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Abstract—Mobile robots require a control system capable of
maintaining stable movement and orientation during operation.
One of the most widely used control methods is the Proportional-
Integral-Derivative (PID) controller. However, manually tuning
PID parameters requires considerable time and user experience,
making the process less efficient. This study aims to develop a web-
based interface that enables real-time system monitoring and PID
parameter tuning for a mobile robot. The developed system
integrates a web-based interface served by a Python Flask-
SocketlO backend, which bridges communication with an Arduino
Mega over a serial connection. The web interface allows users to
adjust PID parameters, monitor the robot's condition, and control
its movement directly through a web browser. Experimental
results demonstrate that the PID controller is capable of regulating
the motor speed to closely match the desired setpoint. The
implementation of the web-based interface also simplifies the
tuning process, as the proportional (Kp), integral (Ki), and
derivative (Kd) parameters can be adjusted in real time while the
system response is observed immediately. The findings indicate
that integrating a web-based interface with the PID control system
enhances the flexibility of testing and tuning processes for an
omnidirectional mobile robot. Furthermore, the developed web-
based interface proved to be effective for real-time motor control
and mobile robot monitoring.

Keywords—Mobile Robot, PID Control, Web Interface, Motor
Control, Real-Time Monitoring

L. INTRODUCTION

Technological advancements have significantly increased
the use of mobile robots across industries, households, and
healthcare in recent years [1]. Once operated manually, mobile
robots are now increasingly autonomous, leveraging artificial
intelligence, computer vision, and various sensors for
navigation and decision-making [2]. Beyond mechanical
design, a robot's performance is now largely determined by its
ability to navigate autonomously, plan efficient paths, avoid
obstacles, and operate in dynamic environments without human
intervention [3].

One robot type capable of such navigation is the
omnidirectional mobile robot, which can move translationally
and rotationally without changing its body orientation [4]. This
capability relies on coordinated control of each wheel's speed,
making motor synchronization critical for stable, smooth
movement [5].

Accurate robot motion therefore requires each motor's speed
to be controlled using a Proportional-Integral-Derivative (PID)
controller; if motor speed cannot be properly controlled, the
wheels may fail to operate or maneuver optimally [6]. PID
remains one of the most widely used control methods in robotics
due to its simple structure, ease of implementation, and stable
response when properly tuned [7].

A key challenge in controlling an omnidirectional robot is
that PID tuning is often impractical, since parameters must be
modified directly in the microcontroller program, and differing
motor characteristics require each motor's parameters to be
individually adjusted for optimal performance [1]. A web-based
interface that integrates PID adjustment, robot control, and real-
time monitoring is therefore needed to simplify the tuning and
testing process [8].

Manual PID tuning remains common in practice, but relies
on operator experience and a time-consuming, inefficient trial-
and-error approach, so control performance often depends
heavily on user expertise [9]. Numerous studies have applied
PID control in robotic systems: Wahab et al. [6] developed a
PID-based control system that improved an omnidirectional
wheeled robot's ability to regulate motor speed and maintain
orientation; Zaman and Wu [10] combined PID control with a
Radial Basis Function (RBF) neural network for an
omnidirectional platform; and Bo et al. [11] proposed an
Improved Genetic Algorithm for PID attitude-control tuning,
which accelerated convergence and produced more stable
control than several existing approaches.

Other studies have focused specifically on improving the
PID tuning process itself. Ayurzana et al. [12] developed a
graphical-user-interface-based PID tuning system for DC motor



speed control in mobile robots, simplifying parameter
adjustment while supporting real-time response monitoring,
while other work has proposed optimization techniques that
automatically determine more optimal control parameters [13].

While prior work has developed PID-based omnidirectional
robot controllers and separate web-based monitoring platforms,
an integrated system combining real-time PID tuning, motor
control, and web-based monitoring in one platform remains
limited. This study therefore proposes a web-based interface
that lets users adjust the proportional (Kp), integral (Ki), and
derivative (Kd) parameters directly through a browser while
issuing motion commands and monitoring motor response in
real time, improving the flexibility and efficiency of the PID
tuning process.

