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Abstract 

Autonomous vehicles are the upcoming smart vehicles expected to be efficient, crash 

avoiding and driver less ideal urban vehicle. To attain this goal many organizations started 

research in this field to solve the real time problems faced during the development of 

autonomous vehicles. The first challenge in this phase is to customize the existing technology 

to develop autonomous vehicle with latest technologies. The future expectation is to develop 

fully automated vehicle without any flaws. This can be achieved by integrating various 

sensors, navigation software and various control algorithms, etc. However, the challenges and 

uncertainties are still vast because the application of autonomous driving environment 

involves not only the complex automotive technology but also the human-behavior, traffic 

management strategies, ethics, liability, policies etc., So as the result carmaker’s does not 

expect to commercially launch an autonomous vehicle in less time. From the technical 

perception the detection of the obstacles at high speed and a long distance is one of the 

highest difficulties. This survey paper shows an overview of the challenges faced by the 

autonomous vehicle and the technological implementations applied. Based on the research 

works of various researchers this literature survey is carried out and it can be used for future 

references. 
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1.  Introduction 

Autonomous-Vehicles are capable of sensing the environment & operate with-out 

human interaction. The drivers are not needed to control the vehicle and need not to be 
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present in the vehicle. This can go anywhere as the normal car does and can do everything as 

experienced driver does. The autonomous vehicles with adaptive control strategy are closer to 

become the reality [1-4]. As the time passes, a research on autonomous vehicles is bringing 

the huge-effects that may imply on the different fields. Significance of the vehicles 

automation on a global- mobility, on competitiveness, on traffic efficiency, on the occupancy 

of a territory, on the labor- market although it is unexpected with the high confidence level it 

has already been drawn. Current study laid a foundation for the future investigations and 

show a possible weakness that should be kept in mind as a technology & the vehicles evolves 

[21]. This paper has been organized as following: Section-2 shows the levels of driving 

automation. Section-3 addresses the challenges faced by autonomous vehicles. In Section-4 

various implementations for autonomous vehicle. Section-5 elaborates the conclusions and 

scope for continuous research. 

2. Levels of Driving Automation 

Automatic Driving is said to be the big troublesome innovation in the upcoming 

years, because of controlling capacity of the vehicle and the collision problem. Collision free 

autonomous systems are developed using Model predictive control [5]. Considering this 

problem, it is supposed to have massive societal impact in all kinds of fields. Autonomous 

vehicle creates and maintains the maps of their surrounding created by many sensors placed 

in a different portion of the vehicles. RADAR sensors   are   used to   monitor   a position 

ofanearby   vehicles. Video cameras are used to detect traffic-lights, track of the other 

vehicles, road signs and looks for pedestrians [6]. An autonomous car includes RADAR, 

Artificial-Intelligence (AI), Cameras and Sensor to reach the destinations with-out human 

operators [19]. The levels of driving automation are shown in Fig 1. 

 

Figure 1. Levels of Driving-Automation 

Level 0: No Automation- It is a manual control where the driving tasks such as 

steering, braking, acceleration etc., is performed by human. 
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Level 1: Driver Assistance- Cruise control monitors the speed that is the vehicles 

feature is a single automated system. 

Level 2: Partial Automation- The action like acceleration and steering is performed 

by vehicle that is automatic driving assistant system. The human can still monitor the task & 

take over the control of vehicle at any time. 

Level 3: Conditional Automation- Environmental Detection capability, the most of 

the driving tasks are performed by vehicle but human over-ride is required. 

Level 4: High Automation- In this under the specific circumstances a driving-task is 

performed by vehicle and a human override is still an option. Geo-fencing is required. 

Level 5: Full Automation- Human interaction and attention is not required, under the 

entire conditions vehicle performs all the tasks [5-6]. 

