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_________________________________________________________________________________________ 

Abstract: Due to the very dynamic environment and difficult to perform a required system in the vast range of situations 

that it may meet after deployment, developing a controller for autonomous cars capable of giving appropriate 

performance across all driving conditions is tough. Artificial intelligence technologies, on the other hand, have showed 

considerable promise in terms of not only delivering exceptional results for difficult and non-linear control issues, but 

also in generalizing previously taught principles to new circumstances. Artificial intelligence for vehicle control has 

become progressively popular as a result of these factors. Although much progress has been made in this sector, these 

efforts have yet to be properly described. This study reviews a wide range of research studies that have been published in 

the literature that attempt to operate a vehicle using artificial intelligence in self-driving cars. Unlike other review studies, 

we look at the theory behind self-driving vehicles from an artificial intelligence standpoint, as well as contemporary 

implementations and critical assessments. 
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_________________________________________________________________________________________ 

1. Introduction 

Various applications of artificial intelligence (AI) have 

acquired popularity and come to the fore as a result of 

recent developments in AI. Self-driving vehicles are one 

such application that is expected to have a significant and 

revolutionary influence on people and the role people 

commute. Despite the fact that adoption and adoption of 

technology can be difficult at first, these automobiles will 

be the first significant incorporation of personalized 

robots into human civilization. Over the last decade, there 

has been an increase in research interest in using AI to 

drive automobiles. Cars are eventually set to transform 

into intelligent machines associated with human lives, 

resulting in a diversified socio-economic effect, thanks to 

rapid breakthroughs in AI and related technologies. [1] 

However, in order for these automobiles to become a 

reality, they must be endowed with the perception and 

cognition necessary to deal with high-pressure real-life 

events, make right judgments, and adopt safe and 

appropriate action at all times. Computer vision in self-

driving car’s is one of the most complex and difficult AI 

models to date, relying on computer vision to visualize 

the scene and make the car feel at ease while travelling 

from one location to another. For autonomous cars, 

computer vision in AI allows them to see all that is 

normally observable in their natural surroundings. 

Computer vision systems (CVS) are part of the AI in self-

driving cars, and they include picture categorization, 

segmentation, object identification, and positioning for 

fundamental ocular functionality. Object detection is 

developing as a computer vision (CV) sub domain that 

can benefit from AI. To be able to replace a human 

driver, a self-driving automobile must essentially do three 

activities as perceive, think, and act as indicated in figure 

1. [2-3] 

 
Fig 1: Task to be performed by a car 

Most technical specialists will relate to levels of 
maturity when discussing self-driving automobiles. Figure 
2 depicts the level of autonomy; a self-driving car's 
autonomy refers to how many of the piloting is conducted 
by a computer rather than a human. The higher the rate, 
the more computer-assisted driving there is.  
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Fig 2: Level of autonomy while driving a vehicle 

To deliver correct environment perception, earlier 

autonomous car systems relied primarily on reliable 

sensory input, relying on multi-sensor setups and pricey 

sensors like LIDAR. There are a range of sensor 

configurations; some researchers want to manage the 

vehicle only using camera vision, while others want to 

use lower-dimensional data from ranging sensors, and 

still others want to employ multi-sensor setups. Some 

define the mechanism as a high-level controller that 

gives, for example, intended acceleration, which is 

subsequently achieved through a low-level controller, 

frequently employing classical control techniques. These 

self-driving cars were controlled by rule-based 

controllers, with settings defined by the developers and 

fine-tuned following modelling and field testing. The 

disadvantages of this technique include the time-

consuming hand-tuning of parameters and the difficulty 

of making generalizations rule-based controllers to new 

circumstances. Furthermore, due to the extremely non-

linear nature of driving, control approaches based on 

vehicle model linearization or other algebraic analysis of 

data collected are frequently impracticable or do not scale 

well [2] [15] [18]. 

