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Abstract - Effective transportation of goods and raw materials can increase factory efficiency and productivity. However, in the real 
production plant there are complexities of the system and constraints which make internal logistics management difficult. In this 
research, a computer simulation was used to analyze routing plans for a pickup truck factory, which currently uses Automated 
Guided Vehicles (AGVs) to transport materials and components. The efficiency of the current system is low and an increase of 
16.97% in productivity has been planned, so there is a need to adjust the internal logistics to be more suitable. Therefore, two new 
designs of AGVs routing based on zone control are proposed: a two-loop path and a tandem three-loop path. The two-loop path is 
the best design, using the minimum number of AGVs for both the current and the future production levels,- it has a short total 
distance and travel time, but has six crossover paths.  Five AGVs are sufficient for the current level and six AGVs are adequate for 
the future production level. The design is more effective and economical than the existing AGVs routing plan. Although the tandem 
three-loop path has no crossover path, the distance is longer than the two-loop path for this case study. The tandem path is 
recommended in the existing research, but for the real-world problem, it is not always the best because it depends on layout 
configuration and zone design. 
 
Keywords - Routing Analysis, Automated Guided Vehicle Systems, Computer Simulation, Internal Logistics, Case Study. 

 
  

I. INTRODUCTION 
 

The government is trying to push industry to industrial 
4.0. One of the tools that can help industry is a factory 
automated system, since there are many processes in a 
factory. One of the most important processes affecting the 
costs in a factory is the material handling system, which is a 
necessary process for materials movement planning that has 
many components to be considered such as type of motion, 
location, time, etc. It affects works handling bulk quantities, 
which has a relationship with demand and space. An 
effective material handling system can increase the 
competitive advantage of the factory because it can reduce 
cost and increase productivity, whereas, weak material 
handling systems can cause many problems such as delay of 
production, unnecessary movement, low efficiency of man 
and machine, etc.  Automated Guided Vehicle (AGV), 
which is a self-driven vehicle for modern factories, is 
usually used in transferring raw material, work in progress, 
and finished goods within the production plant and can 
increase the speed of production, reduce time, and reduce 
cost [1]. 

The choice of traffic control policy is one of the 
influencing factors of AGV systems. Collision avoidance 
and deadlock control during the operation of AGV systems 
should be considered [2]. A collision usually occurs when 
two AGVs move to the same segments and meet at a 
crossover path, where AGVs have to slow down when 
passing the crossover path. This problem can be solved by 
using obstacle-detecting devices and collision-avoidance 

policy. One of the methods to avoid collisions is zone 
control, which is a simple and practical method. A deadlock 
means several AGVs cannot move any further due to one of 
them having to be in the location currently occupied by 
another AGV in the same set. It may cause permanent 
blocking of several AGVs. This problem can be avoided by 
rerouting the related AGVs. Deadlock prevention is an off-
line traffic control policy, which solves the deadlock by 
preplanning at the early stage to ensure that the result of the 
system is 100% deadlock free [2].  

Computer simulation is one of the main systems of a 
digital factory that can support production planning and 
control [3] and is used in many applications such as 
production line, logistic system, or manufacturing system 
for planning resources [3-5]. Scheduling of AGV based 
robotic assembly systems has also been tested by computer 
simulation [6]. In this paper, the application of AGVs 
routing analysis by computer simulation is presented. 

Currently, the factory uses an AGV system with a 
single-loop layout, in which AGVs travel in a unidirectional 
loop. The problem of the current system is each vehicle has 
to travel the whole loop to stop at the same point, and a 
vehicle breakdown may destroy the whole system [2]. Since 
the factory has a plan to increase productivity by 16.97%, 
the current AGV system cannot serve this increasing 
demand, so a new routing plan needs to be analyzed to find 
the appropriate number of AGVs. However, the production 
is continuing all the time so computer simulation was used 
to analyze the system in order to ensure that the selected 
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routing plan and the AGV system can work effectively in 
the actual production line. 

In the rest of the paper is organized as follows: Section 
II presents the related work. In section III system 
description is explained. In section IV, simulation models 
are proposed and discussed. Section V ends the paper with 
some conclusions. 

 
II. RELATED WORK 

 
The relevant literature is categorized into three topics: 

logistics, Automated Guided Vehicle Systems (AGV), and 
computer simulation. 

