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in fatigue, especially on the driver's leg and back. This fatigue can have
long-term implications and adversely affect the driver's health. Thus, this
paper aims to model and develop a control system that utilizes a linear
actuator to replace the leg activities involved in pressing and releasing the
brake pedal. This approach, combined with the implementation of a PID
controller, offers a novel solution to control the vehicle speed by
integration with the linear actuator that focus on low-speed driving
condition. The design process begins with creating a 3D model using
SolidWorks to visualize the movement of the linear actuator and Pedal
subsystem. This model is then connected to Matlab-Simulink, where a PID
controller is implemented and integrated into the electrical circuit to control
the actuator's movement. Integration with the vehicle dynamic model
enables a comprehensive analysis of the system's behavior on the vehicle
dynamics. This research compares the trial and error method with the
Matlab tuner for implementing the PID controller. The performance of the
system will be evaluated based on the steady state error, overshoot, rise
time, and settling time. The results demonstrate that the Matlab tuner
outperforms trial and error method by achieving a faster response and
significantly reducing steady state error during robustness testing. With the
integration of the linear actuator, the system is capable of tracking the
desired speed and has the potential to replace the leg activities involved in
pressing and releasing the brake pedal. For future work, validating the
proposed mechanism with a physical prototype of the linear actuator and
pedal using hardware-in-the-loop techniques poses a challenge, as
hardware constraints may vary with different environments.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Traffic congestion poses a significant challenge as extended periods of sitting in traffic result in
frequent and excessive manual pedal pressing and braking, negatively impacting drivers' physical
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health. Research indicates that monotonous driving and repetitive actions can lead to muscle stiffness
and fatigue [1]-[3]. In a study on Malaysian commercial vehicle drivers, a high prevalence of low
back pain (60.4%) was found, with fatigue identified as a significant risk factor [4]. The stress of being
stuck in traffic can disrupt emotions and productivity, creating a negative work atmosphere [5].
Prolonged sitting in a car also contributes to fatigue and back pain [6]. Therefore, effective solutions
are essential to address these challenges associated with road traffic delays.

The objective of this paper is to develop a control system that automates the pedal pressing
process using a linear actuator. By incorporating a PID controller, the system can regulate the force
exerted by the actuator to its position, enabling control over the pedal motion and ultimately the speed
of the vehicle. This approach eliminates the need for manual leg activities such as pressing and
releasing the pedal, which the linear actuator takes over to operate the pedal brake, reducing driver
fatigue by allowing the driver to rest their leg activities. The electric linear actuator provides compact
size, high efficiency, and easy installation, making it popular in automotive, industrial, medical, and
home automation applications. Its ability to convert electrical energy into linear motion makes it ideal
for automating pedal pressing, enabling precise control over vehicle speed in the proposed system.

In the early studies, researchers primarily focused on controlling the position of the actuator.
Specifically, researchers, including [7], have explored the application of classical control laws, such
as I-PD, in the control of pneumatic linear peristaltic actuators. The main aim of these investigations
was to minimize positioning errors and evaluate the performance of these actuators in comparison to
conventional piston actuators. Additionally, in another study conducted by [8], the authors propose a
model-based robust force control approach specifically designed for pneumatic actuation systems.
They apply a sliding mode control technique to a double-acting cylinder in order to achieve effective
force control. Actuators find significant applications, such as in humanoid robots as demonstrated in
[9], where a direct-drive linear motor is utilized. The authors evaluate the performance of a PID
controller for precise positioning, acceleration, and impact force on the foot. Another research in [10]
the author proposed a cost-effective sensor less position control method for a solenoid actuator using
current difference measurement in a PWM supply. The study's findings revealed an impressive level
of accuracy in the online position estimation, with minimal relative error and deviation observed
between the measured and estimated positions. These results show the precision achieved in
determining the actuator's position. Additionally, in [11], focuses on the analysis of a hybrid linear
actuator, specifically a pneumatic-electric actuator. The researchers address the challenges of position
tracking and input allocation through the application of convex optimization with PD predictive
control, where the tuning process was performed manually.

