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Abstract- There are myriad occasions where human inclusions in a situation can be replaced by a robot which does the same 
task with ease and in a shorter duration of time. Earlier efforts in the field of vision based robotics have been primarily 
manual and static in nature: process being monitored at a single fixed point. Recent evolutions have led us to gesture 
controlled robotics which may be fascinating but manual in nature. Systems are being developed which have on-board 
vision: Autonomous systems that can act on the same situations at different locations. To facilitate one possible feasible 
solution, we have implemented a system through which an area is scanned for a particular object by a surveillance robot. 
Through this method autonomous monitoring of hazardous elements is made possible with a wireless camera on-board and 
robot monitoring various locations in a given region. The command signals are generated from the scanning through Image 
Processing. These signals are then passed to the robot to navigate it to the required position pick the object and place it to the 
required position using an electro-pneumatic gripping mechanism.  
 
Keywords- Image Processing, Wireless Processing, Arduino, L293D, Electro-Pneumatics, Pixel Calculation, Depth 
Analysis.  
 
 
I. INTRODUCTION  
 
Surveillance is monitoring of a characteristic or a 
behavior. There has been a demand for efficient 
systems for surveillance and objects detections from 
time immemorial. Initially hazardous environments 
were dealt by humans directly with whatever 
maximum protection they had. With the passage of 
time, detectors were invented which reduced human 
labor up to some extent but the search for a more 
robust system was considered in the scope of work. 
Some regions are to be observed constantly without 
breaks.  
 
These may be monitored inside the control room but 
there is a need for these systems to be self-sufficient 
in order to assess the hazard and take action if there is 
no signal from the base even after notification. The 
main idea of object analysis revolves round the 
concept of Image Processing and Machine Learning. 
Beyond this, it requires hardware to execute the 
commands generated as a result of processing of the 
live content.  
 
Apart from making the system autonomous, an effort 
to track the objects was also incorporated in the 
surveillance more. Existing visual surveillance deals 
with real time processing of varying objects within a 
specific environment. 
 
The sole aim of these systems is to provide an 
automatic interpretation of the visuals and predict the 
behavior of the overall system with the help of data 
collected by the sensors. Image Processing occurs in 
stages: object detection and recognition, object 
tracking and event analysis. These stages involve 
topics of vision, pattern calibration, artificial 
intelligence and control strategy.  

II. SCHEMATIC DIAGRAM OF PROPOSED 
SYSTEM 

 

 
 
The process starts with the wireless camera sending a 
live feed through its inbuilt transmitter. The receiver 
module has the data in the A/V format that needs to 
be converted to USB format to interface it with 
MATLAB. The same is done by the A/V to USB 
convertor known as EASYCAP. The codes of manual 
as well as autonomous operation are designed in 
MATLAB which helps in processing the raw data 
from the camera.  
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This processed data helps the user in case of the 
manual mode and the computer itself in autonomous 
mode to send commands for the desired control 
action. The commands are sent serially to the 
Transmitter Controller which sends the data 
wirelessly using the transmitter. The onboard 
Receiver Controller receives the data through the 
receiver module. The controller recognizes the 
commands and signals the driver circuit to perform 
the required tasks.  
 
III. THE PROPOSED SYSTEM  
 
Vision based robotic system is an open loop system 
in which the primary sensor is a wireless camera 
which works in 2.4 GHz serial transmission of image 
bits. This system is wireless manual/autonomous pick 
and place robot which scans a particular area for a 
specified objects and decides the path towards that 
object. This project is wireless and works on the 
principle of image processing which is done in 
MATLAB. Initial efforts have been to locate and 
trace black objects in white/other colored 
background(s). Wireless communication is achieved 
between the robot and the computer by using wireless 
trans-receiver pair which works on 434 MHz, serial 
data transmission. The pick and place is achieved by 
an electro-pneumatic system which consists of a 
pneumatic gripper which is operated by compressed 
air, solenoid valve and piston along with a 
mechanical assembly. The controllers used are 
Arduino boards which have been programmed using 
C language. Two controllers for transmission and 
reception respectively, are used.  
 
The aim of the project was to successfully develop a 
MICROCONTROLLER BASED (using a 
microcontroller to cultivate artificial intelligence) 
ADVANCED VISION BASED AUTONOMOUS 
(advance in terms of task it can perform and the 
algorithm associated with it) WIRELESS ROBOT. 
The main feature about the robot is that it can work in 
both MANUAL and AUTONOMOUS modes, both 
being wireless.  
 
IV. IMAGE SEGMENTATION 
  
Image segmentation is a process of segregation of a 
digital image into multiple regions of required pixels. 
The ultimate goal of this process is to simplify the 
image into required regions removing the background 
and analyzing only the part of image required 
process. Segmentation is typically used to locate 
objects or points on objects, boundaries and edges in 
the image.  
 