 
A. Logistics 

 
Logistics is the management of transportation 

information and resources from sources to customers. There 
are two types of logistics; inbound logistics or supply 
logistics and outbound logistics or sales logistics [7]. 
Distribution within the factory is also logistics, which is 
called internal logistics. Management and planning of 
resources for transporting raw materials are necessary to 
make a continuous flow of the processes. More internal 
manufacturing logistics should be fully synchronized with 
manufacturing resources such as machines, tools, and 
operators [1] depending expressly on the typology of the 
production system. Layout planning and material flows are 
influenced by internal logistics. Therefore, the key issues of 
internal logistics are the ways that materials are 
loaded/unloaded and transported through the whole 
production plant. Currently, some of the possible 
transporters including conveyors, Automated Guided 
Vehicles (AGVs), and other automated systems are used in 
factories. These vehicles have been identified as a potential 
driver to improve system efficiency and lower labor cost in 
the material handling system [8]. 

 
B. Automated Guided Vehicle Systems, AGV 

 
Automated Guided Vehicles System, (AGV) is an 

unmanned transport system used for the movement of 
materials [9]. Many studies have been conducted related to 
design and control issues of AGV systems in 
manufacturing, warehouse, distribution, transshipment, and 
transportation.  

In internal logistics, the layout design of AGV routing is 
very important. Normally there are three main types in the 
AGV system: single-loop, tandem, and conventional layout. 
In a single-loop layout, AGVs travel in a unidirectional loop 
[2,10]. Tandem layout provides non-overlapping, single-
vehicle loops operation. This layout can avoid congestion of 
the system, so is considered a promising path structure [11]. 
The conventional layout design includes unidirectional 
layout, bidirectional layout, and multi-lanes hybrid layout 
[2]. 

Two main problems of traffic control in AGV systems 
are collision at crossover paths and deadlock [2,6]. Zone 
control is a basic method to avoid collisions, whereas 
deadlock prevention is an off-line traffic control policy that 
preplans to solve the occurrence of deadlocks by limiting 
the resource allocation on the basis of the information of the 
current state [2]. 

 
C. Computer Simulation 

 
Computer simulation is the imitation of a dynamic 

system using a computer model in order to evaluate and 
improve the system [12]. The processes of the simulation 
are: 

 
1. Define the objective and plan the study. 
2. Collect and analyze system data. 
3. Build the model. 
4. Validate the Model. 
5. Conduct experiments. 
6. Present the Results. 
 
It has been used to improve many systems in both 

service and manufacturing industries [3,6]. In AGV 
systems, the simulation is used to evaluate scheduling rules, 
find the appropriate layout, evaluate AGVS-based 
warehouse operation, determine the number of AGVs, and 
choose the optimal internal company logistics track 
[2,3,13,14].  

In this research, the simulation was used to evaluate the 
routing plan and find the optimal number of AGVs in the 
system because the production is continuing all the time, 
which is difficult to evaluate in the real production line.  

 
III. SYSTEM DESCRIPTION  

 
In this section, the system and its internal logistics are 

explained. 
 
A. Pickup Truck Assembly Processes and Material 

Handling 
 
The case study factory is a pickup truck factory. There 

are 7 processes, which are  
Trim 1 (install power cable and components at the front 

console) 
Trim 2 (install brake system, windshield wiper, and 

safety lock) 
Trim 3 (install doors) 
Trim 4 (trim and finish parts at underfloor and install 

mirror) 
Chassis 1 (assemble rear body) 
Chassis 2 (assemble cab body) 
Chassis 3 (assemble car seat, fill air cleaner, glass 

cleaner, and brake fluid)  
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Figure 1. The production plant pickup truck assembly. 

 

 
Figure 2. Current routing of AGVs. 

The production plant is shown in Figure 1. Parts from 
Picking part trim 1 are carried by AGVs to Trim 1, then 
components are assembled and sent to Trim 2, Trim 3, and 
Trim 4 accordingly. At Trim 4 empty boxes of kit are 
carried by AGVs and sent to Trim 1.  The problem of this 
system is the distribution system by AGVs around Trim 1 
and Trim 4. 

Currently, 9 AGVs are used to carry 3 boxes of kit. A 
worker is also used to drag a box of kit, one man per one 
kit. There are 2 sides in the production process: the left-
hand side (LH) and the right-hand side (RH). Three men 
work on each side.  

The currently used AGV is a compact heavy-duty AGV. 
It is a unidirectional AGV. A range of speed is from 3 to 47 

meter/minute. Width, length and height are 350, 1500 and 
322 millimeters. 
 
B. The Current Routing  
 

The current routing is one-loop routing, all AGVs pass 
the same locations as shown in Figure 2. 

