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Abstract

Electric vehicles provide a solution for using alternative fuels, namely, electricity. Electric vehicles are used for short distances
and intercity travel over long distances, increasing the risk of accidents. Cruise control is a technology embedded in vehicles to
maintain stable speeds; this system will automatically adjust the vehicle's speed when motion changes cause changes in vehicle
speed. This study aims to apply lidar sensors to detect distance in the Intelligent Cruise Control (ICC) system using the fuzzy-
PID control method. Testing results were obtained at safe distance inputs of 5, 6, and 7 meters with various object distances. All
the tests were carried out; the response systems were obtained with an average settling time of 5 seconds and an average
overshoot of 1.53 %. Therefore, the proposed fuzzy-PID method works well for controlling intelligent cruise control systems in
autonomous electric vehicle prototypes.
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I. Introduction

Fossil fuel vehicles are a means of transportation
that is widely used by Indonesian people to carry out
daily activities. Based on data obtained from the
Indonesian Central Statistics Agency (BPS), the
number of two-wheeled motorized vehicles in 2020
reached 115 million and is increasing every year. The
increasing number of fossil-based vehicles causes
increased air pollution [1]. The city of Jakarta is one of
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the most densely populated cities with a large number
of activities, with PM2.5 concentrations increasing and
reaching a peak of 148 ug/m’ (micrograms per cubic
meter) [2]. To reduce air pollution, alternative energy
sources in the form of electricity can be a reliable
solution based on the idea of sustainable transportation
by developing electric-powered vehicles [3]. Electric
vehicles (EVs) have many advantages, including being
environmentally friendly, less emissions, and being the
most energy-efficient vehicle compared to any other
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vehicle [4]. With this benefit, the Indonesian
government has declared an Acceleration Program for
battery-based EVs for Road Transportation in 2019. It
provides incentives for the domestic production of EVs
[5].

Electric vehicles are capable of providing mobility
transportation within cities and between cities. With
the long distance traveled, of course, the risk of
accidents will be higher. In Indonesia, traffic accidents
have increased from year to year and the reported
accidents were always more than 100,000 cases per year
[6]. One of the causes of accidents is driver negligence
due to loss of focus, resulting in a collision with another
vehicle in front. The cruise control system is technology
in vehicles that functions to maintain a constant speed
without the need to step on the brake pedal and gas
pedal. The cruise control system allows the vehicle to
run consistently at a speed determined by the driver
[7]1(8]. Along with developments in safety technology,
the cruise control system can detect the speed and
distance of the vehicle in front of it with the help of a
lidar, which is Adaptive Cruise Control (ACC). By
using the adaptive cruise control feature, the driver can
save fuel [9] due to a more stable engine speed and
increased safety in the vehicle used [10]. The adaptive
cruise control system embedded in the vehicle is able to
increase the speed on the gas pedal (throttle) if the
distance set by the driver is too far from the vehicle in
front and if the distance is too close to another vehicle,
the system will reduce the speed by lowering the engine
speed [8]. Cruise Control (CC) systems were created as
part of Advanced Driver Assistance Systems (ADAS) to
manage the vehicle's speed along the desired speed
(referred to as cruise speed) [11]. Several control
methods applied to ACC are Proportional Integral
Derivation (PID) [7], fuzzy logic [12], Model Predictive
Control (MPC) [13] and artificial intelligence approach
[14].

Intelligent Cruise Control (ICC) system is part of
the cruise control system that can be used on electric-
powered vehicles, one of which is four-wheeled electric
vehicles [15]. Some intelligent cruise control uses lidar
as a sensor that measures the distance of an object by
emitting laser light towards it and detecting the
reflected light [16] and be able to automatically regulate
speed in the intelligent cruise control system, which will
be installed in electric vehicles [17]. It is hoped that by
applying the lidar sensor to the intelligent cruise
control system, the system created can work optimally
to control the electric vehicle prototype automatically.
The structure of the paper is presented as follows. The
system and control method of ICC is described in
section 2. The fuzzy-PID controller design and tuning
method are also explored in that section. In section 3,

the result is being discussed. Graphs regarding various
safe distance testing are described, and control
parameters are also explained for each test. Finally, the
conclusion is given in the last section.