Artificial intelligence has recently acquired popularity 
as a consequence of multiple state-of-the-art findings in 
disciplines such as picture categorization and speech 
recognition. As a result, deep learning is increasingly 
being used in autonomous vehicle applications such as 
planning and decision-making, vision, and mapping and 
localization. The ability of clever algorithms using raw 
camera inputs to minimize the number of sensors used by 
autonomous cars has the potential to significantly 
decreases sensors used by autonomous vehicles. As a 
result, several companies are looking at autonomous cars 
that don't rely on pricey sensors like LIDAR and instead 
rely on artificial intelligence for scene analysis, semantic 
segmentation, object recognition, and motion estimation. 
For vehicle control, AI has a number of advantages. Deep 
learning is highly suited to control issues in intricate and 
dynamic contexts because of its capacity to self-optimize 
its behavior from data and adapt to new circumstances [3] 
[20] [23] [24]. 

The vision systems in self-driving automobiles are 
discussed in this article, as well as the function of AI in 
interpreting complicated vision, enhancing perception, and 
actuating control systems in self-driving cars. This paper 
examines AI-based approaches for object identification 
and scene perception in self-driving automobiles. The rest 
of this paper is structured as follows. The necessity for 
autonomous control systems in relation to self-driving cars 

is converses in Section II. In sections III, IV, and V the 
advantages, obstacles and downsides of adopting 
advanced driving assistance are discussed. The essential 
components employed in autonomous operations are 
presented in Section VI. Section VII discusses several 
implementations of autonomous control systems that are 
currently in use. Finally, Section VIII summarizes the 
present status of the field and applications of self-driving 
automobile technology. 

2. Need for autonomous control system 

In certain high-end automobiles, protective systems are 
used by human driven cars to overcome barriers and stop-
offs, although none of them are entirely autonomous. 
Existing automotive automation features are inadequate 
cars to drive themselves. Drivers are always in need; 
without them, the automobile would be unusable. For 
typical automobiles, the driver must continually watch 
signals, obstacles, road safety signs, and lanes and make 
judgments appropriately. Self-driving cars are no longer a 
pipe dream; they are becoming a reality. The efficacy of 
covariance representations, inspired by the opportunity 
arose of Artificial Intelligence Algorithms, offers 
enormous promise in representing visual notions. 
Autonomous driving might be unsafe for certain people, 
but it also offers benefits. This might lead in less traffic 
congestion, lower emissions, cheaper overall travel 
expenses, and lower costs for services and new roads. It 
would also vastly enhance the mobility of elderly and 
physically disabled persons. [1] [3] [23]. 

3. Challenges 

Though this indicates that there has been a considerable 
advance in the field of such systems, they are very far 
from commercialization. Before learning autonomous car 
technology is ready for broad commercial usage, a number 
of obstacles must be solved. This section is devoted to 
examining the technical hurdles that AI-based autonomous 
vehicle control faces. It's important to note that, in 
addition to technology hurdles, concerns like user 
acceptability, cost effectiveness, machine ethics for 
artificial intelligence technologies, and the absence of 
legislation/regulation for autonomous cars must also be 
addressed. [2-3]. The vast quantity of data and time 
necessary for proper training, particularly for 
reinforcement learning techniques, is a fundamental 
disadvantage of AI-based technologies. This may result in 
lengthy training periods, causing delays and significant 
costs in the development of an automated car. Combining 
reinforcement learning with supervised methods, which 
result in reducing training time while still maintaining 
excellent adaptability, is a frequent way of decreasing 
training data needs or training time. Due to the large 
amount of data that must be gathered, it is difficult to train 
a vehicle to drive in all potential circumstances that it may 
meet in the real world. Dealing with changing settings in a 
scalable way is another problem for learning control 
systems. Changes in weather, seasons, climates, and other 
factors might cause similar problems. To certify the 
system's performance and safety, it must be thoroughly 
tested. However, real-world testing may be time - 
consuming and costly, manpower, and money. As a result, 
road user safety must be verified prior to commercial 
deployment of such devices. Maintaining safety and 
reliability in AI systems, on the other hand, may be 
difficult. [18] [20] [26] [30]. 
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4. Benefits 

