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1. Introduction 

The development of technology has progressed from time to time. The Industrial Revolution 4.0 

is a significant achievement that has been made in the industrial world. Robotics was first developed 

by Computer Aided Manufacturing International (CAM-1). A robot is a device capable of performing 

functions performed by humans or equipment capable of working with intelligence similar to that of 

humans. The mobile robot is one field in the world of robotics that can move according to existing 
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 Mobile robots need path-planning abilities to achieve a collision-free 

trajectory. Obstacles between the robot and the goal position must be 

passed without crashing into them. The Artificial Potential Field (APF) 

algorithm is a method for robot path planning that usually used to control 

the robot for avoiding obstacles in front of the robot. The APF algorithm 

consists of an attractive potential field and a repulsive potential field. The 

attractive potential fields work based on the predetermined goals that 

generated to attract the robot to achieve the goal position. Apart of it, the 

obstacle generates a repulsive potential field to push the robot away from 

the obstacle. The robot's localization in producing the robot's position is 

generated by the differential drive kinematic equations of the mobile robot 

based on encoder and gyroscope data. In addition, the mapping of the 

robot's work environment is embedded in the robot's memory. According 

to the experiment's results, the mobile robot's differential drive can pass 

through existing obstacles. In this research, four test environments 

represent different obstacles in each environment. The track length is 1.5 

meters. The robot's tolerance to the goal is 0.1 m, so when the robot is in 

the 1.41 m position, the robot's speed is 0 rpm. The safe distance between 

the robot and the obstacle is 0.2 m, so the robot will find a route to get away 

from the obstacle when the robot reaches that safe distance. The speed of 

the resulting robot decreases as the distance between the robot and the 

destination gets closer according to the differential drive kinematics 

equation of the mobile robot. 
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environmental conditions. The mobile robot propulsion system uses several types, including 

differential, tricycle, synchronous, and holonomic drives. 

Differential drives mobile robot (DDMR) is a type of robot that utilizes the speed of the left and 

right wheels of the robot. The DDMR is typically called nonholonomic because it consists of 2 main 

wheels which limit the robot to move in all directions [1]. DDMR is equipped with 2 ball casters in 

front and behind the robot, which function as a counterweight. The DDMR will go straight when both 

wheels rotate at the same speed. In addition, the DDMR will move in a curve with the direction of the 

track toward one of the slower-moving wheels. 

Autonomous DMR requires navigation capabilities to complete its task toward the goal position. 

The required navigation can include mapping, localization, and path planning capabilities. Path-

planning is one of the navigational capabilities that an autonomous DDMR needs to have. Path-

planning is a method for determining the direction of motion of a robot [2]. Robots using the path 

planning method can decide and know the direction of movement to avoid collisions so they can reach 

their destination. In addition, path planning is needed for the robot to carry out environmental 

recognition for all information about obstacles and goals that can be known a priori [3], [4].  

One of the path-planning algorithms that has a simple but reliable equation is the Artificial 

Potential Field (APF). The Artificial Potential Field algorithm is one of the algorithms used for path 

planning by utilizing artificial attractive and repulsive potential fields. The goal position generates an 

artificial attractive potential field, while the obstacle generates an artificial repulsive potential field. 

Therefore, the robot is able to go to the goal position while avoiding collisions with obstacles [5]. 

Robots that detect obstacles will produce a safe path to the goal position [6]. 

The APF algorithm is implemented in autonomous robots to improve driving safety  [7], [8], 

[9]. Mobile robots are one type of robot that uses the APF algorithm in navigation systems [10], [11]. 

However, this algorithm has drawbacks i.e. it can be trapped in local minimum conditions [12], [13], 

[14], [15], [10], [11]. One potential method to solve the local minimum problem is by modifying the 

robot's position heading to obtain the next position coordinate. 

Generally, the APF algorithm is tested through simulation on a particular robot. The APF 

algorithm has the advantage of being able to be implemented on mobile robots in real-time [16], [17], 

[18], [19], [20]. Integrating the APF algorithm on a real robot platform is needed to test the 

effectiveness of the robot in moving towards goals autonomously. The robot must know the 

environmental information around the robot to complete its task. In addition, the robot kinematics 

model used also needs to be integrated with the APF algorithm so that the robot runs appropriately.  

This study contributes to integrating the APF algorithm on the DDMR platform. Environmental 

information around the robot is embedded in the robot's memory to get better results. Tests are carried 

out to see the robot's success in avoiding obstacles. 

This paper consists of several sections. The first section presents the introduction. The second 

section is an explanation of the research method. The third section shows the result of the test. The 

fourth section is the conclusion of the research. 

