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pressing mechanism for the braking subsystem and gain insights into driver ‘s
behaviour during traffic congestion, thereby ensuring the effective operation of the
automatic braking system. The actuator was modelled using 3D virtual environment,
while the car body or dynamics was modelled using SimScape in MATLAB environment,
and the simulation performance analysis was employed to evaluate the performance
outcomes. It has shown that the mechanism designed mimics the actual manual pedal
pressing mechanism of driver’s leg where the results show that the actuator managed
to produce 150 N to reach speed at 8.5 km/h at 48 mm linear actuator stroke.
Therefore, the research findings are anticipated to contribute significantly to the
advancement of automatic braking systems, particularly during low speed in road

Keywords: traffic delay, which may help in reducing the fatigue among drivers, enhancing vehicle
Brake system; linear actuator; modelling  safety, and providing valuable insights for the development of more reliable and
and simulation; virtual 3D model efficient systems within the automotive industry.

1. Introduction

Traffic congestion is a major problem in many urban areas. It can lead to the increase of pollution,
fuel consumption, and driver ‘s fatigue and stress. In recent years, there has been a growing interest
in the development of advanced driver assistance systems (ADAS) as surveyed conducted by Schwartz
[1] that can help to mitigate the effects of traffic congestion. It is also noted in urban development
theory that the geographical features of a city and its transportation networks impact its growth.
Traffic congestion is a complex issue that demands a multifaceted approach. This includes reducing
the need for travel, promoting alternatives to passenger cars, enhancing public transport, and
optimizing infrastructure. These findings by Kozlak and Wach in [2] can guide policymakers at all
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levels of government in crafting effective transportation strategies. In flat places, affordable roads,
railways, and canals may be built, allowing certain land uses, such as industry, to spread out. In
general, major cities have the same problem with transportation, notably highway traffic congestion.
The first objective for any policy-making process to cope with the worsening situation is to determine
the economic impact of traffic delays on the whole national economy. Estimates of delay costs also
offer a value that may be imposed on road users, which is a very successful and widely used traffic
demand control approach as research done by Fattah et al., [3]. The research that conducted by
Hasmita et al., [4] show that drivers who drive amid traffic congestion may make more movements
by manually pushing the accelerator and stop pedals in order to maintain a safe distance from other
cars and pedestrians nearby. Drivers who adopt inappropriate seating positions when dealing with
heavy traffic may have bodily fatigues such as achy back, stiff neck, leg discomfort, and
uncomfortable shoulders as the study already executed by Niyzar et al., [5].

One promising area of research is the development of actuator-based braking systems. These
systems use actuators to apply the brakes automatically, which can help to reduce driver fatigue and
improve safety, as mentioned in the previous study [1]. The goal of the given work is to provide a
novel approach that, when applied to an electromechanical device, allows for the analysis of its
electrodynamics as finding from the analysis by Santo et al.,, [6]. Besides that, advancement of
Advanced Driver Assistance Systems (ADAS) is to automate driving tasks and improve safety and
many technologies created to improve ADAS such as Adaptive Cruise Control (ACC) that research
done by Sivaji et al., [7]. Within this realm, the focus of this study is the analysis and optimization of
an automatic braking system for low-speed driving scenarios in line with research accomplished by
Fletcher et al., [8]. ADAS technologies utilize various sensors, cameras, radar, LIDAR, and other
components to collect data about the vehicle's surroundings, its own state, and the behavior of other
road users as the investigation carried out by Alsuwian et al., [9]. This data is then processed and
used to provide feedback to the driver or even perform certain actions autonomously. There is also
ACC technology, which has several types of driving modes on the road, such as maintaining speed
and acceleration on the road to avoid collisions, according to Miyata’s et al., [10] study. In this
proposed mechanism, it only uses an actuator as an external device to physically control the brake
pedal to replace human foot to press the pedal.

The primary goal is to model the braking system mechanism and gain insights into driver behavior
during traffic congestion, ensuring effective operation of the automatic braking system as some of
other researchers also demonstrated the automatic emergency braking based on other’s vehicle
positioning by Wei Yang et al., [11]. Additionally, the study considers the integration of the car's
dynamics with the actuator and employs simulation methods to compare results. Optimization based
on the car's brake pedal dimensions is also taken into account to enhance driver comfort during the
braking process.

In this paper, the finding is about the performance of the actuator for the car to replace a human's
foot to work by pressing the pedal. The issue that needs this proposed mechanism to be done is
drivers are frequently compelled to repeatedly press the pedals of their vehicles, such as the
accelerator or brake, under heavy traffic congestion which can cause severe weariness and fatigue.
According to research that done by Gyulyev et al., [12] show that many factors that affect driver’s
fatigue during the traffic jam. This not only impacts the driver's comfort and well-being, but it also
poses major safety dangers on the road.

The actuator must have the best characteristics in order to do work as humans do to press the
pedal brake. Electromechanical and electromagnetic actuators are commonly used in a wide range
of industrial applications, including brake pedal pressing mechanisms. These actuators rely on the
interaction of electrical and mechanical components to provide precise and controlled motion.
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Electromechanical actuators can offer accurate force application in the context of a brake pedal,
providing consistent and dependable braking performance as demonstrated in research carried out
by Qiao et al., [13]. Electromagnetic actuators that were revealed in the research conducted by
Sultoni et al., [14] on the other hand, use magnetic fields to create linear or rotational motion,
allowing for quick and rapid actuation. Both types of actuators are well-suited for developing
effective and efficient brake pedal pressing mechanisms in industrial settings due to their versatility,
efficiency, and ability to connect smoothly with control systems.

