
 Journal of Modern Mechanical Engineering and Technology, 2022, 9, 1-12 1 

 
 E-ISSN: 2409-9848/22 © 2022 Zeal Press 

Parametric Modelling of Pedal Pressing Activities During Road 
Traffic Delay 

Ahmad Niyzar Ahmad Zifruddin1,*, Salmiah Ahmad1, Hazril MD. Isa1, Muhammad 
Abdullah1, Normaniha Abd Ghani2 and Nurul Muthmainnah Mohd Noor3 

1Department of Mechanical Engineering, Kulliyyah of Engineering, International Islamic University Malaysia 
2Department of Electrical Engineering, College of Engineering, University Malaysia Pahang, Malaysia 
3School of Mechanical Engineering, Universiti Teknologi MARA, Pulau Pinang 

Abstract: Traffic congestion in big cities in Malaysia has become a common scenario among the communities. The 
journey between homes to working place twice a day at considerable distances is no longer a strange situation. Being in 
traffic for hours in a sitting position requires recurrent tasks of manual pressing the pedal and brake excessively and if 
they are done without the correct sitting posture, it may trigger fatigue faster, particularly for the leg and back of the 
driver. In the long term, it will negatively affect the health of the driver, particularly in the form of physical, psychological, 
and emotional. Therefore, this paper is trying to investigate the recurrent brake pedal pressings as well as the leg 
postures while driving in traffic jam. The research is started with the experimental setup and data acquisition on brake 
pedal pressing as well as leg posture followed by the modelling and analysis of the obtained data using particle swarm 
optimization (PSO) modelling technique. The validation step was then executed to verify the model derived using open 
loop and closed loop performance analysis. The results show that the pedal pressing force of leg posture can be closely 
represented using 2ndorder transfer function and mimics the actual pedal pressing pattern during road traffic delay.  

Keywords: Pedal pressing, PSO algorithm, Fatigue, Road traffic delay, Modelling, System identification, Braking 
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1. INTRODUCTION  

The growth of a city is influenced by the city's 
topographical circumstances and transportation routes, 
according to urban planning theory, leading to 
significant traffic congestion, which is most noticeable 
at peak hours in the morning and evening, when 
people travel from home to work, school, or other 
events, and also when they return home. Traffic 
congestion may result in significant economic losses, 
longer travel times, and increased pollution. 
Governments spend a lot of money attempting to 
detect and analyse traffic congestion, but it appears 
that this is difficult due to the dynamic nature of traffic 
delays. Certain regulations, such as transportation 
planning, are necessary to ensure that the growth of 
the entire metropolitan region does not negatively 
impact the quality of life of individuals who live there.  

Kuala Lumpur has experienced rapid growth and 
urbanisation in recent years, especially in terms of 
transport facilities and it is one of the busiest cities in 
Southeast Asia that has led to a huge increase in 
private car ownership. According to a BCG research, 
inhabitants of Kuala Lumpur spend an average of an 
hour each day stuck in traffic, [1]. KLites spend an 
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average of 2 weeks a year stuck in traffic, making it the 
sixth most congested area in Southeast Asia. Cars 
stuck in traffic appear to generate unneeded 
greenhouse gases, which may damage the 
atmosphere and have an influence on population 
health. The number of road accidents is anticipated to 
rise more as traffic density increases.  

There are many studies has been done on 
particularly investigating the driver’s sitting posture with 
fatigue and stress. Driving with the right posture is one 
of the most important aspects when driving a vehicle. 
Furthermore, it will effect on the driver's performance 
and health, long-term driving tiredness, also known as 
physical and mental exhaustion, and might impair a 
driver's performance, [2]. The effects of road and traffic 
conditions on mental tiredness are significant. Fatigue 
resulting from long-term driving can be classified into 
physical and mental fatigue, where physical fatigue 
seems to be mainly caused by driving posture. 
Numerous solutions for vehicle seats, such as altering 
back support position [3], have been created to 
decrease posture-induced fatigue. However, they are 
designed to refresh or slow down fatigue, not to 
eliminate the causes of fatigue.  