Recent studies have demonstrated an increasing emphasis on developing advanced positioning
control techniques. Researchers are exploring various control algorithms, such as Fuzzy logic
controller [12]-[17],Sliding mode control [18]-[20] and Neural Network. In [21]-[23], to achieve
precise positioning control. However, implementing these advanced control techniques can be
challenging, as it requires a deep understanding of the theoretical foundations and may have certain
disadvantages. Consequently, the PID (Proportional-Integral-Derivative) controller remains one of the
most widely applied techniques in industrial settings due to its simplicity, robustness, and
effectiveness in achieving accurate positioning control. Studies have shown that PID controllers offer
effective design and deployment for motor drives and precise motion control in piezoelectric actuators
[24].

The common challenge in implementing PID controllers is tuning the parameters to achieve
optimal system performance. The traditional approach for tuning PID parameters is through trial and
error, which involves iteratively adjusting the parameters and observing the system's response until
the desired performance is achieved [25]. This process can be time-consuming and often requires
multiple tuning iterations [26]. Consequently, researchers have explored alternative tuning methods
to improve the efficiency and effectiveness of PID controller tuning such as Ziegler Nicholas [27],
[28], Genetic Algorithms [29]—[31], Particle Swarm Optimization [32]-[34] n, Fuzzy Tuning [35],
[36] and Matlab Tuner [37]. Matlab Tuner stands out as a straightforward and highly efficient tuning
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method among various alternatives. Its simplicity lies in the fact that it is an integrated feature of
Matlab, eliminating the need for extra programming efforts. Additionally, it offers a comprehensive
analysis of system responses, providing detailed estimations. The exceptional user interface of Matlab
tuner further enhances its usability, making it an ideal choice for tuning purposes.

Thus, in this research the primary objective is to achieve precise control over the linear actuator
to effectively control the speed of the vehicle By integrating the actuator with the vehicle's dynamics,
the control system ensures that the actuator exerts the necessary force on the attached pedal at each
specific position, thereby controlling the vehicle's speed. The main advantage of this approach is that
it eliminates the need for drivers to manually press the pedals during traffic congestion, which can
lead to fatigue. In the following section, the proposed concept and the chosen control strategy will be
discussed in more detail. This research makes significant contributions by developing an automated
pedal pressing system design, designing a practical PID controller for precise control the linear
actuator, and providing a detail of the system's performance comparison of trial-and-error tuning
method and Matlab tuner.

2. Proposed Design Process
2.1. Mechanical Modelling

The proposed design utilizes a linear actuator to automate the process of engaging and
disengaging the pedal brake during low-speed driving in traffic delays. The actuator is attached to the
back of the pedal and moves the pedal brake forward or backward depending on its direction as shown
in Fig. 1. When the actuator retracts, the leadscrew moves forward, applying force to the pedal brake
and causing it to engage the brakes. Conversely, when the actuator extends, the leadscrew moves
backward, releasing the force on the pedal brake and causing it to disengage the brakes.

The prolonged usage of the actuator can lead to increased friction and temperature within its
components, resulting in a decline in performance. This decrease in performance can lead to
inaccuracies in the force exerted by the actuator, thereby affecting the control of the vehicle's speed.
Consequently, the utilization of this linear actuator is not suitable for situations involving heavy traffic
congestion, where the actuator would need to operate continuously for extended periods, such as 4 or
5 hours. In such conditions, the actuator may experience significant wear and decreased efficiency,
making it unreliable for maintaining precise speed control. Therefore, alternative solutions or actuator
systems that are specifically designed to withstand long operating times would be more appropriate
for such scenarios.

Linear i
Actuator Pedal Brake Linear

Actuator

Pedal Brake

Fig. 1. Proposed design pedal brake with linear actuator
The chosen linear actuator was selected based on various factors, including its ability to provide

force feedback for precise control of the pedal brake. This ensures accurate engagement and
disengagement, improving the braking system's reliability during low-speed driving. Additionally, the
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compatibility of linear electric actuators with control systems enables seamless integration into the
research setup, allowing for precise and responsive control over the actuator's motion. Furthermore,
the decision to use an existing actuator from the industrial market was influenced by its extensive
testing and established safety record in diverse applications, ensuring reliability and enhancing overall
system safety.

The primary objective was to synchronize the parameters of the actuator used in simulation with
the real hardware prototype. For future progress, a validation process is intended to be conducted using
hardware in the loop technique. This validation step aims to assess the system's behavior and
performance under realistic conditions, facilitating the bridging of the gap between simulation and
physical implementation. Moreover, selecting an actuator with appropriate stroke length is essential
to minimizing space utilization and preventing any interference with other vehicle components or
occupants.

