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Abstract—The experimental object used is a three-wheeled 

omni-robot frame, where the wheel axes have an angle 

difference of 120 degrees from each other. The Omni wheels 

have a diameter of 48 mm connected to the DC motor axis 

through a gearbox, which has a ratio of 80 to 1. Each wheel has 

been controlled using a proportional plus integral plus 

derivative (PID) controller embedded in a microcontroller, 

which is an Arduino nano board. The motor axis is equipped 

with a two-phase optical encoder that definitively generates four 

cycles per revolution for wheel speed acquisition as the 

controller input. The wheel speed control signal is distributed to 

the wheel through the H bridge as the controller output. The 

controller constants have been directly tuned to the robot 

frame's physical omni-wheel speed control system. The 

controller is tuned to minimize steady-state error, achieve fast 

settling times, and minimize overshoot. The best constants 

obtained are 1.5 (proportional), 0.012 (integral), and 10 

(derivative). Using a tolerance band of +/- 2.5%, the system 

achieved a settling time of 1.1 seconds and a steady-state error 

of 0.3%. The control system is unstable when the actuator is 

saturated, which produces oscillations. Controller optimization 

has been successful by using integrator wind-up reduction. The 

steady-state average error was reduced to 9.95% without 

oscillation after optimization, compared to 46.37% with 

oscillations before optimization. The controller has been 

validated with speed-tracking tests on all velocity vector regions. 

The robot frame has been tested with basic maneuvers such as 

rotation, concerning, forward, and sideways.  

Keywords—Physical Hardware; Manual-Tuning; PID; 

Integrator Wind-Up; Omni Wheel, Omni Robot; CLI; Arduio 

Nano; Encoder; CPR; PWM. 

I. INTRODUCTION 

The demand for Robots is increasing in Industry and 

Society. Omni-wheel drive can be applied to robots used in 

industries and household appliances. For example, a robot 

vacuum cleaner is a type of vacuum cleaner that is designed 

to clean floors autonomously. It uses sensors to navigate 

around the room and avoid obstacles, Autonomous Mobile 

Robot (AMR) which is useful for moving goods from one 

place to another, Automated Ultraviolet C Light Mobile 

Robot (AUMR) is Ultraviolet light carrier robot for 

disinfection viruses in the room [1]-[3], as well as various 

research on omnidirectional robots [4]-[50]. An Omni robot 

is a robot that can move on a flat surface in all directions. 

Omni robots can move like they have normal wheels or move 

sideways using wheels along their circumference. The 

omnidirectional wheel allows the robot to change from a non-

holonomic robot to a holonomic robot. Non-holonomic 

robots are robots that use normal wheels and only have two 

of the three degrees of freedom that can be controlled, which 

moves forward or backward, and rotates. The robot cannot 

move sideways which makes it slower and less efficient at 

achieving its given goals. The holonomic omnidirectional 

wheel can solve this problem because it is very 

maneuverable. The robot moves with conventional wheels or 

conventional wheel mobile robots (WMRs), its direction is 

limited because the robot cannot move sideways without 

initial maneuvers. Various mechanisms were developed to 

increase the maneuverability of the WMR. A design that uses 

three center wheels with steering and independent driving 

capability, capable of continuously changing its orientation 

up to 360°, so this design can be called omnidirectional. It is 

not widely known that the first omnidirectional wheel was 

patented in 1919 by Grabowiecki. The assembly consists of 

the main wheels and transverse rollers, as used by most of the 

RoboCup team. The inventor is considering a vehicle design 

capable of moving forward and sideways without a steering 

wheel. Robots built with these wheels usually have three 

omnidirectional wheels arranged in a △ or Y pattern [51][59]. 

Research on the omni triangle robot drive has been carried 

out, which is Integral Proportional (PI) control to get the 

desired trajectory [60]. Control development research for a 

three-wheeled omnidirectional moving robot for operation on 

flat terrain. The heart of the robot base is the omnidirectional 

wheel. As well as providing normal traction to the rotor axis 

like regular wheels, they can slide parallel to the rotor axis 

without much friction. Design and implementation of a robot 

using three omnidirectional wheels installed with 120° 

spacing. Omni wheels robots have high efficiency in robot 

movement but also have their challenges in controlling this 

robot, especially robots with three omni wheels (3WD). This 

paper proposes a robot control system using the pole 
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placement state feedback method to control the inner loop 

which controls the body reference speed, and the PID method 

is used to control the outer loop which controls the robot's 

position in world coordinates. The results obtained using 

computer simulations show that the proposed method can 

control the robot's position in world coordinates even though 

there is an overshoot of 5- 10% on the X and yaw axis, 

however, the Y axis performance is overshot by more than 

100% because of a coupled effect that still cannot be 

eliminated [61]-[70]. 