II. METHOD
A. Web-Based Interface

A web-based interface was developed as a Human Machine
Interface (HMI) to facilitate the monitoring and control of the
mobile robot. The website serves as an interactive platform that
enables users to monitor the system performance and configure
the PID controller without directly interacting with the hardware
or modifying the microcontroller program. This approach
simplifies the testing process by providing all system
information and control functions through a single user
interface.

The primary function of the website is to provide real-time
monitoring of the robot during operation. The interface displays
essential system parameters, including the setpoint, actual motor
speed (RPM), error value, error percentage, PWM output, and
the Proportional (Kp), Integral (Ki), and Derivative (Kd) gains
currently applied to the PID controller. In addition, the website
presents the individual contributions of the PID controller,
namely the P Output, I Output, D Output, and the resulting PID
Output. These parameters allow users to observe the behavior of
the control system and evaluate the effect of PID tuning on the
motor response in real time.

In addition to monitoring, the website supports PID
parameter tuning: users can adjust Kp, Ki, and Kd directly
through the interface, allowing different parameter
combinations to be tested quickly without reprogramming the
microcontroller for every change. Communication between the
interface and the Arduino is handled by a Python-based bridge
application (Flask-SocketlO) over a serial connection, with the
dashboard charts refreshing at the same 100 ms rate as the
Arduino's control loop. The round-trip communication latency
between browser and Arduino was measured empirically to
confirm the system's suitability for real-time tuning; the
measurement procedure and results are presented in the PID
Tuning subsection.

B. System Architecture

The flowchart illustrates the workflow of the mobile robot
control system integrated with a web-based interface for real-
time PID tuning [8]. The process begins when the user enters or

modifies the PID parameters (Kp, Ki, and Kd) through the web
interface. These parameters are transmitted to the backend and
subsequently forwarded to the Arduino via a Python Bridge
using serial communication. The Arduino processes the
received parameters and reads the motor speed feedback from
the encoder. Based on the PID control algorithm, PWM signals
are generated and sent to the motor driver, enabling the robot to
move according to the specified command. The flowchart of the
proposed system is presented in Fig. 1.

Open Web Interface

Transmit Data to
Arduino Mega

l l

Execute PID
Control & Drive
DC Motor

Set PID Parameter
(Ki, Kp, Kd.
Setpoint)

Send Feedback
(RPM, PWM,
Status)

l

Update Website
Dashboard

Fig. 1. Flowchart of the proposed web-based PID control system.

Send Command To
Python Bridge

C. Wiring Diagram

The proposed mobile robot consists of an Arduino Mega,
JGA25-370 DC motors, an L298N motor driver, and a 12 VDC
power supply, as shown in Fig. 2. The Arduino Mega serves as
the main controller, executing the PID control algorithm and
receiving commands from the web interface. It generates PWM
signals to the L298N motor driver, which controls the speed and
direction of the DC motors [14]. The 12 VDC power supply
provides the required electrical power for the entire system. The
wiring diagram illustrates the electrical connections among the
hardware components that form the proposed mobile robot
control system [15].
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Fig. 2. Wiring diagram of the mobile robot control system.

D. Design 3D

Fig. 3 illustrates the three-dimensional (3D) design of the
proposed mobile robot from the side and top views. The robot
adopts a two-layer mechanical structure, where the lower layer
accommodates the three DC motors and omnidirectional
wheels, while the upper layer houses the electronic components,
including the microcontroller, motor driver, power supply, and
other supporting devices [16]. The three omnidirectional wheels
are arranged in a triangular configuration at angles of 60°, 180°,
and 300° with respect to the robot's center of gravity, enabling
omnidirectional motion through both translational and
rotational movements without changing the robot's body
orientation. In addition, the component placement is designed to
achieve balanced weight distribution, thereby improving the
robot's stability during operation [17].

Fig. 3. 3D design of the proposed mobile robot: side view (left) and top view
(right).

