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Abstract - There are several categories of robot navigation and
object tracking. Sensor based systems and vision based systems
are the two major categories of them. Sensor based uses various
kinds of sensors such as IR sensors and ultrasonic sensors. In
vision based approach, it uses a vision system to extract the
features it needs in order to navigate. The vision system is
mostly a video or wireless camera.ln this paper an autonomous
robot utilizes a camera and tracks a specific colour ball along
with GPS navigation techniques. Using this information, the
robot would control two motors to steer the robot towards the
ball and update the location of ball in terms of co-ordinates to
the server in control unit.The microcontroller acts as a prime
controlling element for the custom built robot. The GPS
receiver has been interfaced with the robot which is capable of
receiving information. The movement of robot is detected by
the IR sensor. The challenging portion of the project is to
synchronize motion detector camera and GPS navigation unit
simultaneously

Keyword:Object tracking, Navigation, Centroid method,
Wireless Communication, Object avoidance — IR proximity
sensor.

1. INTRODUCTION

A number of potential markets are slowly
emerging for mobile robotic systems. Entertainment
applications and household or office assistants are the
primary targets in this area of development. These types
of autonomous robots are designed to move around
within an often highly difficult environment. Vision is
one of the most powerful and popular sensing method
used for autonomous navigation. When compared with
other vision based approaches to navigation these
continue to demand a lot of attention from the robot
research community, because of its ability to provide
detailed information about the environment, which is not
be available using combinations of sensors. Vision-based
navigation for mobile robots is still an open research area.

The proposal is to use novel object tracking and
algorithms to address the problem of mobile robot
navigation by adopting a centre following method,
without the use of prior environmental information.
Visual feedback information will be provided using a
Laptop with camera to acquire information using the
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Figurel:Basic block description of the system.

2. CENTROID METHOD
2.1 Pre -processing:

First of all, image frames are captured from the video
streamof the camera. Then, the pre-processing step is
applied. This step consists of binarization and
morphological process. Binarization process is done by
implementingthresholding  process. Morphological
process with basic dilation and erosion isinserted to
remove remaining artifact from the binary image.
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Figure 2:Flowchart of method followed.
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2.2 Initial Centroid Algorithm:
A centroid of an object is intersection of all hyper planes
that divide into two parts of equal moment. It is also

defined as center of mass. We divide the frame into four
Quadrants to determine the position of centroid.

Y-axis

X-axis

Figure 3:Calculation of centroid.
The formula to calculate centroid is given as:
A=[]r?
X=0
Y=0
2.3 Shift Of Origin:

Once the origin is calculated the position of the ball is
determined. The first value calculated is a default value.
By this value it can be known that the ball is in initial
position. However, if the centroid is deflected from its
initial position again the new centroid is calculated. This
is called as shift of origin. If the centroid shifts in left
quadrant the robot moves in left direction and if it shifts
in right quadrant the robot moves in right direction. Thus
the ball is followed accordingly.

3. COMMUNICATION
3.1 Introduction

The server and client protocol or P2P protocol is
established using Wi-Fi. It is a specification for a suite of
high level communication protocols used to create
personal area networks. The decentralized nature of such
wireless ad hoc networks makes them suitable for
applications where a central node can't be relied upon.
We use serial communication for data transfer for
transmission or memory register as per the process call.

3.2 Wi-Fi Technology

Wi-Fi is a technology that allows an electronic
device to exchange data or connect to the internet
wirelessly using microwaves in the 2.4 GHz and 5 GHz
bands.Wi-Fi allows communications directly from one
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computer to another without an access point. This is
known as an ad hoc Wi-Fi transmission.

3.3 Data Transmission

Data enters the module UART through the DI
pin (pin 3) as an asynchronous serial signal. The signal
should remain idle high when no data is being fed to
transmit. Each data byte consists of a start bit (low), 8
data bits (least significant bit first) and a stop bit (high).
The figure illustrates the serial bit pattern of data passing
through the module.

Least Significant Bit (first) L\‘”X

1dle (high) 1 1 1 1 1 0o 0o 0

UART Signal
|—| {?
Signal 0vDC y ‘
Volt t
oltage
Start Bit (low) Stop Bit (high)

Time

Figure4:UART data packet as transmitted through the RF
module. Example Data Format is 8 bits, No parity bit and
1 stop bit.

4. GLOBAL POSITIONING SYSTEMS

The Global Positioning System (GPS) is a space-based
satellite navigation system that provides location and time
information in all weather conditions, where there is an
unobstructed line of sight to four or more GPS satellites.
The system provides facilities to military, civil and
commercial users around the world.

