
Abstract — At present the self-operating vehicles are 

one of the revolutionizing researches in the field of 

automobile. The use of autonomous bus in public 

transportation can improvise the safety and standard of 

transportation by reducing the traffic congestion and 

can make it friendlier in reducing pollution. In this 

paper we have detailed how an autonomous bus works 

detecting its surrounding, avoiding obstacles and 

planning its path accordingly to the destined area to 

implement artificial intelligence using smart 

technologies for decision making and path finding using 

efficient algorithm. 

 

I.  INTRODUCTION 

Artificial Intelligence (AI) is an intelligence 

manifested by machines (i.e.) a machine is capable of 

analyzing and solving problems independently. AI is 

one of the most rising technology in the field of 

computer science in recent years and has started 

creating revolution in many fields [1]. According to 

experts artificial intelligence is defined as “Making 

impossible the possible”. These developments have 

been influenced by the recent advancements in the 

sensing and the computing technology together with 

the transformative impact on the automotive industry 

and the perceived societal benefit. During the year 

2014 there were about 2.3 million injuries, 6.1 

million collisions and 32,675 traffic fatalities [2]. 

Autonomous vehicles can navigate without human 

guidelines by sensing and detecting the objects that 

are presented in environment. The approach towards 

transportation have been revolutionized by the 

autonomous vehicle [3]. Now a days automobile 

industries have more automated technology which 

could guide the drivers such as lane departure, 

adaptive cruise control, warning system etc. but the 

industries are emerging in the development of 

automated cars [4]. These cars are able to sense their 

environment, plan their path and are able to move 

accordingly avoiding the obstacles and leaving way 

for the pedestrians without any human guidance [5]. 

According to which the Google has successfully 

completed its test drives over 200 miles in the city 

streets. [6]. But more likely when compared to other 

self _driving vehicles, if the large vehicles such as 

bus move towards driverless system it would 

influence the economy more efficiently [7]. 

(DYC) the direct yaw moment control, the active 

wheel steering (AWS), (ABS) The anti-lock brake 

system,(ESC) electronic stability control and active 

front/rear steering (AFS/ARS) technologies are 

developed and also commercially put to practice over 

the last 20 years.[8]. The control center can 

collectively manage and optimize the routes of a fleet 

of AVs to achieve certain social objectives, such as 

reducing traffic congestion. In addition, one 

important function of ITS is to handle the so-called 

“last-mile” delivery, which refers to the process of 

conveying goods from transportation hubs to final 

destinations [10]. With the adoption of AVs in the 

modern transportation system, they can be employed 

to construct a new logistic system with high 

efficiency, flexibility, and capacity. The future 

sustainable smart city project will incorporate lots of 

renewable generations into the power grid [9]. 

In industries, transportation of objects and goods 

are carried by automated vehicles. Artificial markers 

are generally used for guiding the autonomous 

vehicles on dedicated platform and working 

environment. The use of private vehicles in large 

cities leads increase in consumption of energy and 

thereby leads to environmental pollution. The new 

generation vehicles are environmentally friendly and 

also public transportation has been rising with newer 

technologies. These vehicles, powered by electric 

engines, are silent and clean. Autonomous bus can 

navigate to its destination sensing their environment 

“without aid from a human”. These vehicles are 

becoming popular in public transportation systems 

because they provide reductions in congestion and 
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improved control over traffic flow.  

II. RELATED WORKS 

A vast research interest on 3D object recognition 

and classification has attracted attention on several 

fields such as robotics and transportation. Object 

recognition is an essential function for autonomous 

vehicles which makes transportation systems smarter 

than ever. The Obstacle detecting system has two 

components, the Laser system component and the 

Vision system component. The Laser system 

component uses two laser scanners and the Vision 

system component uses a camera for detecting 

obstacles and object recognition [16]. 

 

The following are the range image and point cloud 

categories: 

 

• Full 3D: A full 3D object surface is recognized. 

 

• 3D: Only hidden points are recognized and not the 

full 3D object surface. 

 

• 2.5D: Only a part of the object surface is 

recognized from a particular viewpoint. 