E. PID Control Algorithm

The Proportional-Integral-Derivative (PID) controller is a
feedback control method that generates a control signal based
on the difference between the desired setpoint and the measured
value [18]. The continuous-time PID controller is expressed as

u(t) =Ky () + Kiffe(r)dr + K~ de(r) 0

Equation (1) is to describes the PID control law, where u(t)
is the control output generated by the PID controller; e(t) is the
error, defined as the difference between the desired setpoint a
nd the measured motor speed; Kp is the proportional gain, which
determines the controller response based on the current error; Ki
is the integral gain, which accumulates past errors to eliminate
steady-state error; Kd is the derivative gain, which predicts
future error based on the rate of change of the error and
improves system stability; and t represents time, while t is the
integration variable.

Since the Arduino executes the control algorithm
periodically rather than continuously, the PID controller is
implemented in discrete form during each control loop as
follows:

e(t)=SP—PV(1) )

Equation (2) is to calculates the instantaneous error e(t),
where SP is the desired motor speed (setpoint) and PV(t) is the
process variable — the actual motor speed measured by the
encoder at time t.

I0)=1I(t—1)+e(r) At (3)

Equation (3) is to updates the accumulated integral term I(t),
where I(t—1) is the integral value from the previous control cycle
and At is the sampling interval.

e(t)—e(t—1) )

b=—%

Equation (4) is to computes the derivative term D(t), the rate
of change of the error, where e(t—1) is the error calculated in the
previous control cycle.

u()=Kye()+ K; I(1) + K4 D(1) (5)

Equation (5) is the combine of three terms to compute the
PID controller output u(t), which is then converted into a PWM
signal to regulate the speed of the DC motors.

F. PID Tuning

Updated PID parameters take effect immediately, letting the
robot's response be monitored in real time through the web
interface [19] so users can evaluate rise time, overshoot, and
settling time and iteratively adjust the gains until the desired
response is achieved — simplifying optimization without
interrupting robot operation [20].

PID gains for each motor were obtained through manual
trial-and-error tuning via the web interface, adjusting the Kp,
Ki, and Kd sliders while observing the real-time response until
acceptable rise time, overshoot, and settling time were achieved,
rather than using an automated method such as Ziegler—Nichols.
Since Motor 1's resulting integral gain (Ki=59.300) is relatively



large, the accumulated Integral term is clamped to a fixed range
to prevent integral windup.

The percentage overshoot reported in this study is calculated
as Overshoot (%) = ((Peak RPM — Setpoint) / Setpoint) x 100%,
where Peak RPM is the maximum motor speed recorded during
the transient response.

The Arduino's PID loop executes at a fixed sampling interval
of dt = 100 ms. Serial communication with the Python Bridge
uses 115200 bps, giving an effective transfer rate of 11,520
bytes/s; at this rate, a parameter-update command (20—30 bytes)
takes roughly 2-3 ms and a full three-motor telemetry frame
(~178 bytes) takes roughly 15 ms, both small relative to the 100
ms loop interval. To measure the actual round-trip latency, an
immediate-echo command was added to the serial protocol so
the Arduino replies without waiting for the next control-loop
tick, isolating the delay from browser to Arduino and back.
Measured client-side with performance.now() over N = 100
trials, the round-trip time was 14.85 = 7.30 ms (median 13.20
ms, 95th percentile 31.30 ms, range 3.60—41.30 ms) — closely
matching the analytical estimate and confirming that
communication overhead is small relative to the 100 ms control-
loop period. The time between a web-interface parameter
change and its effect appearing in telemetry is therefore
dominated by the 100 ms loop interval itself, supporting the
system's suitability for real-time monitoring and tuning.

III. RESULT AND DISCUSSION

Fig. 4 shows the web-based PID interface used as the
Human—Machine Interface (HMI) for real-time monitoring and
control of the three DC motors, with independent panels for
Motor 1, Motor 2, and Motor 3 and a connection-status indicator
showing communication between the dashboard, Python
Bridge, and Arduino Mega.

NEXUS 3 / motor pid console
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Fig. 4. Web-based PID monitoring and control interface for the three DC
motors.