Route 1: The worker at Picking part trim 1 RH pushes 
the button to call an AGV. An AGV is loaded and transfers 
full boxes from point 1 to point 2, PLC transfer T-02 RH of 
Trim 1. Then, the kit is used in the production line. Next, 
AGV moves to point 3 to get empty boxes of kit at PLC 
Transfer T-25 LH of Trim 4. Then, empty boxes are loaded 
and AGV moves to point 4, Picking part trim 1 RH, where 
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empty boxes are unloaded from the AGV for workers to 
prepare the new set of parts.  

Route 2: After empty boxes are unloaded from an AGV, 
the AGV moves to the waiting point at point 5. The worker 
at Picking part trim 1 LH pushes the button to call an AGV. 
Then, the AGV moves to pick up full boxes at point 6, PLC 
transfer T-02 LH of Trim 1. Full boxes are sent to the 
production line and the AGV moves to point 7, PLC 
Transfer T-25 RH of Trim 4 to pick up empty boxes. Then, 
the AGV moves to point 8, Picking part trim 1 LH, where 
boxes of kit are unloaded from the AGV ready for workers 
to prepare a new set of parts. Then, the AGV moves 
immediately to the waiting point 9.    

Route 3: After the worker finishes preparing boxes of kit 
for LH, the AGV is called from point 9 to pick up boxes of 
kit at point 10, where boxes of kit are unloaded. The worker 
takes these empty boxes to prepare parts. Then, the AGV 
moves to the waiting point and returns to the same loop.  

Currently, the average production rate in each shift is 
175.20 cars. Each car needs two boxes of kit (the left and 
right-hand sides). One AGV can carry 3 boxes of kit per 
time, but in each loop, 6 boxes of kit are transported and 3 
cars can be produced. The working time in each shift is 475 
minutes. Nine AGVs are currently used in the plant. From 
data collection, an AGV travel time per loop is 36.42 
minutes. The time that each AGV spends is shown in (1). 

 
AGV time per car = AGV travel time per loop/ (number 

of cars produced from boxes of kit that an AGV carries x 
number of AGVs in the system) 

 
= 36.42 minutes/(3 cars/AGV x 9 AGVs)   (1) 

      =1.35 minutes.  
 
So, the efficiency of an AGV in the current system is 

calculated by (2). 
 
Efficiency = AGV cycle time per car/Takt time          (2) 
 
     = 1.35 minutes/2.71 minutes x 100% = 49.77% 
 
Takt time is the rate at which a product needs to be 

completed in order to meet customer demand. In the current 
system, 9 AGVs travel on the same route, so if there is a 
problem with an AGV, all of the AGVs have to wait, which 
stops the production line. Moreover, there are many 
crossovers, which cause stoppage and slow down AGV 
traveling. Sometimes an AGV travels along the wrong path 
after passing the crossover. Furthermore, some paths are 
shared with another AGV system of Trim 3. So, AGVs of 
the study route have to wait for the AGVs of another route. 
Furthermore, the factory has a plan to increase productivity 
by 16.97%, requiring the Takt time to be reduced from 2.71 
minutes/car to 2.25 minutes/car and thereby increase the 
capacity of the production line. However, the current AGV 
system for distribution of raw material is still an obstacle. 

So, the current AGV system should be analyzed and a new 
routing should be proposed to increase the capability of the 
whole system. Simulation was used to examine the system 
because the current system works every day and cannot be 
interrupted.   
 

IV. SIMULATION MODELS 
 

This study aims to propose the best AGV routing plan 
for the assembly section of the automotive factory in the 
most economical way. The current system, which uses 9 
AGVs to transport raw materials between Trim 1 and Trim 
4, can serve current demand. However, it cannot respond to 
the future demand that plans to be increased by 16.97%. 
The current system uses many AGVs and routing is 
complicated with many crossover points in the routing plan, 
which cause waste in the system. It is necessary to improve 
this internal logistics to be more effective. Related data 
were collected from the actual plant for motion and time 
study [15]. They were tested for independence, 
homogeneity, and goodness of fit using Stat::Fit before 
using in a simulation model [12]. All data are independent 
and homogeneous. 

To estimate the number of AGV, average travel time is 
needed. Time to travel in each path of AGV can be 
calculated by (3). 

 
Average travel time = distance/ average AGV speed   (3) 
 
Distance and time in each path are shown in Table I. 
  