4.1 To Receive GPS string Data

GPS unit is likely to be outputting its data non-stop
between 1 and 4Hz, although we really don't need a
reading more than once every 5 seconds or so to track our
accurately. It's usually at slow baud rate that is from 2400
to 9600bps. Also 4800bps is a typical standard, but not
the rule. The datasheet of GPS module will be more
specific.

It's a very non-demanding signal. This means
that if microcontroller does not have enough UART ports,
a software-based UART can be used without issue.

The data is likely to be in TTL format or RS-232
(if it's an old unit). It stores the string as an array, and
analyse it looking for the variables we want. GPS strings
are standardized, so we can likely find code for our
microcontroller online. It's best to get a GPSthat outputs
normal TTL so that it can be directly interfaced with a
microcontroller.



4.2 GPS Accuracy

The accuracy of a position determined with GPS depends
on the type of receiver. Most of the GPS devices have
accuracy of about +/-10m. Differential GPS (DGPS)
requires an additional receiver fixed at a known location
nearby. Observations by the stable device receiver are
used to correct positions recorded by the devices
producing an accuracy that is greater than 1 meter.

5. OBSTACLE DETECTON USING IR SENSOR

The robot is trying to plagiarism the human
senses for obstacle detection; the most economical
solution to this is by introducing a proximity sensor to the
robotic unit. Calculation for the parameter of distance is
carried in such a way that the robot should not get lost in
its path of detection and confuse its vital information of
its positioning and orientation.

Every possibility of detection in the complete
arena is accounted into the robotic system, this design
after the detection of obstacle in its path, is made by
keeping track of its position on the arena, orientation,
parameters of arena and to avoid the obstacle and
continue to map the rest fields.

6. WORKING

The initiation is done by turning on all the devices.First
of all for running the function it is necessary to calibrate
that is know the exact values of pixel elements of the ball
to be followed. This is done by capturing the image of
ball and checking the value of its pixels at various
points.But it also displays the value of pixel where the
cursor is currently located at the bottom of the screen.For
more accuracy take at least ten images at different angles
and find minimum and maximum pixel value for the ball
and put it in the code given.

Now the function moves as follows:

The camera attached to the robot takes images at frequent
intervals and processes it by converting the image to
binary image such that image is white if pixel value lies
in desired range and black otherwise.Next we determine
the centroidof the image so that robot moves towards the
centroid as found out. After finding the centroid we open
the serial port for communication with the robot.

When the serial port is open and we know the centroid,
we send the direction to be followed by robot over the
serial port and the robot follows accordingly when
programmed as a simple pc controlled algorithm. Matlab
sends it commands to Bascom AVR where it gives
signals for the motors to move and follow the ball.

Co ordinates of the exact location of the ball are
updated to the server simultaneously while the object is
moving. A GPS navigation module having transmitter
and receiver is used. Finally we show an application of
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avoiding and tracking of an objectusing GPS navigation
techniques.

In case of no obstacle is detected the robotic units keeps
updating its position and mark it onto the window
terminal on the screen. This process is continuously
displayed onto the screen on the real time basis.

7. FLOWCHART AND ALGORITHM

The overview of our project can be depicted from the
following flowchart and algorithm.

| Camera ON I

I
¥

Video streaming }7

l

Object detection ]

]

‘ Operations to verify ’

defined object

[ Drive the motors

!

[Update GPS coordinates ]

Figure 5:Flowchart of our Project.

ALGORITHM:
1. Start
2. Turn all the devices on.
3. Camera on- Display input video stream
4. Detection of object

a. If object is detected go to next step
b. If object is not detected go back to step 3.
Detection of red colour.
6. Compare the minimum and maximum threshold
values with calibrated values.
7. Extraction of image- removing noise using
filters.
Calculate and find the centroid of the object.
9. Calculating displacement of object using
centroid algorithm.
a. Initially calculate default value.
b. If object centroid is shifted to right
(compare with default value), move the
robot towards right.

o

®
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c. If object centroid is shifted to left (compare
with default value), move the robot towards
left.

Observe the displacement of the object.

a. If object is changing location (Right shift or
Left shift) go to next step.

If object is not changing location go back to

step 8.

10.

b.

11. Follow the object.
a. Matlab sends commands to Bascom AVR
b. Serial Communication is initiated with
microcontroller.
c. Steer the motors of the robot towards the ; -
object. S
12. GPS module keeps a check on the movement of
motors, if
a. Movement is detected go to next step.
b. Else go back to step 9.
13. GPS module updates coordinates of current E
location of the object.
14. Stop.
15.

8. APPLICATIONS

1. Unmanned Military vehicles:It can be used for land
soldier automation. On the war field also to give Figure 7:GPS co-ordinates updated simultaneously.
real time video signals of the intruders.
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