II. Materials and Methods

A. Electric vehicle prototype

Electric vehicles are vehicles powered by alternative
fuel, namely electricity, driven by electric motors and
accumulators. Electric vehicles utilize an electric motor
that derives its power from a battery pack and is
controlled by an Electronic Control Unit (ECU) [18].
In this research, the electric vehicle used is a prototype
of an assembled electric vehicle with specifications for
running in a limited environment.

The electric vehicle prototype used (Figure 1) has a
frame design based on the Yukita 8988 children's car
and has an AWD 4X4 (All Wheel Drive) driving mode
with a high torque low-speed gearbox. The electric
motor used is a brushed electric motor direct current
with an operating power of 3.6 Watts at a maximum
voltage of 12 Volts and a torque of 70 gram-centimeter
force (gf.cm).

In the electric vehicle prototype, there are electronic
components that have been modified from the initial
components. These modified components are useful as
supporting safety features so that the vehicle does not
get out of line (Line-keeping), namely STM32 (Slave),
NVIDIA Jetson (Master), motor DC driver, battery,
and brushed motor direct current. All components are
interconnected so that it can become a prototype
electric vehicle.

There are six contacts made in Figure 2: box 1 is a
board for the steering control system, box 2 is a driver
for the steering and speed system, box 3 is a Jetson TX2
that functions for line detection processing, box 4 is a




J.S. Saputro et al. / Journal of Mechatronics, Electrical Power, and Vehicular Technology 15 (2024) 105-116 107

Figure 2. Electric vehicle electronic components.

raspberry pi 4 that functions for sign detection
processing, box 5 is a board that functions for
intelligent speed assistance actuators, box 6 is a remote
PWM switching relay with driver and power for lane-
keeping activation, and box 7 is a 20x4 LCD to display
speed, detection results, and other information such as
lane-keeping on/off conditions.

B. Cruise control

Cruise control system is a technology in vehicles
that functions to maintain constant speed without the
need to step on the brake and gas pedals [7]. The cruise
control system allows the vehicle to run constantly at a
speed determined by the driver [19]. Figure 3 is an
illustration of the cruise control feature on a vehicle.

The Advance Driver Assistance System (ADAS) is
an autonomous electronic system that functions to
increase driver safety and security while driving
[17][20]. ADAS is an integrated electronic control
system where the control is classified based on the
sensors used in the sensing system [19]. The sensing
system is a type of control that learns and makes
decisions based on inputs from the surrounding
environment. Figure 4 shows the classification of
ADAS features based on the sensors used on the vehicle
and the sensors used [17].

Intelligent Cruise Control (ICC) system is part of
the cruise control system that can be used on electric-
powered vehicles, one of which is electric vehicles [21].
This research aims to apply a radar sensor to detect
distance in the intelligent cruise control system that will
be installed in electric vehicles. Radar sensors are
generally used for parking assist systems so that parked
vehicles do not hit nearby objects and to provide a
warning to the driver if the vehicle is approaching an
object in front of or behind it [8].

As shown in Figure 5 and Figure 6, Intelligent
Cruise Control starts with an input sensor, which in
this research uses lidar for distance input. The input is
calculated by ICC using fuzzy logic. The output of fuzzy
membership calculation proceeds into electric speed
vehicle control. While the speed controller drives the
actuator (electric motor), the speed itself will be the
input of the entire algorithm to get better results, high
accuracy, and decreasing error rate.

The Intelligent Cruise Control feature embedded in
the electric vehicle prototype will help the driver
automatically adjust the speed and the desired safe
distance to avoid collisions with the vehicle in front of
him. In this system, the speed will increase if the
distance that has been set starts to move away and the
speed will be reduced if the distance is approaching.

Figure 3. Illustration of cruise control.
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Figure 4. Classification of ADAS features on vehicles [17].

Desired Maximum

Sensor Input Speed

| High-level Controller
ICC Algorithm +

Speed
Vehicle Dynamics >

Y

Low-level Controller

Figure 5. Intelligent cruise control block diagram [8].

