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Abstract: Currently, self-driving cars have 
reached a very high technological level. The 
development of sensors, algorithms and 
actuators have made it possible to generate 
advances in vehicle autonomy. The perception is 
a main part of this advances. Several companies 
have invested time and money to lead this race 
to create safety roads and change the form of 
transportation for millions of people. In the 
development of vehicular intelligence, the 
objective is to automate the tasks in which the 
driver can make mistakes in addition to simpler 
driving activities. For this, the main problem is to 
structure and organize the perception and 
decision-making systems, in a sequential way 
and orderly. 
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1 INTRODUCTION 

For decades, this was a pure science fiction, but 
self-driving cars are beginning to enter the 
sphere of science fact. With Google, Tesla, and 
others actively working on their development, 
we could start seeing them in our driveways as 
soon as next years.  

Self-driving robotics vehicles are cars or trucks 
in which human drivers are never required to 
take control of the vehicle safely operating. The 
principal technology enabler of autonomous 
vehicles is the interaction between predictive AI 
and imaging technology. The sensors create a 
3D picture around the vehicle, and the AI 
interprets how the vehicle should respond 
safely. Because the imaging technology is a 
critical technology enabler, it has become the 
most significant limiting factor to wide scale 
production of L3 and above autonomous 
vehicles. Development in sensor technology 
has historically combined video, radar, 
ultrasonic sensors, and Light Detection and 
Ranging LiDAR. This approach, however, has 
not been successful.  
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Glare, focus issues, depth perception 
challenges, fog, and heavy rain have all 
inhibited the accuracy of existing sensor 
technology. 

A self-driving vehicle needs machine learning 
algorithms to have the capability of identifying 
and reacting to objects autonomously. To train 
a driving system on these algorithms requires 
large sets of annotated images. 

Commuting to work in a self-driving car lets 
read, return calls, catch up on favorite podcasts, 
and even nap. The self-driving car also serve as 
your assistant, keeping track of what you need 
to do, planning routes to ensure all your chores 
are done, and checking the latest traffic data to 
select the least congested roads. Self-driving 
cars help reduce fatalities from car accidents 
while autonomous forklifts can help eliminate 
back injuries caused by lifting heavy objects. 
Robots may change some existing jobs, but, 
overall, robots can make great societal 
contributions. Lawn-care robots and pool-
cleaning robots have changed how these tasks 
are done. Robots can assist humanity with 
problems big and small. 

SAE J3016 standard of autonomous driving 
levels classifies vehicles based on human-
machine interaction in aspects such as:  

 Vehicle movement, acceleration, braking 
and steering.  

 Recognition and reaction of obstacles and 
eventualities, through monitoring systems.  

 Driving support, detection and correction 
of vehicle faults.  

 Management of conditions external to the 
vehicle such as weather, geography, type 
of road, amount of traffic. (See Figure 1: 
Vehicle automation Levels ). 

Level 0: No Automation. - The driver is in 
command and takes over all responsibilities 
derived from the use of the vehicle. Level 1: 
Driver assistance. - Certain systems, such as 
cruise control or automatic braking, may be 
controlled by the car, one at a time. Level 2: 
Partial automation. - The car offers at least two 

50



simultaneous automated functions, like 
acceleration and steering, but requires humans 
for safe operation. Level 3: Conditional 
automation. - The car can manage all safety-
critical functions under certain conditions, but 
the driver is expected to take over when alerted. 
Level 4: High automation. - The car can 
circulate and make decisions without the 
intervention of the driver, level 4 autonomous 
cars are constantly monitored inside and 
outside, guiding passengers towards their 
destination. The driver only has to indicate the 
place when he wants to move, being able to 
take control of the car at any time he wants, 
although it should not be necessary at all to do 
so practically. Level 5: Full automation. - The 
figure of the driver will cease to exist and 
 

he will just become one more passenger. The 
experts assure that the orders will be given by 
voice or through mobile devices. [1].  

For both level 4 and level 5, since it is not 
necessary for there to be a driver, nor even a 
backup user, the vehicle control and handling 
elements could be dispensed with: that is, we 
would have vehicles without a steering wheel or 
pedals [2]. 

Thanks to technologies such as lasers, radar, 
the global positioning system, or the vision of 
computerized cameras, the car will obtain a 
360-degree vision that will allow it to recognize 
everything that is around it. 
 

  
Figure 1: Vehicle automation Levels [1]

2 PERCEPTION  

For understand the importance of perception in 
an autonomous vehicle, in this section we 
present the human perception, the process that 
needs a human body to recognize the 
environment and interact with it, and how we 
can development similar systems in 
autonomous vehicles. 

Perception is the process by which human 
beings receive, interpret, and understand the 
signals from the environment in which they 
interact, this information is encoded with 
sensitive activity. It is a series of data that are 
captured by the human senses (sight, touch, 
hearing, etc.) as raw information, which then go 
through an active-constructive process, which 
involves processing new information by 
comparing it with previously obtained data 
(experiences). An anticipatory behavior 
scheme is established, which allows them to 

face stimuli and make an appropriate decision 
[3]. 

