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Abstract- Automated robotic solutions in manufacturing provides greater flexibility, which allows faster response to changes 
of the market and industry demands. In addition, robotic systems have many benefits when replacing manually operated 
systems, such as consistent quality, higher productivity and better availability.  In order to be fully flexible, robotic cells needs 
to be equipped with sensory feedback. In this research, a vision based sensory system is developed for a Fanuc M-1iA parallel 
kinematics robot. The aim was to produce a low-cost solution, which can allow easy integration of commercially available 
hardware and software. The developed system employs a web camera for image capturing, Visual Studio for image processing 
and special interface software for communication with the robot. The robotic system tasks includes picking and sorting of 
randomly placed objects of different size and shape. The object position and orientation data are processed and passed over to 
the robot, which then executes the required tasks. The vision system was calibrated and then successfully implemented on the 
robotic platform demonstrating the viability of the proposed solution. The main advantages of the developed system are its 
low-cost and the ease of implementation on conventional computer-based systems. 
 
Index Terms - Robots, Vision System, Automation.  
 
I. INTRODUCTION 
 
Development of robotic sensory systems, in particular 
vision systems, requires an integration of different 
platforms, which have specific physical interfaces, 
hardware and software. Machine vision for robotic 
applications has been a subject of research for two 
decades [1] – [11].  Vision systems can be classified 
according to their part feedback capabilities. Research 
has shown four main categories, namely: object 
dimensions, surface texture, “structural quality” and 
“operational quality” [1]. In terms of parts 
presentation, vision systems can be divided into two 
main categories: stationary and moving parts. 
Stationary parts can be presented to a robot on a pallet, 
while a flexible conveyor usually feeds moving parts, 
as in [2]. The majority of robotic vision systems for 
picking and sorting tasks are used for handling 
two-dimensional (2-D) parts. In modern industrial 
systems, it takes 200-400 milliseconds to acquire and 
process a 2-D part’s image, as in [3]. Machine vision 
is also used to process 3-D parts by scanning the object 
with a laser line while acquiring images with a CCD, 
as in [4].  The process with a 3-D laser scanner takes 
600-1200 milliseconds, as in [3]. This research 
focuses on the dimensional detection capabilities of 
stationary 2-D parts.  
A digital image (bitmap) consists of an array of pixels 
with attributes, such as: the grey level and the RGB 
(red, green and blue) level, which are represented by a 
histogram. The histogram can be used for different 
applications by means of pixel filtering or 
intensification of the grey or a certain colour level, for 
example, for part detection and identification in the 
70th [5].  
Another important technique of image processing is a 

connectivity or blob analysis, which allows to detect a 
number of objects of interest [6]. This powerful 
technique provides a big variety of filtering methods 
as blobs can be filtered based on size, colour location 
etc. The issue with blobs may arise when objects are 
overlapping. This can be resolved with edge detection 
by highlighting key contours and features in the field 
of view [7]. Reference [8] presents various algorithms 
and methods developed for edge detection. The 
process of an edge detecting algorithm is composed of 
three stages, “smoothing, differentiation and 
labelling”. Another big factor in image processing is 
noise reduction, which can be achieved with a number 
of techniques reported in [9]. Since the ultimate goal 
of image processing is object sorting, it was important 
to obtain an efficient process. The technique proposed 
in [10] was applied in this research, which includes a 
number of sequential and parallel steps, such as: noise 
reduction, image segmentation, dimension, colour 
and shape analyses, and matching and sorting 
decisions. 
 