Safety Distance

Max Speed Input

Speed Output

ICC Algorithm >

Figure 6. ICC algorithm proceed multi inputs [8].

C. Fuzzy logic

Fuzzy logic is a model designed to handle the
transition of information that is incomplete, vague,
inexact, and imprecise. A fuzzy set represents a
category of objects characterized by a spectrum of
membership grades [22]. A larger value indicates a
higher level of set membership. A set defined by a
membership function is called a fuzzy set. The most
commonly used range of membership values is the
0.1 unit interval. Some fuzzy sets represent linguistic
concepts such as low, medium, and high. This concept
is used to define the state of a variable.

In the fuzzification process, a fuzzy set is obtained
from each input variable, and each input has a
relationship with the specified output fuzzy set [23].
The fuzzy set of inputs and outputs is defined by a
membership function. Suppose A is fuzzy in X, which
is defined in equation (1).

A= (x,u(x)] | xeX (1

A triangular membership function is defined by
three parameters: 'a’ (the lower bound), 'b' (the peak),
and 'c' (the upper bound). The triangular fuzzy
numbers are defined using three parameters: the
minimum value, the most likely value, and the
maximum value.

Values below 'a' and above 'c' have zero membership.
The membership degree increases linearly from 0 to 1
as the input value moves from 'a' to 'b' and then
decreases linearly from 1 to 0 between 'b' and 'c' as in
equation (2).

2

Triangular = { ._%
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D. Intelligent cruise control system design

The design of the system that has been created by
the author consists of hardware design and software
design, where the hardware design consists of DC
motor control and speed regulation with a lidar sensor.
Meanwhile, the software design is programming the
Raspberry Pi 4 Model B, which is useful for getting
readings from the sensors used in the system and
controlling the motor with the algorithm created and
the PID control system.

Figure 7 is a diagram of how the entire system works
with the Raspberry Pi 4 Model B as the main controller
of the system. On the power from the 12 Volts VRLA
battery, there is an LM2596 step-down module to reduce
the voltage to 5 Volts, which is useful as a power source
for the TFMini-Plus lidar sensor and Hall Sensor
Encoder on the 12 Volts motorbike. The Raspberry Pi
gets input from the TFMini-Plus lidar sensor with
universal asynchronous receiver-transmitter (UART)
communication and gets a pulse count value or output
signal from the encoder, which later in the algorithm
will be converted into an rotation per minute (RPM)
reading. After getting the data readings from the
sensors, the Raspberry Pi then produces an output in
the form of a pulse with modulation (PWM) value,
which regulates the speed of the motor for the BTS7960
driver. With the algorithm created, the PWM value will
automatically change based on the distance reading
from the TFMini-Plus sensor and getting speed data
from the encoder sensor.

In the first stage, motor control design was carried
out using Raspberry Pi components, a BTS7960 motor
driver, an encoder sensor, and a 12 Volts DC motor.
The design of motor control components is carried out
by programming the DC motor so that it can rotate at
the desired speed by inputting the PWM value, as well
as getting the RPM value when the motor rotates with
a certain PWM value. Testing is carried out by looking
at changes in motor rotation by inputting the PWM
value; if it goes well, then it continues to the next stage.

In the second stage, an automatic motor speed
control design was carried out based on the distance
obtained from the TFMini-Plus lidar sensor. The
design uses Raspberry Pi components, a BTS79060
motor driver, an encoder sensor, a 12 Volts DC motor,
and a TFMini-plus lidar sensor. Testing is carried out
by detecting objects in front of the lidar sensor by
varying the actual distance and the distance received by
the lidar sensor. If the speed can change with variations
in the specified distance and runs well, then all stages
will be combined into a unified system.