 

• 2D: planar contour points are measured by a 2D 

LIDAR. 

 

• Partial cloud: it is represented as 3D, but contains 

less information than 2.5D clouds. 

 

The point-cloud based object detection methods use 

common sensors such as 2D and 3D LIDARS. To 

recreate the surroundings in 3D, many sensors or 

methods which provide 3D data from 2D sensors can 

be used. The vehicles are equipped with LIDAR 

sensors, having 360 degree angle of view and 

insensibility to lighting conditions [17]. Autonomous 

vehicles should be composed of a modern 

infrastructures and also with a highly advanced 

technologies. An autonomous vehicle must collect 

information like a humans, make a decision based on 

the information collected and execute those 

decisions. Information comes from vehicle 

equipment, physical infrastructure, physical digital 

infrastructure, and digital infrastructure. Many of 

these technologies exist today and are capable of 

guiding vehicles and in some cases can drive the 

vehicles with minimum or no driver input. Some 

examples of media attention are Google's self-driving 

car [12] and Tesla's Autopilot system [14] that are 

receiving commercial efforts. There are many 

projects related to the autonomous vehicles for the 

transportation of people on rural and urban areas. The 

method to detect accident using collision sensor and 

raspberry pi or Arduino is proposed by Bhandari 

Prachi. In this model, initially the user must register 

to the app. The alert message is sent to nearest police 

station and to a user that mentioned while app 

registration. It also makes use of the GPS system. 

The collision sensors are used to detect whether the 

accident occurs or not with the help of raspberry pi. It 

is used to detect if any obstacles are in the front or 

back of the vehicle. If an object is detected by the 

sensor, then it triggers or takes corresponding actions 

as designed by the user. It is also more sensitive to 

temperature which may lead to wrong measurement. 

The main disadvantage is that not all the users can 

install the app in their smartphone and in case of 

phone crash or network problems it may be 

impossible to send the message [13]. 

 

A. Levels of Automation 

 

Level 1: Specific Function- Automation:  The first 

level comprises of automation of functions like 

obstruction warning, lane guidance, automated 

parallel parking and cruise control. Here the drivers 

are liable for the overall vehicular control operations.  

 

Level 2: Integrated Automated Function: The 

second level of AI technology over automation 

provides the adaptive cruise control with driver 

fatigue detection and lane centering. The driver is 

liable for monitoring the roads but under certain 

situations they can disengage from vehicular 

operations. 

 

Level 3: Limited Automated Self-Driving: The 

drivers can transfer all the safety functions to the 

automated vehicle and entrust on it for changes. 

 

Level 4: Full Automated Driving: Here the 

vehicles can operate all driving activities on its own 

and also able to monitor the road and traffic 

conditions. These vehicles are specially developed 

for a person who can't able to operate a vehicle and 
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drive without any help. 

 

B. Service Requirements and Autonomous Vehicle 

Equipment  

 

Infrared sensors:  

This sensor is used to sense its surrounding by 

emitting IR radiation. The measurement of heat and 

motion can be observed by using these infrared 

sensors. 

 

Optical sensors:  

Optic sensor used in automatic doors and for 

obstacle detection. It converts light rays into 

electronic signal. Radar detects object technique, uses 

radio waves to find velocity, range or angle of an 

object to give accurate reading. 

 

 

Ultrasonic Sensors:  

This sensor used to operate in various conditions 

like rain, snow, unpaved roads, and tunnels. 

Communication from one vehicle to another is 

carried by Short range systems. Long range systems 

are helpful in providing detailed report over road 

conditions, software updates and message alerts in 

case of emergency. 

 

Navigation system:  

This system comprises of auto-updated GPS 

systems and special maps. Automated control 

provided for braking, steering, signals etc... [15]. 

Additional System for Testing, maintaining and 

repairing costs for sensors and microcontrollers are 

improved. Significant reports says that, more than 90 

% of road accidents occurred because of  driver's 

error but, the self-driving vehicle will reduce those 

errors [11]. There will be a reduction in traffic risk, 

parking problems, traffic congestion emission 

reductions. The above impacts may accordingly to 

climatic conditions but due to rapid implementation 

the system became more affluent and congested with 

public support. 