II. DEVELOPMENT OF THE ROBOTIC VISION 
SYSTEM 
 
A. Hardware 
A Charge-Coupled device (CCD), or a digital camera, 
is commonly used for intelligent visual sensory 
systems to acquire a bitmap and store the properties of 
each pixel in the camera in a two-dimensional array. 
The bitmap contains all the information to reproduce 
the image as accurately as the resolution allows. The 
resolution is only as high as the size of the bitmap, 
which is normally 8 megapixels and higher for 
accurate images. The bitmap is fed column by column, 
shifting right each time. An Analogue-to-Digital 
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converter (ADC) is then used to give each pixel a set 
discrete value as the row is fed through, hence, 
creating a digital image. A CCD requires a frame 
grabber, which takes an individual frame from the 
video uplink and stores the frame as a bitmap. The 
following CCDs were considered: Basler Scout, Sony 
XCLC130C and Logitech HD C270 web camera. The 
choice was based on cost, resolution, pixel size, data 
rate, frame rate and on chip processing. A Logitech 
HD web camera was chosen in this project as it had the 
lowest cost. 
B. Software 
Reference [1] highlights the importance of the 
appropriate software tools for machine vision. Three 
popular software packages suited to these applications 
are Roborealm, Visual Studio and National 
Instruments. Visual Studio was chosen in this project 
as it is one of the most widely used C-based 
programing platforms. By adding the Drawing and 
Imaging module to a program, images can be read 
from a file in the form of a bitmap, 2-D matrix 
containing all the values describing each pixel, which 
can be manipulated using the GetPixel and SetPixel 
functions. Windows Forms (WinForms) was used for 
image processing and analysis with the Graphical 
User Interfaces (GUI), which is common in modern 
industrial equipment. The Visual Studio code can 
easily be further developed, improving the system, 
adding functionality and developing user interfaces. 
C. Camera Installation 
The Fanuc M-1iA is a compact, high-speed and 
accurate, lightweight parallel kinematic robot. For 
this reason, the camera could only be mounted in a 
fixed position, as shown in Fig. 1. For the specified 
sorting capabilities, having a fixed camera means the 
entire workspace can be surveyed in one frame, 
enabling a faster response time for the sensory 
information. 
 

 
Figure 1. Fanuc M-1iA robot with the web camera 

 
D. Overall System Architecture 
Fig.2 shows the overall system architecture. The 
webcam is connected to the PC via a USB port. Once 

communication between the webcam and PC is 
achieved, the data needs to be manipulated into a 
readable form for the imaging algorithm. To do this, a 
frame grabber module is implemented inside 
Microsoft Visual Studio, which is a standard module 
that links to the connected webcam and provides a 
Windows Forms application that depicts the live feed. 
The developed module then has a frame grabber 
element that, upon initialization, saves a frame of the 
live feed in the form of a digital bitmap. The digital 
bitmap produced by the frame grabber consists of a 
two-dimensional array of pixels. Each pixel contains 
four integer values, producing a colour on the ARGB 
scale. The two-dimensional array is subjected to the 
process and analysis algorithm. The part data is then 
sent to the robot controller via LAN using the Fanuc 
interface software. The robot action is finally initiated 
by a program residing in the robot controller.  
 

 
Figure 2. System architecture 

 
III. IMAGE PROCESSING 
 
E. Algorithm Structure 
For processing and analysis of the bitmap, a Windows 
Forms application was developed with two classes, 
namely object and pixel. The object class stores all 
objects detected by the vision system in an array. Each 
object is made up of an array of pixels, thus, each 
object contains an Arraylist consisting of all its pixels. 
Along with the pixels, the object contains a name in 
the form of an integer value, its centre of gravity as a 
pixel, a colour on the ARGB scale, a detected corner in 
the form of a pixel and an orientation. The pixel class 
contains a colour, a position in the bitmap and a 
magnitude. The magnitude is calculated as the 
Euclidean distance from the centre of gravity of the 
object. The magnitude serves as part of the object 
orientation calculation. 
When the process is initiated by the user, the live feed 
from the webcam is obtained and the frame is captured 
and displayed in Fig. 3. If the user is satisfied with the 
position of the objects in the field of view, image 
processing (Fig. 4) is initiated by clicking the detect 
button. 

 
Figure 3. Main GUI 
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Figure 4. Block diagram of image processing 

 
Using the first pixel in the bitmap, a background 
colour is registered. A threshold value is applied to 
this colour and used to differentiate between the 
background and object. The object location algorithm 
then searches for an object by comparing each pixel to 
the background colour. If any one of the integers in the 
pixel’s RGB scale is different to the background by a 
certain threshold, the process will register that an 
object is detected. Using the concept of connectivity, 
all neighbouring pixels that fall under the same 
criteria are added along with the first detected pixel 
into an array. An object is initialised and the array of 
pixels is assigned to it. A further analysis takes place 
to determine the centre of gravity, colour, corner 
detection and orientation, along with assigning a 
name. The object can then be removed from the 
bitmap by setting all pixels in the object equal to the 
background. The search can be restarted until all 
objects have been detected and analysed. The results 
are displayed on the application as an image, marking 
all the object centres with a cross for the benefit of the 
operator. The corresponding X- and Y-values of the 
centres, along with the orientation of the objects, can 
then undergo transformation based on calibration 
results. The values are finally sent to the robot where 
the robot position registers are edited to reflect the new 
coordinates. 