The advantages of a proper driving position are 
clear, which are better visibility, better comfort and 
quicker response times [4-5]. In contract, an achy back, 
a stiff neck, a painful shoulder due to constant shaking, 
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rattling, and rolling of everyday commuting will wear 
drivers out [6]. Some vehicle seats may not adequately 
fit the lower back curve, putting additional strain on the 
spine. According to a study conducted by [7], poorly 
positioned drivers are also at a higher risk of serious 
harm. The author further emphasized that in actual 
driving circumstances, drivers are frequently in a 
forward position due to improper driving postures, 
fatigue, or brake inertia.  

Driving posture was utilised as reference data for 
the design of the driver's workspace's visibility, 
accessibility, and affordable clearance, [8]. Few studies 
have been reported that are useful to predicting the 
posture of vehicle passengers. [9] has examined the 
relationship between driving posture and seat design, 
while [10] have looked into the ideal range of joint 
angles (neck, shoulder, elbow, wrist, torso, spine, knee 
and ankle angles). Where the use of digital human 
models (DHM) to build a driving seat or assess a virtual 
environment has piqued the interest of researchers. 

[11] objectively defined and identified the variables 
for seating techniques based on preferred driving 
postures. Three occupant kit (OPL) scenarios were 
simulated using motion capture technology, and the 
optimum driving positions for various body size drivers 
were determined. Their research also looked at how 
gender and OPL condition affected the suggested 
seating methods where forty drivers (twenty males and 
twenty females) in their twenties to fifties with more 
than two years of driving experience took part in the 
experiment. In the experiment, a changeable seat buck 
was built, and a motion capture equipment was 
employed. Under different OPL circumstances (coupe, 
sedan, and SUV), the seat buck may be adjusted by 
changing the seat, steering wheel, accelerator pedal, 
and brake position. 

Because data in some early research were only 
supplied in aggregate or population distribution, the 
conclusions are not relevant to a general human model 
posture. According to [12] Who has reported that the 
most comprehensive technique to all-body driving 
posture prediction until today, the RAMSIS human 
model. It is a posture-data-gathering lab vehicle 
mockup used to the optimization-based method that he 
developed. They used data from a laboratory study of 
68 men and women in vehicle and seat combinations 
spanning a broad range of passenger car interior 
geometry to develop a model for predicting automotive 
driver postures. The author has stated that the 
Cascade Prediction Model (CPM) prioritises precise 

prediction of hip and eye locations, which are two of the 
most important posture features for car interior 
evaluation. The position of the hip is strongly related to 
the position of the seat and lower extremities, whereas 
the position of the eye is critical for vision analysis. 
Furthermore, this method allows the CPM to be utilised 
with a variety of human figure model connections, as 
well as the basic components of the model that 
forecast hip and eye locations to be combined with 
additional ways to fit the torso and extremities. He 
emphasized that the regression functions generated 
from laboratory study findings predict hip and eye 
locations, which are the most important postural 
degrees of freedom for driver station ergonomics 
research. The original study found that seat height, 
steering wheel position, and seat cushion angle all had 
significant independent impacts on posture.  

Yan et al. has investigated the characterization of 
driving postures using driver hand position using the 
Convolutional Neural Networks (CNN) architecture 
where the input of the system was used to create an 
internal representation of various driving postures, 
which is utilised to find the appropriate and accurate 
feature representations, [12]. The aim was to find out 
what kind of driving position the driver takes, which is 
discovered by following the raw input image to a high 
degree of detail. This research recommends the 
development of a deep CNN that automates the 
investigation of important data via the use of a trainable 
filter and a local community pooling method in 
alternative. Furthermore, their study focuses on 
determining driving postures based on where the 
driver's hand is placed. However, it is difficult to 
accurately estimate the hand area, because of the 
variety of light conditions and the limitations of skin 
region segmentation algorithms.  