Each panel displays the current RPM, Setpoint (SP), and
PWM, plus a real-time speed-response graph, and lets users
adjust Kp, Ki, and Kd via sliders or numeric fields, modify the
setpoint, and — in Manual Drive mode — set PWM directly.
Forward, Stop, and Reverse buttons control motor direction, and
an ON/OFF switch enables or disables each motor. Parameter
updates are sent to the Python Bridge and forwarded to the
Arduino Mega, which returns encoder feedback (RPM, PWM,
and status) for real-time monitoring.

A. Implementation PID in Motor 1

2,019
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Fig. 5. PID parameter configuration interface for Motor 1.

Fig. 5 shows the PID parameter configuration interface for
Motor 1, through which Kp, Ki, and Kd can be adjusted directly
in real time.

Based on the data in Table I, Motor 1 was tested using Kp =
0.57, Ki = 5.930, and Kd = 0.019 with a setpoint of 150 RPM
and start running at 912 ms. The motor speed increased from 0
RPM to 147.80 RPM at 1413 ms and subsequently stabilized
around the setpoint, fluctuating between 147.80 RPM and
151.32 RPM. During the steady-state condition, the error
remained within —1.32 RPM to 2.20 RPM (—0.88% to 1.47%),
indicating that the PID controller achieved stable speed
regulation with only minor oscillations.

TABLE I
RESULTS OBTAINED BASED ON PID

Time (ms) Setpoint ;zc]t)lll\:l Error Error (%) PWM
912 150 0 150 100 202
1010 150 75,66 74,34 49,56 161
1110 150 128,45 21,55 14,37 148
1209 150 144,28 5,72 3,81 149
1308 150 146,04 3,96 2,64 153
1413 150 147,8 22 1,47 153
1508 150 151,32 -1,32 -0,88 150
1612 150 151,32 -1,32 -0,88 150
1709 150 149,56 0,44 0,29 152
1803 150 149,56 0,44 0,29 152
1908 150 151,32 -1,32 -0,88 149
2003 150 149,56 0,44 0,29 151
2110 150 149,56 0,44 0,29 151
2211 150 151,32 -1,32 -0,88 149
2307 150 149,56 0,44 0,29 151
2414 150 149,56 0,44 0,29 151
2508 150 151,32 -1,32 -0,88 149
2604 150 149,56 0,44 0,29 151
2711 150 149,56 0,44 0,29 151
2808 150 149,56 0,44 0,29 151




Fig. 6 presents the corresponding motor speed response over
time, showing the speed gradually reaching and remaining
stable near the 150 RPM setpoint.
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Fig. 6. Motor speed response over time for Motor 1 (data from Table I).

B. Implementation PID in Motor 2
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Fig. 7. PID parameter configuration interface for Motor 2.

Fig. 7 shows the PID parameter configuration interface for
Motor 2, through which Kp, Ki, and Kd can be adjusted directly
in real time.

Based on the data in Table II, Motor 2 was tested using Kp
=0.33, Ki=2.262, and Kd =0.015 with a setpoint of 150 RPM
and start running at 1709 ms. The motor speed gradually
increased from 0 RPM and reached 149.56 RPM at 2414 ms
before stabilizing around the setpoint. During the steady-state
condition, the motor speed fluctuated between 149.56 RPM and
151.32 RPM, with an error ranging from —1.32 RPM to 0.44
RPM (—0.88% to 0.29%), indicating that the PID controller
achieved stable speed regulation with only minor oscillations.

