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Abstract—The disinfection robot is a virus-sterilizing robot 

that uses a nonholonomic robot model. Route planning 

algorithms are needed to allow disinfection robots to sterilize 

rooms in unknown areas and perform the task while navigating 

using a potential field algorithm. There is a problem applying 

the algorithm to nonholonomic robots: avoiding obstacles. The 

proposed route planning algorithm has been transformed into a 

potential force used to plan the path of disinfection robots in 

static and dynamic environments and environments with static 

obstacles. A potential field algorithm is used. There are some 

issues when the potential force algorithm is applied to 

nonholonomic disinfection robots in the area. Like any other 

robot, it takes a long time to avoid static obstacles. Therefore, 

this paper proposed a potential force algorithm that allows a 

robot to move towards a target point while avoiding static 

obstacles. The algorithm showed that a modified potential field 

algorithm with potential force could be applied to differential-

driven robots for path planning. The disinfection robot could 
avoid obstacles with a faster response using this algorithm. 

Keywords—non-holonomic; static obstacles; disinfection 

robot; path planning; modified potential field 

I. INTRODUCTION 

The Covid-19 pandemic, which started in early 2020, has 

revolutionized human life and everyday life, later known as 

the New Normal. Some researchers have done the research 

and applied the work to make new normal changes for the 

Covid-19 pandemic. Covid-19 has made scientific 

communication an open science paradigm studied by Hayashi 

[1]. The enhancement of Angkring trader's marketing 

strategy via social media during the Covid-19 era at Ponolog 

was carried out by Alam [2]. In addition, some researchers 

made breakthrough investigations related to Covid-19 effects 
in various aspects of life. For example, the experience of the 

Covid-19 pandemic for emergency care with conventional 

treatment habits was reviewed by Mitchell [3]. A new normal 

lifestyle in Japan's Covid-19 era regarding the trend of 

emergency transportation was studied by Uryu [4]. A 

comprehensive diabetic wound care program at home during 

the Covid-19 pandemic in Yogyakarta was investigated by 

Wantonoro [5]. Then, the multimodal cardiovascular imaging 

was safely updated to new normal behavior within the Covid- 

19 pandemic investigated by Zoghbi [6]. Covid-19 and 

continuation of selective normalization surgeries were 

investigated by Mendes [7]. 

Among the many habits that have changed are the habits 

of sterilizing body parts, equipment, and spaces [8]. Several 

researchers have researched sterilization, especially for 

Covid-19 disease. Jiang [9] found that ethanol causes 

significant changes in the chemical composition of air for 
making indoor disinfectant sprays in homes. The evaluation 

of the virus-killing activity of the four disinfectants against 

SARSCoV2 was investigated by Huang [10]. Sterilization of 

public spaces has become a new practice in society. 

Sterilization is designed to prevent public places from 

spreading the disease. Sterilization is done manually or 

automatically using a disinfection robot. A disinfection robot 

is an autonomous robot that moves while carrying a sterilizer 

filled with disinfectant. Disinfection robots are solutions for 

sterilizing rooms in buildings and public areas, which usually 

have relatively large areas such as mosques and prayer rooms. 

Robots need a route planning method to sterilize the 
mosque floor from the starting point to the destination. 

Previous researchers have studied route planning methods, 

such as in Multi UAV routing method for deep learning radio 

data acquisition from Bayerlein [11]. The method of route 

planning for coordinated autonomous transport robots was 

investigated by Balatti [12]. Zhang investigated how to plan 

the course of an unmanned aerial vehicle based on ant habits. 