Xi et al. used an instrumented car in diverse driving 
activities to examine the pedal usage characteristics of 
elderly drivers. His study focuses on mistakes that 
occur when pedal input is applied, as well as older 
drivers' frequent occurrence in pedal input-related 
incidents [13]. Each driver's pedal travel 
(potentiometer), pedal force (Tekscan sensor), and foot 
motion were recorded by the instrumented car. When 
compared to their driving skills of the younger driver, 
older drivers are confronting a number of problems, 
such as impaired vision, slower reaction time, and 
limited movement range of their limbs. In the task to 
transfer the foot from the accelerator pedal to the brake 
pedal, participants had to move the foot from the 
accelerator pedal to the brake pedal, from the brake 
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pedal to the accelerator pedal, from the floor to the 
brake pedal, and from the floor to the accelerator 
pedal. To replicate the recognised pedal-force/travel 
curve, two pedal-feel simulator designs was suggested, 
[15]. De Arruda Pereira, set out to discover how well 
connected the connections are between the pedal and 
pedal travel while evaluating four different Ford Fiesta 
rivals, [16]. He found a few key technical characteristics 
that determine pedal feel and utilised this information to 
determine pedal feel. This gave them the ability to 
figure out how the pedal feels because of the technical 
details and also provide a pedal design formula that is 
based on what a pedal could feel like after it's 
implemented. It was found that The best travel range 
for the brake pedal is 51 mm to 152 mm, while the 
travel distance should be between 25 mm and 178 mm 
for drivers who wear boots, with the same optimum 
range as for normal shoes. 

It has been well known that a critical aspect while 
operating a car is to maintain proper posture when 
driving. There is little doubt that greater vision, 
improved comfort, and quicker response times are all 
derived from good driving posture. Posture determines 
the structural or positional characteristics of the body, 
for example, the driver's seat, the steering wheel and 
the pedals [17]. Normally no ideal posture is thought to 
exist, and drivers can choose from a broad range of 
positions. These postural choices might be influenced 
by a variety of internal and external factors. 
Anthropometry, behaviour, and other personal qualities 
of the driver might be examples of internal or driver-
related factors. External factors such as weather, 
lighting, traffic, noise, and vibration are included as part 
of the driving environment, [18]. 

From the review made, it can be concluded that 
there are limited study made on the frequenly 
pressings of the brake and accelerator pedals on the 
fatigue and stress built up during road traffic delay. The 
modelling tachnique was not addressed in details 
especially in representing the actual data during road 
traffic delay. Thus, the purpose of this research is to 
identify the right pattern of pedal pressings during 
traffic road delays in order to decrease the causes of 
fatigue. 

In this paper, we focused on modelling of the 
driver’s pattern when pressing the brake pedal during 
traffic delay using system identification technique, due 
to driver's foot behaviour is a significant mean that has 
a direct effect on the vehicle control. The sensors that 
measure the pedal pressing force, pedal angle as well 

as leg angle were installed properly in the car. The 
findings of the proposed study is anticipated to assist 
the automobile industry in improving their abilities in 
creating technologies that can decrease driver‘s fatigue 
when stalled in traffic.  