2. Method 

2.1. Artificial Potential Field Algorithm 

The Artificial Potential Field (APF) algorithm is a classic method that prevents robots from 

existing obstacles and decides which path the robot will pass. Two types of potential fields make up 

the APF algorithm, namely attractive potential fields and repulsive potential fields. The goal position 

generates an attractive potential field to attract the robot closer to the goal. The repulsive potential 

field is generated as an obstacle to keep the robot away. The equation for the APF potential field 

(𝑈𝐴𝑃𝐹(𝑥, 𝑦)) can be seen in (1). 
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 𝑈𝐴𝑃𝐹(𝑥, 𝑦) = 𝑈𝑎𝑡𝑡(𝑥, 𝑦) + 𝑈𝑟𝑒𝑝(𝑥, 𝑦) (1) 

where 𝑈𝑎𝑡𝑡(𝑥, 𝑦) and 𝑈𝑟𝑒𝑝(𝑥, 𝑦) are attractive and repulsive potential fields of the APF algorithm, 

respectively. The attractive potential field equation (𝑈𝑎𝑡𝑡(𝑥, 𝑦)) can be seen in (2). 

 𝑈𝑎𝑡𝑡(𝑥, 𝑦) =
1

2
𝑘𝑎𝑡𝑡𝐷𝑔

2(𝑥, 𝑦) (2) 

where 𝐷𝑔(𝑥, 𝑦) is Euclidean distance between the robot position and the goal position. Euclidean 

distance of 𝐷𝑔(𝑥, 𝑦) can be seen in (3). The 𝑘𝑎𝑡𝑡 parameter is the attractive gain to determine the 

magnitude of the attractive field generated by the goal. 

 𝐷𝑔(𝑥, 𝑦) = √(𝑥 − 𝑥𝑔𝑜𝑎𝑙)
2
+ (𝑦 − 𝑦𝑔𝑜𝑎𝑙)

2
 (3) 

The repulsive potential field equation (𝑈𝑟𝑒𝑝(𝑥, 𝑦)) can be seen in (4). 

 𝑈𝑟𝑒𝑝(𝑥, 𝑦) = {

1

2
𝑘𝑟𝑒𝑝 (

1

𝐷𝑜(𝑥, 𝑦)
−
1

𝑟
) , 𝐷𝑜(𝑥, 𝑦) ≤ 𝑟

0, 𝐷𝑜(𝑥, 𝑦) > 𝑟

 (4) 

where 𝐷𝑜(𝑥, 𝑦) is Euclidean distance between the robot position and the obstacle position. Euclidean 

distance of 𝐷𝑜(𝑥, 𝑦) can be seen in (5). The 𝑘𝑟𝑒𝑝 parameter is the negative repulsive gain to determine 

the magnitude of the repulsive field generated by the obstacle. Parameter 𝑟 indicates the specified safe 

distance between the robot and the obstacle. According to (4), the repulsive potential field will be 

active when the robot is very close to an obstacle (𝐷𝑜(𝑥, 𝑦) ≤ 𝑟). The robot will not get a repulsive 

potential field at a safe distance (𝐷𝑜(𝑥, 𝑦) > 𝑟). 

 𝐷𝑜(𝑥, 𝑦) = √(𝑥 − 𝑥𝑜𝑏𝑠)
2 + (𝑦 − 𝑦𝑜𝑏𝑠)

2 (5) 

The APF algorithm aims to get the minimum value at the goal position. Therefore, a negative 

gradient of 𝑈𝐴𝑃𝐹(𝑥, 𝑦) in Equation (6) is required to get the minimum value.  

 𝐹𝐴𝑃𝐹(𝑥, 𝑦) = −∇𝑈𝑎𝑡𝑡(𝑥, 𝑦) (6) 

The derivative function of 𝑈𝐴𝑃𝐹(𝑥, 𝑦) on the x and y axes can be seen in Equations (7) and (8), 

respectively. 

 𝐹𝑥(𝑥, 𝑦) =

{
 

 
−𝑘𝑎𝑡𝑡(𝑥 − 𝑥𝑔𝑜𝑎𝑙) −

1
2𝑘𝑟𝑒𝑝 (

1
𝐷𝑜(𝑥, 𝑦)

−
1
𝑟)
(𝑥 − 𝑥𝑜𝑏𝑠)

𝐷𝑜
3(𝑥, 𝑦)

, 𝐷𝑜(𝑥, 𝑦) ≤ 𝑟

−𝑘𝑎𝑡𝑡(𝑥 − 𝑥𝑔𝑜𝑎𝑙)                                                                   , 𝐷𝑜(𝑥, 𝑦) > 𝑟

