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Introduction 

A robot is usually an electro-mechanical machine 
which is guided by a computer or electronic 
programming, and is thus able to do tasks on its 
own. Although the appearance and capabilities of a 
robot vary vastly, all robots share the feature of a 
mechanical movable structure under some form of 
control. This control of robot involves three distinct 
phases- perception, processing and action. In 
common the preceptors are sensors or, in our case, a 
camera that is mounted on the robot, processing is 
done by an onboard microcomputer and 
microcontroller and the task (action) is performed 
using motor or with some other actuators. 

Here we introduce a new project named color 
sorting robotic arm. This robotic arm is used for 
picking the object from one place and place that 
object in required boxes with respect to its color. 
Some industrial works are harmful for humans. 
Therefore, this robot is mainly used for reducing the 
risk process and consuming time and avoid labors. 

Color sorting systems is one of the useful systems in 
Industries in today’s world. Previously, man power 
was utilized for this purpose but the process is time 
consuming when it comes to sort large number of 
objects in industries. Replacement of human sorting 
operations with robotic implementation would 
reduce efforts and also yield better results with 
comparatively lesser amount of time. 

Mainly the color sorters are used in agricultural 
machineries like rice sorter, beans sorter, peanut 
sorter etc. Color sorters are used in other industrial 
applications also like quartz sand sorter, plastic 
granule sorting of colored nuts and bolts etc. It 
reduces the human effort, labor and cost. It also 
increases the efficiency since the mechanized sorting 
is much faster the manual sorting. To reduce human 
efforts on mechanical maneuvering, different types 
of robotic arms are being developed. These arms are 
too costly and complex due to the complexity and 
the fabrication process. Most of the robotic arms are 
designed to handle repeated jobs. 

In this project, we use Open CV image processing 
software to implement the color recognition 
algorithm and Python Programming Language to 
write the code. Along with these, an Android based 
Bluetooth application is used to control the 
movement of the robot. On the hardware side, the 
sensing mechanism used to detect the object and its 
color is a Pi Camera module, mounted on the robotic 
arm. DC motors are used for the arms and wheels of 
the robot along with a Bluetooth module for 
connectivity. 

Algorithm 

The code to detect the right color in the robot arm 
uses a series of color conversion techniques from 
BGR to HSV and find the color based on the higher 
and lower gradients of the color. Gaussian blurring of 
the image is done. In image processing, a Gaussian 
blur (also known as Gaussian smoothing) is the result 
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of blurring an image by a Gaussian function. It is 
used to reduce image noiseand reduce detail. The 
centroid of this image is found using the method of 
moments, this is a type of streaming algorithm. This 
allows for the robot to home in on that particular 
object and pick it. 

When an object image is captured it is 
converted to the HSV model from the default BGR 
mode. Masking is done to the image to according to 
the colors fed into the code. When the Gaussian 
blurring is done and the centroids are a match then 
the colors captured is identified. 

In order to achieve a lower number of points to 
simplify using the Gaussian blur we use a Ramer-
Douglas-Peucker Algorithm. And the method of 
moments or the moments algorithm are used to find 
the centroid of the object. 

RAMER-DOUGLAS-PEUCKER ALGORITHM 

Method: The Ramer-Douglas–Peucker algorithm is 
an algorithm for reducing the number of points in a 
curve that is approximated by a series of points. The 
purpose of the algorithm is, given a curve composed 
of line segments(which is also called a Polyline in 
some contexts), to find a similar curve with fewer 
points. The algorithm defines 'dissimilar' based on 
the maximum distance between the original curve 
and the simplified curve (i.e., the Hausdorff 
distance between the curves). The simplified curve 
consists of a subset of the points that defined the 
original curve. 

Consider the figure 3 to study the set of points 
during the working of the algorithm. 

Algorithm: 
1. The starting curve is an ordered set of points or 
lines and the distance dimension ε > 0. 
2. The algorithm recursively divides the line. Initially 
it is given all the points between the first and last 
point. It automatically marks the first and last point 
to be kept. 
3. It then finds the point that is furthest from the 
line segment with the first and last points as end 
points; this point is obviously furthest on the curve 
from the approximating line segment between the 
end points. 
4. If the point is closer than ε to the line segment, 
then any points not currently marked to be kept can 
be discarded without the simplified curve being 
worse than ε. 