Psychology explains, the perception refers to a 
mental image formed from human experience, 
which includes its form of organization, its 
culture, and its needs. This entails two 
components of perception that psychology 
analyzes: The external environment, refers to 
the general environment that will be captured 
(images, sounds, etc.) and the internal 
environment, refers to the way in which the 
human body interprets these external stimuli (it 
depends on the individual experiences). For 
this reason, it is said that perception is 
subjective. It is selective, based on the 
decisions of each person and the way of 
perceiving stimuli, and it is temporary, in an 
environment of permanent change [4]. 
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2.1 Stages of Perception 

Detection / Exposure: In general, the amount of 
information we perceive from our environment 
is minimal (necessary to react to different 
stimuli), this selection is not made consciously, 
but neither randomly. This is based on criteria 
that make a stimulus more easily perceived. 
The ability to detect the stimulus will depend on 
its size, color, movement, intensity, contrast, 
and effect it may have on the individual [4]. 

Attention/Organization: The Gestalt psycho-
logical School delimited the principles of 
grouping stimuli that are perceived by people, 
assigning a specific meaning to what is 
perceived. The premise "The whole is greater 
than the sum of its parts" is the logical base of 
this school. The principles in a general way can 
be summarized as: Organization of stimuli by 

background and form: elements that are at a 
close distance are usually perceived as a group 
or as the same object (proximity), linking to 
things that are continuous and complete, 
although a pattern has disappeared 
(continuity), similar figures (size, shape or 
color) are usually grouped together and 
perceived as a unit (similarity) [5]. In the Figure 
2: Gestalt principles examples explanation, we 
can see the examples of Gestalt principles, 
usually used in graphic designing.  

Interpretation: Once the stimuli are selected 
and organized, the reaction process to these 
stimuli begins. In this process it is represented 
by the individuality of each person, with their 
previous experience and their personal values. 
Despite being an individual process, 
experiences of the population also influence 
decision-making [4]. 

Figure 2: Gestalt principles examples explanation 

3 STRUCTURE OF SELF-DRIVING CAR 

SYSTEMS  

In this section, we present a typical structurer 
for automotive vehicles, a general description of 
the decision-making system. 

In the last decade, autonomous car research 
has continued and determined the typical 
structure that is composed of the perception 
part and the decision-making part with multiple 
subsystems (see Figure 3:). 
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Figure 3: Typical structure for a self-driving car  

The Perception system is responsible for 
digitally representing the environment in which 
the vehicle operates, taking into account the 
state of the vehicle, using data from sensors 
inside the vehicle such as cameras, Light 
Detection and Ranging (LIDAR), Positioning 
System Global (GPS), Radio Sensing and 
Range (RADAR), Inertial Measurement Unit 
(IMU), odometer, odometer and the state of the 
road using offline maps, traffic signs and road 
network [6]. 

The Decision-Making System is in charge of 
tracing the most appropriate route for the 
vehicle, from its initial position to the previously 
established final objective [6]. 

The information obtained in the perception 
system together with historical information 
collected from the road network, the rules of the 
road, the vehicle dynamics and the sensor 
models, all help in the automatic generation of 
values for control and execution variables of 
autonomous vehicle [7]. 

4 SELF-DRIVING CARS PERCEPTION 

In the section 2, we can see the typical structure 
in an autonomous car, the perception system is 
made up of multiple subsystems that include 
location, tracking, mapping, and detection. 
These systems joint with offline maps, 
transform the sensors data input into useful 
information for the decision making system and 
allow vehicle to navigate [8]. 

Modeling of an autonomous system begins with 
the notion of the configuration of the vehicle, 

which represents its position and location in the 
world with reference to a coordinate system [7]. 

4.1 Location  

The Localizer subsystem is in charge of 
detecting the current state of the car (cardinal 
position, angular and linear speed, etc.) relative 
to a reference frame in a map [6], which can be 
either a raw point cloud map or an annotated 
semantic map, depending on intelligent 
technology and sophisticated algorithm [8]. 
This reference map (Offline map), is given by 
the information obtained from the sensors of the 
autonomous vehicle and is automatically 
calculated before the autonomous operation 
[6]. 

4.2 Mapping  

The mapping subsystem is in charge of creating 
online maps, using the information about the 
state of the car (Location Subsystem) and the 
offline maps [8]. For decision-making in an 
autonomous vehicle, It is suggested that the 
online map provide a static representation of 
the environment in which it navigates, in 
addition to information on the position and 
speed of moving obstacles. This process allows 
greater autonomy to avoid collisions with 
moving obstacles and eliminate them from the 
online map [6]. 

The 3D mapping of environments could prove 
to be a very important infrastructural (static) 
element for achieving self-driving. This type of 
mapping effectively provides a super-detailed 
version of Google Maps for self-driving cars to 
draw on, which can be combined with real-time 

53



sensor readings for navigation. GPS alone 
provides accuracy in the range of a couple of 
meters, which is not nearly accurate enough for 
positioning a car on a road [8]. One key 
technology making its way into a variety of 
autonomous research vehicles is Light 
Detection and Ranging (LIDAR) technology. 
LIDAR uses rotating lasers that emit short 
pulses of light and then measures the return 
time to create a detailed 3D map of the 
surrounding environment [9].  