[13] How to design a logistics path with four fine parameters 

of a ring-shaped path was investigated by Upadhyay [14]. A 

combined strategy for online trajectory optimization of 

unmanned combat aerial vehicles was investigated by Dong 
[15]. The evolution method of route planning is Z. It is 

derived by the quantum annealing Hamilton algorithm 

investigated by Huang [16]. Analog VLSI was used for 

multipurpose path planning for configurable autonomous 

robots and was investigated by Koziol [17]. Voronoi 

diagrams and computational geometry techniques used to 

route robots moving in dynamic environments have been 

investigated by Ayawli [18]. The trailer multi-steering 

system uses a consistent route planning method studied by 
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the original [19]. Path design methods for detecting resource 

overload under project ambiguity conditions were 

investigated by Pelican [20]. The hybrid A * algorithm was 

used for stochastic robust path planning of non-holonomic 

mobile robots. This was investigated by Schafle [21]. A 

knowledge-based sample route plan for the automatic parking 

of vehicles was considered by Dong [22]. The potential field-
based path planning of an automated broom scan from the 

hybrid sweep area for 5-axis free-form surface inspection was 

investigated by Zhang [23]. The route planning scheme for 

redundant manipulator robots investigated by Guo [24] uses 

a new pseudo-reciprocal with PID properties. Route planning 

with parking awareness for mechanical parking systems was 

considered by Ma [25]. A parallelization algorithm for real-

time path shortening of high DOF manipulators was studied 

by Seo [26]. Meanwhile, Cui [27] investigated the V-shaped 

Nomex honeycomb robot designed for cutting with a straight 

knife tool; route planning was used to achieve the goal. Li 

[28] used adaptive quantum responsive particle swarm 
optimization for AUV docking pathway planning method. A 

neural spiking algorithm with axonal delay for path planning 

of adaptive robots was investigated by Hwu [29]. Based on 

Sun's research [30], fuzzy path planning with optimally-safe 

angular velocity was applied for tracking control of 

warehouse robots. 

In research by Liu [31], Liu integrated a jump A * 

algorithm with a fusion algorithm using a dynamic window 

approach to design path planning for global and dynamic use. 

Based on XU's research, we used a multipurpose particle 

swarm to optimize the trajectory of a rotating unmanned 
aerial vehicle in rugged terrain [32]. In research by Yuan [33], 

a GRURNN network model was considered to plan mobile 

robots’ path dynamically. Meanwhile, adaptive discretization 

was used for optimal path planning in the various timestreams 

[34]. An overview of cerebrovascular segmentation and 

modeling for surgical planning was examined by Ajam [35]. 

Among all path planning methods, the Artificial Potential 

Field (APF) algorithm is commonly used to control the 

coordination of multi-robots so that they do not collide with 

each other while avoiding obstacles. However, the algorithm 

has some problems when applied to nonholonomic robots. It 
is challenging to practically design and implement potential 

field algorithms to the control system of nonholonomic 

robots due to their kinematics and dynamics. Of these issues, 

the studies proposed a novel and different method from the 

aforementioned studies. The contribution of this paper is to 

introduce an extensively modified field potential algorithm so 

that this algorithm can be applied to nonholonomic robots, 

which disinfection robots belong to this class. In addition to 

changing the tensile force, this paper changes the repulsive 

force of the artificial potential field algorithm so that areas 

with local minima, static and dynamic obstacles can be 

quickly avoided when planning the path of the nonholonomic 
disinfection robot. 

II. FORMULATION OF THE PROBLEM 

Nonholonomic disinfection robots have problems with 

the combination of kinematic control and routing algorithms. 

In addition, it is difficult to control the robot's movement 

from its starting position to the desired position while 

avoiding static obstacles in an unfamiliar environment. In the 

potential field algorithm, magnetic fields are commonly used 

to route planning the robot. However, it has many problems 

when applied to nonholonomic robots, one of which is the 

attractive force. When the robot's focus is too big, the 

attractive force will also become too big. Meanwhile, the 

repulsive force does not work optimally in nonholonomic 
robots. Therefore, the potential field algorithm must be 

modified to be applied in nonholonomic robots. It is assumed 

that the robot's shape, position, velocity, target point position, 

and polygonal static obstacles are known to simplify the 

analysis using the artificial potential field algorithm. 