After Wireless networking and artificial intelligence 
advancements are found uses in intelligent transportation 
systems to minimize pollution, reduce collisions, improve 
mobility, create new modes of public transit, and share 
goods, resources, and space. According to research, 1.3 
million people die each year as a result of drunk, 
intoxicated, distracted, or tired driving. These lives may be 
spared if autonomous AI systems could eliminate some of 
the human foibles. The following benefits inspire current 
self-driving automobile research [1-3] [6] [10]: 

a. Self-driving vehicles are expected to eliminate drunk 
driving, distracted driving, texting, and other forms of 
mobile phone usage, as well as reduced braking and 
acceleration and highway jams. Reduced accidents are 
projected to benefit youngsters and the elderly, allowing 
people to feel more at ease and accepting of self-driving 
vehicles. 

b. Users may benefit from less stress, shorter commutes, 
shorter travel times, increased productivity, optimal fuel 
usage, and lower carbon emissions. These automobiles 
might be Self-driving vehicles would governments and 
local with traffic enforcement, increase highway 
capacity, decrease road fatalities and the number of on-
road driving-related accidents, and improve speed limit 
adherence. 

c. Self-driving vehicles would be capable of enhancing 
scheduling and routing, as well as providing the optimal 
routes to cut travel times and costs. While self-driving 
cars would reduce or possibly eliminate automobile 
ownership, they would increase shared access and 
maintain transportation personalized, efficient, and 
dependable. 

d. Autonomous electric cars would bring a more 
environmentally friendly means of transportation, 
resulting in reduced greenhouse and noise pollution, as 
well as enhanced mobility for the old and crippled. 
Vehicles parked for lengthy periods of time in today's 
driving scene. Parking lots may be turned to parks and 
other greenways with self-driving automobiles. 

5. Limitation and Drawbacks 

After Nowadays, Vehicles are among the most common 
and easily accessible kinds of transportation, and although 
technology has improved the safety of automobiles, 
driving remains a hazardous activity. Self-driving 
automobiles provide a situation in which several lines of 
code, together with AI, determine a human's life. The 
following are amongst the drawbacks of self-driving cars 
[1-3] [15] [19] [23] [33]:  

a. The primary negative impact of self-driving 
automobiles would be the loss of employment in the 
transportation business. 

b. Self-driving vehicles have challenges while driving 
through junctions with no traffic signals, uncontrolled 
intersections, faulty traffic lights, congested crossroads, 
and areas with people in close vicinity. Self-driving 
vehicles are regarded inappropriate for driving in non-
mapped locations since they need the GPS 
coordinates for localization. 

c. Despite the fact that AI's position in society is always 
changing, an AI system making key choices must 

respect cultural values and adhere to social standards in 
order to win acceptability. The philosophical, ethical, 
and technical acceptability of self-driving technology is 
a significant study subject in cognitive neuroscience. It 
is suggested that if a human was in charge of an 
autonomous car or AI system, they wouldn't really 
suffer or die damage if the system malfunctioned. 

d. The extent of a car's connection, as well as the fact that 
it is online at all times, renders it vulnerable to hacking. 
The safety and convenience provided by self-driving 
automobiles may jeopardize passengers' privacy since 
their movements will be watched and documented. 

6. Components of self-driving cars 

After Today's self-driving vehicles operate by combining a 
variety of high-tech software and hardware technologies. 
A complete self-driving system contains a number of 
critical components that allow it to drive. Cameras and 
different sensors are employed at the sensing step to detect 
any items that are present surrounding the automobile, 
such as other cars, persons, animals and bicycles. It's the 
car's eyes, continually scanning the environment in 360 
degrees. Several AI techniques, mostly Computer Vision, 
are employed to interpret the input from the sensors during 
the understanding step. The self-driving system will 
analyses many of the data that the machine vision system 
has able to retrieve from the control stage. It will control 
the vehicle based on those data. The following are the 
major components of self-driving automobile automation.  

6.1 A Sensors 

The self-driving car's eyes are its many sensors. The 
majority of self-driving vehicles use one or a mix of three 
sensors: cameras, LiDAR and radar illustrated in figure 3. 