The algorithm for the direction of the robot with Omni 

wheels can be controlled with an embedded system device in 

the form of a microcontroller [71][72], and various studies 

using Arduino-based embedded PID [73]-[80]. In some 

cases, the robot consists of more than one microcontroller, 

and the communication between them uses multi-drop 

communication with a master-slave mode such as Inter-

Integrated Circuit (I2C) [81]-[83]. 

To achieve precise movement of the robot following the 

specified vector quantity, the speed of the wheels must spin 

in each Omni wheel shaft and remain consistent at the 

predetermined reference speed. This necessitates stringent 

control over the number of turns on each Omni wheel shaft. 

Multiple techniques and methods exist to ensure the 

persistence of the number of turns per Omni wheel shaft at 

the reference speed. This study uses classical PID control, 

with the controller calculating the error signal to generate the 

control signal for the PWM signal fed to the Omni wheel. An 

encoder captures the error signal and then compares it with 

the reference. These components are part of a closed-loop 

system implemented using a microcontroller-based 

embedded system. When implementing PID controllers, a 

common issue arises when the actuator cannot fully respond 

to command behavior, leading to the integrator wind-up 

effect. This can result in a significant overshoot on the system 

response. If this happens in a long enough duration then the 

oscillation possibilities in the system response will be very 

large [84]-[95]. This study aims to obtain the best PID control 

parameters. Then optimize the controller to avoid the 

occurrence of the integrator wind-up effect and to achieve its 

best system performance. The tuning process is done 

experimentally by using the heuristic approach manually 

which is done in such a way as to obtain the system response 

as expected. The heuristic approach is a problem-solving 

method that leverages practical techniques with the aim of 

achieving a specific goal. Essentially, heuristics involves 

using rules of thumb, where the solution process relies on 

intuitive or empirical rules [96]. In this research, a heuristic 

approach is employed to determine a set of PID controller 

parameters that yield the most optimal system response 

performance. 

II. METHOD 

The experimental block diagram for open-loop and 

closed-loop control system data acquisition is illustrated in 

Fig. 1. Connecting a laptop to the Arduino Nano board via 

USB to serial is essential for tasks, such as data acquisition 

and tuning processes. The first one is to gathering datas to 

know how step response of the system on open loop state. 

Where a DC voltage of 12 volts is given directly to the DC 

motor as a plant without using a controller. The second is 

used to observe the system response when using a PID 

controller and tuning it, and the latter is used to test the 

controller with several speed targets.  

 

Fig. 1. Experimental block diagram 

On the Arduino nano board, a proportional plus integral 

plus derivative (PID) controller and a command line interface 

(CLI) have been embedded, which can be observed using a 

laptop. Using CLI has made it easier to tune the controller 

constants repeatedly until the desired performance is 

achieved. The performance of the control system has been 

observed by considering the smallest overshoot, the fastest 

setting time, and the smallest steady-state error. The process 

of tuning controller constants has been done manually on 

physical systems directly, but not using mathematical 

models. 

Driving an omni wheel with an Arduino board using an 

H-bridge, so that it can rotate forward or reverse. The H-

bridge that has been used is TB6612FNG which is sufficient 

for the power requirements of the 22CL-3501PG motor. The 

motor torque is distributed through a gearbox with a ratio of 

80:1 connected to the wheel. The number of wheel rotations 

is determined by pulse width modulation (PWM) with a 

maximum resolution of 8-bit registers of 255 when the pulse 

width is 100%. While to get the wheel revolution using the 

encoder that has been installed on the motor axis, it has 4 

cycles per revolution (CPR). So that the encoder output as the 

wheel speed input and PWM as the control signal output from 

the PID controller to control the wheel. 

