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Abstract— In recent increasing need of automation, machine vision is supposed to be pioneer future technology. Industrial 
automation and robotics are at high demand in the industry as both of them directly affect the growth of industry. 
Autonomous robots with sophisticated sensors are used in such industries with accurate and précised work output. 
Utilization of sensors has made it possible to extend capabilities of industrial robots. Vision sensors are used for providing 
visual information to assist robot controllers. The robot controller uses the extracted object information and the simulation 
program to control the robot arm for approaching, grasping and relocating the object. One picture is worth more than 10,000 
words. Image processing has become the most common and powerful emerging technology. Machine vision is supposed to 
be pioneer future technology. Machine vision gives flexibility to identify and manipulate any surrounding object. Ensuring 
reliability and reducing per unit cost are two fundamental objectives of process automation in manufacturing industry. The 
focus is on the technical details of pick and place robot. For a pick and place application accurate positioning is essential in 
assuring product quality and also fast and stable operating speed enables high product rate to be achieved. Also colour is the 
most common feature to distinguish between objects, sorting, recognizing and tracking. 
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I. INTRODUCTION 
 
     Robotics is the branch of technology that deals 
with the design, construction, operation, and 
application of robots, as well as computer systems for 
their control, sensory feedback, and information 
processing. These technologies deal with automated 
machines. The potential uses of robots did not grow 
substantially until the 20th century. Today, robotics is 
a rapidly growing field, as technological advances 
continue, research, design, and building new robots 
serve various practical purposes, 
whether domestically, commercially, or militarily. 
     Image processing is any form of signal 
processing for which the input is an image, such as a 
photograph or video frame; the output of image 
processing may be either an image or a set of 
characteristics or parameters related to the image is 
used in many applications of robotics such as pick 
and place robot, colour anomaly detection, fingerprint 
matching etc. Image processing is any form of signal 
processing for which the input is an image, such as a 
photograph or video frame; the output of image 
processing may be either an image or a set of 
characteristics or parameters related to the image. 
     Vision sensors are widely used to extract a 
relatively large amount of environmental information 
from an image. Vision sensors provide visual 
information and to increase the robot’s interaction 
with its environment. Vision sensors work efficiently 
in the dynamic environment. 
     There is an increasing need of Automation. 
Automation has had a notable impact in a wide range 
of industries beyond manufacturing.  
 

 
     Automation is the use of machines, control 
systems and information technologies to optimize 
productivity in the production of goods and delivery 
of services. 
     Vision system generally consists of the following 
three parts [6]: 
 Image acquisition: includes selection of visual 

sensor(camera). 
 Image processing tools: Includes image 

processing techniques, and computer program 
languages such as Matlab and C++ programming. 

 Data Bus tools: covers tools that enable the 
interface connection between the computer and 
the robot controller such as USB, parallel and 
serial ports. 

 
II. ANALYSIS 
 
     Robotic manipulator can only pick an object from 
a fixed position and transfer it to another fixed 
position. They are called pick and place robots (P&P). 
In general, these pick &place robots are much faster 
and have a higher accuracy. These robots do not have 
any sense to differentiate between object. 
     In this study, there is an autonomous system for 
pick and place manipulator along with image 
processing. The following are the steps which are 
performed: 

[1]  Image Acquisition and Enhancement 
[2]  Object Identification 
[3]  Transferring control signal to the 

manipulator 
 

A. Image Acquisition And  Enhancement 
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     The image of an object is captured by a high 
quality Webcam. Video input stream is acquired 
through image acquisition. Now from this sequence 
one frame is selected for further processing. After 
image acquisition, image needs enhancement for 
improving quality so that further operation can be 
carried out effectively. Captured image is 24-bit RGB 
colour image, so it is converted into greyscale  image. 
During image acquisition, noise is introduced into 
acquired image. Various filters are used to remove 
the noise from the image acquired.  The greyscale 
image is further convert to binary image using simple 
thresholding technique.  
 
B. Grey level segmentation techniques 
     Thresholding[8] or grey-level segmentation is an 
essential concept related with image processing and 
machine vision. Thresholding is a conversion 
between a grey-level image and a bilevel image. 
Bilevel image is a monochrome image only 
composed by black and white pixels. It should 
contain the most essential information of the image 
(i.e., number, position and shape of objects), but is 
not comparable with the information offered by the 
grey-level image. Most of the time pixels with similar 
grey levels belong to the same object. Therefore, 
classifying the image by grey-level pixels may reduce 
and simplify some image processing operations such 
as pattern recognition, and classification. The most 
essential thresholding operation will be the selection 
of a single threshold value. All the grey levels below 
this value are classified as black (0), and those above 
white.  Most of time it is impossible to segment an 
image into objects and background with a single 
threshold value because of noise and illumination 
effects. A tentative simple approach could be the use 
of the mean grey level in the image as a threshold. 
 