IV. SYSTEM CALIBRATION 
 
The locations and orientations of parts obtained with 
the vision system need to be calibrated in the robot 
coordinate system. The calibration method proposed 
in [11] is used, where the coordinates from the vision 
system and the actual coordinates from the robot 
workspace are plotted against each other, giving an 
equation of best fit. 
In order to calibrate the system, a simple image 
containing a number of objects is spread over the 
entire space. Once the position analysis is complete, 
the robot end effector is manually jogged into position 
where the Cartesian coordinates can be recorded for 
each object. The results are then graphed together in 
order to achieve a transfer function between the 
coordinate systems. Mapping the vision system x-axis 
to the robot’s y-axis gives the calibration equation (1). 
 

7498.071.1599744.0  xy c    (1) 
 
Mapping the vision system y-axis to the robot’s x-axis 
yields the calibration equation (2). 
 

5393.0783.669834.0  xy c    (2) 
 
In addition to the coordinate systems’ calibration, 
there is a need to determine the object orientation. In 
this case, an object of known orientation is presented 
in a range of different positions. The object is rotated 
each time and evaluated giving a range of vision 
system values. The calculated orientations are then 
compared and mapped to the robots Cartesian 
coordinates, equations (3) and (4). 
 

982.910038.1  xy  (3)   270݀݁݃>ݔ ݈݈ܽ ݎ݂
 

86.4519991.0  xy  (4)   270݀݁݃<ݔ ݈݈ܽ ݎ݂
 
V. IMPLEMENTATION 
 
F. Setting the Robot 
Once the coordinates and orientation data of the 
objects are determined by Visual Studio, they need to 
be sent to the robot controller. Fanuc specific 
interfacing software was used to write code and 
communicate with the robot controller. The Fanuc 
M-1iA robot is controlled by a Fanuc R-30iA 
controller and the teach pendant. The controller has 
various communication capabilities, Ethernet and 
RS232 serial connection. The controller can run 
programs in Karel code, which is a language 
well-suited to robotic control. The system can either 
communicate with the controller through the teach 
pendant, or directly to the controller using the two 
connections available. 
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G. The Experimental Procedure 
In experiments, a number of objects having different 
shapes, were placed randomly in the workspace, as 
shown in Fig. 5. In the process, the presented objects 
were successfully identified by the vision system and 
then sorted by the robot using a suction type gripper . 
 

 
Figure 5. Objects sorted by the robot 

 
Fig. 6 shows the block diagram of the overall process 
of image acquisition, identifying, picking and sorting 
of parts, as well as interaction between the user and the 
system. The process is described as follows: 
Step 1: Initialisation of the Cycle 
In order to initialise the system, the operator must first 
start the Robot program, called “Main”. This will 
initially move the robot into home position and then 
continue to loop inside the program until prompted by 
the Vision System. This is done using the output 
register RO[3] bit in the I/O register. Program “Main” 
can only call the sorting program once the vision 
system has toggled the RO[3] bit, which occurs once 
all the position and data registers have been edited.  
Step 2: Initialisation of the Vision System 
Next, the operator must ensure that the PC is 
connected to the robot controller via Ethernet and the 
webcam via USB. The vision system program coded in 
Visual Studio can then be run.  
Step 3: Communication with the robot controller 
Upon starting the program, software will prompt for 
the robot’s IP Address and then make communication 
with the robot controller if the address is correct.  
Step 4: Initialisation of the camera 
The operator must initialise the webcam feed. By 
clicking the start button underneath the webcam 
screen, the correct camera can be selected when 
prompted. The webcam feed will then appear.  
Step 5: Initialisation of image processing 
At this point, the entire system is in automatic run 

mode. Once the operator is satisfied with the image 
presented by the webcam, the capture button can be 
pressed. This captures a digital bitmap of the live feed 
and sends it to the analysis algorithm. The image 
analysis algorithm will determine the centroids and 
orientation of all the parts providing enough 
information for the robot to pick the part up. These 
values are then calibrated and, using the robot 
interfacing method, are sent to the robot’s position 
register PR[N] as the Cartesian coordinates.  
The parts are all ranked by size – largest to smallest. 
Parts of the same type will only fluctuate in size by a 
certain threshold value. If a difference in size between 
parts exceeds this value, the index of the array of parts 
is recorded as Type1. This marks the range of parts 
that should be placed in the same designated area. The 
process continues to find the range of parts in Type2 
etc. By using the robot interface module to edit the 
values in the number register R[N] on the robot 
controller, the numbers can be used in each loop of the 
robot code to determine the destination of the parts.  
Step 4: Activation of the robot operation 
Once all the required data has been entered into the 
robot controller’s data registers, the vision system can 
use the robot interface module to edit the RO[3] bit in 
the I/O register. This allows program “Main” to call 
the sorting program, as shown in the right column of 
Fig. 5. This will move the end-effector to the various 
parts, pick them up and place them in the designated 
areas. Once the program has sorted all the parts, the 
RO[3] bit is toggled once again and the cycle can 
restart. 