The experimental stages start from the acquisition of open 

loop system data using a step signal as a reference signal. The 

second is the controller tuning process. The third is observing 

the performance of the control system when there is an 

integral wind-up effect which usually has oscillations. The 

fourth is optimizing the control system so that it can work 

when there is an integral wind-up effect. The last stage is 

using the controller on the three omni wheels on the robot 

frame. 

A. Speed Control of Omni Wheel by PID Controller 

 The Block diagram of speed control of Omni wheel is 

shown in Fig. 2. 

𝑢 = 𝐾𝑝 (𝑒 + 𝐾𝑖 ∫ 𝑒
𝑡

0
𝑑𝜏 + 𝐾𝑑

𝑑𝑒

𝑑𝑡
)  (1) 
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The full PID controller algorithm is shown again in (1). 

With the correct choice of signs for 𝐾𝑝, 𝐾𝑖, and 𝐾𝑑, a PID 

controller will generate an actuator command that attempts to 

drive the error to zero with the proportional gain, remove the 

steady-state error with the integral gain, and dampen the 

response with the derivative gain.  

 

Fig. 2. Block diagram closed loop Omni wheel speed control by using PID 

controller 

B. Tuning a PID Controller 

The following are the steps for tuning the PID controller 

constants, 

1) Start by implementing a controller with the 

algorithm of (1) and choose a small value of 𝐾𝑝. Set 𝐾𝑖 =  0 

𝐾𝑑 =  0 for now. A small value of 𝐾𝑝 will minimize the 

possibility of excessive overshoot and oscillation. 

2) Select an appropriate input signal such as a step 

input. Perform a test run by driving the controller and plant 

with that input. The result should be a sluggish response that 

slowly drives the error in the output toward zero. The 

response can be unstable, If it is unstable or highly 

oscillatory, go to step 4.  

3) Increase the value of 𝐾𝑝 and repeat the test. The 

speed of the response should increase. If 𝐾𝑝 becomes too 

large, overshoot and oscillation can occur. 

4) Increase the value of 𝐾𝑑 to reduce any overshoot 

and oscillation to an acceptable level. If the speed of the 

response becomes unacceptably slow, try reducing the value 

of 𝐾𝑑.  

5) Continue increasing the value of 𝐾𝑝 and adjusting 

𝐾𝑑 as needed while repeating the test. Watch for the 

appearance of actuator saturation and reduce 𝐾𝑝 if 

unacceptable saturation occurs. 

6) Set 𝐾𝑖 to a small value and repeat the test. Observe 

the time it takes to reduce the steady-state error to an 

acceptable level. 

7) Continue increasing 𝐾𝑖 and repeating the test. If 𝐾𝑖 
becomes too large, the overshoot in response to a step input 

will become excessive. Select a value of 𝐾𝑖 that gives 

acceptable overshoot while reducing the steady-state error at 

a sufficient rate. Watch for actuator saturation to occur, which 

will increase the overshoot in the response. If actuator 

saturation is a problem, continue to PID with intregrator 

wind-up reduction. 

C. PID with Intregrator Wind-up Reduction 

 One of the problems in implementing the PID controller 

is how to avoid the integrator wind-up effect. When the 

actuator is saturated there is an integral windup phenomenon 

on the PID control. The integrator wind-up is the result of the 

integration of large error signals during these periods when 

the actuator is unable to fully respond to its command 

behavior. The problem is the integration of accumulated error 

can achieve a very large value during these periods, which 

produces a very significant overshoot in the system response. 

This phenomenon is shown in Fig. 3. Fig. 3 shows the control 

signal (𝑢), the response signal (𝑦), and the reference (𝑦𝑟𝑒𝑓) in 

the case where the control signal becomes saturated. 

  

Fig. 3. Illustration of Integral Windup effect 

After the first reference change, the control signal (𝑢), 

rises to the upper limit of 𝑢𝑚𝑎𝑥. This control signal is not 

large enough to eliminate control errors. Therefore, the 

integral of control error and the integral part of the control 

signal increases. Due to the desired control signal increases, 

then there is a difference between the desired control signal 

and the actual signal control signal. The control signal starts 

to decrease because the sign of the control error becomes 

negative. But since the desired control signal is above the 

𝑢𝑚𝑎𝑥 limit, the actual control signal will not stop for a while 

and the response will be delayed. In can be said that the 

occurrence of integrator wind-up phenomenon will cause the 

system response cannot follow command behavior. 

