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Introduction
In recent production technologies and automation systems, the use 

of robot manipulators has always been inevitable and various kinds of 
manipulators for various tasks have been developing increasingly. The 
use of various sensor technologies with robot manipulators assisted to 
generate convenient and effective production systems.

Machine vision has been a key sensor technology for robots and 
has the potential to be used in many industrial processes. Machine 
vision currently has a lot of uses in inspection, but it is anticipated that 
robotics will use vision technology more and more in the future. The 
system for object recognition is a good illustration of machine vision. 
There are several uses for object recognition, including identifying 
precise locations, separating objects based on size and property, and 
inspecting a work area.

More than just a set of mechanical linkages should be considered 
when designing a robot manipulator. One part of a larger robotics 
system, which also includes an arm, an external power supply, end-
of-arm tooling, external and internal sensors, actuators, a computer 
interface, and a control unit, is the mechanical arm. Since the robot’s 
programming and control can have a significant impact on its 
performance and later applications, even the programmed software 
should be viewed as a crucial component of the total system.

 By using different sensing systems with robot manipulators for 
simultaneous operations can be exactly realized in variable conditions 
which will positively affect the quality of production.

In this study, a classification system made up of a robot manipulator, 
a digital RGB camera, and a speed-controlled moving belt (rod-less 
cylinder) is illustrated. (Figure 1) The robot manipulator moves the 
recognized object to the desired location after picture capture with a 
camera and segmentation. The approach is specifically utilized and 
evaluated for categorizing different fruits, where some fruits, such an 
orange, lemon, and apple, etc., are quite similar.

Figure 1 Five DOF Robot manipulator.

Successful applications are actualized to investigate the vision 
capability and position accuracy of the whole system particularly 
for the convenience in industrial tasks, such as convey and position 
operations, object assortment in accordance to the size and property.
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Abstract

In this paper the design, implementation and application of a computer controlled vision 
system with a robot manipulator for classification of various fruits is introduced. The 
system, which consists of a RGB Camera, a PC and a five degree of freedom (DOF) robot 
manipulator, specifically set up to work in real-time applications.

At the first stage of study the captured image of objects in RGB scale viewed by the 
camera is stored via USB link of computer as digital image data in registries for further 
segmentation process to recognize the objects. A particular Neural Network is designed to 
classify objects exactly.    

The moving objects on a belt, driven by a servo-stepper motor, are recognized in size and 
property via a vertically mounted camera. The recognized objects are then assorted by a 
computer controlled robot manipulator with five DOF and a gripper at the end-effecter, in 
order to transport the objects via a predefined trajectory to designated locations.

As second stage, the kinematic link table of robot manipulator using inverse kinematics is 
determined, so that from the given way points of a particular trajectory the link parameters 
(joint angles) can be calculated. The joint angles are used as reference values for a joint 
based control algorithm programmed in C++. The joints are equipped with geared DC 
motors with position feedback.  

A particular control program is also used to control the motion of servo-stepper belt motor 
and the pneumatically activated gripper valve of the manipulator. Successful results are 
evaluated both in assorting of fruit in size, property, in synchronous working of the robot 
arm and in connection with image processing. 

Keywords: DOF, image processing, robot arm, control, joint, computer, robot 
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Configuration and implementation of the 
system

The system can be considered in two main instance; the first part 
is the manipulator and the trajectory-plan of the manipulator, second 
image processing.

Five DOF-Robot manipulator
This subject is contended with two main tasks; the construction 

and decisions for kinematic of the manipulator. At this instance, a 
manipulator which is designed and constructed in Electric-Electronic 
Engineering Department of Ege University is used for the trajectory 
plan and transport of classified objects by machine vision. (Figure 1)

As first attempt, the kinematic analysis and “link table” of the 
revolute jointed manipulator with five DOF investigated. Furthermore 
a path following and control algorithm for joint motors is developed 
to move the manipulator on the chessboard.

The body and the joints of the manipulator are all made from 
aluminum due to lower weight and toughness of this material. In order 
to reduce the speed and increase the motor torques up to desirable 
level, gear reduction mechanisms have been used for the actuators 
of the joints. Harmonic drives are a type of gear mechanism that is 
common in robots due to their low backlash, high torque transmission 
and compact size. However, undesirable frictions and flexibilities are 
introduced at joints. (Figure 2)

Figure 2 Drawing of robot manipulator.