C. Object Identification 
1. RoboCIM software      
     The industrial robot used in this project is an 
elbow Lab-Volt robot Model 5250[Fig 1] with five 
rotational axes with servo actuators: base, shoulder, 
elbow, wrist, and gripper. The controller has 16 
inputs and outputs TTL channels which can be used 
to integrate the controller with external subsystems. 
The elbow Lab-Volt robot Model 5250[3] robot can 
be programmed by using either a hand-held terminal 
(teach pendant) or a RoboCIM simulation software. 
The RoboCIM simulation software involves all 
controlled commands that help the robot to perform 
its tasks. It allows creating a program, performing a 
test in simulation mode, and then performing a test in 
the control mode with actual robot. In robotic 
environments there are two options to position the 
camera with respect to the robot. The camera can be 
either placed at a fixed position and remain stationary 
while the robot moves; or it can be mounted on the 
robot arm that moves with it.  

     In this project, the webcam has been placed at a 
fixed position where it has with a good view of 
robot’s workspace. The robot controller receives 
eight digital bits of the binary information and 
therefore 28 = 256 different values can be achieved. 
A value of zero (20 = 0) means no object has been 
detected in the image and this leaves 255 useable 
values for defining the position of the object in the 
robot workspace     or on the conveyor. Therefore 255 
locations can be pre-defined on the conveyer. After 
completion of the calibration process; the 
relationships between x-y coordinates of 255 
locations in the real world with u-v coordinates of 
255 points on the image plane have been established. 
The coordinates of the recorded points in the image 
have been used to develop a program that produces 
signals to be sent to robot controller. 
 
2. Cartesian method 
     This method is used to convert color image to 
grayscale  image  using  Median filter to remove 
noise from  the  image and then  convert grayscale 
image to binary image. 
     The binary image is then processed to find object. 
In binary image, object is of black color and 
background is of white color. 
As we need to find centroid of object, binary image is 
then, processed with image negative algorithm. Now, 
just by adding the pixel co-ordinate contained by 
object and dividing by number of pixel contained by 
object, we can calculate the centroid of an object 
Where, A = Area contained by object surface. xi = 
Pixel x-axis co-ordinate yi = Pixel y-axis co-ordinate. 
f(xi,yi) = Gray level value of image pixel.  
 

 
 

Fig 1. The elbow Lab-Volt robot Model 52 50 
 
     After finding centroid of object, signature of 
object is generated. Signature[4] is a 1-dimensional 
plot of distance from center to boundary of object at 
regular increment in angle from 0 to 360. So after 
finding the center of object, a 1-dimension plot has 
been generate for increment into angle and measure 
distance between boundary pixels to center pixel. 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106  Volume- 1, Issue- 7, Sept-2013 

 Object Detection Using Image Processing For An Industrial Robot 
 

23 

Using signature method[1], basic shape of object can 
be found in 2-D space like circle, rectangle and 
triangle. For circle type of object, signature is straight 
line at some constant. For rectangle type of object, 
signature contains 4-peak values into the plot. For 
triangle type object, signature contains 3-peak values 
into the plot. Different type of object’s shape and its 
Signature is shown in fig. 2 
 

 

 

 
Fig 2. Signature for regular objects 

 
     The signature generated by the above method will 
be invariant of the translation but they do depend on 
the rotation and scaling. The main advantage of this 
method is its simplicity. But serious disadvantage is 
that if the shapes are noise than that will create the 
error in the result. Using signature method basic 
shape of object is identified like triangle, rectangle 
and circle. After identified object and its location into 
Cartesian space, control signal is generated for x-axis 
and y-axis to moves manipulator towards the object. 
 
3. Objrec algorithm 
     Objrec algorithm[2] is developed in MATLAB[5] 
to recognize the color and send command to the 
controller using serial communication. The controller, 
using the incoming signal controls the movements of 
the robot. The robot consist of two DC motors one for 
the base and another for the gripper. 

     A simple approach for developing object 
reorganization system is shown below:  

 Decide the ideal position of the object with 
respect to the camera  

 The distinguishing feature of the object to be 
picked is to be figured out.  

 Deciding the robots movement as planned  
 
The ideal position of the ball will be when the centre 
of the frame coincides with the center of the ball as 
shown in fig 3. 
     The color of the ball will serve as the distinction 
on the basis of which we will identify it. In order to 
have accurate colour detection a few live images of 
the object must be captured and the pixel values for 
different colors should be noted. Taking a mean of 
the pixel values obtained through various images 
would be fair and justifiable. This threshold range 
will then be used to mark all pixels containing the 
ball as “1” and all other pixels as “0” as shown in fig 
4. 
     In the algorithm’s initial settings are set. The 
settings include starting the MATLAB, starting image 
acquisition tool box, setting up the settings for trigger 
and frames per second in image acquisition tool box, 
starting the video. After starting the video the serial 
port must be opened and image processing toolbox 
must calculate the total number of pixels captured. 
Initially the DC motor of the robot is off and the 
infinite while loop is started for continuously 
capturing the video through camera. After starting the 
infinite loop the image of the object is captured and is 
displayed to the operator. The image is converted into 
Ycbcr format. This format separates the intensities in 
each colour then size of the image is calculated. 
 