2. EXPERIMENTAL DESIGN AND DATA 
ACQUISITION  

2.1. Instrumentation and Measurement 

The experimental set up was designed accordingly 
in accommodating all related sensors and its circuits 
with signal conditioning. The experiment was set up 
properly in the car where the pedal pressings pattern 
and leg posture data were recorded using suitable 
sensors. The car we utilized for data collection was a 
four-door Perodua Axia 1.0 Standard G from Malaysia. 
The interiors of the car include an outstanding space 
inside a compact body, an interactive media frame with 
a strong connection 3+1 seating arrangement offer 
more space to comfort and a lot more parameters, as 
shown below in Table 1. A flat sensor (load cell) was 
installed to measure the pedal pressing force, which 
the data was through Arduino and HX711 Load 
Amplifier Module, shown in Figure 1. MPU 6050 sensor 
was used to measure the angle of the pedal and the 
ankle angle and sent through Arduino Uno platform. 
The data from the Arduino application were collected 
and recorded for further analysis. The working principle 
behind a load cell is that there are four resistors laid out 
in a diamond pattern called a Wheatstone bridge, as 
shown in Figure 2. The circuit has two compression 
and tension resistor pairs. When weight is detected on 
the load cell, the compression and tension resistors will 
change their values in the opposite direction. If the 
current flows from top to bottom, then the output 
voltage between two remaining corners is measured. 
So when the force is applied through pedal pressing to 
the cell then the resistance values start to change and 
a voltage difference is measured. With a proper 
calibration, the force that is being applied to the cell 
can be calculated. The fact is that when no force is 
applied, all the resistor values are equal and the 
measurement voltage is zero. These are only half 
bridges, but actually we can combine them to form a 
full-bridge. The configuration shown in Figure 2 allows 
for exceptionally small fluctuations in the resistance 
that occurs in the strain gauges positioned in the bridge 
arms: R1, R2, R3, and R4. The circuit has been 
designed and constructed, as shown in Figure 3. On 
the other hand, Figure 4 shows the 5 connections from 
Arduino board to MPU 6050 Sensor. 
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Table 1: Specifications, Perodua Axia 1.0 Standard G 

Specifications Value 

Overall length  3645mm  

Width 1620mm  

Height  1510mm  

Kerb weight 850 kg 

Min turning 
radius (tyre) 4.5m 

Engine type 1KR-VE. DOHC, 12 V, Electronic Fuel 
Injection (EFI), with VVT-I 

Safety & security  

Dual SRS airbags, ABS with EBD, Anti-theft 
device with alarm, immobilizer and panic 
button, wireless door lock and alarm with 
(key with integrated remote), Seat belt 
reminder, Key reminder, Highlight reminder, 
ISOFIX system 

 

     
      (a) Load Cell  (b) MPU6050 Module 

Figure 1: Sensors used for pedal force, pedal angle and 
ankle angle measurement. 

 

Figure 2: The Wheatstone bridge. 

 

Figure 3: Load Cell Curcuit design and connection. 

 
Figure 4: MPU6050 Circuit circuit design and connection. 

The pedal pressing force, ankle angle, pedal angle 
and car speed have been acquired using all sensors 
that have been installed in the car, as shown in Figure 
5. The data was collected using Arduino platform as 
their host to read the data from the sensors. Serial 
monitor in Arduino Application was used to see the 
data received from all input sensors and were 
connected to the Arduino through serial 
communication. 

 
Figure 5: Load cell and brake pedal. 

 
Figure 6: Ankle joint angle when brake pedal is released. 
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2.2. Data Collection and Analysis 

The angle of the joint ankle and the distance 
between ankle and knee is measured, as described in 
Figure 6, where it shows the ankle joint when the driver 
releases his foot from the brake pedal and Figure 7 
shows the ankle joint angle when driver presses the 
brake pedal. 

 

Figure 7: Ankle joint angle when brake pedal is pressed. 

The experiment was conducted in Bandar 
Kemaman, Terengganu as the road delay was 
mimicked around several roads in Bandar Kemaman. 
The experiment conducted has took about 17 minutes 
to complete driving around Bandar Kemaman. Figure 8 
shows the graph of the driver when he pressed down 
and release the brake pedal for around 17 minutes 
during road traffic delay. It indicates that when he 
pressed down the brake pedal, the force that is 
detected by the sensor will be higher. It also shows that 
the driver has pressed the brake 7 times for an average 
of 5 minutes and 21 times for 17 minutes of the 
experiment. The ankle joint angle indicates that when 
the driver pressed the brake pedal, the angle of the 
joint ankle is greater than 90° and with the maximum of 
140°. When the driver releases the brake pedal, the 
ankle joint angle is less than 90° but greater than 70°. 
The distance between the ankle and knee when the 
driver pressed the brake pedal is 12.30 cm, and 11.15 
cm when the driver released the brake pedal. Figure 9 
depicts the graph of pedal angle when the brake pedal 
was pushed and released. When the driver presses the 
brake pedal, the angle of the pedal decreases, and 
when the driver releases the brake pedal, the angle of 
the pedal increases. Figure 10 shows the graph of 