In the following section, mathematical model that represents the working of the linear actuator is
presented. The relationship between voltage signal, Rotational motion and Linear force and position
will be extensively discussed.

2.2. Mathematical Model of Linear Actuator

The actuator converts electrical signal in form of voltage to linear force. Fig. 2 shows the circuit
representation of linear DC motor.

Fixed
field
'VV\, Y Y Y
v <+) Armature {[
- circuit

Rofor
Fig. 2. Schematic of a DC motor system

In Fig. 2 the rotational torque T, o¢0r 18 directly proportional with current i,

motori (1)
where K., 1s the motor’s constant, and it depends on physical dimension of the motor. By applying
the Kirchhoff Voltage Law (KVL) and the Laplace transform on circuit in Fig. 2 yields the
relationship between input voltage V and output rotational torque T where the relationship is
demonstrated by (2).

Tmotor

TmOtOT(S) — Kmotor
V(s) sL+R

2

On the mechanical shaft, the same process applies in which KVL and the Laplace transformation
is performed and yields the relationship between the shaft’s angular speed W, ¢+ and input voltage
V.

Wshaft(s) _ 1/b (3)
Vi)  s(U/b)+1

where b and ] are shaft’s rotational friction constant and moment of inertia, respectively.
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2.3. Conversion Linear Force and Linear Position

The linear force and linear speed are required to apply a direct pressing on braking pedal. In
actual DC motor, the gearbox and leadscrew are connected with rotational shaft to convert an angular
torque to linear force. By assuming the leadscrew and gear friction are negligible, the relationship
between input and output torque with gear ratio is

T
G=— @
Tin
Where G is the gear ratio, 7, is output angular torque and t;,, is the input angular torque from rotating
shaft. Thus, the linear force, F is produced as a result from rotating leadscrew.

F=G— (5)

Where [ is the length of one pitch on the leadscrew. As for linear position X;;;,.4, Of the leadscrew can
be expressed by the following equation.

l
Xiinear = glinear% (6)

The linear actuator model is then simulated by employing the Matlab-Simulink platform, as
shown in Fig. 4. The parameters used for the actuator taken from the industry-available actuator, is
summarized in Table 1.

Table 1. Linear actuator parameters used in simulation

No Parameter Value

1 Torque Constant 0.4 N.m

2 Winding Resistance 1Q

3 Winding Inductance 0.05H

4 Screw lead pitch 0.008 m

5 Gearbox ratio 2

6 Lead screw efficiency 40 %

7 Shaft moment of inertia 0.01 Kg.m"2
8 Rotational friction coefficient 0.1 Nnm. s

2.4. Modelling of Proposed Idea in Solidworks

The SolidWorks CAD model of the pedal subsystem, including components such as the pedal
brake, linear actuator nut, and pedal base, is utilized as the initial design representation as shown in.
To further analyses the system's dynamics and behavior, the SolidWorks model is exported to
MATLAB and imported into Sims cape Multibody, enabling the creation of a simulation environment.

In Sims cape Multibody, the components from the SolidWorks model are accurately replicated
and interconnected using joints, which simulate the physical connections and constraints among the
mechanical parts. This enables the precise representation of forces, motions, and interactions within
the pedal subsystem.

By conducting simulations in this virtual environment, insights into the behavior and
performance of the pedal subsystem can be obtained. Factors such as the applied force to the pedal
and the characteristics of the actuator can be studied to understand their effects on the system's
response. This information aids in optimizing the design, identifying potential issues, and making
informed decisions prior to physical prototyping and testing.
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3. Simulation System Design
3.1. Modelling a Linear Electric Actuator in Simulink

Fig. 3 illustrates the overall block diagram of the system design. The actuator was composed of
various components, including a DC motor, gear box, and lead screw. These components were chosen
based on their specifications outlined in Table 1. In this diagram, the PID controller is directly
connected to the electric components of the linear actuator, such as the DC motor, lead screw, and
gearbox, as shown in Fig. 4. The PID controller generates a control signal that is supplied to the DC
motor. The DC motor, along with the lead screw and gearbox, converts this electrical energy into
linear motion.