The workspace of a manipulator, as depicted in table 1, is the total 
volume swept away by the end-effecter while the manipulator performs 
all potential motions. The extent, number, type, and sequence of basic 
axes, as well as the control software, will influence the size and shape 
of a robot workspace.

The workspace is restricted by the mechanical limitations on the 
joints as well as the manipulator’s geometrical design. For instance, 
the range of motion for a revolute joint could not be all the way 
around. The production duties may impose extra restrictions as well.

There are 5 links that numbered from 0, the base, to 5, forming 
our manipulator. There are five joints, which are the points in the 
space formed by the connection of the manipulator links with each 
other. Joints are denoted by qi, where q is the angle of rotation. Next, 
a coordinate frame is attached rigidly to each link.  In order to be 
particular, an internal frame is inserted to the base and call it frame 
0. Then, i1→5 frames are selected, thus frame i1→5 is rigidly attached to 

link i1→5 respectively. This connotes that, whatever motion the robot 
executes, the coordinates of each point on link i are constant when 
expressed in the ith coordinate frame (Table 1) illustrates the idea of 
attaching frames rigidly to links in the case of an elbow manipulator. 
Presume that Ti is the homogeneous matrix that transforms the 
coordinates of a point from frame i to frame i-l. The matrix Ti is 
not constant, but varies as the configuration of the robot is changed. 
However, the assumption that all joints are revolute infers that Ti is 
a function of only a single joint variable, namely qi· Second step in 
forward kinematics is to compose a table to show all link parameters.1-3 

(Table 2)

                              
0 0 1 2 3 4
5 1 2 3 4 5. . . .T T T T T T=                (1)

Table 1 Working capacity of manipulator arms, in terms of the angle and 
coordinates located into links

DOF 1 00 ≤ θ1 ≤ 1500

DOF 2 00 ≤ θ2 ≤ 1200

DOF 3 00 ≤ θ3 ≤ 1500

DOF 4 00 ≤ θ4 ≤ 1800

DOF 5 00 ≤ θ5 ≤ 3600

Table 2 Link parameters

I αi−1
Ai-1 Di θI

1 0 0 210 θ1

2 +90 0 0 θ2

3 0 202 0 θ3

4 0 202 0 θ4

5 -90 360 0 θ5

It is always desirable to be able to determine the joint positions 
required by the manipulator to approach a desired point in Cartesian 
coordinates. According to given X , Y and Z in Cartesian coordinates, 
forward kinematic equations are required to obtain the joint angles. In 
other words, objective is the calculation of successive values of the robot 
variables required to maintain a particular trajectory and orientation 
of an object. At this instance, maintaining particular trajectory and 
orientation of object problem will be concerned. Mentioned problem 
is more difficult than the forward kinematics problem.  The general 
problem of inverse kinematics will be presented below. Given a 4x4 
homogeneous transformation matrix of end-effecter, find equivalent 
theta angles for five links. 

By determining two of them, , ,X Y ZP P P , have just three unknown 
parameters, and other angles of the manipulator are able to be solved, 
because we have three equations, and three unknowns as enough to 
solve.

 [360* ( 2 3 4) 202* ( 2 3)

202* ( 2)] / [( 2) / 2] (12 / 2)

x Px cos Q Q Q cos Q Q

cos Q Px Py PxΛ Λ Λ Λ

= = + + + +

+ +           (2)

                                      [360* * ( 2 3 4) 202* * ( 2 3)

202* * ( 2)] / / [( 2) / 2] (12 / 2)

y Py Py cos Q Q Q Py cos Q Q

Py cos Q Px Px Py PxΛ Λ Λ Λ

= = + + + +

+ +
          (3)                        

    
( ) ( ) ( ) 360* 2 3 4 210 202* 2 3 202* 2       z Pz sin Q Q Q sin Q Q sin Q= = + + + + + +        (4)

As described above, these equations are nonlinear and one of the 
methods in order to solve equations is to utilize Gauss Elimination 
Method in which the solution differs by the initial conditions and 
the differential interval that is chosen. A program has been written 
in C++ language to find solutions for all essential conditions. After 
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obtainment of solution matrixes, program executes to predilection 
the best solution for the manipulator control. The criteria of opting 
the best are quest the easiest and shortest stroke of the manipulator.4 

(Figure 3)

Figure 3 Unit step response of the links.