Oscillations may also occur during this situation which may 

cause the actuator to bump from one end of the range of 

movement to another. Obviously, the integrator wind-up 

should be reduced to an acceptable level in a good controller 

design. In certain situations, where possible the effects of 

integrator wind-up should be avoided. 

One way to reduce the effect of integrator windup is to 

turn the integration off when the amplitude (absolute value) 

of the error signal is above a cut-off level. This result can be 

achieved by setting the integrator input to zero during periods 

of large error. In addition to improving controller response in 

the presence of actuator saturation, this technique can also 

reduce the overshoot in situations where the system response 

is linear. PID controller response for a linear plant has a 

significant overshoot because of the integral term. The 

overshoot in that example would be reduced substantially by 

the addition of integrator windup reduction to the controller. 

The PID controller algorithm with integrator windup 

avoidance included is expressed by: 

𝑢 = 𝐾𝑝 (𝑒 + 𝐾𝑖 ∫ 𝑞𝑒

𝑡

0

𝑑𝜏 + 𝐾𝑑

𝑑𝑒

𝑑𝑡
) (2) 
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Where, 𝑞 is equal to one if the absolute 𝑒 is less than 𝐸, else 

𝑞 is equal to zero, 𝑢 is control signal, 𝑒 is error signal, and 

𝐾𝑝, 𝐾𝑖, 𝐾𝑑 are proportional constant, integral constant, 

derivative constant, respectively. Variable 𝐸 is cut-off level. 

The parameter 𝑞 freezes the value of the integrated error 

during periods of large error. Equation (2) is mathematically 

describes how the tuning of PID parameters is done by setting 

the cut-off level 𝐸 where the amplitude error becomes 

“large”. Fig. 4 is a PID algorithm using a integrator wind-up 

reducer that works at every specified time step. 

 

Fig. 4. The algorithm of updating the PID controller parameters with 

integrator wind-up reduction 

D. Revolutions per Minute (rpm) Computing 

Equation (3) is revolutions per minute (rpm) calculation. 

To know the number of speed or rpm on the wheel, which 

must be known first is CPR and periods (𝜏) generated by the 

encoder. CPR is obtained from the multiplication of gearbox 

ratio with encoder resolution. If CPR and period are known, 

then the number of rpm can be calculated by using (3). Where 

𝑛, 𝜏, and CPR are rotation per minutes (rpm), period (𝜇𝑠), and 

cycle per revolution, respectively. Twice the pulse out in the 

Fig. 5 is equal to the period (𝜏).  

 

Fig. 5. TTL signal DC motor encoder 

𝑛 =
(

60,000,000
𝜏

)

𝐶𝑃𝑅
 

(3) 

III. RESULTS AND DISCUSSION 

A. Open Loop Step Response 

Fig. 6 and Table I are the real open loop step responses 

DC motor speed with omni wheel. The real open loop step 

response is important to determine the error threshold (𝐸) that 

the actuator can generate. From the Table I it can be seen that 

the actuator has a actuator saturation of around 63.3 rpm if 

the power supply given to the motor is 12 Volts. This voltage 

is the same as the control signal generating a maximum PWM 

equal to 100%. 

TABLE I.  REAL OPEN LOOP WHEEL STEP RESPONSE 

Time Voltage Speed Time Voltage Speed Time Voltage Speed 

(s) (V) (rpm) (s) (V) (rpm) (s) (V) (rpm) 