III. MATHEMATICS MODELING FROM DIFFERENTIAL 

MOBILE DRIVE ROBOT 

The disinfection robot belongs to the class of non-

holonomic robots. Before an algorithm can control the robot, 

the robot must first be modeled. Non-holonomic robots are a 

type of differentially driven mobile robots. The mobile 

differentially-driven mobile robot (DDMR) is a type of 
mobile robot [36]-[39], and its movement is caused by the 

speed difference between the left and right wheels, as shown 

in Fig. 1. The figure shows that the robot moves only on the 

𝑥-𝑦 axis.  

The proposed model configuration of the disinfection 

robot basically had two main wheels, each driven by a 

separate drive (usually a permanent magnetic DC motor with 

a reducer used to amplify the motor torque). The robot was 

also equipped with one or two swivel casters. The rear part 

was attached to the robot as a counterweight [40]-[43]. 

 

Fig. 1. DDMR on a 2D Cartesian plane 

The robot was modeled as a rigid body on wheels in a 2D 

plane. Fig. 1 also shows that the points �̇�𝑄 and �̇�𝑄 are the 

connection points between the coordinates of the robot body 

𝑥 and 𝑦 and the center of the robot 𝑄, 𝑣𝑄 is the linear velocity 

of the DDMR robot, 𝑣𝐿 is the linear velocity of the left wheel, 

𝑣𝑅 is the linear velocity of the right wheel, 𝑄 is the center of 

the robot, and 𝐺 is the center of gravity [44]-[47]. By ignoring 

the distance between the joints and the degree of freedom 

between robot and its wheels, the configuration of a mobile 

robot can be described as three general variables 𝑞(𝑡) that 

describe the robot's position and control input 𝑢(𝑡). This can 

be defined in the matrix below [48]-[50]. 
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 𝑞(𝑡) = (𝑥(𝑡), 𝑦(𝑡), 𝜃(𝑡))
𝑇
, 

(1) 
 

𝑢(𝑡) = (�̇�𝑅(𝑡), �̇�𝐿(𝑡))
𝑇

. 

Thus, the linear velocity of the robot can be expressed as 

equation (3), while the angular velocity can be expressed as 

equation (2). Each equation consists of the respective 

equation for left and right wheels. 

 
�̇�𝑅(𝑡) =

1

2𝜋𝑟
𝑣𝑅(𝑡), 

(2) 
 

�̇�𝐿(𝑡) =
1

2𝜋𝑟
𝑣𝐿(𝑡), 

 𝑣𝑅(𝑡) = 𝑣(𝑡) + 𝑏�̇�(𝑡), 

(3) 
 𝑣𝐿(𝑡) = 𝑣(𝑡) − 𝑏�̇�(𝑡). 

Equations above were used to find the linear equation in 

(4), which can be derived to be the equation for the robot's 

angular velocity, 

 
𝑣𝑄(𝑡) =

1

2
(𝑣𝑅(𝑡) + 𝑣𝐿(𝑡)), 

(4) 
 

�̇�(𝑡) =
𝑣𝑅(𝑡) − 𝑣𝐿(𝑡)

2𝑏
. 

where 𝑣𝑄(𝑡) is the robot's linear velocity variable and θ̇(𝑡) is 

the robot's angular velocity.  

 Movement restriction is one of the problems in DDMR, 

which is also commonly called non-holonomic constraints. 

They were made of two main assumptions of the robot. The 

first assumption is that the robot does not skid, which means 

there will be no orthogonal slide to the wheel plane. Then, the 

robots are supposed only to move back and forth but cannot 

move sideways. Therefore, the wheel velocity equation can 

be obtained by adding the x-axis and y-axis linear velocities, 
as shown in Fig. 2. This figure shows the linear velocity 

equation for the wheel, which can be explained as follows: 

 𝑣(𝑡) = �̇�(𝑡) cos𝜃(𝑡) + �̇�(𝑡) sin𝜃(𝑡). (5) 

 

Fig. 2. No lateral slip 

The equation for the velocity of the wheel at center 𝐺 

along the horizontal axis is zero, and as shown in (6), the 

wheel moves only along the 𝑥-axis and 𝑦-axis. 