 

Figure 8: Pedal force (N) versus time (seconds) graph representation. 

 

Figure 9: Pedal Angle (°) versus time (seconds). 
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ankle angle when the driver flexes and extends the 
ankle. The ankle angle will decrease when the driver 
flexes his ankle and when he extends his ankle, the 
angle of the pedal will increase. While the speed of the 
car can be seen in Figure 11. 

3. PARAMETRIC MODELLING USING PARTICLE 
SWARM OPTIMIZATION ALGORITHM (PSO) 

Particle swarm optimisation (PSO) is an 
optimization technique based on evolutinary algorithm. 
The algorithm searches for global solution by utilizing a 
number of particles that cooperate with each other [18]. 
Like any other optimization method, PSO has been 
widely used in optimizing parameters that maps the 
relationthip between two variables, due to it is much 
simpler and able to converge towards global solution in 
shorter time.  

Generally, the algorithm starts with a number of 
candidate solutions, called particles, spread over a 
large area called function. Each and every single 
particle is placed randomly around the function, in 

which the distance of each particle with optimal solution 
is recorded. 

As the iteration progresses, the position and velocity 
of each particle is updated so that they are closer 
towards the solution. A fitness function is utilized in 
each iteration to evaluate the position of each particle.  

In parametric modeling, each particle is considered 
as a candidate solution for optimal value of transfer 
function coefficient. Hence, in this study, the parametric 
modeling method used is PSO, combined with Spread 
Factor Algorithm as it proved to be effective and able to 
counter the drawbacks of PSO [19-20]. 

4. PARAMETRIC MODELLING USING PSO 

4.1. Force (Input) and Pedal Angle (Output) 

Figure 12 illustrates the dynamic SFPSO provided 
squared error (MSE) value based on the objective 
function assigned. 

 

Figure 10: Ankle angle (°) versus time (seconds). 

 

 

Figure 11: Output Speed of the car (km/h). 
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Figure 12: Convergence of SFPSO. 

The MATLAB function was used to convert this 
discrete transfer function to its corresponding 
continuous form in the s-domain.  

  

Figure 13 shows that the expected output closely 
tracks the actual output in the time domain. As 
illustrated in the pole-zero figure, all the poles are 
inside the unit circle, while some of the zeros are 
outside, see Figure 14. This indicates that the model is 
stable and does not have a minimum phase.The 
predicted and actual outputs are displayed in the 
frequency domain shown in Figure 15 to demonstrate 
that the model correctly captured the system dynamics 
surrounding the primary resonance mode, reaching an 
MSE of 0.79183. The correlation validation of the 
vertical plane motion model is visualized in Figure 16. 

 

Figure 13: Actual and PSO predicted output. 

 

Figure 14: Pole-zero diagram. 

 

Figure 15: Actual and dynamic SFPSO projected output 
power spectral density. 

 
Figure 16: Correlation validation test. 
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4.2. Force (Input) and Vehicle Speed (output) 

Figure 17 illustrates that the dynamic SFPSO 
provided Mean Squared error (MSE) value based on 
the objective function assigned. 

 

Figure 17: Convergence of SFPSO 

The MATLAB function was used to convert the 
discrete transfer function to itscorresponding 
continuous form in the s-domain. 

  

Figure 18 shows that the expected output closely 
tracks the actual output in the timedomain. 

 
Figure 18: Actual and PSO predicted output. 