0 12.1 0 1.7 12.1 63 3.4 12.1 63.56 

0.1 12.1 32.44 1.8 12.1 63.38 3.5 12.1 63.38 

0.2 12.1 63 1.9 12.1 63.38 3.6 12.1 63.56 

0.3 12.1 63.38 2 12.1 63.56 3.7 12.1 63 

0.4 12.1 63.38 2.1 12.1 63.38 3.8 12.1 63.19 

0.5 12.1 63 2.2 12.1 63.38 3.9 12.1 63 

0.6 12.1 63.19 2.3 12.1 63 4 12.1 63.19 

0.7 12.1 63 2.4 12.1 63.19 4.1 12.1 63.38 

0.8 12.1 63 2.5 12.1 63.38 4.2 12.1 63.56 

0.9 12.1 63.38 2.6 12.1 63.56 4.3 12.1 63.19 

1 12.1 63.38 2.7 12.1 63.38 4.4 12.1 62.81 

1.1 12.1 63.56 2.8 12.1 63.56 4.5 12.1 63 

1.2 12.1 63.38 2.9 12.1 63 4.6 12.1 63.19 

1.3 12.1 63.75 3 12.1 63.19 4.7 12.1 63 

1.4 12.1 63 3.1 12.1 63 4.8 12.1 63.38 

1.5 12.1 63.38 3.2 12.1 63.19 4.9 12.1 63.56 

1.6 12.1 63.19 3.3 12.1 63.38 5 12.1 63.38 
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Fig. 6. Real open loop step response of wheel speed 

B. Tuning Process of Closed-loop PID Controller Without 

Wind-up Reduction 

The determination of the speed reference during the 

tuning process is selected below the output value of the open 

loop system response speed when tested using a 12 Volts step 

signal, which is currently being used at 20 rpm. This is to 

avoid actuator saturation conditions. 

Fig. 7 to Fig. 11 illustrate the tuning process until the best 

speed control performance is obtained. Fig. 7 shows the 

system closed-loop response without the controller (𝐾𝑝 = 1, 

𝐾𝑖 = 𝐾𝑑 = 0). It can be seen that the response signal (blue 

color) is still far from the reference signal (red color) 

provided. Without the controller, the error steady state (𝑒𝑠𝑠) 

is 85%. To perform the tuning parameter of PID controller 

used, the first step is to set the 𝐾𝑝 value until the oscillation 

of response signal. This can be seen in Fig. 8. With 𝐾𝑝 =  2, 

the 𝑒𝑠𝑠 decreases to 70.9% but the oscillation increases. Since 

the oscillation increases, the 𝐾𝑝 value is reduced to 1 as the 

𝐾𝑑 value increases until the oscillation of the system 

response decreases. To reduce the 𝑒𝑠𝑠 value then set the value 

of 𝐾𝑖 = 0.005. This setting yields 𝑒𝑠𝑠 = 3.49% as shown in 

Fig. 9. To minimize settling-time (𝑡𝑠), the value of 𝐾𝑝 is 

increased to 1.5 as shown in Fig. 10. By increasing the 𝐾𝑝 

value above 1.5 then there will be overshoot on the system 

response so that the best value of 𝐾𝑝 is 1.5. 

By using the tolerance band of +/- 2.5% as shown in Fig. 

11 then the observation obtained the settling time of 1.1 

seconds and 𝑒𝑠𝑠 = 0.3% by 𝐾𝑝 =1.5, 𝐾𝑖 = 0.012, 𝐾𝑑 = 10 

and the reference signal speed of 20 rpm. 

 To test the performance of the system then given the 

reference signal speed varies are 5 rpm, 10 rpm, 20 rpm, 30 

rpm, 40 rpm, 50 rpm, and 60 rpm as shown in Fig. 12. The 

result of the observation shows that the signal response 

system has been able to follow the reference signal given by 

settling time (𝑡𝑠) and 𝑒𝑠𝑠 at about 1.1 seconds and 0.3% 

respectively. Fig. 13 is the result of testing that has been tried 

on the control system before optimization with the integrator 

wind-up reduction. When it has been tested with the speed 

reference around the actuator saturation, which is 63 rpm and 

65 rpm. It can be seen that, when the speed reference is above 

the actuator saturation, the greater the oscillation. 