3. Challenges Faced by Autonomous Vehicle 

Fully automated cars mentioned in level 5 is undertaking tests in several places of 

world, but till today it is available for general public usage. There are various challenges in 

different aspects. Some of the major challenges are mentioned below: 

3.1  Traffic Conditions 

Autonomous vehicles will get into the road, where they are required to drive in all 

kinds of traffic situations. They are supposed to drive with different autonomous vehicles on 

a same road at a same time the movement of pedestrians also need to me monitored. Traffic 

could be self- regulated and highly moderated. But there are situations we may need to face 

uncertainties. Any kind of objects may come in unexpected situation. In this case an 

intelligent system can take appropriate decisions. One cannot wait limitlessly for a traffic to 

get clear by itself and has some precondition to move. If several vehicles on a road are 

waiting for a traffic to get clear, finally it may results in traffic deadlock [7-8]. 

 3.2  Road Conditions 

Road-conditions are extremely unpredictable and varies from a place to place. There 

are some smooth and marked broad highways also. But in some case, road conditions are 

highly not acceptable and not suitable for the regular transports. The autonomous vehicles are 

expected to operate in automated road ways. These vehicles are instructed to follow the 
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predefined trajectories [9]. Different algorithms are used for following the trajectory. This is 

one of the emerging research areas, where many researches work towards developing an 

optimal algorithm. 

3.3  Accident Liability 

One of the greatest important fact of autonomous vehicle is accident liability. Who 

will be liable for an accident caused by self driving cars? In the case of autonomous vehicles, 

the software will be one of the main sections that drive a car and make the decisions. The 

initial designs were having a person who will physically place behind the steering wheel; 

newer designs do not have dash-board and a steering-wheel. In such a design, where the cars 

do not contain controls like brake pedal, steering wheel, accelerator pedal, how will the 

person in a vehicle supposed to control a car in the case of unfortunate incident? Moreover, 

due to behavior of an autonomous vehicle, the tenants are in a comfortable state & may not 

require pay much attention to the traffic circumstances. In the situations where the attention is 

wanted by a time they react, it may be late to prevent the circumstances [16]. 

3.4  Lidar and Radar 

Lidar is trying to reach the right balance of the range & resolution even though it is 

expensive. If many autonomous vehicles are on same lane, will the lidar signal interfere with 

each other? 

If many radio-frequencies are there, will the range of frequency is enough to support 

mass- production of an autonomous vehicles? It is said that people relying on Lidar is 

doomed. To detect the objects near vehicles and to generate 3 dimensional pictures a Lidar 

uses infrared-light however the technology is also costly. Radar cannot pass through walls 

with real accuracy because a false positive will be created when the beams spreads while 

hitting the wall [14-15]. 

3.5  Artificial and Emotional Intelligence 

Humans rely on delicate signal and non-verbal communication for example 

identifying facial expression, body language of other drivers and making eye contact with 

pedestrians, just to predict behavior and make judgement calls in split second. Autonomous 

vehicles will not be able to emulate these connections. And autonomous vehicles will not 

have same life-saving character as drivers. It is very difficult for a non-living thing to 

understand the human emotion. 
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4. Implementation on Autonomous Vehicle 

4.1  Technology used in Autonomous Vehicle 

Advance in technologies like electronics and sensors has led to the build of many 

advanced vehicles, which helps in assist the drivers in controlling the vehicle at normal 

condition and avoid effect during emergencies. These are not new system such as electronic 

stability control or anti-lock braking has been used to control discrete vehicle systems. What 

makes the different in recent innovation is the capacity to intercommunicate and control 

greater proportion of vehicles operation and making common for vehicles to supplement 

driver input. The process of autonomous vehicles has three major controls i.e., Acceleration, 

Direction and Braking [13]. 

Sensors used in Autonomous vehicles are: 

 RADAR: Use the bursts of sounds for the measurement of distance by measuring the 

time takes for the sound to return to the sensor. 

 LIDAR: Instead of sound this uses laser to measure distance ranging upto 200m. 