 
Fig.3 Center of the ball 

 

 
Fig.4 Ideal Position of the ball 
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     The image is then captured and all the pixel values 
for different colors are noted. The mean of the pixel 
values available are noted. A binary matrix is created 
in which pixel values of the object will be 1 having 
the color (of the desired color) and all other pixels 
which do not belong to the object (no colour detected) 
are marked 0. Then centre of the object is initialized 
and the coloured pixels are determined. After 
determining the red pixels, centre of the object is 
calculated. MATLAB sends commands to the 
development board in terms of characters using serial 
communication. Characters like “O”, “C”, “L” and 
“R” are sent to the microcontroller using USB to 
serial converter. As soon as the microcontroller 
receives the commands it energizes the motors for the 
desired operation. After the command is executed the 
camera waits for the next object to pass on for the 
repeated operation. 
     This process goes on continuously. If there is no 
object there would be no robot movement. Closing 
commands such as close infinite loop, close the serial 
port, close the video are executed at the end in order 
to stop the operation. Fig 5. is an algorithm showing 
all the operations that take place. Fig 6.  shows the 
pick and place robot. 
 

 
 

 

 
Fig 5. Algorithm for pick and place robot. 

 
D. Transferring The Control Signals    
1. Using RoboCIM  software 
     Object coordinates computed in the previous step 
are used to develop a program to generate and send 
digital signals to robot controller via the parallel port. 
The values of digital signal represent object’s center 
coordinates. There are 255 values corresponding to 
255 pre-defined positions in the robot environment. 
Table 1 shows the pre-defined locations numbers and 
the corresponding digital signal values. 
 

 
Fig 6. Pick and place robot 

 

 
Table 1. Pre-defined  location numbers and  corresponding 

digital signal values. 
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     The robot simulation software program[1] enables 
the robot to perform repetitive tasks. When equipped 
with a vision system it becomes possible for the 
controller to adopt the activities of the robot with the 
requirements of its working environment. As 
mentioned, robot controller receives eight digital 
signals via TTL input channels. As a result 255 
different locations on the conveyor can be defined in 
the robot program. Since RoboCIM simulation 
software can interact with its environment via TTL 
input and output channels, the locations of objects 
will be introduced to the software by use of these 
TTL input channels. This would enable the robot to 
approach, grasp and relocate detected objects. 
 
2. Using Optocoupler 
     After identifying the object and its location, 
control signal is generated and transfer to control 
system to move pick and place manipulator toward 
the object. Based on calibration, centre of object 
found interms of pixel coordinate, and this value 
further convert into actual measurement of unit like 
centimeter. As actual coordinates of Cartesian 
manipulator[2] is in terms of centimeter. The control 
system is made of Programmable logic controller that 
is more flexible for industrial applications. There are 
two ways to interface microcomputer and PLC 

 By using port of computer. 
 SCADA SYSTEM (OPC & HMI SYSTEM)  

  
    Due to high cost of server, the interfacing circuit is 
utilized. Interfacing circuit contains isolation circuit 
with optocoupler. Control signal send from PC to 
Optocoupler via parallel port. Optocoupler is 
necessary to prevent system from damage. Again, To 
trigger input of PLC, we require minimum 6.6V. This 
purpose is also served by using optocoupler. 
Optocoupler send the control signal to input terminals 
of Allen Bradley PLC micrologix 1200. In our case, 
optocoupler 4N35 is used in interfacing circuit. After 
calculating distance, the number of pulse required to 
reach manipulator at location is calculated. This 
depends on distance travelled by slider per pulse. The 
number of pulses are generated by computer and fed 
to PLC through interfacing circuit. 
 
III. APPLICATONS 
  
     The Fixed Manipulators or Robotic Arms find 
numerous applications[7] in industrial, domestic, 
material handling, medical, and hazardous 
environments. Some major applications are listed 
below:- 

 Industry: Pick and Place Robots are 
extensively used in automotive industries for 
assembly, process automation, painting,spot 
welding, precision milling etc. 

 Medical: Robots assist doctors in precision 
surgery. 

 Hazardous Environments: Pick and Place 
Robots are used in environment, which is 
either hazardous (eg., radiation) or not 
accessible. 

 Space Exploration: Pick and Place robots are 
used in rovers for manipulation to carry out 
tasks in outer space. They are also used for 
robot assisted maintenance of space station. 

 Education: Pick and Place Robots are used 
as teaching aids. 

 Museums:Pick and Place Robots form an 
attractive exhibit in museums 

 
CONCLUSION 

 
     The analysed robots for pick and place application 
using image processing are able to detect the fully 
desired object and to place it at the desired location. 
The colour detection capability is enhanced by using 
high speed processers and low cost cameras that use 
little power. MATLAB is used for GUI and for 
processing the image acquired. A new software 
RoboCIM has been used which has inbuilt program 
which controls the robot. The co-ordinates of the 
object are acquired through the camera and edited in 
the program. Then this software can send signals to 
the robot and the robot then moves toward the object, 
picks it and places it in the desired location. TTL 
concept has been used for faster communication of 
the control signals. Servo motors are used which play 
a very vital role in many industries and also increases 
the accuracy of the task in logistic and packaging 
industry. 
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