 

 

Fig. 7. Wheel closed-loop system response without controller 

 

Fig. 8. Closed-loop system response with P controller (𝐾𝑝 = 2) 

  

Fig. 9. Closed-loop system response with PID controller (𝐾𝑝  = 1, 𝐾𝑖  = 

0.005, 𝐾𝑑 = 10) 

 

Fig. 10. Closed-loop system response with PID controller (𝐾𝑝 = 1.5, 𝐾𝑖 = 

0.012, 𝐾𝑑 = 10) 
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Fig. 11. Performance of Omni-wheel speed control system response at 20 

rpm reference signal 

 

Fig. 12. Response performance of wheel speed control system with various 

reference signals under actuator saturation 

 

Fig. 13. Response performance of the wheel speed control system with 

various reference signals around actuator saturation  

Fig. 14 is the result that has been tested with a reference 

speed of 70 rpm, which is greater than the actuator saturation, 

the oscillation is greater. Increasing control signal caused by 

increasing integral error beyond the actuator's capabilities, 

that is called as integral wind-up as shown in Fig. 15. Fig. 16 

is the control signal u when the speed reference value is equal 

to 70 rpm, which exceeds the saturation of the control signal. 

In the experiment, the saturation of the control signal was 

255, this value refers to the resolution capacity of the pulse 

width modulation (PWM) register, which is only 8 bits. Fig. 

17 shows the integral control signal that must be eliminated 

when it exceeds 14212.5, because this value is the actuator is 

reaching its saturation. 

 

Fig. 14. Response performance of the wheel speed control system with 

reference signals above actuator saturation 

 

Fig. 15. Response performance of the wheel speed control system when 

integrator wind-up occurs 

 

Fig. 16. Control signal u when it exceeds the control signal saturation 
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Fig. 17. The integral control signal must be cut off when it exceeds 14212.5 

C. PID Controller With Wind-up Reduction 

As discussed in the method, the technique of turning off 

integration when the amplitude of the error signal is above a 

threshold can reduce the effects of integrator windup to a 

tolerable level. Which in the open-loop system response 

experiment has been known that the actuator is saturated at a 

speed of 63.3 rpm or equivalent to the control signal value of 

255. In the experiment that has been done, the value of 63.3 

is used as the 𝐸 value which is equivalent to 255 in the control 

signal. The threshold value of 255 is used as the decision to 

disable the integral value so that it does not increase.  

Fig. 18 is controller response at 70 rpm reference after 

threshold of control signal and error Integral are 

implemented, which indicates that integrator windu-up has 

been successfully removed. Reference equal to 70, control 

signal equal to 255 (76.5×3.33E+00), integral equal to 

14212.5 (85.275×1.67E+02), and the omni wheel speed is 

stuck at around 63.3 rpm. 

 

Fig. 18. Response performance of control system with a 70 rpm reference 

after integrator wind-up reduction is implemented 

When the reference is 70 rpm in the steady state region, it 

has been shown that the average error value is 46.37% with 

oscillation before optimization and 9.95% without oscillation 

after optimization, as shown in Fig. 19. 

Fig. 20 shows the tracking of speeds of 70, 40, 70 rpm. 

The experiment shows that there is a delay effect if the 

integrator reduction is not implemented. The tracking shows 

that there is a delay of 1.2 seconds at the high to low speed 

transition. So that the greater the speed reference value, the 

greater the delay. 

 

Fig. 19. With and without wind-up reduction at 70 rpm reference 

 

Fig. 20. Speed tracking 70, 40, 70 (rpm) with and without wind-up reduction 

Fig. 21 shows the speed tracking in the positive region of 

10, 20, 40, 70, 30, 60 rpm. Conversely, Fig. 22 shows the 

speed tracking in the negative region of -10, -20, -40, -70, -

30, -60 rpm. Both experiments involved the saturated 

actuator region, which is the reference equal to 70 rpm. The 

results have shown the performance of the control system is 

able to reject the integrator wind-up effect. 

 

Fig. 21. Speed tracking 10, 20, 40, 70, 30, 60 (rpm) 
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Fig. 22. Speed tracking 10, -20, -40, -70, -30, -60 (rpm) 

Fig. 23 shows the speed tracking in all regions 30, 0, -70, 

0, 60, 20 rpm. This experiment has been done to find out the 

response of the control system when transitioning to 0 rpm 

from the positive axis and the negative axis. This experiment 

also involves the saturated actuator region, the reference -70 

rpm shows the performance of the control system is able to 

reject the windup effect. 

 

Fig. 23. Speed tracking 30, 0, -70, 0, 60, 20 (rpm) 

Fig. 24 shows the speed tracking in the area that does not 

involve tracking the speed of 0 rpm, such as 30, -40, 50, -60, 

50, 40 rpm. This experiment has been done to determine the 

response of the control system when transitioning from 

positive to negative and vice versa directly. This illustrates 

the performance of the control system when the wheel is able 

to move forward and reverse. 

