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Abstract

This paper is about the development of artificial intelligence that has fuelled technological advancements.
Self-driving automobiles are an example of an innovative development. Nowadays, you may work or
sleep in your car while driving to your destination without touching the steering wheel or accelerator.
This project aims to create a workable model of a self-driving car capable of travelling on multiple
tracks, including curved, straight, and straight followed by curved. The Raspberry Pi includes a camera
module at the top of the vehicle. Images from the actual world are submitted to the convolutional neural
network using Raspberry Pi. The car's computer brain activates in response to this sensory information.
After processing the data, it makes snap judgements regarding steering, braking, and speed. The
automobile navigates through traffic safely by solving a complicated puzzle in real time. These vehicles
are useful for seamlessly changing lanes are intended to completely transform how we drive, making it
more efficient and comfortable. The machine forecasts scenarios like right, left, forward, or stop.
Vehicle performance, safety, and design have all been transformed by the introduction of intelligent
modelling in the automotive sector. Automotive engineering today integrates predictive analytics,
adaptive systems, and autonomous functions by utilising cutting-edge technology like artificial
intelligence, machine learning, and the internet of things. The intellectual underpinnings and uses of
intelligent modelling in automobiles are examined in this work. We examine issues like computational
complexity and ethical considerations while talking about its importance in improving safety,
effectiveness, and environmental sustainability. The future direction of intelligent modelling in the
automotive industry is highlighted in the study's conclusion.

Keywords: Self-driving vehicle, autonomous vehicle, machine learning, obstacle avoidance, sensors,
artificial intelligence, image processing

INTRODUCTION

Autonomous driving technology is rapidly improving, with the potential to improve road safety,
traffic flow, and fuel efficiency. However, testing self-driving cars in real-world scenarios can be
difficult, especially when it comes to ensuring the
results are dependable and consistent. One problem
is ensuring that the wvehicles' sensors and
communication systems interact flawlessly so that
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their actions correspond to the intended paths. To
ensure more accurate testing, the time and
operations of the vehicles must be synchronized.
Companies like Uber, Google, and Ford are already
developing self-driving cars that utilize powerful
machine learning to manoeuvre safely. These
systems assist cars with recognizing barriers,
understanding traffic signs, and making quick, safe
decisions, resulting in a smoother, safer driving
experience. Modern automobile engineering now
relies heavily on intelligent modelling, which spurs
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innovation and redefines industry norms. Traditional design processes have been replaced by data-
driven approaches driven by artificial intelligence (Al) and machine learning (ML) in response to the
growing demand for smarter, safer, and more energy-efficient automobiles. These technologies make it
possible to create models that can forecast performance, mimic real-world situations, and adjust to
changing conditions. High-end or luxury cars are not the only examples of this paradigm shift. All
market segments are now integrating intelligent technologies, democratising sophisticated features like
predictive maintenance, adaptive cruise control, and lane-keeping assistance. Internet of things (1oT)
integration improves connectivity even more by allowing cars to communicate with other cars,
infrastructure, and their environment, opening the door to completely autonomous systems. This article
explores the main features, importance, and future implications of intelligent modelling for automobiles.

LITERATURE REVIEW

Significant developments in autonomous vehicle safety and validation technology are highlighted in
the IEEE publications that were evaluated. According to “Safety Standards for Autonomous Vehicles,”
which highlights the necessity of strong frameworks to guarantee public trust and technology uptake,
safety standards continue to be a significant concern [1-4]. “Advancing Autonomous Vehicle Safety”
which demonstrates how Al can anticipate possible hazards, describes the application of ML for
predictive safety measures, such as predicting accident severity owing to sensor failures. Furthermore,
“Recent Trends in Autonomous Vehicle Validation” emphasizes how crucial learning algorithms are to
improving self-driving system testing and validation procedures and guaranteeing increased reliability
[5-9]. All of these research studies point to the necessity of combining cutting-edge Al techniques with
thorough validation procedures in order to create autonomous transportation systems that are safer and
more dependable [2].