 

Fig 3: Sensors Deployment in Self-Driving Cars 

6.2 A Camera 

Cameras are the closest to our own vision. They're taking 
continuous photographs, or movies, using high-quality 
optics, fast frames per second, and high resolution. Self-
driving vehicles will be equipped with cameras on all 
sides, including the front, rear, left and right, and more, 
allowing them to view everything in their immediate 
environment in 360 degrees. Occasionally, a combination 
of several kinds of cameras will be employed, some wide-
angle for a larger field of view, and others narrow but 
high-resolution for a better view. Cameras have the benefit 
of being the most natural visual depiction of the world, 
also it is reasonably priced. [2] [29]. 
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6.3 A LiDAR (Light Detection and Ranging) 

LiDAR operates by projecting light beams and afterwards 
computing the time taken for beam to strike an item and 
reflecting towards the LiDAR scanner. Time of Flight 
readings are then used to compute the distance to the 
target through using speed of light. LiDAR sensors, which 
fire thousands of beams of light per second, are usually 
mounted on the roof of the automobile. To depict the 
world surrounding the automobile, a 3-dimensional 
depiction termed as a point cloud may be produced based 
on the acquired data. The precision of LiDAR sensors is a 
significant benefit. From 100 meters away, a decent 
LiDAR sensor can detect details as small as a few 
millimeters [1-2]. 

6.4 Radar 

Radar, which operates by sending radio signals in spurts or 
pulses, has long been used to detect moving objects. When 
the waves contact an item, they rebound towards the 
sensor, providing information on the object's speed and 
position. Radar is used in self-driving automobiles to 
identify the distance and speed of numerous objects in the 
area. It's the important supplement to the cameras that 
could see what the items do but not their specific location 
(distance). The radar, like the cameras, will be utilized in 
360 degrees surrounding the vehicle. Radar may also be 
used to complement cameras in low-light situations, such 
as at night. It was in contrast to cameras, which, because 
to the illumination, do not perform as well at night. The 
disadvantage of radar is that this is presently restricted in 
terms of precision. Radar sensors nowadays have a 
relatively low resolution. So radar provides us with an 
estimate of the distance, position, and velocity of other 
objects, but the estimate is a little hazy and inaccurate[1-2]. 

6.5 Computer Vision 

The brain is where much of the key processing takes place 
in a self-driving system's comprehending stage. The 
purpose of the understanding step is to interpret most of 
the data collected from the sensors. The goal of this 
interpretation is to obtain important information that will 
aid in the safe operation of the vehicle. Information such 
as: What are all of the items surrounding me, how are they 
moving and where are they? As a result, our technology 
may be able to recognize humans, automobiles, and 
animals. The data for a self-driving automobile might 
come from a variety of sources, including cameras, 
LiDAR and radar. As a result, all of the standard 
Computer Vision tasks may be conducted to each type of 
sensor data, resulting in a highly complete collection of 
knowledge on the world surrounding the automobile. This 
also provides redundancy in the sense that if one system 
has failed, some other systems do have a chance to 
identify the failure. The fact that AI networks can be 
trained is one of the most appealing aspects of employing 
AI for many of these activities. The more data a network 
receives, the better it becomes. The gut of the self-driving 
automobile system is computer vision. Every feature of 
the car's surrounding surroundings will be properly 
detected and quantified in an ideal system [2] [11] [23] 
[37]. 

6.6 Artificial Intelligence 

Artificial intelligence (AI) has been employed in a variety 
of fields, including robotics. This is a logical match for a 
technology that claims to master autonomy. At different 