 (7) 

 𝐹𝑦(𝑥, 𝑦) =

{
 

 
−𝑘𝑎𝑡𝑡(𝑦 − 𝑦𝑔𝑜𝑎𝑙) −

1
2𝑘𝑟𝑒𝑝 (

1
𝐷𝑜(𝑥, 𝑦)

−
1
𝑟)
(𝑦 − 𝑦𝑜𝑏𝑠)

𝐷𝑜
3(𝑥, 𝑦)

, 𝐷𝑜(𝑥, 𝑦) ≤ 𝑟

−𝑘𝑎𝑡𝑡(𝑦 − 𝑦𝑔𝑜𝑎𝑙)                                                                   , 𝐷𝑜(𝑥, 𝑦) > 𝑟

 (8) 

2.2. Differential Drive Mobile Robot 

A differential drives mobile robot (DDMR) is a robot platform that uses different drives on the 

right and left wheels. The value of linear speed (𝑣) and angular speed (𝜔) affects producing robot's 

motion. The robot will move straight when each wheel moves at the same speed. The robot will 
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maneuver when the wheels move at different speeds. Robot maneuvers will follow the lower wheel 

rotation.  

In this study, the DMMR design can be seen in Fig. 1. DDMR consists of 2 wheels connected to 

the actuator (dynamixel type xl-430-w250-t) and two ball casters as a counterweight. The diameter of 

the wheels used in DMMR is 0.068 m. The distance between the right and left wheels is 0.163 m. In 

addition, DDMR uses Open CR 1.0 as a controller. The gyroscope sensor embedded in the controller 

is used to get the robot's facing angle. The yaw (𝜓) component of the gyroscope produces the angle 

by integrating the angular velocity produced by it. 

 

Fig. 1. Design of differential drives mobile robot (DDMR) 

The DDMR moves using the kinematic model according to Equation (9). The distance between 

the right (Δ𝑑𝑟) and left (Δ𝑑𝑙) wheels are obtained by calculating the dynamixel motor encoder and the 

wheel's circumference. The gyroscope value representing the robot's heading is used to replace the 

equation (Δ𝑑𝑙 − Δ𝑑𝑟)/2𝐿 so that the error value due to wheel slip can be reduced. The value of 𝜃 

influences the value of 𝐹𝑥(𝑥, 𝑦) and 𝐹𝑦(𝑥, 𝑦) from Equations (7) and (8). 

The block diagram of the developed system can be seen in Fig. 2. Initial, obstacle, and goal 

position information is embedded in the robot's memory. The path planning algorithm uses the 

position coordinates as input to generate 𝐹𝑥(𝑥, 𝑦) and 𝐹𝑦(𝑥, 𝑦) values. The position coordinates are 

also sent to the DDMR kinematics equation to get the next robot position value. According to the 

previous explanation, 𝐹𝑥(𝑥, 𝑦) and 𝐹𝑦(𝑥, 𝑦) are also sent to the DDMR kinematics model to produce 

the appropriate robot heading values for avoiding obstacles. 

 

Fig. 2. Block diagram of the system 

 𝑓(𝑥, 𝑦, 𝜃, Δ𝑑𝑟, Δ𝑑𝑙) = [
𝑥
𝑦
𝜃
] +

[
 
 
 
 
 
Δ𝑑𝑟 + Δ𝑑𝑙

2
cos (𝜃 +

Δ𝑑𝑙 − Δ𝑑𝑟
4𝐿

)

Δ𝑑𝑟 + Δ𝑑𝑙
2

sin (𝜃 +
Δ𝑑𝑙 − Δ𝑑𝑟

4𝐿
)

Δ𝑑𝑙 − Δ𝑑𝑟
2𝐿 ]

 
 
 
 
 

 (9) 
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3. Results and Discussion 

3.1. Environmental Setting 

According to Fig. 3, the floor used in this test is carpet. This aims to reduce encoder errors due 

to wheel slip. The initial position and destination position are marked in green (left side). The distance 

of the robot's trajectory from the initial position to the final position is 1.5 meters. The robot's goal is 

marked with a green straight line as shown at the right side of Fig. 3. 

 

Fig. 3. Condition of the environment 

Obstacles will be between the starting line and the goal on the robot's path. The robot's 

environment consists of 4 obstacles on the robot's path. The obstacle to the robot has been initialized 

in the robot program. The obstacle initialization is in the coordinate position of (𝑥, 𝑦) robot. A detail 

of the environment and the obstacle coordinate is presented in Table 1. 