Desired + e PID Linear N 0.23533s + 0.0006884 Actual
Speed > Q 3 controller Actuator s* +4.054s + 0.005812 Speed

Vehicle Dynamic model

Pedal Subsystem

Fig. 3. Block diagram of the system

s o Act Force »- Actuator_force
>R

Gear Box Lead Screw Force Sensor position

+ 14 Pedal Subsystem

e

E )- - - DC Motor
\r__‘/
. o
—

Fig. 4. Electrical actuator design in Matlab-Simulink

To determine the position of the actuator, a force sensor is incorporated into the system. This
force sensor measures the force exerted by the actuator, providing feedback on its position. The force
produced by the actuator is then directly integrated with the vehicle dynamics of the car to achieve the
desired speed. The pedal subsystem's representation in the form of a detailed 3D model provides an
accurate overview of the pedal's movement and position.

Table 2 presents information about the parameters necessary for configuring the component in a
linear electric actuator. This step is crucial to achieve a good system response. Properly setting up the
component ensures the actuator system's optimal performance and functionality.

3.2. PID Controller Design and Tuning Method

PID controllers are the most extensively used controllers in the motion control, process control,
power electronics, hydraulics, pneumatics, and manufacturing industries etc. [38],due to their simple
structure, easy implementation and maintenance. They are also prevalent in modern applications, like
self-driving cars, Unmanned aircraft vehicle, and autonomous robots, for the same purpose [39] e. In
most of the control system applications 90-95 % of control loops are of PID form.
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Table 2. Linear actuator parameters used in simulation

Components Parameter
The block represents a mathematical model of a direct current (DC) motor. It captures the motor's
behavior and characteristics, such as speed and torque, and allows for analysis and control design
DC motor within the Simulink environment. Therefore, a specific parameter needs to be set to accurately
represent the characteristics of the motor being modelled, such as torque, armature resistance
and inductance
The gear ratio in a linear actuator determines how much linear displacement is achieved for each
rotation of the motor or gear mechanism. By selecting the appropriate gear ratio, the actuator
can achieve the desired force and speed based on the motor's capabilities. Higher gear ratios
provide higher force but lower speed, while lower gear ratios offer higher speed but lower force.
The gear ratio choice depends on the specific requirements of the application, balancing force,
speed, and precision
A lead screw is a mechanical component often used in actuators to convert rotary motion into
linear motion. It consists of a threaded shaft (screw) and a nut that engages with the threads.
When the screw rotates, the nut moves linearly along the shaft, resulting in the desired linear
displacement The appropriate size of a lead screw for a specific application depends on factors
such as the required linear travel distance, the load to be lifted or moved, and the desired
resolution or precision.
The Ideal Force Sensor block represents a device that converts a variable passing through the
Force sensor sensor into a control signal proportional to the force. The sensor is ideal since it does not account
for inertia, friction, delays, energy consumption, and so on.
In the pedal subsystem, a prismatic joint is utilized to represent the movement behavior of the
pedal. To accurately model this behavior, certain adjustments are necessary. At the input of the
Prismatic joint  prismatic joint, the required force for the pedal needs to be specified. On the other hand, at the
in Pedal output of the prismatic joint, the force and position of the actuator need to be calculated based
subsystem on the system requirements and desired pedal movement. These adjustments ensure that the
prismatic joint accurately simulates the behavior of the pedal and enables precise control over
its movement.

Gear box

Lead screw

The PID controller block consists of three components: the proportional (P) term, the integral (I)
term, and the derivative (D) term as show in Fig. 5. These terms are responsible for adjusting the
control signal based on the error e(t), between the setpoint and the actual output of the system. The
output of the PID controller is then connected to the plant or process block. The plant represents the
physical system or process being controlled. It can be any system that responds to the control signal,
such as a motor or actuator. The output of the plant represents the actual output y(t) of the system,
which is then fed back to the input of the PID controller. This feedback creates a closed-loop system,
where the PID controller continuously adjusts the control signal based on the difference between the
setpoint (t) and the actual output y(t). The purpose of the PID controller is to minimize the error
e(t) between the setpoint and the actual output by dynamically adjusting the control signal and
generate a control signal u(t) to drive the system that being controlled. The proportional term provides
immediate correction based on the current error, the integral term corrects for steady-state errors over
time, and the derivative term anticipates the future trend of the error.

P Kpe(t)
+
= + @e(t) I K; fot e(t)dr - @) 0 Plant/Process 20
) +

D Ky de(t)/dt

Fig. 5. Block diagram for PID controller

Thus, in this study, a PID controller is employed to regulate the linear actuator, which serves as
a mechanism to replace leg activities in pedal pressing and releasing, as well as controlling the
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vehicle's speed. The PID controller continuously adjusts the actuator's force output based on the
difference between the desired speed and the actual speed, as shown in Fig. 6. By modulating the
actuator's force output, the PID controller enables precise control over the vehicle's speed.