levels of abstraction, AI is a computer paradigm for 
extraction of features and pattern recognition. Deep 
Learning (DL) and Machine Learning (ML) are AI subsets 
that fall into three categories: supervised, unsupervised, 
and reinforcement learning. Artificial intelligence 
algorithms that identify features and patterns from raw 
data automatically and make predictions or take actions 
based on a reward function. Techniques such as 
supervised and unsupervised learning models are 
presented. Human annotation of data is required for 
supervised learning. Humans are, in some ways, at the 
heart of AI performance. Augmented annotation 
algorithms take the role of human data annotation. In 
autonomous driving, unsupervised learning evaluates the 
driving environment and surrounds with little human input. 
Self-driving vehicles are intended to sense their 
environment in a manner that is at least close to how the 
human eye processes information, leading to cognitive AI 
systems that can learn, relearn, and take actions in order to 
accomplish object identification, cognition, and scene 
perception. Self-driving vehicles must be able to identify 
the surroundings, comprehend 3D representations of the 
world, distinguish the movement of objects, people, and 
other automobiles, and cope with human emotions in order 
to realize human-level driving from a Machine Vision 
standpoint. While AI algorithms may acquire excellent 
perception control from data, and the time required Map 
annotation and High Cost of LiDAR Sensors bound 
autonomous driving to use AI. [1-3] [8] 

7.0 Artificial intelligence based application for self-
driving cars 

Table 1 shows the current artificial intelligence 
frameworks in self-driving cars for scene perception and 
object identification. The majority of the framework is 
built on industry-standard benchmark datasets and real-
world scene photos shown in fig 3 and 4, with the goal of 
detecting and recognizing message signs, traffic signs, 
traffic lights, and arrows. 

 

Fig 4: Sample images of Traffic Sign used in GTSRB 
Dataset [5] [13-14] [21] [23] [25] [31]. 

 

Fig 5: Sample images of Traffic Lights used in LaRA 
Dataset [36-37]. 
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Table 1: AI based Implementations for Autonomous 
Operation in Self-driving cars 

Ref. 
No. 

Dataset 

(Inputs/
Outputs

) 

Methodol
ogy 

Exper
iment

s 

Result 
Paramet

ers 

Remar
ks 

[4] 
Messag
e Sign 

VMS 
(variable 
message 

sign) 

reading 
system 
using 

machine 
learning 

technique
s 

Simul
ation 

Trainin
g Loss 

Limite
d 

numbe
r of 

dataset 
sample
s, less 
accura

cy 

[5] 
[13-
14] 
[21] 
[23] 
[25] 
[31] 

Traffic 
Sign 

(Germa
n 

Traffic 
Sign 

GTSRB 
Benchm

ark) 

LeNet 

architectu
re for 
traffic 
sign 

recognitio
n using 
CNN, 
SVM 

Classifier, 
ML 

classifiers 

Simul
ation 
and 
Real 

World 

Accurac
y, 

Trainin
g Error, 

F1, 
Precisio
n,Recall 

Learni
ng 

high-
level 

feature
s, low 
resolut

ion 
images
, poor 
contra

st 

[6-
10] 

Traffic 
Sign 

(Berkle
y Deep 
Drive, 

INSAA
N and 

TT100K
Dataset) 

YOLO 
networks 
extended 

with a 
modified 

CNN 

Simul
ation 
and 
Real 

World 

Accurac
y, mAP, 

recall 

Take 

longer 
time to 
train 

[11-
12] 

Traffic 
Sign 

(Ecuado
rian 

TSDS) 

Color 
segmentat
ion and a 
convoluti

onal 
neural 

network, 
HOG 

Features 
and ELM 
classifier 

Simul
ation 

Accurac
y, 

Precisio
n, 

Recall 

Less 
accura

cy 

[16] 

Traffic 
Sign 

( BDD-
Nexar 
and 

LISA 
dataset) 

A 
diversity 
of (GAN) 

models 
and 

Optimal 
reinforce

ment 
learning 

Real 
World 

Precisio
n, 

Recall 

High 
resolut

ion 
video 

dataset 

[17] 
[32] 

Traffic 
Sign 

Standar

HOG 
Features 
and ML 

Real 
World 

Accurac
y, mAP 

Datase
t 
belong 

d 
Philippe 
traffic  
signs) 

classifiers
, YOLO 

v3 

to 
specifi
c 
enviro
nment 

[22] 

Traffic 
Sign 

(Korean 
Traffic 
Sign 

Detectio
n 

(KTSD) 
dataset) 