HARDWARE USED
Raspberry Pi

Figure 1 gives extensive details on the Raspberry Pi board. The suggested system's processor is the
Raspberry Pi 4 B+ variant, which has a 1.5 GHz 64-bit quad-core processor. The Raspberry Pi 4 B+
includes 2 gigabytes of random-access memory and a 40-pin general purpose input/output header. It
has four universal serial bus connections and a 5 /3 A power input port. It is used in the proposed
system as the core central processor to synchronize the functionality, accept appropriate inputs, and
then perform appropriate actions.
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Figure 1. Details of Raspberry Pi board.

© STM Journals 2025. All Rights Reserved 33



Journal of Instrumentation Technology & Innovations
Volume 15, Issue 1
ISSN: 2249-4731 (Online), ISSN: 2347-7261 (Print)

Ultrasonic Sensor

Self-driving cars powered by Raspberry Pi 4 use the HC SR04 ultrasonic sensor, as shown in Figure 2,
to detect impediments. The sensor measures the time it takes for an echo to return after emitting 40 kHz
sound waves. The distance is then calculated by distance = (Time x 343 m/s) / 2. This information aids
in the vehicle's safe steering and collision avoidance. It requires only 15 mA of current, operates on 5
V DC, and has an accuracy of £3 mm when measuring distances between 2 and 400 cm. It is an easy
and effective option for autonomous cars for short-range obstacle detection.

Infrared Sensor

An infrared (IR) sensor for lane following with a Raspberry Pi detects lane markings by emitting IR
and detecting its reflection. Dark lane lines reflect less light, allowing the sensor to distinguish between
them and the road surface. The Raspberry Pi uses this information to keep the car cantered in its lane.
It is a cost-effective and efficient solution for simple lane-following applications.

The IR sensor shown in Figure 3 operates on a voltage range of 3.3V to 5 V DC and has a detection
range of 2 cm to 80 cm, depending on the type. It operates in the wavelength region of 850 to 950 nm
and consumes between 20 and 60 mA.

Motor Driver Module

The L298N H-bridge motor driver operates at 4.5 V to 36 V DC and can supply up to 2 A of current
per channel. Figure 4 provides information on the H-bridge motor drive. It controls motor speed using
a 25 kHz PWM (pulse width modulation) frequency and a 5 V DC logic voltage. The driver's maximum
power dissipation is 1.8 W, making it appropriate for driving small to medium-sized motors in self-
driving cars. Motor drivers are employed in self-driving cars to regulate the direction and speed of DC
motors, allowing for bidirectional travel.

Software Used
1. Raspberry Pi operating system
2. Python in machine learning
3. OpenCV

c
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Figure 3. Infrared (IR) sensor.
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Figure 4. Motor driver module.

Procedures for training the data and the tools utilized:

1. Collection of data: To guarantee that the system is exposed to a variety of real-time situations,
a large number of photos with stop signs and traffic lights that need to be detected are taken from
various viewpoints, lighting scenarios, and backdrops.

2. Preprocessing: Makesense Al tool is used to label the data after it has been collected. The photos
are pre-processed [10], which includes cropping, resizing, and contrast enhancement. It also
converts the RGB (red, green, blue) image to grayscale to draw attention to the traffic lights and
stop signs. This was accomplished using a Roboflow tool. This stage improves the consistency
of the data, making it simpler for the system to analyse and use for training [11-14].

3. Model training: A detection model is subsequently trained using the processed photos. Through
training, the model gains an understanding of how traffic lights and stop signs appear in various
lighting conditions and from various perspectives. The trained model is finally saved as a text
file, which will be utilized in our project to enable the automobile to recognize and react to the
models in real time while it is moving. We utilized a tool called Google Colab to train the model.

Working

The self-driving car project based on a Raspberry Pi combines numerous components to enable
autonomous driving. Figure 5 displays the block diagram of the system. The Raspberry Pi functions as
the car's “brain” and is powered by a micro-USB or USB-C connector. It connects to a camera that takes
real-time footage, assisting the automobile in recognizing traffic signals, road signs. This footage is
processed by the Raspberry Pi utilizing image recognition and machine learning to understand the road
and make driving decisions. To stay in its lane, the automobile employs an IR sensor that detects lane
lines and sends this information to a control system, which keeps the vehicle cantered in the lane. The
car also utilizes an ultrasonic sensor to detect obstructions by calculating the distance between items
ahead. If something comes too close, the car can break or alter direction to avoid a collision. The car's
movement is controlled by DC motors that are powered by an H-bridge motor driver. This enables the
car to go forward or backward simply changing the direction of the motors. The Raspberry Pi delivers
control signals to the motor driver, which adjusts the speed and direction as required. The Raspberry Pi
makes judgements to ensure the car's safety and smooth navigation by processing all of the sensor data.