TABLE I
RESULTS OBTAINED BASED ON PID

Time (ms) Setpoint ;I;l::l Error Error (%) PWM
1612 150 0 150 100 0
1709 150 0 150 100 105
1803 150 52,79 97,21 64,81 80
1908 150 103,81 46,19 30,79 73
2003 150 117,89 32,11 21,41 82
2110 150 128,45 21,55 14,37 84
2211 150 139 11 7,33 83
2307 150 144,28 5,72 3,81 83
2414 150 149,56 0,44 0,29 81
2508 150 151,32 -1,32 -0,88 81
2604 150 149,56 0,44 0,29 82
2711 150 151,32 -1,32 -0,88 81
2808 150 151,32 -1,32 -0,88 81
2904 150 151,32 -1,32 -0,88 80
3008 150 151,32 -1,32 -0,88 80
3103 150 149,56 0,44 0,29 81

Time (ms) Setpoint fc 1;11\:] Error Error (%) PWM
3206 150 149,56 0,44 0,29 81
3312 150 151,32 -1,32 -0,88 80
3404 150 149,56 0,44 0,29 81
3504 150 151,32 -1,32 -0,88 79

Fig. 8 presents the corresponding motor speed response over
time, showing the speed gradually reaching and remaining
stable near the 150 RPM setpoint.
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Fig. 8. Motor speed response over time for Motor 2 (data from Table II).

C. Implementation PID in Motor 3
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Fig. 9. PID parameter configuration interface for Motor 3.

Fig. 9 shows the PID parameter configuration interface for
Motor 3, through which Kp, Ki, and Kd can be adjusted directly
in real time.

Based on the data in Table III, Motor 3 was tested using Kp
=0.36, Ki=2.800, and Kd = 0.015 with a setpoint of 150 RPM
and start running at 2711 ms. The motor speed gradually
increased from 0 RPM and reached 147.80 RPM at 3206 ms,
followed by a maximum overshoot of 154.84 RPM (3.23%).
After the transient response, the motor speed stabilized around
the setpoint, fluctuating between 147.80 RPM and 151.32 RPM.
During the steady-state condition, the error remained within
—1.32 RPM t0 2.20 RPM (—0.88% to 1.47%), indicating that the
PID controller effectively regulated the motor speed despite the
initial overshoot. This range coincides numerically with the
steady-state error range obtained for Motor 1, which is expected
because Motor 1 and Motor 3 use the same JGA25-370 gear-
motor and encoder combination sampled at the same 100 ms
loop interval, so both motors' speed readings are quantized to
the same discrete RPM steps regardless of their individually
tuned PID gains.



TABLE III
RESULTS OBTAINED BASED ON PID
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Fig. 11. Real-time response of Motor 1 on the web-based monitoring interface.

Motor 2 (Kp =0.33, Ki=2.262, Kd = 0.015), shown in Fig.

Time (ms) Setpoint Actual Error Error (%) PWM
2508 150 0 150 100 0
2604 150 0 150 100 0
2711 150 0 150 100 118
2808 150 59,82 90,18 60,12 90
2904 150 116,13 33,87 22,58 80
3008 150 133,72 16,28 10,85 84
3103 150 140,76 9,24 6,16 86
3206 150 147.8 2,2 1,47 84
3312 150 153,08 -3,08 -2,05 81
3404 150 151,32 -1,32 -0,88 83
3504 150 154,84 -4,84 -3,23 79
3602 150 154,84 -4,84 -3,23 78
3698 150 151,32 -1,32 -0,88 80
3808 150 151,32 -1,32 -0,88 79
3909 150 151,32 -1,32 -0,88 78
4005 150 149,56 0,44 0,29 79
4100 150 149,56 0,44 0,29 79
4206 150 151,32 -1,32 -0,88 78
4300 150 147,8 2,2 1,47 81
4408 150 149,56 0,44 0,29 79

Fig. 10 presents the corresponding motor speed response

12, also converges to 150 RPM but with a smoother rise before
settling, reflecting dynamic characteristics that differ from
Motor 1.

over time, showing the speed gradually reaching and remaining
stable near the 150 RPM setpoint.
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Fig. 10. Motor speed response over time for Motor 3 (data from Table I1I).

D. Comparative Analysis

The experiments were conducted on three DC motors at a
150 RPM setpoint; all three achieved speeds close to the setpoint
after the transient response, with small steady-state deviations.
Motor 1 (Kp = 0.57, Ki =5.930, Kd = 0.019) is shown in Fig.
11, where the RPM curve rises rapidly and settles around 150
RPM with only minor oscillations — a fast transient response
with good steady-state accuracy.
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Fig. 12. Real-time response of Motor 2 on the web-based monitoring interface.