III. SYSTEM DESIGN 

Autonomous Buses are equipped with a multi-

beam LIDAR sensor on top of the roof, which 

measures the distance of surrounding objects. 

Another system binds the sensors along with GPS on 

every side of the vehicle to measure continuous 

reading of a rotating angle and acceleration. All 

information analysed by the lasers and the cameras 

are processed using vehicle's operating system and 

software. This system can able to make decisions on 

its own and also control the functions of steering, 

acceleration and braking with captive speed. Obstacle 

Avoiding Technology in order to prevent accidents 

and to make control of traffic aspects. Decision 

making and Path finding techniques are added to 

maintain and analyse vehicle's movement and also to 

find the shortest path to reach the destination. 

Automatic Door Technology for opening and closing 

of doors automatically. Message Passing Technology 

to send alert messages to nearby control room. 

 

Obstacle Avoidance Technology 
One of the foremost important and most necessary 

technology in an autonomous vehicle is Obstacle 

Avoidance Technology. It is one of the most critical 

aspect in consideration because it concerns with the 

safety of both the passengers and road-users. There 

are various technologies used in obstacle detection: 

LIDAR sensors, ultrasonic sensors and vision 

sensors. Ultrasonic sensors are used mostly for 

parking man oeuvres because they are used only for 

short distance (1m to 3m). Vision sensors are used in 

the detection of vehicles or pedestrians so that 

collision can be avoided. These types of sensors are 

sensitive to weather conditions. Radar sensors are 

used in Automatic Cruise Control (ACC) and its 

range is about 150 meters with a field of view of 15°. 

Radar devices .since the microwave is not affected by 

this material, it can be embedded and hidden behind a 

plastic bumper in the car front. This is a key 

advantage of radar technology. LIDAR sensors are 

widely used for their capability to operate at high 

frequency (70 Hz) and to provide high resolution 

measures (0.01 degree) with a range of 60 meters. 

They can be applied as a standalone device or in 

combination with vision sensors in order to achieve 

enhanced measurement results. Most LIDAR sensors 

have a horizontal range of 180°-270° therefore in this 

paper, a LIDAR sensor has been used due to the high 

accuracy that these devices provide in distance 

measurements and provide one-layer measurements. 
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In this demonstration, a LIDAR device which 

provides 32 layer measurement is used. Its angular 

range is about 360° and 41.34° in the horizontal and 

vertical direction respectively. 

Obstacle size, distance and shapes are 

estimated and given as input to path-planning module 

and obstacle avoidance modules. Each spin generate  

multiple 3D point cloud ,which contain detailed and 

useful data for computing the distance to the  

obstacles, as well as their shape and size, as depicted 

in Figure 3. Road lane markings can be detected by 

analyzing intensity variations. Instead of Velodyne-

64, Velodyne-32 is used as a LIDAR sensor that are 

mostly present in automated vehicles. The Velodyne-

32 provides lower density point clouds than 64 beams 

version. To the best of our knowledge, this is one of 

the first contributions of autonomous navigation 

system with the help of LIDAR sensor.  

 

  

 

 

 

 

FIGURE 1. Block Representation of Autonomous microbus system 

 

 

Path Finding & Decision Making Technology 
In a vehicle the decision-making system 

must select a path through the road network from its 

starting position to the end position. In accordance to 

that the road network is represented as a directed 

graph which corresponds to the cost of traversing a 

road segment, such a route can be formulated to find 

a minimum-cost path in the graph. The graph which 

represent road networks contain lots of edges, 

thereby making shortest path algorithms such as 

Dijkstra. The problem of efficient route planning in 

transportation networks has attracted significant 

interest in the transportation science community 

leading to the invention of algorithms. For a 

comprehensive comparison and survey of several 

algorithms can be used to plan routes efficiently for 

self-driving vehicles. The autonomous vehicle can be 

able to navigate the selected route and interact with 

other traffic participants according to driving 

conventions and traffic rules. Given a sequence of 

road segments specifying the selected route, the 

behavioral layer is responsible for selecting an 

appropriate driving behavior at any point of time 

based on the perceived behavior of other traffic 
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participants, road conditions, and signals from 

infrastructure. 