 0 = �̇�(𝑡) cos𝜃(𝑡) + �̇�(𝑡) sin 𝜃(𝑡) (6) 

Assuming that the robot is not sliding on the floor, the 

wheel has a roll-only restriction. The roll-only restriction can 

be described as shown in Fig. 3. This figure shows that the 

linear velocity of the wheel is the product of the wheel radius 

and the wheel angle. Equation (3) shows the rate equation for 

the left and right wheel speeds, 

 𝑣𝑅(𝑡) = 𝑟�̇�𝑅 , 

(7) 
 𝑣𝐿(𝑡) = 𝑟�̇�𝐿 . 

 

Fig. 3. Pure rolling motion limitation 

where 𝑣(𝑡) is the linear velocity of the rod, 𝑟 is the radius of 

the wheel, and 𝜃 is the angular position. The equations for the 

position of the  robot with wheels are Cartesian fields xy, 

𝑥(𝑡)= 𝑣(𝑡) sin 𝜃(𝑡), 𝑦(𝑡) = 𝑣(𝑡) cos𝜃(𝑡), and 𝜃(𝑡) =
𝑣𝜃(𝑡). Therefore, the formula of the transformation matrix 

can be expressed from the initial position of formula (8). 

 

𝑇𝑁𝐻(𝑞) =

[
 
 
 
 
 
𝑟

2
cos𝜃(𝑡)

𝑟

2
cos𝜃(𝑡)

𝑟

2
sin𝜃(𝑡)

𝑟

2
sin 𝜃(𝑡)

𝑟

2𝑑
−
𝑟

2𝑑 ]
 
 
 
 
 

. (8) 

In addition, the angular velocity 𝑢(𝑡) has three parameters 

as inputs to the robot. That is, 𝑢1(𝑡) = �̇�𝑅(𝑡), 𝑢2(𝑡) = �̇�𝐿(𝑡), 
and 𝜃̇̇ (𝑡)  =  𝜔(𝑡). From the three parameters of equation (8) 

and input equation, the equation of motion model of DDMR 

is �̇�(𝑡)  =  𝑇𝑁𝐻(𝑞) 𝑢(𝑡) or 

 

[

�̇�(𝑡)

�̇�(𝑡)

�̇�(𝑡)

] = [
cos 𝜃(𝑡) 0
sin 𝜃(𝑡) 0
0 1

] [
𝑣(𝑡)

𝜔(𝑡)
]. (9) 
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IV. ARTIFICIAL POTENTIAL FIELD ALGORITHM 

The Artificial Potential Field (APF) algorithm [51]-[54] 

was first discovered by Khatib [55], which employs the 
theory of attractive and repulsive forces such as magnetic 

fields. In other words, artificial potential field force [56] 𝐹𝐴𝑃𝐹 

is the sum of the gravitational potential field force [57] 𝐹𝑎𝑡𝑡 
and the repulsive potential field force [58] 𝐹𝑟𝑒𝑝. Equation (10) 

shows the formula of APF. 

 𝐹𝐴𝑃𝐹 = 𝐹𝑎𝑡𝑡 + 𝐹𝑟𝑒𝑝. (10) 

The APF algorithm can be used to control nonholonomic 

robots by inputting linear velocity equations into kinematic 

robots [57] [59]. The APF force should be converted to the 

desired rate equation of APF attractive force 
𝑉
→
𝐺

𝑎𝑡𝑡 using 

equation (11) [60]. 