Distance

Case
Desired + 8 ! Actual
Action c Z] F:ID“ |, Linear | | N 0.23533s + 0.0006884 .
Speed controller Actuator 2 +4.0545 +0.005812 Speed
Switch Case Action - Vehicle quamic model

Pedal Subsystem

Fig. 6. Block diagram with distance

The process of adjusting the proportional (P), integral (I), and derivative (D) gains, to achieve
the desired control performance is commonly referred to as the tuning process. Through tuning, the
gains are optimized to balance the system's response characteristics, such as response speed, stability,
and elimination of steady-state error. Finding the optimal values for the PID terms is crucial to achieve
the desired control behavior and maximize the system's performance. The tuning process involves
iterative adjustments of the gains, considering factors like overshoot, oscillations, settling time, and
steady-state error, until the desired control performance is achieved. In this study, a comparison will
be made between two tuning methods, manual tuning and the use of a MATLAB tuner, to evaluate
their effectiveness in optimizing the PID controller. The subsequent chapter will provide a detailed
discussion of these tuning methods.

4. Results and Discussion

The PID controller will test with linear actuator and dynamic model of vehicle by using simulink
Matlab in simulation environment. A comparison is made between two tuning methods for the PID
controller: Manual, and the Matlab PID Tuner tool. The primary aim of this analysis is to verify the
ability of the system with the existing of linear actuator to accurately track the desired speed of the
vehicle based on the proposed tuning method. This analysis focuses on evaluating the system's
performance in terms of vehicle speed control with the integration of linear actuator, specifically in
low-speed driving condition in a traffic congestion. By assessing the results obtained from the system
performance analysis, it can be determined if the force exerted by the linear actuator effectively
translates into the desired speed of the vehicle.

4.1. Manual Tuning

The trial-and-error method, also commonly known as manual tuning, is a popular approach for
adjusting the parameters of a PID controller [40]. This method involves iteratively testing different
combinations of proportional, integral, and derivative gains by manually adjusting the values and
observing the system's response. The controller's performance is evaluated, and based on the observed
behavior, further adjustments are made to refine the parameter values in subsequent trials. This
iterative process continues until the desired system response or performance specifications are
achieved. The trial-and-error method is widely used due to its practicality and intuitive nature,
allowing for effective PID controller parameter optimization.

To evaluate the performance of the control system, data is collected from five different sets of
PID parameters while keeping the setpoint constant. Table 3 provides a summary of the PID parameter
settings used in the manual tuning process, with variations in proportional (P), integral (I), and
derivative (D) gains for a setpoint of 4 km/h. Fig. 7 illustrates the system response analysis graph
resulting from the manual tuning process, demonstrating the behavior of the system under different
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PID parameter combinations. Fig. 8 displays the force exerted by the actuator throughout the system
response analysis, providing a visual representation of how the force varies over time for different
PID parameter combinations. Additionally, Table 4 presents the results of the system performance,
including metrics such as steady-state error, overshoot, rise time, and settling time. These metrics
serve as indicators of the system's performance and help evaluate the effectiveness of different PID
parameter combinations.

Table 3. PID Parameter for Manual Tuning

PID Parameter

P | D
4 km/h 20 0 0.5
4 km/h 10 5 1

4 km/h 30 10 0.8
4 km/h 10 8 1.2
4 km/h 7 4 1.4

No Setpoint

[ R S

Data 1
— Dala 2
e Dt 3
— Daiad
— Dala§
s Desited Speed

Speed (km/h)
~
~o o
——
——
-.___\

0 05 1 15 2 . 25 3 35 a 45 5
Time (s)

Fig. 7. System response by applying Manual Tuning

40D

[
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a 300 — 11

It — 51 4

1.| L == 1
£ \
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| | | | |
o 0.5 el 013 0.z 235 03 0.35 04 043 0.5
Time(sy

Fig. 8. Force response by applying Manual Tuning

Table 4. System Performance Analysis for Manual Tuning

System Performance Analysis

No  Setpoint Steady State Error Overshoot (%) Rise Time(s) Settling Time(s) Force (N)

