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ABSTRACT: This article describes an experimental investigation into the head tracking and 

control of a four-wheeled Omni-Robot. This study described the control scheme of the 

omnidirectional mobile robot. Additionally, the kinematics of the mobile robot is presented., 

A mobile robot with four Omni wheels was also developed on real hardware to verify the 

controller architecture design. The robot system is modeled and then implemented with the 

Arduino Microcontroller. This robot has two rotary encoders for running on the x-axis and y-

axis, respectively. The gyro sensor (MPU-6050) is placed in the robot's middle and tracks 

data obtained by yaw angle. MATLAB Simulink was used to find the PD controller based on 

manual adjustment. The control architecture was deployed to complete and run the experiment 

on the mobile robot to evaluate the outcomes. The experiment results show the robot's motion 

control improvement in various scenarios.  
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1. INTRODUCTION 

A mobile robot that uses an Omni-wheel or holonomic drive can traverse through tight 

spaces since it has the ability to move in any direction. The omnidirectional mobile robot has 

been widely used in various applications, such as autonomous ground vehicles (AGV), service 

robots inside settings, and production line special motion maneuvers in limited spaces. The 

terrain type only limits the use case and the maximum weight its wheels can support. 

Omni wheels have tiny discs all the way around, perpendicular to the rolling direction. The 

result is that the wheel will roll vigorously while also easily sliding laterally. A control system 

is required to regulate the speed and direction of rotation of each wheel to move the vehicle in 

the desired direction. The kinematic equation has been developed and well-documented during 

the past year, as seen in the work displayed in [1-2]. The size and the actual configuration of 

the robot, such as whether it has three or four wheels, must be used to specifically calculate the 

kinematics of the robot that must be managed. 

The control problems of motion and regulation are important things to consider. One 

common challenge of control is to keep track of the heading angle and control it so we can 

reduce the drifting of the robot over time due to the accumulated error from the encoder and 

the drifting due to the terrain condition [3-9]. 

In earlier studies, such as those covered in [10–13], to try to solve these problems, the 

Trajectory Linearization Control (TLC) approach and Optimal Trajectory Tracking Control 

(OTRC) were used. The "trajectory linearization control" approach is based on linearization 

along a notional trajectory (TLC). The TLC successfully applies to missile and reusable launch-
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vehicle-flight-control systems by fusing nonlinear dynamic inversion and linear time-varying 

eigenstructure assignment. 

In this paper, we try to tackle the problem by using a technique of heading angle control 

with the help of YAW angle measurement. We use the IMU sensor to get the YAW angle. We 

decided to use Simulink for the coding and calculation system. This paper is divided into five 

sections. Section 1 is an introduction, and Section 2 is kinematics. Section 3 is about controller 

design. Section 4 discusses the experiment and the result, and Section 5 discusses the 

conclusion and future work. 

2. KINEMATICS 

One type of robot employed in many fields is the 4WD holonomic drive. They have four 

wheels that can move in any direction at any moment and are omnidirectional [1]. The robot 

and its wheel positions are shown in figure 1. 
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Fig. 1. The wheel position of the robot in OXY 

Where XOY is the world coordinate frame of the robot. The moving direction of the robot 

is W. The δ is the angle between the wheels. The V is the velocity of each wheel, and its positive 

direction is anticlockwise. L is the distance between the middle of the robot body of every 

wheel. The robot position and orientation within the robot coordinate frame are expressed as 

( )T

mX x y = , and the robot posture is presented within the world coordinate frame as 

( )Tq X Y =  the link between Xm and q is followed in Formula (1): 
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The kinematic model of the robot can be expressed as Formula (2): 
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3. SYSTEM DESIGN 

3.1. Block Diagram of the Robot System 

Fig. 2 shows the block diagram of the robot system; the system consists of an emergency 

stop button, remote control, encoder, MPU-6050, and a touch screen for the input part. The 

output parts are the LED indicator, buzzer, and smart PID drivers. The robot can receive 

commands in two ways. The first is from the remote control, and the second is from the 

touchscreen panel. 
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Fig. 2. The block diagram of the robot system. 
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3.2. Controller Design 

One of the most well-known controllers in the control system is PID control. A four-wheel 

robot's head tracking and control utilize a portion of PID, which controls the PD. In this 

application, head tracking takes advantage of it. Because the controller doesn't have to match 

the output to the input at every step, it performs better. Fig. 3 shows the structure of the PD 

controller. 
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Fig. 3. The PD Control Structure. 

The proportional (P) part adjusts the output according to the input. As can be seen, we need 

an error between output and input for this system. The error is multiplied by the gain value, 

Kp. The D part tries to predict the future of the control action; it can be considered the damp 

part. Setting D will help the system avoid overshoot, thus resulting in smoother operation. 