 

Fig. 24. Speed tracking 30, -40, 50, -60, 50, 40 (rpm) 

D. Performance of PID Controller on 3-Wheeled Omni 

Robot Frame 

All experiments that have been done, when the PID 

controller constant tuning process only uses the rear omni 

wheel. In the basic movement experiment of the robot frame, 

each rear, right, and left omni wheel uses its own PID 

controller. The controller constant on each omni wheel uses 

the same constant as the rear omni wheel PID controller 

constant. 

Fig. 25 shows three Arduino nano boards that have PIDs 

embedded in them and an Arduino mega board. Each Arduino 

nano board functions to control the omni wheel. Each 

Arduino nano board as slave 1, slave 2, slave 3 is connected 

to an I2C bus so that it can be commanded by the Arduino 

mega board as the master. 

 

Fig. 25. Experimental object 

Fig. 26, Fig. 27, and Fig. 28 respectively, are the 

responses of the rear, right, and left systems at a reference of 

50 rpm. Applying the same PID controller constants to all of 

them, it is seen that only the right omni wheel has a slight 

oscillation in the transient region. The 𝑒𝑠𝑠 values for the rear 

and right wheels show the same value of 0.24%, while the left 

wheel has a value of 0.12%. 

Fig. 29 shows a top view of the frame to see the layout of 

the rear, right and left wheels. The red arrow in Fig. 29 is the 

default direction of the forward wheel rotation. Fig. 30 shows 

the results of data acquisition of the speed of each wheel, 

which has been tested only by trying basic frame maneuvers, 

including rotation, concerning, forward, and sideways 

movements. The experiment used a reference or set point of 

50 rpm to all wheels, and then all the basic movements are 

performed for 10 seconds. 

This experiment has been implemented a PID controller 

for Omni-wheel speed control which integrator wind-up 

effect certainly occur, when the reference speed is above 63.3 

rpm. Before the integrator wind-up reduction is applied, an 

integrator wind-up effect occurs which can cause the system 

to be unable to control the speed when the actuator is 

saturated. After knowing the cause of the integrator wind-up, 

the right way to overcome it can be determined. 
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Fig. 26. Rear wheel response at 50 rpm reference 

 

Fig. 27. Right wheel response at 50 rpm reference 

 

Fig. 28. Left wheel response at 50 rpm reference 

 

Fig. 29. Top view of the robot platform with 3 omni wheel drive 

 

Fig. 30. Basic frame movements of omni wheels at 50 rpm 

IV. CONCLUSION 

The experimental based heuristic approach has been used 

to derive a combination of PID controller parameters that 

yield the best system performance (error steady state close to 

zero, settling time as small as possible). Using the tolerance 

band of +/- 2.5%, the result of observation on the system 

response is obtained the settling time 1.1 seconds and error 

steady state 0.3% by 𝐾𝑝 = 1.5, 𝐾𝑖 = 0.012, and 𝐾𝑑 = 10 at 20 

rpm reference. Performance test of the system has also been 

done that is by providing several of the speed reference 

signals with the performance results that are not different 

from the previous observations. The observation result of the 

system response signal also shows that the PID controller has 

been able to avoid the occurrence of the integrator wind-up 

effect. Speed tracking has been attempted in positive, zero, 

and negative, including saturated regions, where the results 

successfully followed the reference or set point. 

Applying the same PID controller constants to all of them 

with 50 rpm reference, it is seen that only the right omni 

wheel has a slight oscillation in the transient region. The ess 

values for the rear and right wheels show the same value of 

0.24%, while the left wheel has a value of 0.12%. Also tested 

the controller on the frame with basic maneuvers such as 

rotation, concerning, forward, and sideways movements. 

When the reference is 70 rpm in the steady state region, it 

has been shown that the average error value is 46.37% with 

oscillation before optimization and 9.95% without oscillation 

after optimization. 

Future works are how to determine the efficiency of the 

design and implementation of the robot drive. By embedding 

three PID controls in a microcontroller, it can minimize the 

dimensions of the embedding system, also improve the 

movement of the robot frame by using the odometry method. 
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