E. Fuzzy-PID control method

At this stage, it combines two control systems,
namely Fuzzy and PID [24]. The fuzzy in this study has
input error and delta error; the error is obtained from
the difference between the setpoint speed and the actual
speed, while the delta error is obtained from the
difference between the error value and the previous
error. The fuzzy output is the Kd value that will be
entered into the PID process. A fuzzy logic controller is

Step Down
Module

SEALED LEAD=ALID BATTERY
T TIT)

141

Lidar Sensor TFMini-Plus

5V ENCOCER

Raspberry P14 Model B

\ -
NCOOt D~

Motor Driver BTS7960
(IBT-2 H- Bridge)

12V 2A DC Motor

Figure 7. Diagram of electrical system.
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presented, which consists of the two input variables, the
deviation of the theoretical safe distance and relative
distance.

Figure 8 explains the flow of the fuzzy-PID control
design, where the error value from the input is entered
into the fuzzy block, Kp block, and Ki block. At the
output of the fuzzy block, the Kd value is obtained,
which is then added to the Kp and Ki values. This value
is used as input to the plant block where the plate in this
study is a DC motor. By using fuzzy-PID control [25],
it is hoped that it can produce a better system response
[26] if only using one control system, namely PID. So,
by using the fuzzy-PID method, the parameter results
will be used in this research and as a reference for later
analysis.

When using the fuzzy-PID control method with

there are two controllers, namely the PID controller
and the fuzzy logic controller. The PID controller uses
a gain block and an integrator as a multiplier for the Ki
value and two gains each function for the Kp and Ki
values. In the fuzzy process, there is a fuzzy controller
block, derivative block, and delay unit. The results of
the fuzzy process and PID are combined to become
input on the plate.

The response results using the fuzzy-PID control
method are presented in Figure 10. The yellow graph
represents input or step2, and the blue dot graph
represents the calculation result of the transfer function,
where the results of overshoot and settling time have
lower values when compared to using PID control
alone; this has an effect because the Kd parameter uses
fuzzy control which will reduce overshoot and settling

Simulink, the block can be seen in Figure 9. In the block, time.
;Fuzzy Logic :
+ Controller Rules
'L U
" Fuzzifier —> Inference —>» | Defuzzifier -
System .
Kd [de(t)/dt |«
> Kp e(t) i'
Input | » + + Output
~e(t)— . » + > Plant »

> Kije(t)dt _|_>

Figure 8. Fuzzy-PID control block diagram.
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Figure 9. Fuzzy-PID control system simulink block.
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Figure 10. Response on fuzzy-PID control using transfer function.

II1. Results and Discussions

A. Safe distance input testing 5 meters

Test results were taken from more than 5 meters
with distance variations of 5 meters, 6 meters, 7 meters,
and 8 meters. Testing at a distance of 5 meters resulted
in values for the sensors and wheels, respectively
0.8 km/h and 0.79 km/h. When the distance sensor
reading of the object detected is less precise, the
algorithm system sends a control signal to move the
motor. If the safe distance value is the same as the object

distance, the algorithm will send a control signal with a
value of 0. Figure 11 is a detection graph at a safe
distance of 5 meters.

The error obtained from an object distance of 5
meters is 0.79 with a percentage error of 0.01 %. With
an object distance of 6 meters, the speed readings on the
sensor and measuring instrument have an error of
0.05 % and 0.01 %, respectively. The value reading from
the sensor is very close and accurate, and the algorithm
sends a control signal to the motor to run faster because
the object distance is greater than the safe distance.

Graph Point-to-Point Distance Detection (Input 50 km/h)

5 -
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[—=— Velocity (km/h)/-
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Figure 11. 5-meter detection distance against velocity graph.
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Testing with an object distance of 7 meters has a
faster speed compared to a distance of 6 meters,
meaning that the algorithm system created to avoid
collisions with objects in front of it works quite well.
The error obtained in testing an object distance of
7 meters was 0.02 %. For testing with an object distance
of 8 meters, the resulting speed will be faster. This is
influenced by the control signal sent by the system;
because the object is far enough away, it will send a
control signal that is large enough to go faster.