TABLE I.  TIME AND DISTANCE OF THE CURRENT ROUTING 
PATH 

 
 
Each AGV can carry 3 boxes of kit. The average speed 

of an AGV used in this factory is 20 meters/minute and the 
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current takt time is 2.71 minutes per car. Then, the number 
of AGVs used in each path can be calculated by (4).  

 
Number of AGVs in each path =  

Travel time/(Takt time x 3)                          (4) 
 
= 36.42 minutes/(2.71 minutes/car x 3 boxes of kit /round)  

 = 4.48  5 cars  
 
The number of AGVs needed for the future demand at 

takt time 2.25 minutes per car is: 
 
No. of AGVs  = 36.42 minutes/(2.25 minutes/car x 3 

boxes of kit /round)  
                             = 5.40  6 cars 

 
 

A. New Routing Design  
 
From literature reviews, the problems of AGV routing 

are collision, which happens at crossover paths, and 
deadlock that is caused by the breakdown of a machine or 
inappropriate controlling of the route. In order to avoid 
these problems, crossover paths, long travel distance, and 
overlap paths should be avoided in routing design. Zone 
control is one of the solutions to routing design that was 
used in this research. Shared paths with Trim 3 are 
eliminated. The models proposed were a two-loop path, and 
tandem three-loop paths. Tandem layout provides non-
overlapping, single-vehicle loops operation, which is 
considered a promising path structure [2].  

 
A1. Two-Loop Path: Two-loop path was constructed by 

splitting the work of left-hand side and the right-hand side 
to reduce the travel time of an AGV. However, the distance 
of the left-hand side path is longer than the right-hand side 
path as illustrated in Figure 2. Although crossover paths 
have been reduced, there are 6 crossover points in this route, 
which cannot be avoided. The distance of routes 1 and 2 and 
times are shown in Table II, respectively. The total distance 
is 556.8 meters. From the calculation, five AGVs can be 
used for both current and future demands. 

 
 
 
 
 
 
 
 

A2. Tandem Three-Loop Path: In order to reduce the 
number of crossovers, the tandem three-loop path has been 
designed as shown in Figure 3. There is no overlapping 
path.  Distances and times in each path are shown in Table 
III.  The total distance is 598.20 meters. From calculation, 5 
AGVs are needed for the current demand and 6 AGVs are 
sufficient for future demands. 

 
TABLE II. TIME AND DISTANCE OF TANDEM TWO-LOOP PATH 

 
 

TABLE III. TIME AND DISTANCE OF TANDEM THREE-LOOP 
PATH 
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Figure 3. Two-loop path model. 

 

 

 
Figure 4. Tandem three-loop path model. 
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Figure 5. Simulation model of the current model. 

 
  

3) Comparison of the Improved Models  
 
All models can be compared in terms of distance, 

crossover points, and number of AGVs for both current 
demand and future demand. The two-loop path has the 
minimum distance and travel time. Moreover, it also uses 
fewer AGVs than other types of routing plans for both 
current and future demand. The tandem three-loop path has 
no intersection point, but it has longer distance and travel 
time than the tandem two-loop path. A computer simulation 
was used to test this calculation under uncertain data to 
confirm that the result can be used for the real system. 

 
B. Computer Simulation Results 
 
Simulation tested 3 models, which are the current 

model, two-loop path model, and tandem three-loop path 
model.  

 
B1. The Current Model: The current model uses 9 

AGVs to transport kit as shown in Figure 5.  Sample data 
are shown in Table IV and V. It has been used to verify and 
validate the other models. Currently, takt time is 2.71 
minutes/car, so the number of cars produced should be 
calculated by (5). 

 
Number of cars = Total time/takt time          (5) 

 

To verify the model all errors in code and animation 
have been checked. Moreover, ten patterns of production 
level have been simulated with 30 replications in each 
round and compared with the results from the calculation. 
The average error is 0.211 %, which is smaller than the 
acceptable error at 0.5 % [12]. 

 
TABLE IV. SAMPLE DATA OF DISTANCE AND TIME 
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TABLE V. TIME TO PREPARE BOXES OF KIT 

 
 

To validate the model, the actual production rate was 
compared with the simulation model with 30 replications. 
The average production rate in each shift is 175.20 cars. The 
result from the simulation model is 175.28 cars and the 
standard deviation is 3.01. T-test has been used at a 
significance level of 0.05. T-test formulation is shown in 
(6). 

 H0:  175.20 
 H1:  175.20           

 0
x

t
s / n


           (6) 

    =  
175 28 175 20

3 01 30

. .