5. If the point furthest from the line segment is 
greater than ε from the approximation then that 
point must be kept.  
6. The algorithm recursively calls itself with the first 
point and the furthest point and then with the 
furthest point and the last point, which includes the 
furthest point being marked as kept. 

 
Figure. 3. Working of RDP algorithm 
When the recursion is completed a new output curve 
can be generated consisting of all and only those 
points that have been marked as kept. 
The choice of ε is usually user-defined. Like most line 
fitting or polygonal approximation or dominant 
point detection methods, it can be made non-
parametric by using the error bound due to 
digitization or quantization as a termination 
condition. A simple example for this can be seen in 
the figure 4. 

 

Figure. 4. User defined ε value 

By using this algorithm, we significantly reduce the 
number of moments generated to compare and also 
during the blurring. 

MOMENTS ALGORITHM 

After the Gaussian blurring of the masked image we 
use the moments algorithm, also referred to as 
method of moments. This allows us to find the right 
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color by comparing the color to the set of moments 
already existing in the program. 

In statistics, the method of moments is a method 
of estimation of population parameters. One starts 
with deriving equations that relate the 
population moments (i.e., the expected values of 
powers of the random variable under consideration) 
to the parameters of interest. Then a sample is drawn 
and the population moments are estimated from the 
sample. The equations are then solved for the 
parameters of interest, using the sample moments in 
place of the (unknown) population moments. 

Suppose that the problem is to estimateκunknown 
parameters: 

 

characterizing the distribution of the random variable 
W: 

 

Suppose the first κ moments of the true distribution 
(the "population moments") can be expressed as 
functions of the θs: 

 

Suppose a sample of size n is drawn, resulting in the 
values w1, w2….wn. For j=1,2…κlet 

 

be the j-th sample moment, an estimate of μj, the 
method of moments estimator for 

 

 Denoted by  

 

 is defined as the solution (if there is one) to the 
equations: 

 

The method of moments is fairly simple and 
yields consistent estimators(under very weak 
assumptions), though these estimators are 
often biased. 

In some respects, when estimating parameters of a 
known family of probability distributions, this 
method was superseded by Fisher's method 
of maximum likelihood, because maximum likelihood 
estimators have higher probability of being close to 
the quantities to be estimated and are more often 
unbiased. 

Working 

In this project, we use an Android based Bluetooth 
application to control the basic movements of the 
robot. The application can be installed on any 
Android phone that has Bluetooth functionality. The 
Bluetooth module of the robot must be first paired 
with the phone, in order for the application to 
function. Once the module has been paired, then the 
application is used to communicate with the module, 
and in-turn the robot. The controls found in the 
application can make the robot move in forward and 
backward directions; turn right and left, and also to 
stop the motion of the robot. The communication 
range between the phone and the robot’s Bluetooth 
module is limited to 10 meters. 

 The robot’s movements are carried out using 
2 DC motors, capable of running at 100 RPM. The DC 
motors are connected to an L298 H-Bridge Motor 
Driver. The L298 Dual H-Bridge Motor Driver is a 
high voltage, high current dual full-bridge driver 
designed to accept standard TTL logic levels and 
drive inductive loads such as relays, solenoids, DC 
and stepping motors. It lets you drive two DC 
motors, controlling the speed and direction of each 
one independently. 

The robot is directed towards the objects that need 
to be sorted. Once it reaches the objects, the robot 
begins the color recognition operations. This is 
started by capturing an image of the field in front of 
the Pi camera mounted on its chassis. After the 
image is acquired, the Raspberry Pi 3 microcomputer 
begins the color image processing. The captured 
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image is in BGR color format. Since its easier to 
differentiate between the colors based on their hues, 
rather than color intensity, the image is converted 
from BGR color format to the HSV color format. The 
processing required for the color format conversion 
is carried out by the Raspberry Pi 3 microcomputer. 