Table 1.  The environment of the test 

Environment Num. of Obstacle Obstacle Position Goal Position 

1 1 (0.5, 0) (1.5, 0) 

2 2 (0.4, 0); (1, 0) (1.5, 0) 

3 3 (0.2, 0); (0.6, 0); (1, 0) (1.5, 0) 

4 4 (0.2, 0); (0.5, 0.2); (0.8, 0.1); (1.2, 0) (1.5, 0) 

 

3.2. Trajectory of DDMR 

Robot testing is carried out by introducing four environments that have been initialized at the 

beginning. Robot obstacles are located between the starting line and the goal. The robot's initial 

position is (0, 0), and the robot's destination line is (1.5, 0). The first test of the robot with an 

environment that has one obstacle. The position of the robot on the Cartesian plane is (0.5, 0) in 

meters. Fig. 4 shows the test results in the first environment. Fig. 4(a) shows the trajectory generated 

by the robot in avoiding obstacles at position (0.5, 0). The safe distance value of the robot to the 

obstacle (𝑟) is 0.2 m. Therefore, the robot will move away from the obstacle when the distance 

between the robot and the obstacle is less than or equal to 0.2 m. The tolerance value of the robot's 

distance to the goal is 0.1 m. Therefore, the robot will stop at a distance of less than 0.1 m. 

Fig. 4(b) shows the robot's heading toward the goal position. The initial initialization of the 

robot is always at 0 rad. The robot moves from an angle of 0 rad, then moves and faces at -1.9 rad. 

Obstacles on the robot's trajectory amount to 1 obstacle. Significant movement direction changes 

occur at position (0.31, 0), where the robot avoids obstacles. In addition, the robot starts moving 

towards the goal at position (0.57, -0.35). The robot stops at an angle of 0.32 rad. 

Fig. 4(c) is a graph of the speed at the left wheel. The initial speed of the left wheel is 15 rpm. 

After that, the left wheel decreased because the robot made a turn maneuver. The highest left wheel 

speed of the robot when maneuvering is 30 rpm. Fig. 4(d) is a graph of the speed of the right wheel. 
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The initial speed of the right wheel is 15 rpm. After that, the right wheel decreased because the robot 

made a turn maneuver. The highest speed of the robot's right wheel when maneuvering is 22 rpm. 

The direction of motion influences significant speed changes in the robot. When the robot rotates to 

the left, the speed of the left wheel will decrease. Conversely, the left wheel speed will increase when 

the robot turns to the right. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 4. Result of the first test using 1 obstacle: (a) Trajectory in environment 1; (b) Heading robot in 

environment 1; (c) Speed of left wheel in environment 1; (d) Speed of right wheel in environment 2 

The second experiment was carried out in an environment that had two obstacles. The position 

of the obstacles in the environment is (0.4, 0.1) and (1, 0) in meters. Fig. 5(a) is a trajectory robot from 

DMR kinematic data acquisition. The robot's initial position is (0, 0), with the goal position (1.5, 0). 

The safe value between the robot and each obstacle is 0.2 m. According to Fig. 5(a), the maneuver 

occurs when the robot is in position (0.2, 0) to get away from obstacles in position (0.4, 0). After 

passing the first obstacle, the robot will approach the goal position (1.5, 0). The robot turns again at 

position (0.87, 0.14) to avoid obstacles (1, 0). The robot reaches the goal and stops at coordinates 

(1.41, 0.03). 

Fig. 5(b) shows the resulting robot heading angle in environment 2. The initial initialization of 

the robot in the second test is 0 rad. The robot moves from an angle of 0 rad and then maneuvers to 

the left when it is in position (0.2, 0). This is caused by the first obstruction at position (0.4, 0). At 

position (0.87, 0.14), the robot changes its direction of motion because of an obstacle at position (1, 

0). After passing all the existing obstacles, the robot is able to reach the goal position. The robot stops 

at -0.41 rad. 

Fig. 5(c) is a graph of the speed at the left wheel. The initial speed of the left wheel is 7.3 rpm, 

then it decreases because the robot performs a turn maneuver. The highest left wheel speed of the 

robot when maneuvering is 30 rpm. Fig. 5(d) is a graph of the speed at the right wheel. The initial 

speed of the right wheel is 7.2 rpm, then it decreases because the robot performs a turn maneuver. The 

highest speed of the robot's right wheel when maneuvering is 22 rpm. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 5. Result of the second test using 2 obstacles: (a) Trajectory in environment 2; (b) Heading robot in 

environment 2; (c) Speed of left wheel in environment 2; (d) Speed of right wheel in environment 2 

Fig. 6(a) shows the robot's trajectory from environment 3. The initial positions of the robot and 

goal positions are (0, 0) and (1.5, 0), respectively. Obstacles are in positions (0.2, 0), (0.6, 0), and (1, 

