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Abstract- In this paper, design of a low cost autonomous vehicle based on embedded system for navigation and obstacle 
detection in unknown environments is presented. The vehicle is equipped with one ultrasonic and three IR sensors for hurdle 
distance measurement and obstacle detection, a LCD for display frequent information, a GPS receiver for global position 
information, a GSM modem for changing destination place on run time; all interfaced to a low cost P89V51RD2 
microcontroller and a mobile phone to send and get information by the user. The microcontroller processes the information 
acquired from the sensors and generates vehicle motion commands accordingly. The vehicle is tested with varying 
Destination places in outdoor environments containing stationary as well as obstacles and is found to reach the set targets 
successfully. 
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I. INTRODUCTION 

 
At present, the topic of automated vehicles is one of 
the most promising research areas in the field of 
Intelligent Transportation Systems (ITS). 
Autonomous robots with mobile capability are 
finding their place in numerous application fields. 
Some typical examples of these application fields are 
factory automation, service application, and 
hazardous environments such as dangerous zones in 
nuclear power stations, space exploration, material 
handling in hospital and security guarding. The key 
requirement for performing these tasks is navigation. 
Navigation is the ability of a mobile robot to reach 
the target safely without human assistance. Thus the 
main issues that need to be addressed in mobile robot 
navigation are reactive obstacle avoidance and target 
acquisition. Vision based sensing for autonomous 
navigation is a powerful and popular method due to 
its ability to provide detailed information of 
environment which may not be available using 
combinations of other types of sensors and has been 
addressed by many researchers.  For many years, 
navigation of the robot has been the most basic and 
yet most challenging stuff in developing a mobile 
robot. It is because moving the robot to the required 
place is getting more important as they become 
mobile. For example, if hundreds of researchers 
developed a bomb deactivation robot with great 
sensors and arms but it cannot go to the target by it, 
how can we evaluate the robot as useful? This shows 
how navigation is important in developing a mobile 
robot. Especially for outdoor application, utilizing the 
GPS receiver became a significant breakthrough in 
developing mobile robot. With an affordable GPS 
receiver and better accuracy, now everyone can 
develop mobile robot much easier than before. 
However, since the GPS is nothing more than just 
providing global coordinates of the current location 

and heading information, it is required to implement a 
hardware and software system that can navigate the 
robot. So this project will cover comprehensively 
from building a hardware system of mobile robot and 
complete navigation system with obstacle avoidance. 

 
II. INTEGRATED SYSTEM 

 
As we can imagine a driver in a car use his or her 
eyes to sense the road ahead and makes decision with 
the brain then give a command to the hand and legs to 
control the car, this robot has almost the same 
components. The robot is composed of components 
as microcontroller, sensors, LCD, GSM, GPS and 
motor.  
The vehicle consists of two P89V51RD2 
microcontrollers. They are divided into main board 
and the sub board.  The microcontroller1 in the main 
board is connected to many interfacing devices like 
LCD, GPS, GSM and the motor driving circuit. The 
LCD is connected to the Microcontroller2 by IO pins 
which display the vehicular movement or the 
direction in which it is moving.  
 
The communication between GPS, GSM and the 
microcontroller is done through serial communication 
by UART. It has a baud rate of 9600.The two DC 
motors are connected to the DC driving circuit which 
helps in the vehicular motion. The DC driving circuit 
is connected to the microcontroller2 through UART. 
The sub board consists of another microcontroller to 
which the sensors are connected. There are three IR 
Sensors and one ultrasonic sensor. The ultrasonic 
sensor send signals continuously to the 
microcontroller2 in the form of RS232 format and the 
IR sensor send signals digitally in the form of 1’s and 
0’s.A 12V DC supply is connected to the entire 
circuit. We are using the Embedded-C and Kiel 
Software to implement the system. 
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III. NAVIGATION SYSTEM 
 

Navigation problem is decomposed into obstacle 
avoidance and goal reaching problems. 
 
Goal reaching: - Goal reaching task combines 
information from GPS receiver and GSM mode. The 
vehicle is initialized with the start and goal locations 
by using SMS service of GSM network GPS-634R” 
is a highly integrated smart GPS module with a 
ceramic GPS patch antenna. The antenna is connected 
to the module via an LNA.  
 
The module is with 51 channel acquisition engine and 
14 channel track engine, which be capable of 
receiving signals from up to 65 GPS satellites and 
transferring them into the precise position and timing 
information that can be read over either UART port 
or RS232 serial port.  
 
Small size and high-end GPS functionality are at low 
power consumption, Both of the LVTTL-level and 
RS232 signal interface are provided on the interface 
connector, supply voltage of 3.6V~6.0V is supported.  

The smart GPS antenna module is available as an off-
the-shelf component, 100% tested. The smart GPS 
antenna module can be offered for OEM applications 
with the versatile adaptation in form and connection. 
Additionally, the antenna can be tuned to the final 
systems circumstances.  
 
During navigation, if the obstacle avoidance system 
detects an obstacle, the control commands for 
avoiding the obstacle will override the normal 
commands provided by goal reaching system. In this 
case, vehicle will travel more distance than desired. 
The extra distance traveled by vehicle after avoiding 
the obstacle is recorded.  
 
