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ABSTRACT
According to data from the National Highway Transportation Safety Administration, human error is to
blame for at least 90% of all car collisions. This information has intensified the focus on the design and
development of collision avoidance systems in automobiles. This paper presents a semi-automated
braking system to increase the accuracy of collision avoidance systems by reducing errors on the
vehicle’s driver part. The methodology used combines the use of a microprocessor for analyzing data
from sensors aided by servo motors, sending information to output devices for the alarm system and
electric motors, and integrated circuits to implement hybridized engagement of vehicle brake. The
braking system can be manually applied but can interfere and bring the vehicle to a halt once it has been
determined that the driver has lost control of maneuvering the vehicle. The implemented system was
able to determine the separation distances between automobiles and obstacles, give warning employing
alarm set-up and engage braking at a minimum separation distance that is provided with an average
response time of 0.86 s and a percentage error of 12.8% during operation.
Keywords: Hybrid Controlled Vehicle Braking Method, Collision Avoidance Systems In Vehicles
1. BACKGROUND OF STUDY
According to the FRSC (2012), Nigeria was placed 127th out of 175 countries in 2011 based on the
World Health Organization's projected road traffic fatalities per 100,000 people. In terms of evaluation,
Nigeria's Road Safety Management system is still a long way from where it should be. The rising number
of traffic accidents in Nigeria demonstrates that more work has to be done to ameliorate the
situation(Siyan et al., 2019).
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An electric motor provides traction, while the combination of engine systems provides propulsion. The
term "all-electric vehicle" refers to a vehicle having an electric motor that gets its energy from a battery
pack. This vehicle will need recharging stations that correspond to the distance it can go on a single
charge. A hybrid car is one in which the electric motor is powered by both a battery and a thermal
engine. This car is a water–fuel cell hybrid (Lyati, 2021).
Driver error is responsible for 77% of all traffic collisions, with the remaining 23% due to vehicle failure
or environmental factors such as light, weather, road, or traffic. Excessive speed, failure to surrender the
right of way, following too closely, wrong turning, improper passing, and inappropriate backing are the
most typical mistakes made by drivers. In any vehicle, the driver is the most critical safety feature. As a
result, the barrier detector system integration on a hybrid-controlled vehicle braking system is critical in
enhancing vehicle safety design lower the number of driver errors (Mbachu, C. B. & Onuora, 2014).
(Riaz & Niazi, 2016) advised, in a detailed review of collision avoidance systems in vehicles with an
emphasis on communication-related factors in the context of automotive cyber-physical systems, that
affective computing and emotions can help better in research concerning vehicle collision avoidance
systems. (Dahl et al., 2019) conducted an extended literature review on threat-assessment techniques in
automotive safety systems and highlighted a definite trade-off between completing an avoidance
operation only when necessary and the capacity to evade a collision noting that vehicle-to-vehicle
communication and driver state estimation using camera methods can open up new options for danger
assessment and decision-making in collision avoidance systems for vehicles.
Controlling the steering system and car warning systems that interfere with the vehicle drivers' ability to
engage brake systems have been used as approaches to automotive collision avoidance systems. Many of
these systems are quite expensive, making them too expensive for middle-income individuals to acquire.
Furthermore, these techniques do not take into account the automobile's safety distance to halt. This
leaves a lot of possibilities for human mistakes (Aliyu et al., 2018).
(Dhelia et al., 2022) developed Protall (Protect-all), an integrated solution to achieve a very high level of
safety for unmanned area vehicles (UAVs) and automobiles, including their environment.
It creates regulated output by strategic sensor integration and intelligent processing, ensuring that any
potential faults are avoided. The system continually reacts to the surroundings and maintains a thorough
engagement with the user, allowing it to manage any dynamic circumstance. Protall was able to handle
dynamic situations and act as a protecting shield for UAVs and automobiles to avoid collisions or
decrease the severity of it in a few seconds before it occurs.
It not only aims to provide safety to manned vehicles but also to unmanned aerial vehicles. To control a
self-driving vehicle precisely, the action space must be continuous which can't be dealt with by
traditional Q-learning. (Zong et al., 2018) applied reinforcement learning to satisfy vehicle dynamics
constraints and traffic rules constraints. Various data sensors were merged into the vehicle to satisfy the
need for the input information of the algorithm, including the vehicle state and surrounding environment