Motor 3 (Kp =0.36, Ki =2.800, Kd = 0.015), shown in Fig.

13, exhibits a response pattern similar to Motor 2, reaching 150
RPM with small steady-state deviations.
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Fig. 13. Real-time response of Motor 3 on the web-based monitoring interface.

As shown in Figs. 11-13, the variation in PID gains among
the three motors reflects their differing dynamic characteristics,
requiring individual tuning for satisfactory control — a process
the proposed web-based interface enables efficiently by
allowing each motor's parameters to be adjusted independently
in real time.
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Fig. 14. Transient response test results for Motor 1 (setpoint 150 RPM).

As shown in Fig. 14, Motor 1's transient response test (start
at 912 ms, 150 RPM setpoint) reached a peak speed of 151.32
RPM at 1,508 ms — a maximum overshoot of 0.88%. The
system reached 50% of the setpoint at 1,010 ms and 90% at
1,413 ms (rise time 501 ms), then settled within £2% by 891 ms
(settling time). These results indicate a fast, low-overshoot, and
stable speed response.
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Fig. 15. Transient response test results for Motor 2 (setpoint 150 RPM).

As shown in Fig. 15, Motor 2's transient response test (start
at 1709 ms, 150 RPM setpoint) reached a peak speed of 151.32
RPM at 2,508 ms — a maximum overshoot of 0.88%. The
system reached 50% of the setpoint at 1,803 ms and 90% at
2,414 ms (rise time 705 ms), then settled within £2% at a settling
time of 908 ms since the motor was started. These results
demonstrate a relatively fast response with minimal overshoot
and stable performance.

Respon RPM motor 3 vs Time (setpoint 150 RPM)
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Fig. 16. Transient response test results for Motor 3 (setpoint 150 RPM).

As shown in Fig. 16, Motor 3's transient response test (start
at 2711 ms, 150 RPM setpoint) reached a peak speed of 154.84
RPM at 3,504 ms — a maximum overshoot of 3.23%. The
system reached 50% of the setpoint at 2,808 ms and 90% at
3,206 ms (rise time 497 ms), then settled within £5% by a
settling time of 1,198 ms. Despite the larger overshoot, the
system returned to a stable state and maintained the desired
speed, indicating effective control performance.

IV. CONCLUSION

Based on the transient response tests for the three motors at
a 150 RPM setpoint, the implemented PID control system
regulated motor speed effectively, with all overshoot values
remaining within an acceptable +5% range (Motors 1 and 2:
0.88%; Motor 3: 3.23%). Motor 3 achieved the fastest rise time
(497 ms), followed by Motor 1 (501 ms) and Motor 2 (705 ms);
for settling time, Motor 1 was fastest (891 ms), followed by
Motor 2 (908 ms) and Motor 3 (1,198 ms), the latter reflecting
its higher overshoot. Overall, the system demonstrated fast,
stable, and accurate speed regulation for all three motors.

The proposed web-based PID control system for a mobile
robot was thus successfully developed and validated. The
interface facilitated real-time PID tuning and performance
monitoring, with a measured round-trip communication latency
of 14.85 + 7.30 ms (N = 100 trials) — small relative to the 100
ms control-loop period — confirming that it supports real-time
monitoring and control without significant delay, and providing
a flexible, efficient platform for PID tuning and real-time
mobile-robot control.

This study has limitations worth noting: each motor was
evaluated in a single test run rather than repeated trials, so
repeatability and statistical measures (e.g., standard deviation,
IAE, ISE, ITAE) could not be reported, and the interface's
benefits were assessed qualitatively rather than through direct
comparison with manual reprogramming or benchmarking
against related studies. Future work will address these
limitations through repeated trials with statistical analysis,



quantitative timing comparisons, literature benchmarking, and
PID-based heading/orientation control using the onboard IMU
Sensor.
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