The position of the actuator may play an important role in giving the optimum performance. As
there is also past research that conduct robot arm to press the brake pedal that done by
Krishnapuram et al., [15] the concept is used to build to the pedal braking mechanism by using
actuator. From the review conducted, there is not much research conducted in addressing low speed
control using linear actuator replacing the human foot as what is being proposed and this paper uses
different platforms of subsystem models including the 3D virtual mode of pedal subsystem, vehicle
dynamic using the system identification and integrated into the Simscape platform in MATLAB.

2. Modelling

The model of the whole system is based on different models of subsystem designed in different
environment including the 3D simulation Solidworks environment, where the pedal was designed to
be placed in front of the pedal, as shown in Figure 1. This design is assumed to be the best position
of the actuator as it has the same angle of the human foot to press the pedal in reality. In addition,
full mathematical model of linear actuator was derived in details as part of this research, [16,17].

The Simscape in MATLAB was used to analyze the performance of the integrated subsystem as a
complete model. The model of the pedal subsystem was imported from Solidworks to Simscape
environment for simulation while the car vehicle dynamic model and motor model were also
retrieved to be integrated with the pedal Simscape model. From the linear actuator, the force was
measured with the step input reference used with the final value of 10. Figure 2 and Figure 3 below
show the model of the actuator in the Simscape platform, which is designed to press the brake pedal.
Then, the position of the brake pedal is measured in response to the position of the linear actuator
while pressing the brake pedal.

Fig. 1. lllustration of the Actuator and the Brake Pedal Setting
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Fig. 3. The Simscape Model of the pedal subsystem

The Simscape model of the linear actuator in Figure 2 was then minimized as one subsystem and
integrated with the linear actuator model. The car dynamic model was integrated, and the speed
output was measured from the car model. Figure 4 and Figure 5 below show the final setup of the
simulation environment with the open loop and closed loop system conditions.
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Fig. 5. Closed Loop Simulation
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The setup was simulated, and the parameters of the pedal’s position and the force of the actuator

were measured and similarly the speed of the car was obtained. The open loop and the closed loop

system were compared to ensure the best result of the actuator that can represent the overall model
pressing mechanism of the pedal subsystem.

3. Simulation Results

3.1 Open Loop System Performance Analysis

Figures 6 to 8 show the outcomes of the interest parameters for the open loop system
performance analysis including the position of the pedal, the speed of the car and the actuator’s force

produced.
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3.2 Closed Loop System Performance Analysis

Figures 9 to 11 show the outcomes of the interest parameters for the closed loop system
performance analysis including the position of the pedal, the speed of the car and the actuator’s force
produced. Table 1 summarize the performance analysis for both open loop and closed loop system.
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Fig. 9. The pedal’s position (mm)
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Table 1
Performance comparison of both system
Open Loop System  Closed Loop System

Pedal’s Position (mm) 275 48
Speed of the Car (km/h) 58 8.5
Actuator’s Force (N) 1000 150

Both systems receive the same input value from the step input with a final value of 10 which sets
the car speed to 10 km/h. In the open-loop system performance analysis, the actuator receives a step
input with a final value of 10, which means it will apply a constant force or displacement to the brake
pedal without any feedback or control. The outputs, which includes the position of the pedal and the
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force of the actuator, as well as the speed of the car, are not actively measured or adjusted based on
the system's response. Therefore, the open-loop system lacks the ability to adapt to changing
conditions or disturbances during the braking process.

On the other hand, the closed loop system incorporates the feedback to continuously monitor
and adjust the actuator's output based on the measured values of the position of the pedal and force
of the actuator, as well as the speed of the car. The closed loop system compares the desired
response which is set as the step input with a limit of 10 km/h to the actual response measured by
sensors. It was then adjusted the actuator's input based on the error between the desired and actual
values, currently using only proportional control algorithm.

As can be seen in the results produced, the closed loop system's feedback mechanism with purely
gain controller allows it to continuously track and compensate for any discrepancies between the
desired and the actual response. This enables the system to adapt to variations in the vehicle's speed,
road conditions, or driver behavior, resulting in better performance of the actuator's position and
force. Consequently, the closed loop system is expected to provide better braking performance,
increased stability, and improved overall driving experience. Detailed review on the comparison and
effect of closed loop and open loop in a system can be seen in review papers by several previous
authors [17-21]. In is anticipated that the system will be further improved when a suitable control
algorithm is employed within the closed loop environment.

4, Conclusion

In conclusion, the pedal pressing mechanism using linear actuator was successfully modelled,
designed and has produced acceptable range of force for reducing the speed of car, which possesses
the similar behavior as a human foot. The model of the subsystems was executed on different
platforms including the Simscape, 3D virtual environment and transfer function obtained from
system identification. From the simulation results, there was a significant correlation seen between
the force that is exerted on the brake pedal and the speed of the car. The position of the pedal was
measured upon the action of the stroke of the linear actuator receiving the input signal, which mimics
the human foot that presses the pedal. The simulation has shown that the mechanism designed
mimics the actual manual pedal pressing mechanism of driver’s leg where the linear actuator
managed to produce about 150N to reach speed of 8.5 km/h at 48 mm linear actuator stroke. The
result shows that the simulation executed from the Simscape environment produces promising and
better results of the pedal pressing mechanism of the brake, with the pressing mechanism that can
be visualized and future control strategies can further improve the system performance.
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