In the test results for an object distance of more than
5 meters, it can be seen that the value at each point has
increased proportionally. This indicates that the
algorithm created can run well because by using a safe
input distance of 5 meters and testing above 5 meters,
the speed increases proportionally. Figure 12 shows a
graph of the response between distance and speed. The
response to distance measurements contains noise,
which causes less stability in speed due to noisy distance
readings. The results of the speed response graph can
be analyzed for the settling time and overshoot
parameters, which are presented in Table 1. The table
shows the settling time and overshoot parameters at
each increase in object distance. The settling time
obtained was 5 to 6 seconds, while for overshoot value
was quite small with a percentage below 2 %.

Table 1.
Settling time and overshoot distance of more than 5 meters.
Object point Settling time Overshoot
(meter) (second) (%)
5to6 5.06 1.91
6to7 5.94 0.68
7to08 4.96 0.80

B. Safe distance input testing 6 meters

The test results were more than 6 meters with
distance variations of 4, 5, 6, and 8 meters. Figure 13 is
a detection graph at a safe distance of 6 meters. Testing
ata distance of 4 meters produced values for the sensors
and wheels, respectively, 0.6 km /h to 0.79 km/h. When
the distance sensor reading of the object detected is less
precise, the algorithm system sends a control signal to
move the motor. If the safe distance value is the same as
the object distance, the algorithm will send a control
signal with a value of 0. The error obtained from an
object distance of 5 meters is 0.79, with a percentage
error of 0.04 %. With an object distance of 5 meters, the
speed
instrument have an error of 0.07% and 0.04 %,

readings on the sensor and measuring
respectively. The value reading from the sensor is very
close and accurate, and the algorithm sends a control
signal to the motor to run faster because the object
distance is greater than the safe distance.

Testing with an object distance of 6 meters has a
faster speed compared to a distance of 5 meters,
meaning that the algorithm system created to avoid
collisions with objects in front works quite well. The
error obtained in testing an object distance of 6 meters
was 0.0 - 0.5 %. For testing with an object distance of 6
meters, the resulting speed will be much faster. This is
caused by the control signal sent by the system because
the object is far enough, it will send a control signal that
is large enough to go faster. In the test results for an
object distance of more than 6 meters, the value at each
point has increased proportionally. This indicates that
the algorithm created can run well because by using a
safe input distance of 6 meters and testing above 6
meters, the speed increases proportionally.

Graph of Changes in Distance versus Speed (Input 50 km/h).
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Figure 12. 5-meter detection distance test graph.
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In Figure 14, a graph of the response between
distance and speed is presented. The graph starts at 0
seconds, the distance input from lidar reads the object
at 3.9 meters, and the motor starts to fluctuate. After the
first response, the velocity consistently reaches the
settling point of 6 km/h. While the object detected
under 4 meters, the velocity slowed down; it is based on
the Figure 13 algorithm rule. The response to distance
measurements contains noise, which causes less
stability in speed due to noisy distance readings. The
results of the speed response graph can be analyzed for
the settling time and overshoot parameters, which are
presented in Table 2.

Table 2 shows these parameters for each increase in
object distance. The settling time obtained was 5 to 6
seconds, while for overshoot, the value obtained was
quite small, with a percentage below 2 %.

113
Table 2.
Settling time and overshoot distance of more than 6 meters.
Object point Settling time Overshoot
(meter) (second) (%)
4t05 5.01 2.04
5to6 6.01 0.79
6to7 5.01 0.87

C. Safe distance input testing 7 meters

The test results were more than 7 meters with
distance variations of 7 meters, 8 meters, 9 meters, and
10 meters. Figure 15 is a detection graph at a safe
distance of 7 meters. Testing at a distance of 7 meters
resulted in values for the sensors and wheels amounting
to 0.9 km/h and 0.81 km/h, respectively. When the

Graph Point-to-Point Distance Detection (Input 60 km/h)

7 T T

Velocity (km/h)
w

[—=— Velocity (km/h)

T T
400 450

T
500

T T
550 600

Distance (cm)

Figure 13. 6-meter detection distance against velocity graph.