 
𝑉
→
𝐺

𝑎𝑡𝑡 (𝑥, 𝑦) = −∇𝑈𝑎𝑡𝑡(𝑥, 𝑦), (11) 

Equation (11) is a potentially attractive equation used in 

the attractive reaction rate equation. Potentially attractive 

equations are partially derived from the 𝑥, y axes shown in 

(12) and (13) [51], [61], [62], 

 
∇𝑥𝑈𝑎𝑡𝑡(𝑥, 𝑦) =

𝜕𝑈𝑎𝑡𝑡(𝑥, 𝑦)

𝜕𝑥
, (12) 

 
∇𝑦𝑈𝑎𝑡𝑡(𝑥, 𝑦) =

𝜕𝑈𝑎𝑡𝑡(𝑥, 𝑦)

𝜕𝑦
, (13) 

Use the potential gravity equation to get the desired 

velocity equation for the repulsive force 
𝑉
→
𝑂

𝑟𝑒𝑝. This is shown 

in (14) [53], [63], [64]. 

 
𝑉
→
𝑂

𝑟𝑒𝑝 (𝑥, 𝑦) = ∇𝑈𝑟𝑒𝑝(𝑥, 𝑦), (14) 

Equation (14) is the equation for the repulsion potential 

used in the equation for the repulsion rate. The repulsive 

potential equation is partially derived around the 𝑥 and 𝑦 axes 

shown in (15) and (16) [65], [66]. 

 
∇𝑥𝑈𝑟𝑒𝑝(𝑥, 𝑦) =

𝜕𝑈𝑟𝑒𝑝(𝑥, 𝑦)

𝜕𝑥
, (15) 

 
∇𝑦𝑈𝑟𝑒𝑝(𝑥, 𝑦) =

𝜕𝑈𝑟𝑒𝑝(𝑥, 𝑦)

𝜕𝑦
, (16) 

The equation for the potential attractive 𝑈𝑎𝑡𝑡(𝑥, 𝑦) is 

shown in (17) and the repulsive potential 𝑈𝑟𝑒𝑝(𝑥, 𝑦) is shown 

in (18), 

 
𝑈𝑎𝑡𝑡 =

1

2
𝑘𝑎 ((𝑥𝑏 − 𝑥𝑟𝑒𝑓)

2
+ (𝑦𝑏 − 𝑦)

2), (17) 

 

𝑈𝑟𝑒𝑝(𝑥, 𝑦) = {

1

2
𝑘𝑟 (

1

𝜌𝑜
−
1

𝑟𝑜
)
2

𝑖𝑓 𝜌𝑜 ≤ 𝑟𝑜

0 𝑖𝑓 𝜌𝑜 > 𝑟𝑜

, (18) 

where 𝑘𝑎 is the potential constant of attraction, (𝑥𝑏 , 𝑦𝑏)  

is the position of the robot, (𝑥𝑟𝑒𝑓 , 𝑦𝑟𝑒𝑓) is the position of the 

target point, 𝑘𝑟 is the potential constant of repulsion, and 𝑟𝑜 

is the distance limitation from the influence of repulsion 

potential. Meanwhile, 𝜌𝑜 is the shortest distance between the 

robot and the obstacle, and can be calculated using the 

following equation [67] [68]: 

 𝜌𝑜 = √𝑥𝑜𝑟
2 − 𝑦𝑜𝑟

2, (19) 

where 𝑥𝑜𝑟 is the difference in distance between the robot on 

the 𝑥-axis and the obstacle, and 𝑦𝑜𝑟 is the difference in 

distance between the robot on the 𝑦-axis and the obstacle. 
Desirable velocity equation of attractive force APF force 

𝑉
→
𝐺

𝑎𝑡𝑡 𝑥, 𝑦-axis is expressed as follows [62]: 

 
𝑉
→
𝐺𝑥

𝑎𝑡𝑡= −𝑘𝑎(𝑥𝑏 − 𝑥𝑟𝑒𝑓), (20) 

 
𝑉
→
𝐺𝑦

𝑎𝑡𝑡= −𝑘𝑎(𝑦𝑏 − 𝑦𝑟𝑒𝑓), (21) 

Meanwhile, desirable velocity equation of repulsive force 

APF 
𝑉
→
𝑂

𝑟𝑒𝑝 𝑥, 𝑦-axis is written as follows. 