1 Data 1 0.0336 0 0.0540 0.1090 67.9
2 Data2 -0.0012 2.7102 0.2077 1.4061 68.1
3 Data3 -5.4e-4 0.3478 0.0567 0.1009 68.2
4 Data4 -2.8e-4 5.6385 0.2259 2.2259 68.1
5 Data5 -0.0012 6.0640 0.3698 3.0800 68
Average -6.076e-3 2.9521 0.1828 1.3843 68.06
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Based on the system performance analysis, the average steady-state error, overshoot, rise time,
and settling time of -6.076e-3, 2.9521, 0.1828, and 1.3843, respectively, along with the average force
output of the linear actuator at 68.06 N, demonstrate that the trial and error tuning method has provide
acceptable results for the PID controller. This indicates the controller's ability to effectively maintain
the desired output speed of the vehicle.

4.2. Robustness Analysis

The evaluation of the system's robustness involved testing its performance in handling various
distances and corresponding speeds during traffic delay situations. This was accomplished using a
switch case block in Matlab-Simulink, where different speed values were assigned based on the
distance range from 0 to 10 meters. From the observation based on Fig. 9 and Fig. 10, the system
exhibited a slow response in tracking the desired speed and had a significant gap in achieving the
desired speed at a steady state, indicating a larger steady-state error.

J ; Data 1

Data 2

v/ v
/4 \ N ars

\\ —— Desi e [
AN
N

o @~

s

Speed (km/h)
)

]

o -

Desired Speed

@ El

@

Distance (m)

s

5]

o

3 4 Time (s) 5 6 7 8 9 10

o
X

Fig. 9. System response with variation speed and distance
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=

]

-

2 N s @

2.8 3 3.2 3.4 a6 Time(s) ag 4 42 a4 45 48

Fig. 10. Zoom view of the system response from 3s — 4s

4.3. Matlab Tuner

The Matlab PID Tuner is a powerful tool that facilitates the tuning of PID controllers in control
systems. It provides an interactive and graphical interface for tuning PID parameters based on system
response data. The PID Tuner allows users to analyze the system's response and adjust the
proportional, integral, and derivative gains in real-time. By adjusting the parameters and observing
the resulting system behavior, users can iteratively refine the PID controller's performance to meet
desired specifications. The tool provides a streamlined and efficient workflow for PID controller
tuning, enabling users to achieve optimal control system performance.
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In a similar manner to the previous test, the experiment was conducted five times, maintaining a
constant setpoint while varying the control parameters. The resulting combinations of controller gains
are summarized in Table 5. The system response for each combination was observed and analyzed to
evaluate the performance of the controller, as depicted in Fig. 11. Fig. 12 displays the force exerted
by the actuator throughout the system response analysis, providing a visual representation of how the
force varies over time for different PID parameter combinations. The vehicle speed performance was
assessed using the PID controller in conjunction with the Matlab Tuner, and the results are presented

in Table 6.

Based on the system performance analysis, the average steady-state error, overshoot, rise time,
and settling time of -1.93e-3, 23.06, 0.01674, and 0.146, the system performance indicates that the
PID controller implemented using the Matlab PID Tuner provides better results for the speed trajectory

compared to manual tuning. It achieves a faster response and a lower steady-state error.

Table 5. PID parameter for Matlab Tuner

PID Parameter
P I D
4 km/h 10.3921 71.7148  0.0572
4 km/h 6.4003 9.701 0.1364
4 km/h 54597 43.6498 0.14528
4 km/h 5.3044 437026 0.15261
4 km/h 7.7638  55.5875 0.2537

No Setpoint
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Fig. 11. Force response by applying Matlab Tuner.
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Fig. 12. Force response by applying Matlab Tuner.
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Table 6. System Performance Analysis for Matlab Tuner

No Setpoint

System Performance Analysis

Steady State Error

Overshoot (%) Rise Time(s)

Settling Time(s) Force (N)

1 Datal -1.39¢-5 553 0.0147 0.217 68
2 Data2 -1.03e-4 27.6 0.0163 0.0998 68
3 Data3 -2.28e-5 21.1 0.0162 0.14 68
4 Data4 -8.25¢e-4 7.52 0.0206 0.1562 68
5 Data5 -2.10e-6 3.78 0.0159 0.1168 68