Dark 
Area 

Sensitive 
Tone 

Mapping 
(DASTM

) 

Techniqu
e with an 
optimized 
version of 
YOLOv3 

Simul
ation 
and 
Real 

World 

Mean 
Average 
Precisio

n 
(MAP), 
Intersec

tion 
Over 
Union 

(IOU),P
recision, 
Recall 

Manua
lly 

annota
tion 
for 

feature
s 

selecti
on of 

trainin
g of 

sample
s 

[27] 

Traffic 
Sign 

(Tsingh
ua-

Tencent 
100K 

dataset) 

Deep-
learning-

based 
model 

(Dense-
RefineDe

t) 

Simul
ation 

Accurac
y 

Comp
utation 
cost is 
higher 

[28] 

Traffic 
Sign 

(Ice 
environ

ment 
traffic 
sign 

recognit
ion 

benchm
ark 

(ITSRB
) and 

detectio
n 

benchm
ark 

(ITSDB
)) 

Libra-
RCNN 

and 
HRNetv2

p 

Simul
ation 

IOU, 
Precisio

n, 
Recall, 

AP 

Datase
t 

sample
s 

includ
es 

variou
s 

climat
e 

change
s 

[29] 

Traffic 
Sign 

(Ceit-
TSR 
and 

Ceit-
Foggy) 

Aggregat
ed Chanel 
Features 
(ACF) 

and 
Convoluti

onal 
Neural 

Networks 
(CNN) 

Simul
ation 
and 
Real 

World 

Accurac
y, 

Inferenc
e Time 

Need 
more 

prepro
cessin
g task 

to 
analyz

e 
image 

[34] 

Traffic 
Light 

 

HOG and 
LBP 

Features, 
SVM 

Classifier 

Real 
World 

Detectio
n Rate, 
Precisio

n, 
Recall, 

Processi
ng Time 

Deep 
feature
s can 

enhanc
e the 

accura
cy 
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[36-
37] 

Traffic 
Light 

(LaRA, 
France 
public 
traffic 
light 

dataset 
Dataset) 

CNN 
Simul
ation 

Accurac
y, 

Recall 

Low 
resolut

ion, 
less 

frame 
rate 

dataset 
sample

s 

[35]
[38] 

Traffic 
Light 

(Bosch 
Small 
Traffic 
Lights 

Dataset) 

MobileNe
tV2+SSD 

model, 
Fully 

convoluti
onal 

network 

Simul
ation 

mAP, 
Avg 

Processi
ng Time 

Datase
t with 
HDR 
image 
sample

s 

 
8. Conclusion 

In this paper, we looked at current trends and 
breakthroughs in deep learning for computer vision, 
especially vision, object identification, and scene 
perception for self-driving vehicles, and gave a study of 
autonomous vehicle control systems that used computer 
vision and artificial intelligence. The applications 
addressed in this article show a lot of potential for using 
artificial intelligence to operate autonomous vehicles. 
Artificial driving intelligence is yet unable to annotate and 
classify the driving environment without the aid of 
humans. The existing performance of AI-based controllers, 
on the other hand, may be far better. Furthermore, most of 
today's study is restricted to simulation. While simulation 
testing is essential for feasibility studies and early 
performance assessments, these systems will need 
substantial field testing and training before they are 
suitable for deployment. The vast quantity of data 
necessary to train AI-based models has been noted as a 
computational problem. The complexity of selecting the 
best network architecture for a specific job has also been 
cited as a hurdle. The very complex structure of the 
operating environment makes adaptability and 
generalization difficult in the autonomous vehicle area. 
Due to the increased time and budget constraints of field 
testing and training, quality assurance is an additional 
issue. While simulation is an apparent way to decrease the 
amount of actual field testing necessary, it has its own set 
of limitations when used in training and testing. Due to the 
safety-sensitive nature of the autonomous vehicle sector, 
safety was regarded as a major difficulty. This is 
complicated by the opaque nature of AI-based approaches, 
which makes safety evaluation of these systems difficult.  
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