Vibration caused by the vehicle can make 
LiDAR data unstable, and as such, the reliability 
of this technology may be limited. This is one of 
its primary drawbacks as a sensor for 
autonomous vehicles. The RoboSense LiDAR 
[10], named the RS LiDAR M1Pre, is the 
company’s first microelectromechanical system 
(MEMS) solid-state LiDAR. This technology 
takes advantage of miniaturization that 
integrates mechanical and electrical elements 
to create small but powerful sensors. As a 
result, RoboSense’s LiDAR units require only a 
few laser emitters and receivers. In contrast, 
traditional mechanical LiDAR units require 
more than a hundred of these components to 
rotate and scan at the same time. 

4.3 Tracking 

The tracking subsystem is in charge of 
determining and estimating the position of the 
obstacles that appear during the navigation of 
an autonomous vehicle. This information is 
used for the development of algorithms that 
allow the vehicle to avoid obstacles in motion 
[6]. The tracking system in general has three 
phases; the first is Segmentation, where the 
obstacles are divided into smaller segments 
that have different needs, characteristics, and 
behaviors; the second is Association, where it 
connects objects with similar characteristics 

(depending on the criteria of an intelligent 
algorithm); and the third is Filtering, where 
Kalman filters and particulate filters are used to 
smooth the vehicle's dynamics [8]. 

The sensors used to estimate the position of 
obstacles are range sensors (LIDAR, RADAR) 
and cameras that allow a better resolution of 
the obstacles, these can be of stereo or 
monocular type [6]. 

4.4 Detection  

The stop subsystem is responsible for the 
recognition and estimation of vehicles that 
circulate in the environment, it is based on 
characteristics such as their position, direction 
in which they are moving and their sizes. This 
process is based on 3 main phases that obtain 
necessary information through cameras 
located in front of the vehicle and through 
LIDAR. This process has 3 steps for obtaining 
necessary information through cameras 
located in front of the vehicle and through 
LIDAR in the top. The first step is to take a 
picture, the second step is to assign labels to 
each pixel of the image (an object can have 
several pixels with the same label), and the 
third step is to create a 3D image to determine 
the position of the vehicles [8]. 

In addition to detecting vehicles and obstacles 
in the environment of the autonomous vehicle, 
it is necessary to detect traffic signals. For this 
purpose, there is a subsystem (within the 
detection system) in charge of recognizing 
signals and traffic regulations, which allows the 
vehicle to take decisions to comply with traffic 
laws. These signs can be broadly divided into 
traffic lights, traffic signs, and pavement 
markings [6]. 

 

 
Figure 4: Example of a modified traffic sign 
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The digital magazine BTECH [11], presents a 
simple visual trick (Figure 4: Example of a 
modified traffic sign) to confuse the visual 
sensors in the vehicle and the poor operation of 
the autonomous system. In this case nothing 
had to be hacked, this might not seem like a big 
problem but it is serious in reality. 

4.5 Machine learning  

Hardware is only one part of the system. The 
algorithms and software that interpret sensor 
inputs and control the vehicle outputs are, of 
course, a critical part of the technology. A 
vehicle needs machine learning algorithms to 
have the capability of identifying and reacting to 
objects autonomously. To train a driving system 
use these algorithms requires large sets of 
annotated images [12]. 

The solid-state hardware with a deep learning 
detection algorithm are used to mimic human 
eyesight, and realize the gaze function for an 
autonomous vehicle. The RoboSense 
Intelligent Perception LiDAR System (RS-IPLS) 
is an example of this, its algorithm adjusts the 
region of interest, detect the nearby obstacles 
in the area in real-time without delay, and share 
the information that the autonomous vehicle 
needs to navigate [13] [14]. 

4.6 Data Cloud  

With the growth of smart devices capable of 
storing information on the cloud generate an 
enormous amount of data that will become 
available for alternative usage, which is likely to 
present challenges and opportunities about 
data security, security, privacy concerns, and 
data analytics and aggregation [15] [16]. 

In a personal mobility based on autonomous 
vehicles, threats will undoubtedly arise. 
Unauthorized parties, hackers, or even 
terrorists could capture data, alter records, 
instigate attacks on systems, compromise 
driver’s privacy by tracking individual vehicles, 
or identifying their residences. They could 
provide bogus information to drivers, 
masquerade as a different vehicle, or use 
denial-of-service attacks to bring down the 
network [17]. Currently maintaining the privacy 
is somewhat difficult, since there is a 
widespread connectivity inside and outside 
people’s homes [18] [19]. 

5 CONCLUSIONS  

Self-driving cars have been put forth as a 
solution that can make mobility safe, secure, 
affordable, sustainable, and accessible for 
everyone. 

The challenges of an autonomous vehicle have 
been focused on its ability to recognize the 
environment and react to unforeseen stimuli. 
This has been developed by providing the 
vehicle with perception and decision-making 
criteria that resemble human behavior. 

The movement of the vehicle must be planned 
and regulated to carry out the driving tasks and 
respect the limitations introduced by the vehicle 
model and traffic laws.  
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