As illustrated in the pole-zero figure, all the poles 
are inside the unit circle, while some of the zeros are 
outside, shown in Figure 19. This indicates that the 
model is stable and does have a minimum phase. 

 
Figure 19: Pole-zero diagram. 

 

Figure 20: Actual and dynamic SFPSO projected output 
power spectral density. 

The predicted and actual outputs are displayed in 
the frequency domain shown in Figure 20 to 
demonstrate that the model correctly captured the 
system dynamics surrounding the primary resonance 
mode. The dynamic SFPSO has reached an MSE of 
2.3456. 

 
Figure 21: Correlation validation test. 
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The correlation validation of the vertical plane 
motion model is visualized in Figure 21. 

4.3. Pedal Angle (input) and Vehicle Speed (output) 

Figure 22 illustrates the dynamic PSO provided an 
acceptable Mean squared error (MSE) value based on 
the objective function assigned.  

The MATLAB function was used to convert this 
discrete transfer function to its corresponding 
continuous form in the s-domain. Then the transfer 
function is: 

 

 

Figure 22: Convergence of local PSO. 

Figure 23 shows that the expected output closely 
tracks the actual output in the time domain. 

 

Figure 23: Actual and PSO predicted output. 

As illustrated in the pole-zero figure, all the poles 
are inside the unit circle, while some of the zeros are 
outside, a seen in Figure 24. This indicates that the 
model is stable and does have a minimum phase. 

 
Figure 24: Pole-zero diagram. 

The predicted and actual outputs are displayed in 
the frequency domain, shown in Figure 25, to 
demonstrate that the model correctly captured the 
system dynamics surrounding the primary resonance 
mode. The SFPSO has reached an MSE of 2.2528, 
while the correlation validation of the vertical plane 
motion model can be visualized in Figure 26. 

 
Figure 25: Actual and dynamic PSO projected output power 
spectral density. 

 
Figure 26: Correlation validation test. 
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5. MODEL VALIDATION 

5.1. Model Validation of Pedal Angle (°) vs Force (N) 

For the validation of the data, Simulink application in 
MATLAB has been used to find the output with the 
given input to the system. Open loop and closed loop 
system have been setup in Simulink platform, as 
shown in Figure 27. 

 
Figure 28: Validated pedal angle (°) response with force (N) 
input for both open loop and closed loop systems. 

After getting the model of the system in transfer 
function, the model is being validated using Simulink 
application in MATLAB. Figure 28 shows the pedal 
angle response (°) graphs both for open loop and 
closed loop. It can be seen that the model works 
logically based on the expected performance without 
any controller. 

5.2. Model Validation of Speed (km/h) vs Force (N) 

Figure 29 shows the open loop and the closed loop 
graphs of the speed (km/h) response. 

 

Figure 29: Validated speed response with force (N) input for 
both open loop and closed loop systems. 

5.3. Model Validation of Speed (km/h) vs Pedal 
Angle (°) 

 

Figure 30: Validated speed response (km/h) with pedal angle 
(°) input for both open loop and closed loop systems. 

 

Figure 27: Open Loop and Closed Loop Block Diagram for validation. 
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Figure 30 shows the speed response (km/h) with 
pedal angle (°) for both open loop and closed loop 
system. 

6. CONCLUSION 

The proper experiments that consists of 
instrumentation and measurement of related sensors 
have been fully conducted to acquire data of the pedal 
pressing force, the pedal angle and the ankle angle. 
The Particle Swarm Optimization PSO technique with 
Spread Factor has been successfully utilized in 
representing the parametric tranfser function of the 
systems. The transfer functions obtained have been 
validated using open loop and closed loop analysis and 
the model has functioned logically as expected. 
Therefore, in future work, this experiment can be 
executed properly in the heavy city like Kuala Lumpur 
and to explore the problem, more trials on longer 
stretches of road and greater platoon sizes need to be 
carried out.  
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