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USAGE OF MACHINE VISION FOR DETERMINATIN OF WORKPIECE ORIGIN

PAULIC, M[atej]; BALIC, J[oze] & IRGOLIC, T[omaz]

Abstract: In this article we present a system for determing the
workpiece origin on the CNC machine tool. Related
sophisticated systems are commercially avalible on the market
but they are expensive and their purchase is economically
unjustified. The aim of our research is to develop an
inexpensive system for non-contact determine of the starting
point of the workpiece, which is sufficiently accurate and
useful. Calibration procedure was developed using a feedforward neural networks. The trained neural network presents
camera calibration model. When the training of neural network
is complited can begin to use the system to determine the
starting point of the workpiece. System has been tested on a
number of prismatic shape workpieces and has been through
testing proven effective.
Keywords: Neural network, image processing, milling,
workpiece origin.

machine. An low cost QuickCam camera manufactured
by Logitech (Fig. 1) was used. This camera can capture
up to 30 images per second. The maximum resolution,
which can be attained by the direct capturing of the video
signal, is 320x240 pixels. The capturing of the video
signal on the personal computer is performed via the
USB (Universal Serial Bus) 2.0 interface, whereas the
camera focus is regulated manually.

1. INTRODUCTION
Machine vision is used as a sensor for system guiding
since mimics human vision and allows contactless
perception of the immediate surroundings of the
industrial system. The first researchers in the field of
machine vision systems, describing the use of artificial
visual feedback to correct the position of the robot and
the accuracy of the mission, has also seen considerable
development of robotic manipulators controlled directly
based on artificial vision. Nowadays there are widerange
of machining systems with fully integrated system of
artificial vision.
The paper presents the development of the system for
optical determination of workpiece origin [1] with the
use of low cost equipment. The primary objective of our
work was to develop a system for automatic
determination of workpiece origin on desktop milling
machine, which will be less expensive than similar high
sophisticated systems available on the market, and its
performance will be sufficiently reliable and precise at
the same time. It was also incorporated in previous
developed system [2-15] for intelligent programming of
machine tools, using artificial methods (Neural networks,
Genetic algorithms, Genetic programming, etc.).

2. EQUIPTMENT
The machine controls are performed by a personal
computer equipped with Linux operating system, that is,
through EMC2 open source CNC software package.
For the optical determination of the starting point of
the workpiece it was necessary to fixed camera on the

Fig. 1. Used camera and clamped workpiece on machine tool

3. PRINCIPLE OF SYSTEM WORKING
“Fig. 2” shows the block diagram of the basic
principle of system working. First workpiece is inserted
and clamped, than the system runs program to determin
the zero point of the workpiece. The zero point of
workpiece is determined from the capcured image with
camera. Separately for each axis is calculated value of
coordinate in the machine coordinate system. These
values are stored in the file “stepper.war” which is a
system file of EMC2 open source environment intended
to storing variables that must be retained to the next
system sturt-up.
Block diagram of the system for the optical
determination of the zero point of workpiece is shown on
“Fig. 3”. When installing camera on the machine, the
system must first be calibrated to determin the
relationship between the coordinates of captured image
and the spatial coordinates of the machine “Fig. 4”.
Calibration procedure [16] has a particulary important
role in machine vision systems, aimed to give accurate
measurments in real coordinates. Calibration is
preformed once and as long as we do not change the
position of camera calibration does not repeat.
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Fig. 2. Basic principle of system working

Camera calibration is carried out with the help of
neural network and a trained neural network represents a
calibration model. When learning of neural network is
complete we can begin to use the system to determin the
zero point of the workpiece. Camera capture the image of
fixed workpiece, in next step with appropriate algorithms
extract information about the position of the workpiece
origin in image coordinate system. Thise coordinates are
inputs to the learned neural network, learned in the
calibration phase of the system. Output from neural
network obtain the information sought by the actual
value of the position of the workpiece origin in the
coordinate system of the machine.

4. IMAGE PROCESSING
VIDEO
SIGNAL

With the use of suitable algorithms for processing
digital image [17-23] can be obtained information of
interest. In our case, we want to find a pixel in the image,
which represent zero point of the workpiece. “Fig. 5”
shows the procedure of image processing.
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Fig. 3. Block diagram of functioning of optical system

In our application we will focus on grayscale images.
Color image captured by camera is transformed into
grayscale (monochrome) image. This si done so that the
wheighted color component of image pixels.
Treshold method is one of the simpliest and most
important image segmentation procedures [2]. Using
thise method distinguished looking object (in our case
this is the workpiece) from background. The method is
based on comparing the gray value of each pixel to a
threshold value. Points on the image that exceed the
threshold value is assigned the value 255 (maximum
brightnes point), but if point does not exceed a threshold
value, assigned value is 0 (dark point). The effectiveness
of the method depends on the proper selection of
threshold values, which we determined by experiments.
Edge points are simply pictorial elements arount
which the brightness value has a strong vary. Strong
variation of the brightness values are not only from the
actual edges of objects on the image, but also siiue of
noise, resulting in capturing image from camera. Task of
edge detection is to find the edges of objects on the
image. In our application uses Sobels algorithm for edge
detection [24].
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Next step in the system is to processing image with
threshold method by which we distinguish an object from
its background. The results of the image processed by
threshold method are presented on “Fig. 7”.
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Fig.7. Image processd with Sobel algorithm

The “Fig. 8” shows the results of image processing
with the Sobels algorithm for edge detection. The white
color on the image represents detected edges of the
workpiece.
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Fig.5. Block diagram of image processing

We decided to use thise algorithm because our system
is placed in an enviroment with minimal noise impact
(unchanged scene).

5. RESULTS
The system was tested with a variety of prismatic
workpieces. In following text results will be presented
for the optioal insertion of of the workpiece on the work
table of milling machine. Before start with
manufacturing, pre-calibrated camera capture image of
the workpiece shown on “Fig. 6”.

Fig.6. Captured image of workpiece transformated in grayscale

The final result of the image processing is determined
workpiece zero point, which is presented for test example
on “Fig. 9”. “Fig. 9” shows that the system has
determined the zero point coordinates x = 257.9 and
y = 135.7 in coordinate system whose base is placed in
upper left corner of the image. These values represent the
inputs to the neural network, which was learnd in
calibration phase and represents the relationship between
image coordinates and the coordinates of the machine.
Output of neural network is the zero point of the
workpiece position in the machine coordinate system and
for test example the system has determined that ti si
workpiece zero point Y = 22,692 mm and Z = 87,149
mm. We run machine tool into this point and found that
the system accurately determine the zero point of the
workpiece.

Fig. 8. Image processed with Sobels algorithm for edge detection
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Fig. 9. Determind coordinates of workpiece zero point
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6. CONCLUSIONS
Developed system for the optical determination of the
zero pont of workpiece has been through numerous tests
proved to be reliable and sutable for use in practice.
Surroundings of workpiece remains generally unchanged
or on the system can be installed single-colour base
which allows to easily separate workpiece of background
and system work is reliable and robust. In the future
proper light source will be provided on the machine to
illuminate the workpiece and its vicinity uniformly and
continuously. It would also be suitable for practical use
camera with a higher resolution.
It can be concluded that the presented system proved
to be reliable and efficient to use, it is designed so that is
suitable for use on other machines and devices on which
would be optically determining the zero point of the
workpiece useful.
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