Once, the color conversion is completed, the color is 
identified and the rest of the colors are filtered out. 
Then, the system uses the Douglas- Peucker 
algorithm, which makes use of the concept of 
Moments, to detect the object. Once the object has 
been detected, the robotic arm swings into action 
and picks up the object in front of it. The robot can 
then be directed to place the object in a desired 
location, by controlling it through the Bluetooth 
application. 

Upon reaching the desired location, the robot can be 
made to place the object, manually. In the future, the 
robot can be programmed to place the object to be 
sorted in a pre-determined location. The robot can 
then be directed back to the remaining objects that 
need to be sorted. 

Conclusion 

This paper presents the design, development and 
construction of a robotic arm, which can pick and 
sort objects of different color. The aim of the project 
was to have a fully functional robotic arm which sorts 
different colored balls and the target is achieved 
successfully. Color sensing section performed two 
main tasks object’s detection and color recognition. 
System is fully remote controlled and can pick 
objects of 500gm weight approximately. The cost-
effective system was designed to perform the 
continuous and reliable tasks without human errors 
using the simplest concepts. The robotic sorting 
systems are useful in industries and different 
household activities. Since this system is mainly 
controlled by the PIC Microcontroller, the results 
obtained are more reliable and faster. In the final run 
of the project red, green and blue bottles were 
successfully sorted. 
 
Acknowledgements 

We are very thankful to our Institution T. John Institute of 
Technology, Bangalore with its ideals and inspiration for 
having provided us with facilities, which made a project 
success. 

We express our sincere gratitude to Dr. H N Thippeswamy, 
Principal, T.J.I.T, Bangalore andfor giving us various 
facilities which were very essential to proceed on with the 
project work. 

We also extend our sincere thanks to our HOD Dr. Arun 
Vikas Singh, Department of Electronics and 
Communication, T.J.I.T, Bangalore for being a constant 
source of inspiration and guidance in the successful 
completion of the project work. Though the benefit 
achieved from them S 

We are indebted to our internal project guide Mrs. 
Lakshmipriya Wudali, Assistant Professor in Electronics and 
Communication Department, T.J.I.T, Bangalore for giving us 
encouragement, team spirit and guidance. 

Finally, yet important, we would like to thank our parents, 
Friends and all those who directly or indirectly helped in 
time of need during the project work. 

References 

[1]  Mihai Dragusu, Anca Nicoleta Mihalache, Razvan Solea, 
“ Practical applications for robotic arms using image 
processing,” IEEE 16th International Conference on System 
Theory, Control and Computing (ICSTCC), 2012, pp 1-6. 

[2] Viren Pereira, Vandyk Amsdem Fernandes and Junieta 
Sequeira, “Low Cost Object Sorting Robotic Arm using 
Raspberry Pi,” IEEE Global Humanitarian Technology 
Conference - South Asia Satellite (GHTC-SAS), 2014, pp 1-
6. 

[3] Rahul Kumar, Sanjesh Kumar, Sunil Lal, Praneel Chand, 
“Object Detection and Recognition for a Pick and Place 
Robot,” IEEE Asia-Pacific World Congress on Computer 
Science and Engineering, 2014, pp 1-7. 

[4] Aji Joy, “Object Sorting Robotic Arm Based on Colour 
Sensing,” International Journal of Advanced Research in  
Electrical, Electronics and Instrumentation Engineering, Vol. 
3, Issue 3, March 2014, pp 1-6. 

[5] Dhanoj M, Reshma K V, Sheeba V,Marymol P, “Colour 
sensor based object sorting robort using embedded 
system,” International Journal of Advanced Research in 
Computer and Communication Engineering Vol. 4, Issue 4, 
April 2015, pp 1-4. 

Author’s Details 
1,2,3,4Student, Electronics and Communication Dept, T John 
Institute of Technology, Karnataka, India, 
anudeepreddy30@gmail.com, 

2athiraratnaraj26@gmail.com, 

3bennykiran1996@gmail.com, 4jabez3713@gmail.com 
5Assistant Professor, Electronics and Communication 
Dept,T John Institute of Technology, Karnataka, 
India,lakshmipriya@tjohngroup.com 