We can find the Kp and Kd by manually tuning between the mobile robot and the Simulink. 

In MATLAB Simulink, we designed the control block for the robot system. The hardware 

support package communicates between the block and the robot. In the first step, Kp and Kd 

gain is found by increasing Kp and keeping Kd to zero. The second step is to increase Kp until 

the response is not too much overshoot, then increase Kd to decrease overshoot. 

 

 

Fig. 4. The Robot's Structure Design. 
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3.3. Omni Mobile Robot Design 

This robot has a length of 697mm, a width of 697mm, a height of 100mm, and a weight of 

15kg, as shown in Fig. 4. A chamfer length of 207.36mm at each corner reduces the collision 

angle, which can cause harm. 

The bottom layout of the robot is equipped with two rotary encoders connected with small 

Omni wheels, as shown in Fig. 5. Fig. 6 shows the position of the gyro sensor. This sensor is 

put in the middle of the robot body. 

The four Omni wheels are connected to the DC motor via a hub. Position the four corners 

between the wheels and the other wheels of equal length relative to the center of the robot, each 

wheel as shown in Fig. 7. 

 

 

Fig. 5. The Positioning and Direction of the Rotary Encoder. 

 

 

Fig. 6. The Place of Gyro Sensor. 
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Fig. 7. The Omni Wheels Coupled with DC motors. 

 

3.4. Robot Controller Design with MATLAB Simulink 

The block shown in Fig. 8 is designed with MATLAB Simulink. We can determine the 

robot's position by entering the value into Set_Position_X and Set_Position_Y. For set_angle 

is set the angle of the robot's body. 

 

 

Fig. 8. MATLAB Simulink Control Block. 
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4. EXPERIMENTAL AND RESULT 

4.1. Testing the robot moves on the X-axis without and with head control 

Fig. 9 shows the testing robot on a trajectory following the X-axis to experiment without 

and with a tolerance of the head tracking control on this axis. The distance is 3m from the start 

to the end. The time measurement takes 10 seconds to complete. Fig. 10 and 11 show the result 

of the set angle and error angle when the robot moves on the x-axis. 

 

End
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Fig. 9. The robot runs on X-axis. 

 

 

 

Fig. 10. The robot's head error without using head control runs on the x-axis. 

 

4.2. Testing the robot moves on the Y-axis without and with head control 

Fig. 12 shows the testing robot on a trajectory following the Y-axis to experiment without 

and with a tolerance of the head tracking control on this axis. The distance is 3m from the start 
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to the end as the same on X-axis. The time measurement takes 10 seconds to complete. Fig. 13 

and 14 show the result of the set angle and error angle when the robot moves on the y-axis. 

 

 

 

Fig. 11. The robot's head error using head control run on the x-axis. 
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Fig. 12. The robot runs on Y-axis. 
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Fig. 13. The robot's head error without using head control run on the Y-axis. 

 

 

 

Fig. 14. The robot's head error using head control run on the Y-axis. 

 

4.3. Testing the robot moves on a square trajectory without and with head control 

A square trajectory is the last test to find any error to make sure the tolerance of the head 

tracking control is maintained, as shown in Fig. 15. Fig. 16 and 17 show the result of the set 

angle and error angle when the robot moves on the square trajectory. 
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Fig. 15. The robot runs on a square trajectory. 

 

 

 

Fig. 16. The robot's head error without using head control runs on the square. 
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Fig. 17. The robot's head error using head control run on the square. 

4.4. Result 

After the experiment is completed, we get results as shown in table1. 

Table 1: The testing result of robot runs other trajectories 

No Trajectory 

Error angle 

with head 

tracking 

(radian) 

Error angle 

with head 

tracking 

(degree) 

 Error angle 

without head 

tracking 

(radian) 

Error angle 

without head 

tracking 

(degree) 

1 X-axis 0.1 rad 5.72958o  1.25 rad 71.61972o 

2 Y-axis 0.05 rad 2.864789o  1rad 57.2958o 

3 Square 0.1 rad 5.72958o  1.35 rad 77.3493o 

5. CONCLUSION  

An experimental study is proposed on a four-wheeled robot's control and head tracking. We 

applied the Holonomic drive's kinematics and reduced the Omni-wheel robot's heading error. 

It shows that the PD controller is suitable for controlling this system. Two conditions, one 

without head tracking and the other with head tracking, were used in the experiment. We put 

each controller to the test using a variety of trajectory configurations, such as running in a 

square trajectory, along X, along Y, or at an adjacent angle. The experiment results confirmed 

that the controller with a head tracking angle significantly improved over the one without 

tracking control. To achieve a precise heading angle for the robot, we aim to explore sensor 

fusion in more detail in upcoming work. 
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