 

 

Recursive Roadmap Construction Algorithm 

A ← {xinit}; E ← ∅; 

B ← new queue(xinit); 

while B 6= ∅ do x ← pop element from B; 

M ← generate a set of path segments by applying 

motion primitives from configuration x; 

for σ ∈ M do if col-free(σ) 

then E ← E ∪ {(x, σ(1), σ)}; 

if σ(1) 6∈ A 

then add σ(1) to B; 

A ← A ∪ {σ(1)}; 

return (A,E) 

 

The collision checking function col-free() returns true 

if path segment  lies entirely in x and it is used to 

ensure that the resulting path does not collide with 

any obstacles. A straightforward approach is to 

choose a set of motion primitives (fixed maneuvers) 

and generate the search graph by recursively applying 

them to vehicle's initial configuration. 

 

Automatic Door Technology 
This is an additional feature in the vehicle 

for which a PIR sensor has been used to open or close 

the door automatically. The PIR sensor detects the IR 

energy produced by the human body. When someone 

comes near the door the PIR sensor detects the IR 

rays and triggers the microcontroller the door to open 

automatically and will close back. This is convenient 

for the travellers and also improves the safety of the 

passengers during the travel. 

 

Message Passing Technology 
Since this is an automated bus there is any 

break-down, road-collision and on other emergency 

cases like fire there is a need of message alert. We 

have attached a smoke detecting sensor in the bus and 

in case of fire it triggers the micro-controller and the 

message will be sent to nearby control room with 

exact latitude and longitude location of a vehicle 

using GSM. 

 

 

 
 

 
FIGURE 2. Emergency Location 

 

 
FIGURE 3 Google Map Location 

 

 

 

 

IV. RESULTS AND DISCUSSION 

All the results presented in fig 4 is based on data 

collected during a demonstration. Estimation of 

Obstacles are calculated as described in section 4. 

The position of obstacles are estimation is depicted in 

Figure 4. Red dots indicates the obstacle estimation 

and the red dot indicates the real position. Obstacle 

errors greater than 0.5 meters are a consequence of 

orientation errors. The mean error is 0.35 meters and 

the error is less than 1 meter in 91% of cases.  
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FIGURE 4. Detection of obstacles 

 

Every time the obstacle positions are calculated, 

when it is detected in order to maintain the obstacles 

and trajectory at latitude and longitude coordinates in 

the path finding module. A scheme of the geometric 

transformations applied for global position estimation 

is depicted in Fig 5. The road limits, as well as 

trajectory are composed by waypoints. The latitude 

and longitude helps to compose the trajectory. 

   

 
 

FIGURE 5. Geometric representation 

 

The two geometric transformations like 

rotation and translation are calculated in Figure 3: the 

first one used to convert from GPS position (A) of 

vehicle to LIDAR position of vehicle by coordinate 

(B) in Universal Transverse Mercator. When 

Universal Transverse Mercator coordinates of 

LIDAR position are calculated, a second 

transformation converts from LIDAR local 

coordinates to global UTM coordinates (C). The new 

points are added to the previous route but shifted 

from the original path which is close to the obstacle 

in Figure 4. Distance between new point and the 

obstacle is 0.6W, where W is free space of obstacles 

and road limits. The new parallel line shows the 

location of the waypoints along the path is 3 meters 

before and 3 meters after the obstacle. 

 

V. CONCLUSION 

This paper has outlined the development of an 

autonomous bus and has described about all the 

hardware parts and technologies used. In detail about 

how the bus makes decision, plans its path and 

navigate objects using LIDAR sensor. And also about 

other technologies such as automatic door system, 

alert display and GPS tracking system which makes 

the travel more convenient.it also gives a brief 

explanation about how the public transportation 

could be benefited in reducing the traffic congestion. 

New and exciting opportunities open up in the world 

of transportation as autonomous vehicles are 

developed further and becomes more accurate. This 

is one of the promising development in the field of 

ITS (Information Transport System). 
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