The sensor-based control flow diagram is displayed in Figure 6. The Raspberry Pi, sensors, and motor
drivers work together to allow the automobile to drive itself, responding to its surroundings and making
real-time decisions to ensure safe and efficient driving.
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Figure 5. Block diagram of the system.
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Figure 6. Sensor-based control.

METHODOLOGY

Object detection: strong and versatile, ultrasonic sensors are widely used to detect obstacles in a range
of applications, such as security systems and automated doors. Ultrasonic waves are sent out, and the
echoes that are created when the waves’ hit things are then recorded by these sensors. They combine a
transmitter and a receiver into a single module, making them compact and efficient. The HC-SR04, a
well-known ultrasonic sensor, has four essential pins:

1. VCC: The VCC provides a 5 V power source to the sensor.

2. Trigger: A brief 15-ms pulse is sent to initiate the ultrasonic wave transmission.

3. Echo: Receives the waves that are reflected and transmits the data.

4. Ground: Refers to the connection to the circuit's ground.

For robotic systems that avoid obstacles to navigate smoothly, ultrasonic sensors are necessary. Using
a motor driver integrated circuit and data processing, the Raspberry Pi manages the robot's motion. An
ultrasonic sensor on the front of the robot continuously scans the path ahead using ultrasonic waves. If
the channel is clear, the sensor continuously emits waves. When the robot encounters an impediment,
the waves return to the sensor, indicating the presence of an object. After analysing this data, the CPU
(central processing unit) adjusts the robot's motion to safely avoid the obstruction by turning left, right,
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Figure 7. Flowchart for object detection.

forward, or reverse. The robot's simple yet effective design allows it to navigate independently, making
it the ideal option for situations where obstacle identification and autonomous mobility are essential.
Figure 7 displays the flowchart for object detection.

Traffic Signal Detection

We must give a computer a range of pictures shot in various settings, such as on bright or rainy days,
in order to train it to detect traffic lights. The traffic signals and their colours must be labelled using
boxes around each image. The computer is then trained to recognize these signals in fresh photographs
using a method known as YOLO (you only look once). Even in crowded situations, YOLO can rapidly
identify several traffic signals in a picture once it has been trained. This can be combined with other
methods to develop a system that can reliably identify traffic signals in live footage, which will be
helpful for smart traffic systems and self-driving cars [10]. Accurately identifying and interpreting
traffic signs is a challenging issue that calls for a number of image processing algorithms. To enhance
the image's quality, preprocessing is done beforehand. In order to lessen the effect of contrast and
changing illumination, colour intensities must be normalized. Furthermore, methods like Gaussian
blurring and Wiener filtering are used to reduce noise and smooth the image, particularly in difficult
settings. The image is then transformed between the RGB and HSV (hue, saturation, value) colour
spaces. Because it can more accurately depict the colour and intensity of traffic signs, the HSV colour
space is more suited for traffic sign recognition.

Lastly, thresholding is used to divide the image into colour-based segments. This entails establishing
particular thresholds for important hues such as yellow, green, and red. A binary image is produced by
setting some pixels in these colour ranges to 0 and marking others as 1. These image processing methods
work together to improve road safety and driver assistance by enabling traffic sign recognition systems
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Figure 8. Image before processing. Figure 9. Image after processing.

to reliably recognize and interpret traffic signs, even in difficult-to-read situations [7]. Traffic sign
identification is a difficult task that requires a combination of colour and shape-based techniques. While
colour can be a useful indication, it can also result in false positives due to similar colours seen in natural
backdrops. Shape-based detection techniques are used to increase accuracy. Traffic signs are often
different shapes, such as triangles for warning signs, circles for necessary signs, rectangles for
instructional signs, and octagons for stop signals. By concentrating on these distinct shapes, the detection
process becomes more precise and dependable. Once probable sign regions have been found, their shape
is validated using the Hough transform. This sophisticated image processing technigue uses a parameter
space to detect basic geometric objects such as lines, circles, and ellipses in images. Figure 8 displays the
image before processing. The Hough transform isolates and confirms shapes of interest by focusing on
their geometric qualities, making it easier to distinguish traffic signs from other items in the scene. Traffic
sign recognition systems can improve their accuracy and reliability by combining colour and shape-based
identification approaches, even under difficult settings such as poor lighting or inclement weather.