Then knowing the current and destination (active 
waypoint) vehicle orientation, a new path is generated 
along with new distance to be traveled to reach that 
waypoint.  
When the vehicle reaches within 5 meter of current 
waypoint, position value is read with the help of GPS 
receiver and new waypoint is loaded. . The flow chart 
for this task is shown in following figure 1. 

 

 
Fig 1:- Goal reaching behavior. 

 
Navigation Mode 
 
i. Initialization 
   Boot up the GPS module and find the current 

coordinate. 
ii. Set the course 
Load designated waypoints into the list. Select the 

first waypoint and turn to the    direction. 
iii. Go to the waypoint 

Start traveling to the next waypoint. Once it gets to 
the waypoint, set the waypoint and the next waypoint 
as its new starting point and end point respectively. 
 
Repeat until it reaches the final destination. 
Obstacle Avoidance: - When a mobile robot is 
traveling towards its final target, it might face a 
variety of obstacles in its way, the obstacle avoidance 
requires a robot can detect or measure the distance 
from the object in front or in the course. A robot or 
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micro controller can perform maneuvers to avoid 
obstacles according to the measured signal from those 
sensors. Therefore it is easy to say that better sensor 
gives better outputs. Some sensors like IR sensors are 
very common in obstacle avoidance and/or proximity 
measurements; however it works poorly in outdoor 
application. The following table shows some 
common sensors that can be used for the robot. 
 

Type  Dista
nce  

Accur
acy  

Signal  Pric
e 
(EA) 

Outd
oor  
 

IR 
Sens
or 

0.1 - 
0.3m 

 Analo
gue 

$10
~15 

No 

SON
AR 

0 - 
6.4m 

-10 or 
+10~ 

Analo
gue 
RS-
232 
PWM 
Timin
g 

$25-
40 

Yes 

Bum
p 
Swit
ch 

1.0 - 
5.0 
cm 

 On/Of
f 

$0.5
0-
1.00 

Yes 

Visio
n 
senso
r 

0 -
10m
+ 

 RS-
232 
Digita
l 

$120
-? 

Yes 

Laser  0 - 
1000
m 

-1.5or 
+1.5
mm 

Digita
l 

$500
-? 

Yes 

 
i. Ultrasonic sensor (SONAR) :- 
SONAR or Ultrasonic sensor is very common type of 
sensor detecting object and measuring distance. One 
ultrasonic sensor is mounted in front of the vehicle; 
this sensor is mainly used for detecting obstacles and 
measuring the distance between the robot and the 
objects. To help microcontroller finding the way 
more easily, these sensors can be tilted around the 
front area. 
 
The Timing diagram is shown below. We only need 
to supply a short 10uS pulse to the trigger input to 
start the ranging, and then the module will send out 
an 8 cycle burst of ultrasound at 40 kHz and raise its 
echo. The Echo is a distance object that is pulse width 
and the range in proportion. We can calculate the 
range through the time interval between sending 
trigger signal and receiving echo signal.  
Formula:    uS / 58 = centimeters or uS / 148 =inch;              
Or: the range = high level time * velocity (340M/S) / 
2;  
 

We suggest to use over 60ms measurement cycle, in 
order to prevent trigger signal to the echo signal. 

 
 

The IR sensors are generally used for object detection 
and not for distance measurement. The basic idea is 
to send infra red light through IR-LEDs, which is 
then reflected by any object in front of sensor. Then 
the reflected IR light collected. For detecting the 
reflected IR light, another IR-LED is used, to detect 
the IR light that was emitted from another led off the 
exact same type. The intensity of reflected infrared 
radiation is dependent on: 
 

 Environmental noise (radiation noise, Color, 
Brightness, Ambient Light etc.)Temperature 
Object’s size.  

 The electrical property of Light Emitting 
Diodes (LEDs) is the fact that a LED 
produces a voltage difference across its leads 
when it is subjected to light. As if it was a 
photo-cell, but with much lower output 
current.  

 In other words, the voltage generated by the 
LEDs can't be - in any way - used to 
generate electrical power from light, it can 
barely be detected. That is why Op-amps are 
mostly used for accurately detection of low 
voltages. 

 
RESULTS 
 
The experiment is performed with the designed 
vehicle for obstacle detection and navigation inside 
the university campus and the success rate is found to 
be 80%. More refined algorithms are needed that will 
account for errors in odometer system and path 
generation for increasing the efficiency of the system 
further e.g., vector pursuit algorithm can be employed 
for path tracking.  
 
The image shown below is the working model of 
Autonomous Vehicle using microcontroller .The 
microcontroller in between GPS and GSM is the main 
board which communicates with GPS, GSM, motor 
driving circuit, LCD and also the other 
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microcontroller. Sub-board communicates with the 
sensors in front. 

 
 
CONCLUSION & FUTURE IMPROVEMENTS 
 

 We have developed a vehicle that can reach 
the destination without the need of a driver.  

 As human involvement is less, errors are 
reduced. As collision with obstacles is 
avoided there will be minimal number of 
accidents.  

 Smuggling of goods being carried by the 
vehicle is reduced because of adequate 
safety measures undertaken. 

 Decision making can be done based on GPS 
readings i.e., learn from the present location. 

 A camera can be added and the neural 
network can be made to take decisions based 
on the video inputs from the camera. 

 The same concept can be applied to vehicles 
moving on the roads; when the driver is 
sleepy or drunken, the controls of the car can 
be switched over to neural network 
automatically. 
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