Average -1.93e-4 23.06 0.01674 0.146 68

4.4. Robustness Analysis by Applying Matlab Tuner

The same testing process was conducted using the MATLAB Tuner tool. The results showed in
Fig. 13 and Fig. 14, the system responded much faster and had a lower steady-state error compared to
the manual tuning method. Consequently, it can be concluded that the MATLAB Tuner provides a

better tuning solution for achieving enhanced system performance and response in terms of speed
control.
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Fig. 13. System response with variation speed and distance
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Fig. 14. Zoom view of the system response from 3s — 4s
4.5. Discussion

Based on the system performance results, the Matlab tuner demonstrates advantages over the
manual tuning method, including a faster response and reduced steady-state error. However, the
manual tuning method has the advantage of producing a response with negligible overshoot. Despite
this benefit, manual tuning typically results in a delayed response when achieving the desired speed.
Consequently, while the manual tuning method provides a more stable response without oscillation,
it may result in a delay in reaching the desired speed. Although manual tuning gives lower overshoot,
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this can be mitigated by fine-tuning the PID controller parameters within the Matlab PID Tuner,
offering a more efficient and time-saving tuning process.

Additionally, it is crucial to recognize that the applicability of this system may be restricted to
driving scenarios and conditions within the scope of this study. The system's performance may be
compromised if the desired speed exceeds 50 km/h. To address this limitation, rigorous simulation
testing is necessary. Integrating advanced control algorithms like fuzzy logic controllers may enhance
the system's performance. Therefore, it is important to note that this study primarily focuses on low-
speed driving conditions, specifically within the range of 0 km/h to 20 km/h, such as in traffic
congestion situations.

Overall, the results indicate that integrating a linear actuator to replace leg activities for
controlling vehicle speed, particularly in low-speed driving conditions, yields a fast response and low
settling time. This system has the potential to replace leg activities by utilizing a linear actuator to
control the pressing and releasing of the brake pedal, effectively managing the vehicle's speed.
Consequently, it can be implemented in a real hardware prototype where the linear actuator is attached
to the pedal brake. This implementation would reduce the need for frequent pedal pressing and
releasing, providing relief to the driver's leg and preventing fatigue.

However, implementing the system into a real hardware prototype can pose significant
challenges during real-time testing, including the potential for hardware failures or malfunctions that
could lead to equipment damage. To address this, future work will involve validating the system
through real-time testing using the hardware-in-the-loop technique. This approach will provide a
comprehensive understanding of the system's behavior and performance under realistic conditions,
effectively bridging the gap between simulation and physical implementation, and ensuring a more
robust and reliable system.

5. Conclusion

This paper introduces a PID controller as a means to effectively control the linear actuator and
regulate the speed of the vehicle. By integrating the actuator with the vehicle's dynamics model, the
control system ensures that the actuator exerts the right amount of force on the pedal, resulting in
precise speed control. The system's performance is compared using two different tuning methods: the
Matlab tuner and trial and error. The results demonstrate that the Matlab tuner surpasses the trial and
error method by minimizing steady state error and achieving a fast system response, effectively
maintaining the actuator force to reach the desired speed. However, it is important to address a slight
drawback of the Matlab tuner, which exhibits a slightly higher overshoot during the transient state.
This issue can be resolved by fine-tuning the PID parameters within the Matlab tuner, which offers
user-friendly control and saves time during the tuning process. Additionally, it is important to note
that this system is only applicable in low-speed driving conditions. The performance of the system
may be compromised if the intended speed exceeds 50 km/h. As an option for improving system
performance, a fuzzy logic controller can be implemented to improve system performance in various
driving condition scenarios. This study demonstrates that by integrating a linear actuator as the
mechanism to press and release the pedal brake, the vehicle's speed can be effectively controlled. This
demonstrates that the system has the potential to be implemented in a real-world hardware prototype
due to the potential to replace leg activities for frequently pressing and releasing the brake pedal, thus
freeing the driver's leg and preventing fatigue. During real-time testing, implementing the system into
an actual hardware prototype can pose significant challenges. Therefore, future work involves
validating the system through hardware-in-the-loop testing in real time. This strategy will provide a
comprehensive understanding of the system's behavior and performance under realistic conditions,
bridging the gap between simulation and physical implementation and ensuring a more robust and
effective system. Through the validation process, the proposed system can be implemented in car
systems, effectively improving driving comfort by reducing fatigue, particularly on the leg and back.
By automating the pedal pressing mechanism and integrating it into the car system, the system
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minimizes the physical strain associated with repetitive leg movements, leading to enhanced comfort
and reduced fatigue for drivers.
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