state.
1.1 Statement of Problem
There has been a lot of study in the area of collision avoidance in vehicles. Most proposed solutions, for
manually driven vehicles which are still the order of the day in developing countries (Akple et al., 2013),
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are in the form of an alarm system that requires the driver’s intervention and maneuverings. These
solutions are not highly effective when the driver is unable to interfere or maneuver due to limitations
of man’s knowledge in cases of low visibility and over-speeding. There is a need for a level of guarantee
in collision avoidance solutions for manually driven vehicles.
1.2 Objective
This research seeks to design and evaluate, for a manually driven vehicle, a barrier detection system that
can:
i.
Alert the driver and also interfere in the maneuvering or halting of the vehicle’s wheels to avoid
collision while it constantly measures the distance between the vehicle and the closest obstacle.
ii.
Reduce collisions leading to the death of persons, death of wildlife, automobile damages, and
damages to property and thus eliminate the related costs.
2. METHODOLOGY
2.1 Major Components of the barrier detection system
Arduino Board is a microcontroller meant to make solution development more accessible as it allows
products to interact with real objects and their surroundings. Current models consist of a USB
interface, 6 analog input pins, and 14 digital I/O pins that allow the user to attach various extension
boards.
Servo motors are DC motors that allow for precise control of the angular position. They are DC
motors whose speed is slowly lowered by the gears. Ultrasonic sensor mounted on a servo motor
which continuously sweeps from 0 (zero) to (ninety) degrees. The Ultrasonic transmitter transmits an
ultrasonic wave, this wave travels in the air and when it gets objected by any material it gets reflected
toward the sensor this reflected wave is observed by the Ultrasonic receiver module.
Direct Current (DC) Motor is a widely used device that translates electrical pulses into mechanical
movement. In the DC motor, we have only positive (+) and negative (-) leads. By reversing the polarity,
the DC motor will move in the opposite direction.
Motor Driver a motor IC (Integrated Circuit) which allows two DC motors to be driven on both sides.
It works on the H bridge circuit concept which allows voltage to flow on either side. The directional
change in the movement of voltages allows the DC motors to change direction as well.
Stepper Motor works as an electrometrical device, it carries out mechanical operations with the help of
electrical pulses. A Stepper motor is preferred to control the rotation angle, speed, position, and
synchronism.
Chassis is the backbone of a vehicle consisting of the frame on which the vehicle body is mounted
alongside the wheels.
Jumper wires are wires that have connector pins at each end, allowing them to be used to connect two
points without soldering. Jumper wires are typically used with breadboards and other prototyping tools
to make it easy to change a circuit as needed.
An alarm system that can produce alerting sound and visible light.
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2.2 Principle of operation
A driver is simulated by a Bluetooth-connected mobile application. Once the vehicle is in operation, the
microcontroller-based embedded system monitors the vehicle's environmental variables. The embedded
system consists of an ultrasonic sensor mounted on a servo motor. The ultrasonic sensor can
communicate with the braking system of the vehicle. The ultrasonic sensor can monitor the
environment at an angle of 0 to 90 degrees continuously in time.
Once the Ultrasonic sensor detects barriers ahead it alerts the driver (mobile application) and waits for
repositioning of the vehicle, at the closest range, a distance obtained by the servo motor, which signifies
the driver's inability to control the vehicle to avoid the object detected in real-time, the ultrasonic
sensor sends signals to the braking system which halts the dc motor or slows it down intermittently in a
way to maneuver the car’s position. On discovery of a free pathway by the ultrasonic sensor, the
vehicle's braking system is un-interfered by the collision avoidance system.
2.3 Design of barriers detection system integrated with a braking system in a vehicle.
The first step taken was to design and analyze a simulation on proteus VMS, simulation software that has
a large database of electronic and electrical components. The system design was transferred to a
breadboard to examine if the circuit is producing the desired output. The integration process involves
the coupling of the system and testing for compatibility. The DC motors are attached to the robot
chassis, the Arduino board is mounted on the chassis, the Motor drive is integrated into the Arduino,
the Servo motor is also mounted on the chassis and the Ultrasonic sensor is affixed to the servo motor.
The Android application is responsible for two main tasks: to act as a user interface that displays sensor
information and warnings and to simulate the driver of the vehicle. The tested programmed code is
uploaded to the Arduino microcontroller.
The calculation to determine a safe turning radius: The total length of the robot car is 172 mm.