 

𝑉
→
𝑂𝑥

𝑟𝑒𝑝= {
−𝑘𝑟 (1 − (

𝜌𝑜

𝑟𝑜
)) ((

𝑥𝑜𝑟

𝜌𝑜𝑟𝑜
)) 𝑖𝑓 𝜌𝑜 ≤ 𝑟𝑜

0 𝑖𝑓 𝜌𝑜 > 𝑟𝑜

, (22) 

 

𝑉
→
𝑂𝑦

𝑟𝑒𝑝= {
−𝑘𝑟 (1 − (

𝜌𝑜

𝑟𝑜
)) ((

𝑦𝑜𝑟

𝜌𝑜𝑟𝑜
)) 𝑖𝑓 𝜌𝑜 ≤ 𝑟𝑜

0 𝑖𝑓 𝜌𝑜 > 𝑟𝑜

, (23) 

Therefore, the formula for the 𝑥-axis and 𝑦-axis velocities 

of the APF force is: 

 
𝑉
→
𝑥

𝑎𝑝𝑓=
𝑉
→
𝐺𝑥

𝑎𝑡𝑡+
𝑉
→
𝑂𝑥

𝑟𝑒𝑝, (24) 

 
𝑉
→
𝑦

𝑎𝑝𝑓=
𝑉
→
𝐺𝑦

𝑎𝑡𝑡+
𝑉
→
𝑂𝑦

𝑟𝑒𝑝, (25) 

V. PROPOSED CONTROL 

One of the research goals in the paper is to apply APF 
force to the disinfection robot categorized as a non-

holonomic robot. It can be overcome by applying 

mathematical substitutions and taking several considerations. 

The velocity equations on the x and y axes of the APF force 

in (25) can be substituted into the non-holonomic modeling 

equation in equation (9). In the study, the robot is supposed 

to be a mass point. Therefore, the robot's position in absolute 

coordinates and its direction must also be known. Then, there 

are limitations in non-holonomic robots, commonly regarded 

as non-holonomic constraints. They can be overcome using 

kinematic control as expressed in (9) with APF as the path 
reference. 

The system starts with the APF algorithm, whose input 

data comes from the environment shown in Fig. 4. It consists 
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of an obstacle, starting position, and destination. Using APF, 

path mapping is produced for the robot’s kinematic control to 

avoid obstacles while navigating to the targeted position. 

Moreover, APF also plays an essential role in the overall 

control system. Since the outputs of APF are used for position 

and orientation references, APF also takes part in determining 

whether the control system should be stopped or re-iterated, 
calculating the next destination point.  

 

Fig. 4. System process 

VI. MODIFIED ARTIFICIAL POTENTIAL FIELD 

ALGORITHM 

The problem in this research is to apply the APF 

algorithm to non-holonomic robots. The APF algorithm is 

modified in its attractive force as shown before in equations 

(20) (21) and repulsive as in equations (22) (23). The desired 

velocity equation for the modification of the attractive force 

APF 
𝑉
→
𝐺

𝑎𝑡𝑡 on the 𝑥, 𝑦 axis is written as follows 

 
𝑉
→
𝐺𝑥

𝑎𝑡𝑡= 𝑘𝑎(𝑥𝑏 − 𝑥𝑟𝑒𝑓), (26) 

 
𝑉
→
𝐺𝑦

𝑎𝑡𝑡= 𝑘𝑎(𝑦𝑏 − 𝑦𝑟𝑒𝑓), (27) 

From the equation, it can be seen that the velocity of the 

APF Attractive force 
𝑉
→
𝐺

𝑎𝑡𝑡 on the 𝑥, 𝑦 axis is modified by 

making the destination point a positive pole. The desired 

velocity equation for the modification of the APF Repulsive 

force 
𝑉
→
𝑂

𝑟𝑒𝑝 on the 𝑥, 𝑦 axis is as follows 

 

𝑉
→
𝑂𝑥

𝑟𝑒𝑝=

{
 
 

 
 