The final step in traffic sign recognition is matching the detected signs to a database of known traffic
signs. This process is made more reliable by earlier stages like noise reduction and shape classification,
which help to filter out false positives. Figure 9 shows the image after processing. To recognize the
signs, the system uses a powerful feature descriptor called histogram of oriented gradients (HOG). HOG
analyses the distribution of intensity gradients within an image, capturing both the shape and texture of
objects. The image is divided into small cells, and for each pixel, the gradient magnitude and direction
are computed. These gradients are then grouped into blocks of cells, and the image is rescaled to a
standard size. This allows HOG to effectively combine both shape and texture information, making it a
powerful tool for accurately identifying traffic signs. If a match is found between the detected sign and
a template in the database, the system notifies the driver with the appropriate sign information. If no
match is found, the candidate image is discarded. It is a strong instrument for correctly recognizing
traffic signs. Figure 7 displays the flowchart used to detect traffic signals. The system provides the
driver with the relevant sign information if it detects a match between the detected sign and a database
template. The candidate image is eliminated if no match is discovered [5].

Lane Detection
IR sensor-based lane following in self-driving automobiles: IR sensors are essential to self-driving
cars' ability to safely navigate and stay in their lane. These sensors measure the way light bounces off
lane markings as opposed to the way light bounces off the road surface. This discrepancy allows the
system to recognize and accurately follow lane borders.
1. Lane detection: Infrared sensors, often installed in the front or rear of the vehicle, continuously
scan the road. They can determine lane borders by comparing the way light reflects off lane
markings to the road surface [8].
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2. Signal processing: The sensor data is sent to the vehicle's microcontroller or CPU. To determine
the position of the vehicle with respect to the lane, it evaluates the data. Figure 10 displays the
flow chart for Lane following. In order to maintain the vehicle in the middle of its lane, the
control system uses this information to make steering adjustments in real time. The IR sensors
are responsible for determining the lane boundaries by detecting changes in light reflection. The
microcontroller/processor analyses sensor data to determine the necessary steering adjustments.
Motor driver: Makes steering changes using the processor's calculations. The power supply
powers the system, ensuring that every component functions as intended.

RESULTS

A combination of sensors and webcams are used by autonomous cars. The environment around the
car, including road signs, lanes, and obstructions, is detected by sensors. Processors use this data to
make judgments regarding braking, acceleration, and steering in real time. Snapshots of the project's
operation are shown below. Figure 11 shows the lane following using IR sensor. Figure 12 shows the
front view of the model.

Reverse
(Both motors same
speed and direction)

Do both sensors
see black?

A\ 4

Does only the left Turn left o
sensor see black? (Left motor OFF)
Does only the right Turn right

\ 4

sensor see black? (Right motor OFF)

Forward
(Left and right motor at the
same speed and direction)

Figure 10. Flowchart for lane detection.

Figure 11. Lane following. Figure 12. Front view of the model.
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Future Scope

To save time and prevent traffic jams, GPS (global positioning system) can be included into the
system. There are emergency notification systems that can be put in place if a passenger becomes unwell
unexpectedly or is not feeling well. It is possible to use image processing to accomplish the suggested
self-driving car model's lane following feature. If the GPS system is integrated into the vehicle, it will
be completely autonomous and arrive at the intended destination on its own.

CONCLUSION

The self-driving vehicle will benefit the public by relieving drivers of stress and reducing accidents
caused by human error. The proposed system was capable of including or functioning features such as
automatic parking, obstacle avoidance, traffic signal recognition, sign detection, and lane end detection.
Lanes were correctly recognized, and lanes were adjusted to avoid vehicles and obstructions based on
the distance from the proposed system or the number of vehicles ahead. Traffic lights were identified,
and the appropriate measures were conducted, as well as traffic signs. The web cam helps in taking live
images and sending the signal to the Raspberry Pi for picture processing, by using YOLO V5 algorithm.
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