Graph of Changes in Distance versus Speed (Input 60 km/h).
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distance sensor reading of the object detected is less
precise, the algorithm system sends a control signal to
move the motor properly. If the safe distance value is
the same as the object distance, the algorithm will send
a control signal with a value of 0. The error obtained
from an object distance of 7 meters is 0.12 %. With an
object distance of 8 meters, the speed reading on the
sensor and measuring instrument has an error of
0.01 %.

The value reading from the sensor is very close and
accurate, and the algorithm sends a control signal to the
motor to run faster because the object distance is
greater than the safe distance. Testing with an object
distance of 9 meters has a faster speed compared to a
distance of 8 meters, meaning that the algorithm system
created to avoid collisions with objects in front works
quite well. The error obtained in testing an object

distance of 9 meters was 0.03 %. For testing with an
object distance of 10 meters, the resulting speed will be
maximum; in other words, the distance of 10 meters is
the maximum distance from the sensor reading so that
the speed will be maximum with a value of 10 km/h,
this is influenced by the control signal sent by the
system because the object distance is maximum. Then
it will send a large control signal to go faster. In the test
results for an object distance of more than 7 meters, it
can be seen that the value at each point increases
proportionally, and the maximum speed is 10 km/h.
As shown in Figure 16, this indicates that the
algorithm created can run well because by using a safe
input distance of 7 meters and testing above 7 meters,
the speed increases proportionally. The response to
distance measurements contains noise, which causes
less stability in speed due to noisy distance readings.

Graph Point-to-Point Distance Detection (Input 70 km/h)
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Figure 15. 7-meter detection distance against velocity graph.

Graph of Changes in Distance versus Speed (Input 70 km/h).

T g T T T T T
g 41200
| |
b ‘H\‘H\ TTTar - 1000
N W ol ! A
v | ‘ I —_
] B e | 1§
E i N ‘w Y “n 0]
4 ~ A 4600 £
o Iy ] o}
'g LS ‘ \ ﬁ _ %
G \y i ‘y a
= T T R
4 200
07 -0
o 20 40 60 80 100
Time (s) — Distance (cm)

— Velocity (km/h)
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Table 3.
Settling time and overshoot distance of more than 7 meters.
Object point Settling time Overshoot
(meter) (second) (%)
7t08 5.54 2.02
8to9 5.59 3.42
9to 10 4.42 1.30

The proportional increase in speed observed when
testing beyond a safe input distance of 7 meters
demonstrates the robust performance of the developed
algorithm. This linearity suggests that the algorithm
effectively maintains a safe following distance.
However, the presence of noise within the distance
measurements introduces instabilities in the speed
response. This is likely attributable to the algorithm's
sensitivity to fluctuations in the distance sensor
readings. A thorough analysis of the speed response
graph would yield valuable insights into the system's
transient characteristics. Specifically, the parameters of
settling time and overshoot, as outlined in Table 3, are
considered to quantify the algorithm's responsiveness
and the degree to which it surpasses the desired speed
setpoint.

Table 3 shows the settling time and overshoot
parameters for each increase in object distance. The
settling time obtained is +5 seconds. While this settling
time is reasonable, the overshoot value increases
significantly when the object distance changes from 8
meters to 9 meters. This large overshoot is evident in
the speed response graph. This indicates a potential
need for refinement in the control system design. One
approach to address this could be using a triangular
membership function within a fuzzy logic controller.
The triangular membership function would allow for
smoother transitions in the control signal, potentially
reducing the overshoot and improving stability.

IV. Conclusion

Intelligent cruise control system was successfully
designed and works well by using a lidar sensor on an
electric vehicle prototype using a Raspberry Pi
controller, motor driver, lidar sensor, and DC motor.
The intelligent cruise control system can work by
adjusting speed automatically with safe distance input.
The intelligent cruise control system uses the fuzzy-PID
control method, where the PID parameter values are
obtained using the fine-tuning method and fuzzy
control to adjust the Kd value. Based on the results of
all tests above, fuzzy-PID control is able to regulate the
speed of the autonomous electric vehicle prototype
based on a safe distance with fairly low settling time and

overshoot values. As a further development,
researchers can use optimal control methods or model
predictive control to increase the reliability and speed
of system response.
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