0), with a safe distance to each obstacle of 0.2 m. According to Fig. 6(a), the robot changes direction 

at position (0.01, 0) due to an obstacle at position (0.2, 0). Then the robot returns to its destination 

route to the goal. The trajectory robot still goes to the goal position even though there is an obstacle 

at (0.6, 0). The obstacle distance causes this to be greater than that which has been determined. At 

position (0.87, 0.14), the robot experiences a left turn maneuver because there is a third obstacle, 

namely at position (1, 0). Therefore, the robot moves away from the obstacle and stops at position 

(1.4, 0.04). The last position of the robot shows that the resulting error to goal value is less than the 

tolerance value of 0.1 m. 

Fig. 6(b) shows the robot's heading angle in environment 3. The initial initialization of the robot's 

heading angle is 0 rad. The robot moves from an angle of 0 rad and then changes position (0.01, 0). 

This is caused by the first obstacle at position (0.2, 0). After successfully passing the first obstacle, 

the robot maneuvers towards the goal at position (0.02, 0.11). When passing the second obstacle, the 

robot does not make a large enough angle change because the robot's distance is greater than the 

distance at the second obstacle. At position (0.87, 0.14), the robot again experiences a change in 

heading angle because there is an obstacle at position (1, 0). The robot goes to its destination after 

passing through all the obstacles. The robot stops at an angle of -0.41 rad. 

Fig. 6(c) and Fig. 6(d) are graphs of the speeds at the left and right wheels. The initial speed of 

the left wheel is 7.89 rpm. It has decreased because the robot is maneuvering the turns. The initial 

speed of the right wheel is 7.86 rpm. The highest left wheel speed of the robot when maneuvering is 

18.57 rpm. In addition, the highest speed of the robot's right wheel when maneuvering is 25.61 rpm. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 6. Result of the third test using 3 obstacles: (a) Trajectory in environment 3; (b) Heading robot in 

environment 3; (c) Speed of left wheel in environment 3; (d) Speed of right wheel in environment 3 

Fig. 7(a) shows the trajectory of the robot in environment 4. The robot obstacles are in positions 

(0.2, 0), (0.5, 0.2), (0.8, 0.1), and (1.2, 0). The safe distance of the robot against each obstacle is 0.2 

m. According to Fig. 7(a), the robot changes direction at position (0.01, 0) due to an obstacle at 

position (0.2, 0). Furthermore, the robot returns to its destination route, namely (1.5, 0). The robot 

remains towards the goal and is not affected by the second obstacle because the distance between the 

robot and the obstacle is greater than the value of 𝑟. The robot moves to avoid obstacle four at position 

(1.04, -0.1). The robot maneuvers to the right because there is a fourth obstacle which is at position 

(1.2, 0), so the robot stays away from the obstacle. The robot stops at position (1.42, -0.06) with an 

error tolerance of 0.1 m to the goal. 

Fig. 7(b) shows the robot's heading angle in environment 4. Initialize the robot's heading angle 

in environment four at 0 rad. The robot's heading angle starts to change when it is in position (0.01, 

0). This is because there is a single obstacle at position (0.2, 0). The robot is not affected by the second 

and third obstacles because the robot's trajectory toward the goal is at a value greater than 𝑟. The robot 

experiences a change in the heading angle value at the position (1.02, -0.09) because there is an 

obstacle at position (1.2, 0). After being able to pass all the obstacles that exist, the robot goes to the 

target. The robot stops at a heading angle of 0.77 rad. 

Fig. 7(c) and Fig. 7(d) show graphs of the speeds at the left and right wheels in environment four. 

The initial speed of the left and right wheels is 7.7 rpm and 7.7 rpm, respectively. The value of the 

velocity decreases according to the DDMR kinematics equation. The highest left wheel speed of the 

robot when maneuvering is 25.65 rpm. The highest speed of the robot's right wheel when maneuvering 

is 18.61 rpm. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 7. Result of the fourth test using 4 obstacles: (a) Trajectory in environment 4;( b) Heading robot in 

environment 4; (c) Speed of left wheel in environment 4; (d) Speed of right wheel in environment 4 

4. Conclusion 

According to the presenter results, the Artificial Potential Field (APF) algorithm can be 

potentially applied to the Differential Drives Mobile Robot (DDMR) kinematic model robot. DDMR 

managed to avoid obstacles in point masses and reach the desired goal. DDMR can pass all prepared 

test environments. DDRR is able to reach a predetermined goal position with an error less than the 

tolerance of 0.1 m. 
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