−𝑘𝑟 ((

𝑥𝑜𝑟

(√(𝑥𝑜𝑟
2 + 𝑦𝑜𝑟

2))
3)) 𝑖𝑓 𝜌𝑜 ≤ 𝑟𝑜

0 𝑖𝑓 𝜌𝑜 > 𝑟𝑜

, (28) 

 

𝑉
→
𝑂𝑦

𝑟𝑒𝑝=

{
 
 

 
 
−𝑘𝑟 ((

𝑦𝑜𝑟

(√(𝑥𝑜𝑟
2 + 𝑦𝑜𝑟

2))
3)) 𝑖𝑓 𝜌𝑜 ≤ 𝑟𝑜

0 𝑖𝑓 𝜌𝑜 > 𝑟𝑜

, (29) 

VII. RESULT AND DISCUSSION 

In this experiment, Khatib's artificial potential field 

algorithm was tested on a non-holonomic disinfection robot 

using Matlab software. Matlab was used to design the Khatib 
[66] artificial potential field algorithm and model the non-

holonomic robot. Both algorithms (modified and original by 

Khatib) were simulated. Then, the performance results of 

non-holonomic robots reaching their targets and avoiding 

static obstacles in an unknown environmental model were 

evaluated. There were several tests conducted on the potential 

field algorithms. 

In the first test, the modified Khatib's artificial potential 
field algorithm was tested in an unknown environment with 

no static or dynamic obstacles, as shown in Fig. 5. This figure 

shows that four experiments were performed at four different 

targets of the non-holonomic disinfection robot: point A (-80, 

-80) as shown in the red color curve, B (80, 80) as shown in 

the blue color, C (80, 80) as displayed in the green curve, and 

D (-80, 80) as displayed in the pink curve. The robot was 

placed at the starting point (0, 0) and in a flat position at an 

angle of 270 °. The trajectory results of Tracking-1, Tracking-

3, and Tracking-4 curves show that the robot rotated first to 

align with the target point. Meanwhile, the result of tracking-

2 in the green-colored curve shows that the robot did not 
rotate since the robot's alignment position had corresponded 

to the target point. 

 

Fig. 5. First test 

The modified Khatib's artificial potential field algorithm 

was tested in an unknown environment with static obstacles 

in the second test. Four experiments were performed on four 
different targets of a nonholonomic disinfection robot. The 

target points and starting position of the robot used for this 

test were the same as the previous one. However, static 

obstacles were added in this test’s environment. The test 

results are shown in Fig. 6. Tracking-1, shown in the red 

curve, indicates that the robot rotated first to provide the 

alignment position corresponding to the target point. The 

robot drove to the target point and avoided obstacles at (-20,-

30). Tracking-2, shown in the green curve, shows that the 

robot did not rotate because the robot's alignment position 

corresponds to the target point. The robot drove to the target 

point and avoided obstacles at (20,-30). Tracking-3, as shown 
in the blue curve, shows that the robot rotated first to provide 

the alignment position corresponding to the target point. The 

robot drove to the target point and avoided obstacles at 

(20,30). Tracking-4, with a pink curve, shows that the robot 

rotated first to provide the alignment position corresponding 

to the target point. The robot drove to the target point and 

avoided obstacles (-20,30). 
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Fig. 6. Second Test 

VIII. CONCLUSION 

The paper successfully modified Khatib's artificial 

potential field algorithm to be applied to nonholonomic 

disinfection robots. Prior to modification, implementing an 

artificial potential field algorithm to non-holonomic robots on 

simulation with a far distance between the initial and target 

position makes the system error because the force exerted on 
the robot is relatively big. Therefore, the modification was 

made to allow the robot to reach the target point with less 

force generated by the algorithm. Other issues related to 

Khatib's artificial potential field algorithm were also solved 

in the paper. The algorithm's attractive force and repulsive 

force affected the robot's stability while used to avoid static 

and dynamic obstacles. Hence, the proposed modified APF 

algorithm allow non-holonomic disinfection robot to avoid 

static obstacles faster than the conventional algorithm made 

by Khatib. 
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