 
Figure 6. Block diagram of the process 

 
VI. RESULTS AND ANALYSIS 
 
H. Repeatability 
Repeatability of the developed vision system was 
assessed for orientation of parts. For this, a number of 
identical objects were placed with the same orientation 
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over the entire workspace, as in Fig. 7. Knowing that 
orientation is calculated using the centroid of the 
object and a corner, the two points were identified on 
the generated image as white and red crosses, 
respectively. The repeatability uncertainty, calculated 
as in [12] using equation (5) and a 95% confidence 
level, was found to be 0.49%, which indicates a high 
level of repeatability.  
 

 
Figure 7. Image for an assessment of part orientation 
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      (5) 

Where: sx = the standard deviation and r0 = 3600 angle 
 
VII. RESOLUTION 
 
In order to determine the precision of the system, the 
workspace was measured along the X and Y axes. The 
obtained values were then divided by the 
corresponding number of bitmap pixels to give the 
resolution per axis, as well as the percentage 
resolution calculated as in [12] using equation (6), 
with a 95% confidence level, and it was found to be 
(1.31±0.655)·10-3 %. 
 

100Resolution% 
Bitmap

YresXres       (6) 

Where:  
Xres = 0.975 mm/pixel - the x-axis resolution, 
Yres = 1.033 mm/pixel - the y-axis resolution, 
Bitmap = 76800 pixels – the camera bitmap 
 
VIII. DRAWBACKS 
 
In the current system, the background colour is either 
set manually or determined using the first pixel in the 
array. This causes a problem if an object lies in that 
area. The algorithm will register the part colour as the 
background, causing all other objects in that colour 
threshold to be invisible to the detection process.  
During the sorting process, the robot sorts a pre-set 
maximum number of part types. If the number of 
different types of parts recognized by the vision system 

exceeds this maximum, no sorting will occur for this 
range of parts. This maximum number can be set as 
very large in the robot code, so as to minimise its 
influence on system capabilities.  
Parts are categorised into different clusters using 
object size only. This causes a problem for parts of a 
different type, but exact same size. Objects produced 
by the vision system can have an array of pixels that 
ranges into the thousands, minimising the chances of 
this occurrence, so as to become almost negligible. 
This method provides a better part specification ability 
when compared to colour sorting, as the likelihood of 
different parts having the same size is much lower 
than different parts having the same colour.  
The current system is incapable of intelligently 
deciding what the object orientation is without having 
a pre-recorded reference to determine its relative 
rotation. By using the recording module, the operator 
can simply place any number of different objects in the 
workspace, ensuring that they are in the desired 
orientation, and store all the required information for 
further use. This module is also used for part 
classification. The part size and colour are also stored, 
providing a reference when determining part type.  
 
CONCLUSION 
 
This paper presents the development of a vision 
system, which is integrated with a Fanuc’s M-1iA 
parallel kinematics robot for picking and sorting 
tasks. The system is capable of sorting, in a 
semi-automated mode, 2-D objects which differ in size 
and shape. Although the developed system utilises a 
low-cost web camera with low-resolution image 
information, it provides a sound design concept for 
developing an industrial vision system for robotic 
application. The proposed system is most applicable 
where a large amount of small parts needs to be 
organised in a short space of time based on obvious 
properties, such as size, shape and colour. Examples 
of this can be found in the manufacturing of 
pharmaceuticals and assembly lines where batches of 
small parts need to be sorted, ready for further 
processing. Factory production lines may process a 
large volume of parts. Sorting can be a long process; 
the proposed system can reduce this time, increasing 
production and profitability. 
A number of shortcomings of the current design were 
identified during research. Future work can be carried 
out in enhancing the system repeatability and 
versatility, as well as developing a fully automated 
system with 3-D object capabilities.  
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