Figure 1: Turning Path of a Vehicle.
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The figure above depicts a situation in which the dummy car is making a turn. The wheels are shown
shaded in the figure. The front wheel's center is P and the rear wheel's center is Q. Let O be the center
of the circle; along whose circumference the car moves. Let L=PQ be the length of the car and let R be
the radius of the circle.
The sharpest turn corresponds to the smallest possible value of R. Note that PQ is a chord of the circle.
Let us say that the front wheel can rotate at most by an angle w relative to the ‘straight’ position.
For triangle OPQ.
Equation 1
Equation 2
From, the cosine rule for OPQ:
Equation 3
From equations (1), (2), and (3)
Equation 4
At the maximum value of

i.e. 1. The turning radius is found to be = 87.2mm.

Now, the velocity of the automobile is the prime factor to determine the ability to take a turn smoothly
or not.
So, we must derive the relation between the turning radius and
The velocity of the robot car. 25
Turning Radius(r) = 100 mm.
Acceleration due to gravity(g) =

=

Velocity(v) =?
Coefficient of friction between rubber and cardboard (μ) = 0.07
= √0.07 ×8.75× 9810
= 245.12mm/s = 24.51cm/s
Which is attained at the speed of 1.4 rps (or, 84 rpm).
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Figure 2: A prototype vehicle with a barrier detection system integrated
into the braking system.
3. PERFORMANCE EVALUATION
The system is evaluated using scenario generation, in this method obstacles are placed at different
positions to analyze the performance of the system. The value returned from the sensor ranges from 1
cm to 200 cm. at any point greater than 200, the distance is termed as "coast is clear", which means that
the vehicle is allowed to move in the forward direction without the interference of the barrier detection
system. The danger zone at which the robot halts is 30 cm this point the obstacle is said to be too close
beyond avoidance. At distance between 50 cm and 60 cm, the barrier detection system intermittently
interferes with the braking system of the vehicle to reposition it, knowing that there exists an obstacle
just ahead.
While maneuvering for a new position, the servo motor moves 90 degrees to allow the ultrasonic
sensor to collect values of the vehicle’s environment. The motor driver is used in switching directions
based on instructions from the Arduino board through the mobile application. It also controls the speed
of the rotation of the tires in cases of sharp turns and reverses modes. For an accurate and more
determined result, a reduction in the turning speed must be in place to avoid moving in the wrong
direction.
4. RESULT AND DISCUSSION
The distance measured by the ultrasonic sensor was found to vary from the actual measurement since
the reliability of the system is much dependent on the distance acquired from the sensors. It was
calibrated to the expected reading.
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Table 1: Test for Collision Avoidance System
Test
Expected distance (cm)
30
1
30
2
30
3
30
4
30
5
30
6
30
7
30
8
30
9
30
10

Actual distance (cm)
28
24
29
25
26
29
23
27
24
27

Percentage error =
P.E =
Table 2: Testing for system response time to collision avoidance
Test
TIME TAKEN (seconds)
0.7
Test 1
0.9
Test 2
0.8
Test 3
0.7
Test 4
1.0
Test 5
1.1
Test 6
0.8
Test 7
0.7
Test 8
0.9
Test 9
1.0
Test 10
Average response time =
Average response time =
Average response time = 0.86 seconds
Table 1 result depicts the actual distance calibrated for the barrier detection system to stop the vehicle
to avoid collision and the actual distance it stops with a 12.78 percentage error. This shows that the
performance of the system is above average and still operating at a safe distance without much
difference in margin from the calibrated distance.

107

Vol. 10. No. 2, June 2022

5. CONCLUDING REMARKS
A barrier detection system that can interfere with the braking system of a manually driven vehicle was
developed to provide a higher level of safety to drivers, passengers, vehicles, and our environment.
The barrier detection system takes inputs through an ultrasonic sensor and distance calculation by a
servo motor. The implemented system was able to determine the separation distances between
automobile and obstacle appropriately, give warning utilizing onboard warning systems, and engage
braking at a minimum separation distance that is provided with an average response time of 0.86 s and a
percentage error of 12.8% during operation. For future works, the collision avoidance system should be
one that can be calibrated, so the vehicle's brake accuracy can be used to set the distance at which the
automatic braking can override the drive system of a vehicle.
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