bottleneck process optimization 

Fig. 4 C shows that the packaging operation was a bottleneck process, which resulted in 

much blockage in the original configuration. Because of the low cost of packaging equipment 

and the extra space in the packaging area, a new packaging workstation was added to 

eliminate the bottleneck effect. 

After the bottleneck process optimization, the monthly output increased from 195 to 213. 

Moreover, the blockages at the test and detection workstations were significantly reduced, as 

shown in Fig. 4 D. 

However, the utilization of the test workstation was still relatively low. Because of the 

high price of the test equipment, one test workstation was eliminated. After this reduction, the 

output did not decrease, although Fig. 4 E shows a slight increase in the blockages at the test 

and detection workstations. Furthermore, a DOE was carried out, which verified that after the 

adjustment of the workstations, the aforementioned buffer configuration was still optimal. 

(3) Worker quantity optimization 

The number of assembly workers was designed to increase from 9 to 18, while both the 

number of detect workers and test workers remained at 1. Therefore, 10 experiments were 

carried out. Fig. 4 H shows that as the number of assembly workers increased, the output 
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increased and reached the maximum when the number of assembly workers was 14. In 

addition, the labour intensity of the assembly workers decreased, while that of the test and 

detect workers increased slightly. Considering the throughput and labour intensity, the 

optimal number of assembly workers was determined to be 14. 

(4) Transport vehicle quantity optimization 

The number of AGV1 and AGV2 vehicles increased from 1 to 5, and the number of trucks 

increased from 1 to 3. Therefore, 75 experiments were carried out, and the throughput and 

vehicle utilization are shown in Fig. 4 I. 

 

Figure 4: Optimization of production configuration: A) Facility utilization in the preliminary 

simulation, B) Worker utilization in the preliminary simulation, C) Facility utilization after 

the buffer optimization, D) Facility utilization after the bottleneck optimization, E) Facility 

utilization after the workstation adjustment, F) The throughput of the first stage experiment, 

G) Utilization of each buffer at the optimal capacity, H) Throughput and labour intensity 

for the different worker configurations, I) Throughput and vehicle utilization for the 

different vehicle configurations. 

The experimental data shows that for the number of trucks, when the vehicle 

configurations increased from 5, 5, 1 to 5, 5, 3, and from 1, 3, 1 to 1, 3, 3, the throughput did 

not increase. This indicates that one truck can meet the production requirements. In addition, 

when one truck was used, the truck utilization was 8.2 %, which was relatively low. Therefore, 

the optimal number of trucks was determined to be one. 

For AGV1, its quantity increased from 1 to 5, and the maximum output and utilization 

data are shown in Table IV. As shown in the table, one AGV vehicle could meet the 

production demand. However, considering the running time and failure occurrences, the 

optimal number of AGV1 vehicles was identified as two. 

The experimental results for AGV2 vehicles are shown in Table V. Similar to the analysis 

of AGV1 vehicles, the number of AGV2 vehicles was identified as three. 

5. RESULTS 

The workshop layout with the smallest logistics volume was obtained by using a GA. In 

addition, the workshop performance was improved through simulation modelling and 
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optimization of the entire production process. The comparison of the production configuration 

before and after optimization is shown in Table VI. 

Table IV: The vehicle usage for AGV1. 

Quantity 
Running 

time (h) 

Utilization 

(%) 

MaxOut

put 

1 4.66 66.61  213  

2 2.27 21.73  213  

3 1.52 21.79  213  

4 1.12 15.92  213  

5 0.88 12.56  213  
 

Table V: The vehicle usage for AGV2. 

Quantity 
Running 

time (h) 

Utilization 

(%) 

MaxOut

put 

1 5.58 79.71 180 

2 3.37 48.22 210 

3 2.28 32.61 213 

4 1.72 24.57 213 

5 1.37 19.62 213 
 

As seen from Table VI, after optimization, the allocation of the main production resources 

in the workshop was adjusted accordingly. The optimal buffer allocation for the major 

workstations was determined. A packaging workstation was added, and a testing workstation 

was reduced. The number of logistics vehicles was adjusted and verified. Finally, the monthly 

output increased from 150 to 213, which is 42.0 % higher than that before optimization. 

In addition, the workstation utilization increased greatly, and the blockages decreased 

significantly, as shown in Fig. 5 A. Moreover, the worker utilization was improved, and the 

labour intensity was balanced, as shown in Fig. 5 B. 

Table VI: Production resource allocation and throughput comparison before and after optimization. 

  Buffer Station  Worker Vehicle 

  Detect Test AS3 Pack PackAway Pack  Test W_AS  AGV1 AGV2 Truck 

Before 0 0 0 0 0 1 2 14 2 2 2 

After 1 1 2 2 1 2 1 14 2 3 1 

 

 

Figure 5: Workshop performance after optimization: A) Facility utilization after optimization,  

B) Worker utilization after optimization. 

6. CONCLUSIONS 

This research optimized the workshop layout, proposed a general modelling method for 

workshop logistics processes, and optimized an entire production process and a major 

production configuration. The purpose of this paper is to provide a comprehensive, efficient 

and accurate simulation optimization methodology and decision guidance for workshop 

layout, production performance and production resource allocation under a flexible 

production environment through DES. 

This study shows that an accurate simulation model that describes complex production 

processes can be established so that the entire production process can be optimized and that 

more production resource allocation can be determined through DES. The second main 

finding is that a logistics simulation model of a complex workshop can be developed 
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efficiently through the proposed general modelling method. These findings indicate that DES 

can provide comprehensive, efficient and accurate guidance for workshop planning and 

design. 

However, this study was limited to a situation where the transport vehicles could only 

perform one task at the same time. If multiple tasks need to be performed, the dynamic task 

allocation strategies must be further developed. 

The proposed general modelling method of the workshop logistics processes could be 

used in the logistics simulation design of other workshops, and the case study of a 

comprehensive assembly shop simulation and optimization can provide a reference for the 

planning of other workshops. 
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