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ABSTRACT: A fifth-generation mobile robot is a new 
type of industrial application that uses an unmanned 
system. This study focuses on developing a real-time 
industrial robot system that can work seamlessly with 
humans. Moreover, there is still some obstacle to cope 
with the better optimization solution for manufacturing 
5G robot. This paper proposed a latency network 
algorithm for the manufacturing of mobile robots in 
industry 4.0. The process of the robot path in a complex 
workspace is proposed, considering the node's collision- 
free constraint in the moving phase of a robot. An 
improved genetic algorithm (GA) by restructuring the 
genes is applied to optimize a mobile robot path. The 
proposed algorithm is validated on simulations and 
proven to work effectively in different environments for 
different percentages of each experiment conduct. 
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1. INTRODUCTION 

Robotic path planning is a hot topic in robotics these 
days, particularly in robot navigation, which involves 
determining a collision-free and optimal path for a mobile 
robot from beginning to end [1]. The proposed Genetic 
Algorithm (GA) for path planning effectively optimizes 
the local and global planners of a robot navigation system 
[2]. A good algorithm known as the crossover operator in 
the GA has been implemented to increase the algorithm 
speed and accuracy [3]. A population comprises the entire 
set of chromosomes and is estimated based on the fitness 
function [4-5]. 

Firstly, to visualise mobile robot environments, a 
2D grid-based map is constructed in this study. Next, the 
GA is applied to the constructed model. The proposed GA is 
the improvised from paper [2] that uses GA to rearrange 
the genes for the new population by testing three different 
environments: irregular, maze and narrow winding 
environment. The GA was made according to the 
improvement factors mentioned above in this study. 
Finally, this paper will analyse the performance and 
average time of the manufacturing 5G mobile robot based 
on the percentages differences of obstacles set. 
Moreover, each set has six additional coordination 
consist of its existing obstruction. 

 
2. METHODOLOGY 

Ordered numbered grids define the entire workspace, 
and the number of grids defines how many cells exist. 
Cells are defined by 𝐻𝐻𝐻𝐻, or 𝐻𝐻𝐻𝐻 ∈ [1: ℎ], where a total 
number of cells, ℎ = 20. Every cell is either considered 

 
to be empty or occupied. Obstacles 𝑂𝑂𝑂𝑂ℎ represents the total 
percentages of the obstacles implying that the cells 
occupied are off-limits for travel. Those obstacles are 
taken from the factory environment. The obstacles 
boundary is established by their exact boundary plus 
minimum safety distance. In practice, consideration of a 
mobile robot's size is 'one while 'moving. Figure 1 shows 
the flowchart of the GA implemented for path planning. 

 

Figure 1 Flow chart of GA for mobile robot 
planning task 

 
3. RESULTS AND DISCUSSION 

A simulation was carried out in one environment 
with various obstacles environment. The shaded part of 
the initial configuration is made up of a coordination 
framework and an obstacle field. Table 1 shows the 
setting parameters of improved GA with obstacles 
implemented. The values are set considering the actual 
environment of the industry path. This study conducts 
three experiments which are using three different 
obstacles percentages. We proposed six environments for 
each experiment. For each experiment, the environment is 
provided with a possible value of obstacle coordination 
which means the obstacle is semi-dynamic for 
experiments 1, 2 and 3. We randomly move the position 
of the obstacle with the aid of the obstacle number 
provided. Figure 2 shows the six possible environments 
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of the obstacles for each experiment; a. 50% obstacle; b 
70% obstacle; c. 90% obstacle. 

 
Table 1. GA parameters setting 

Parameters Proposed 
Values 

Population Size, 𝑵𝑵𝑵𝑵𝒑𝒑𝒑𝒑 100 
Number of Genes 50 

Maximum Number of Generation 100 

Selection Rate, 𝑷𝑷𝑷𝑷𝒔𝒔𝒔𝒔 0 

Crossover Rate, 𝑷𝑷𝑷𝑷𝒄𝒄𝒄𝒄 0.6 

Mutation Rate, 𝑷𝑷𝑷𝑷𝒎𝒎𝒎𝒎 0.01 
 

a. 50% 
 

 
b. 70% 

 

 
c. 90% 

Figure 2 Proposed experiment for the various obstacles 
 

The mobile robot starting position point is at 
(0,0), and the destination point is at (20,20). The 
minimum robot path length is shown in Table 2. The 
robot path represents by the red dashed line in Figure 3, 
while the blue dots are the coordination's fitness value to 
avoid the obstacle with GA operation involvement. This 
shows that GA will optimize the path where the mobile 
robot is near the obstacle and make sure the path is 
smooth and shorter for the mobile robot to reach its 
destination. As we know, the more complex the 
environment in the area, the longer time for the robot to 
get through the semi-dynamic obstacle. Thus, the 
complexity of the environment affects the time it takes 
for the robot to get through a semi-dynamic obstacle. 
This study shows that the path planning for mobile robots 
is consistent when the obstacle is 50% and the overall 

percentage for the optimization using GA is 78%. 

 
c. 90% 

Figure 3 Mobile robot path with various percentages of 
obstacle 

 
Table 2 Mobile Robot Path Length 

Percentage of 
Obstacle (%) 

0 50 70 90 

Minimum 
Path Length (m) 

28.30 28.32 29.91 35.33 

 
4. CONCLUSION 

In this paper, obstacle avoidance based on GA 
is proposed to optimize the mobile robot's path or route. 
Furthermore, according to the optimal path planning with 
different percentages of obstacles covered without 
collision, this improved GA is optimized to reduce the 
path length after optimization. 
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