. /


     = 0.146 

0critical criticalt t t    or - 2.045 < 0.146 < 2.045.  

 
The model is valid and can be used to represent the real 

production line.  
The simulation model of the current system was 

constructed as shown in Figure 5. The appropriate number 
of AGVs was tested by increasing the number of AGVs 
until the maximum output was reached. The most 
appropriate number of AGVs is 7 to satisfy the current 
production rate 175.2 car/shift at 64.01% efficiency as 
shown in Table VI. 

 
TABLE VI. OUTPUT FOR DIFFERENT NUMBERS OF AGVS AT THE 
CURRENT PRODUCTION RATE OF THE ONE-LOOP PATH MODEL 

 
 
Next, the model was tested with the future production 

rate of 211.1 car/shift. The best number of AGVs is 9 at 
208.4 cars/shift, but it cannot satisfy the customer demand. 
The reported output of simulation showed that AGVs were 
blocked at the crossovers, so the model was tested by 
gradually removing crossovers. If 4 crossovers are removed, 
then the future production rate can be reached as shown in 
Figure 6. Since crossover paths affect the production level, 
variations and dynamics of the system cause unpredictable 
results, so simulation is needed to analyze such a system.  

 
Figure 6.  Relationship between outputs and number of crossover paths 

removed. 
 

TABLE VII. NUMBERS OF AGVS AT THE CURRENT PRODUCTION 
RATE OF THE TWO-LOOP PATH MODEL 

 
 

TABLE VIII. NUMBERS OF AGVS AT THE FUTURE PRODUCTION 
RATE OF THE TWO-LOOP PATH MODEL 
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B2. Two-Loop Path Model: The simulation model is 
shown in Figure 3. The appropriate number of AGVs was 
tested by increasing the number of AGVs until the 
maximum output was reached. The result is shown in Table 
VII. Three AGVs for the left-hand side (LH) route and two 
AGVs for the right-hand side (RH) route are sufficient for 
the current production rate (175.4 car/shift) at 71.09% 
efficiency. Four AGVs for LH route and two AGVs for RH 
side route are adequate for the future production rate (211.1 
car/shift) at 73.10% as shown in Table VIII. 

 
B3. Tandem Three-Loop Path Model: The simulation 

model is shown in Figure 4. The appropriate number of 
AGVs was tested by increasing the number of AGVs until 
the maximum output was reached. Two AGVs for Trim 4 
LH, two AGVs for Picking part LH, and two AGVs at RH 
are enough for the current production rate at 61.33% 
efficiency. Two AGVs for Trim 4 LH, three AGVs for 
Picking part LH, and three AGVs at RH are needed for the 
future production rate at 56.83% efficiency. 

 
B4. Comparison of the Proposed Routing Plans: From 

the result of simulations, the two-loop path is the best 
solution for this AGVs routing plan because it uses the 
lowest number of AGVs. Five AGVs for the current 
production rate and 6 AGVs for the future production rate. 
Two-loop path with 6 AGVs should result in a maximum 
production rate of 216.9 cars/shift or takt time 2.19 
minutes/car. The two-loop path is better than tandem three-
loop path for this case study because the total distance and 
time of the two-loop path is shorter even if it has 6 
crossover points. 
 

V. CONCLUSION 
 

This research proposed simulation-based AGV routing 
plans analysis for the case study factory, which is trying to 
improve the AGV system in the assembly section due to the 
increasing demand and the current inefficient system. A 
computer simulation was used because the current system 
cannot stop for testing. Moreover, there was also concern 
about the uncertainty of the system in a dynamic 
environment. Three models were constructed. The first 
model was the current system model, which was used to 
verify and validate the other models. Next, two improved 
models were presented: the two-loop, and the tandem three-
loop paths. The two-loop path is the best layout because the 
number of AGVs needed is 6, which is fewer than the 
current system but more efficient. It has more crossover 
paths than tandem three-loop path, but is better because of 
the shorter distance and time. Five AGVs are sufficient for 
the current level and six AGVs are adequate for the future 
production level. The design is more effective and 
economical than the existing AGVS routing plan. Efficiency 
can be increased 21.32% from the current system. The 
results of calculation and computer simulation are a little 

different due to uncertainty in the dynamic system. The 
tandem path is recommended in the existing research, but 
for the practical real-world problem, it is not always the 
best. Layout configuration and zone design are important 
factors that need to be considered in routing design. 

In future research, the whole distribution system of the 
plant should be studied to reduce the total cost of AGVs.   
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