The result of Image Segmentation is basically points 
or regions that collectively constitute the entire image 
under consideration. Each of the pixels in the entire 
region shares a similar characteristic or property such 
as color, intensity or texture. The nearby regions are 

significantly different with respect to the same 
characteristics. Several methods are developed for 
segmentation purpose like edge detection which when 
applied to the given image, simplifies the image to a 
great extent.  
 
V. REQUIREMENTS 
  
Hardware requirements are any processor above 
500MHz, RAM 128MB, Hard Disk 10GB, Input 
device standard keyboard and mouse. Wireless 
camera with receiver, A/V to USB converter, High 
Resolution Monitor/ Screen is used. Software 
Requirements namely windows XP or higher versions 
and for Image Processing MATLAB 9A was used.  
 
VI. TECHNOLOGIES USED 
  
A. Arduino Uno  
Arduino is an open-source electronics prototyping 
platform based on flexible, easy-to-use hardware and 
software. Arduino can sense its surrounding 
environment by receiving inputs from a variety of 
sensors and can affect its surroundings in multiple 
ways. The controller on board is programmed using 
the Arduino Programming Language (based on 
wiring) and the Arduino Integrated Development 
Environment (IDE) (based on Processing). 
  
B. Matlab  
MATLAB® is a high-level language and interactive 
environment for numerical computation, 
visualization, and programming. Using MATLAB, 
you can analyze data, develop algorithms, and create 
models and applications. The language, tools, and 
built-in math functions enable you to explore multiple 
approaches and reach a solution faster than with 
spreadsheets or traditional programming languages, 
such as C/C++ or JAVA.  
(Source: www.mathworks.in)  
 
MATLAB contains various toolboxes one of which is 
Image Processing toolbox. Using this, various 
algorithms and transforms were applied on the live 
feed and accordingly the robot was navigated. 
Processing was adaptive: intensity variations were 
compensated and commands to the robot were sent 
wirelessly from MATLAB using an RF trans-receiver 
pair.  
 
C. Rf Trans-Receiver Pair  
In order to establish a wireless communication 
between the server and the robot, Radio Frequency 
(RF) trans-receiver pair was used. 433 MHz ASK 
Transmitter and Receiver Modules to transmit and 
receive serial data with 100 meter range in open 
space. The commands from MATLAB are serially 
fed to the transmitter which transmits the modulated 
data to the receiver. Modulation uses the concept of 
Amplitude Shift Keying (ASK). 
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D. Electro-Pneumatic Assembly  
Speed of response is an important criterion as far as 
surveillance systems are concerned. With processing 
being a relatively sluggish process, there was a need 
to compensate the final step which was picking the 
object and placing it at a required position. The 
gripping was achieved by a pneumatic gripper 
controlled by a solenoid valve and compressed air. 
The placing mechanism was based upon DC motors. 
This method ensured the compensation of the small 
time lag introduced by the processing of video 
frames.  
 
VII. HARDWARE SETUP, RESULTS AND 
DISCUSSIONS 
  
Object in the frame but out of navigation/ gripper 
area. 
 

 
Object in the predefined range and the robot now 
follows a straight line path to the object. 

 
Multiple objects Image processing. Only the required 
object is taken into consideration each time. 

 
 
In the above figures, image A is the actual real-time 
colored object. Figure B is the gray-scale image 
which is obtained by transformation of colored space 
to GRAY scale space using MATLAB. Figure C is 
the actual processed image pixels which gives the 
approximate location of the desired object which is 
subsequently picked and placed to the required 
position.  
 
Gripper design and fabrication. 

 
 

Image processing being a relatively sluggish process, 
was compensated by the use of pneumatic gripper 

which made the overall system faster and the object 
disposal faster and efficient. The design was 
fabricated using ProE software. 
 
System  
Object scanning mode 

 
Object Recognition and Pick 

 
The Robot 

 
 
VIII. APPLICATION  
 
For the ease of operation, we can provide dual modes 
autonomous and manual which can be deployed 
according to varied situations. At general locations, 
which are seen in routine, manual robots can be put to 
task in these areas. In remote locations, where the 
robot may reach by fuzzy logic and communication 
with other robots, autonomous mode can come into 
effect and can notify the control room about the 
current situation. Moreover, human life is priceless. 
In situation like explosive detection, these robots can 
provide vital succor and can carry the explosive to a 
safer and less dense areas where the explosion would 
not cost much damage. Human inclusion in such 
events can be minimized and use of modern 
technology and robotics and deal with exigency with 
greater efficiency. 
 
CONCLUSION  
 
The results were observed to be in close congruency 
with the desired results. Critical issues can be 
coordinated by using surveillance robots having at 
least one sense (vision in this case). The limitation of 
fixed camera processing of limited scope and range 
was thus surpassed by this project. In order to make it 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-6, June-2014 

Vision Based Robotic System 
 

38 

robust in terms of sensing multiple characteristics, 
more sensing elements which resemble human 
senses, needs to be incorporated. The need of the 
hour is to make an independent multi-sense 
surveillance device and the future belongs to the 
same.  
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