Before control applications, the position tracing capability of 
the manipulator is tested for each arm. First of all, reconsidering the 
mechanical design and workspace; the feasible motion capabilities 
of the manipulator are investigated. Despite simplicity, the joint 
base control is used for each joint via operating additional control 
algorithms. Responses of the joints for different control algorithms 
are tested.

Vision system and segmentation algorithm
At this instance of the study a digital RGB camera and image 

processing algorithm are used to capture the image via activation 
signal of object detector sensor. The RGB camera is mounted over the 
rodless cylinder, which is moved by a servo-stepper motor and drive 
unit.5-9 Image processing program and the control of the driving unit 
of the stepper motor are executed by computer. Convey operation is 
actualized through gripper at the end-effecter. Operating scheme of 
the process is given in Figure 4. 

The computer needs to be programmed to process the digital image. 
Digital image processing is a significant task in industrial applications 
because of the vast volume of data that needs to be evaluated.

A system for industrial vision contains 311040 picture elements in 
total, with 640 pixels per line and 486 lines of pixels. Each pixel also 
has three RGB values. Thus, each 1/30 s would need a total of 933 
120 bits of data. Figure 4 shows the flowchart of the unique software 
created and used for object recognition and selection.

Figure 4 Operating scheme of process.

If any object is sensed, object will be captured and separated from 
background via an algorithm based on values of the Red, Green, 
Blue, are read from look-up color table which consolidate the proper 

color range for each to maintain color class of objects in one test. 
Alias, system recognizes the object that enters its field of view, 
captures it, and then uses a particular algorithm based on choosing 
appropriate color threshold density values to distinguish the object 
from the backdrop. The three primary color elements of digital image 
processing software such as MATLAB—Red, Green, and Blue—are 
utilized for this purpose. (Figure 5)

Figure 5 Captured images and relevant histogram.

Three distinct characteristic images of the original image are 
assessed after separating the obtained real digital image into these 
three channels. The image processing algorithm in Figure 6 is used 
to remove the impacts of varying brightness and lighting as well as to 
generate the ideal characteristic threshold density values for the color 
picture separation and segmentation procedure.

Figure 6 Image processing algorithm.

After segmentation process, feature vectors which give the Eigen 
characteristics of the various fruits such as coordinates of gravity 
center, principal axis, perimeter, etc. are calculated by the computer 
in order to build a Neural Network to differ various fruits exactly. 
Feature vectors are then used for further classification of the object 
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via a trained Neural Network. (Figure 7) Besides the calculated 
feature vectors are used to obtain a rotation, translation and scale free 
recognition of fruits.

Figure 7 Neural network for classification.

Neural Network is trained by feature vectors before pattern 
classification process based on back propagation method. Weights of 
neural are used to simulate forward phase to classify fruits on forward 
phase of Neural Network. 

Experimental results and conclusions
In order to evaluate an image system’s segmentation capabilities, 

a variety of fruit classes are used, each with a unique geometric shape 
and color composition. For further item recognition and comparison, 
various developed algorithms that depend on MATLAB’s color 
analysis capabilities as well as some mechanical descriptions for 
feature characterization are created. The evaluation of very successful 
results in classifying the fruits that cannot be seperated easily.

On the other hand, the operation and transportation of the camera 
motion-object recognition are perfectly timed and synchronous. The 
implementation set is unrestricted in its application for tasks related to 
industrial classification.

For investigation of the mechanical motion capability and precision 
of the manipulator, and synchronous working of the robot arm in 
connection with image processing, various tests on the chessboard 
are made and successful results are obtained. Expected and acquired 
results are shown in Table 3.

Table 3 Aimed and acquired results of study

Classification Training Acc % Test Acc %
Path Following 
Acc (Max) 
(mm)

Aimed 100% 100% 5 mm
Acquired 99.5% 98.8% 10 mm

It is clear that, the feature vector selection algorithm of neural 
network and post-processing algorithm contributes test results and its 
accuracy. In order to improve path following accuracy it is clear that 
better mechanical properties needed.
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