 Video Cameras: Captures two dimensional pictures and records in multiple still shots. 

 Ultra-sonic Range Sensor: Measures the distance between the objects by using high 

frequency sound waves. 

 Inertial Measuring Unit: Determines the vehicle angular and linear motion by 

accelerometer and gyroscopes. 

 Global Navigation Satellite System: Provides autonomous geo spatial positioning 

using satellite. Subset of global navigation satellite system is Global-Positioning 

System (GPS) [17]. 

4.2  Benefits of Autonomous Vehicle  

4.2.1 Traffic Efficiency 

The major benefit of autonomous car is the ability of communicating with each 

other’s. The ability of communicating in real-time helps the vehicles to travel efficiently at 

augmented distance from each other’s. They determine the best routes for a traveler and 

eliminate the bumper-bumper traffic jams. The autonomous vehicles keep buffer in-between 
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cars in front and themselves while speeding up, which helps them to force the brake often 

less. The autonomous cars can improve the traffic flow by upto 40% [22]. 

4.2.2 Prevention of Car Crashes 

Most of the accidents are because of human errors. Computer based-system will 

eliminates the human errors. Major accidents plus drunk and drive or distracted-driving will 

not be in autonomous vehicles. The accidents are reduced up-to 90% by this autonomous 

vehicle. Autonomous cars not only sense the environment but can also anticipate which 

humans cannot predict. Some of the events are predicting the vehicle movement ahead and 

behind. By the latest technologies like forward-collision warning, lane-departure warning, 

pedestrian automatic emergency-braking system and automatic emergency-braking 

autonomous vehicles senses, anticipates and take corrective actions. 

4.2.3 Better Access Mode of Transportation 

Autonomous vehicles are mostly useful, safe and reliable for the people who feel 

difficult to drive and those who cannot drive the normal vehicle. Aging people and people 

with disability can rely on autonomous vehicles [10]. Because the autonomous vehicles are 

capable of reacting in real time which leads to avoid many crashes and accidents. 

Places with less public-transit exposure can be benefited from autonomous vehicles. 

And can also reach areas easily where infrastructures are lacking. 

4.2.4 Environment Friendly 

Another important factor in autonomous vehicle is environment. Rather than 

consuming internal combustion engines these are likely to be electric vehicles. These vehicles 

speed are consistent so there is less braking as well as accelerating action which helps in 

reduction of emissions and becomes environmentally sustainable [18]. 

5. Conclusion and Future Scope 

The principle of autonomous vehicle is a successful phenomenon, which has helped in 

so many driving scenarios like advanced driving assistant system, automatic braking system 

etc. This paper explains the challenges faced by autonomous vehicles and the technologies 

used for autonomous vehicles. However, it highlights that several conditions must be satisfied 

to achieve the fully automated vehicles. Completely autonomous vehicles will not be 

marketed soon. The time required to over-come the technological issue must be utilized to 
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design supportive traffic management strategies which will guarantee success over the 

introduction [11]. Special attention is required for ethical and legal issues, which will 

determine when the society is ready for the future autonomous driving environment. This 

survey is of great importance in improving the number of autonomous vehicle and control of 

vehicle under complex conditions which is helpful for the further improvement and 

development of intelligent vehicle driving assistance [12]. 

The technologies used by autonomous vehicles are improving everyday which leads 

for the further research and implications. Hence, many get an opportunity for developing a 

fast and reliable technology to be used for future autonomous vehicles. This can beat the 

current technology and make the autonomous cars more stable and more compatible [20]. 

The technologies like forward-collision warning, lane-departure warning, pedestrian 

automatic emergency-braking system and automatic emergency-braking were only available 

in luxury cars. But now it can be used in commercial vehicles like public transport system 

i.e., buses and also in trucks. Very soon various autonomous vehicles are expected to be 

launched in the market. This new era brings more opportunities for the research community 

in the field of autonomous vehicles. 
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