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Abstract
Automation of metal sheet cutting increase the effectivity of the metal sheet manufacturing process. The goal of this
project is object tracking algorithm that leads to optimalization of the metal sheet cutting process. The suggested
object detection and tracking method is composed from multiple machine learning state of the art algorithms. The
obtained results are close to the expert human operator guidelines.
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1. Introduction
The automation of manufacturing processes is huge
trend nowadays. Such an automation might save
time, money and reduce human error. The goal of
this work is to provide machine vision [1] assistance
for automated metal sheet cutting. The software we
develop should be later used by our industry part-
ner. The ultimate goal of this study is to use camera
to measure the exact position where the metal sheet
should be cut. The cut of the metal should remove
the end of the metal sheet, because the end has ir-
regular shape and quality. To find out the optimal
position to cut in an automated way requires the fol-
lowing information:

• location of the very tip of the metal sheet

• position where the metal sheet end arc has a
connection with sides of the metal sheet

• optionally also the full contour of the metal
sheet object could help

The target positions that should be measured from
image are shown in Fig. 1.

Fig. 1. The target positions that should be measured from
image: green - tip of the sheet, red - connection of arc and
sides, yellow - full contour

2. Methodology
The methods and approaches used to accomplish the
goal of this project are described in this section. The

proposed approach can be broken into following steps:

1. step: pre-processing (subsection 2.2.)

2. step: search for approximate position (subsec-
tion 2.3.)

3. step: search for points on contour (subsection
2.4.)

4. step: post-processing (subsection 2.5.)

5. step: model adaptation (subsection 2.7.)

2.1. Programming language and tools

Python 3 [2] was used for development of whole soft-
ware package for machine vision. This language was
chosen because it has direct binding to OpenCV [3].
The OpenCV is one of the most popular tools to sim-
plify machine vision tasks. It is open source project.
Most of the OpenCV is running natively in C lan-
guage. This is important because the final imple-
mentation of the machine vision software on the tar-
get industry machine should be done in language
C#, Because of that reason, the re-implementation
of the Python machine vision software in C# lan-
guage should be relatively easy. The reason why the
C# language was not used also for development is
the coding difficulty of this language. In Python we
can develop and test various solutions in much faster
pace. Other Python libraries we used: SciPy [4] and
Numpy [5].

2.2. Image pre-processing

The most of the commonly used approaches for image
pre-processing is unavailable during this task because
of the insufficient testing materials and incomplete
information about target hardware and light condi-
tions. Optimisation of the image pre-processing at
this point would be way too premature. Because of
these reasons we need to deal with images in the form
we get them and try to overcome their differences
without bigger processing.

Thus the whole pre-processing consist only from
the filtration with Sobel filter [6]. This approach
throws away big portion of the case-specific informa-
tion (colour etc.) and somehow unify all the images.
The output of the Sobel filter are two images - one is
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for the horizontal differences in image, and the other
one is for vertical differences in the image. The Sobel
filter is convolution filter. This convolution can be
written as:

Gx =

[−1 0 +1
−2 0 +2
−1 0 +1

]
∗A (1)

and

Gy =

[−1 −2 −1
0 0 0
+1 +2 +1

]
∗A (2)

where A is the source image to be filtered. These two
resulting images (and image made from combination
of the both outputs of Sobel filter by averaging) are
used as input for following steps. The example com-
bined image is shown in Fig. 2.

Fig. 2. Output of the Sobel filter - combination of filter-
ing in horizontal and vertical axis.

2.3. Search for approximate position

After pre-processing with Sobel filter is search for ap-
proximate position - boundary box - of the metal
sheet in the image. The approximate position is de-
scribed by four values. Two values are on horizontal
axis - the vertical lines locating the sides of the metal
sheet. Another two values are distances on vertical
axis - horizontal lines locating the end of the metal
sheet. Schematics displaying mentioned lines is in
Fig. 3.

Fig. 3. Approximate position of metal sheet described
by four lines - first step of the metal sheet detection and
measurement.

The location of the lines is found by template
matching. Simple pseudo-binary templates (only val-
ues in template are 0 and 255) are used. The tem-
plates used for detection of metal sheet sides (verti-
cal lines) is create artificially by repeating sample row
vector representing the sharp change in intensity in
the image. The resulting template for the detection
of the left side can be written as:

T =


255 255 . . . 0 0
255 255 . . . 0 0
...

...
...

. . .
...

255 255 . . . 0 0
255 255 . . . 0 0

 (3)

The template for the right side is obtain by horizon-
tal flip of the left side template. These templates are
moved along the horizontal axis and the error against
the background is measured. The location with low-
est error is selected as the resulting position of the
particular line (left or right side). The height of the
searched horizontal slice of the image (and thus the
height of the template) is chosen as the first third of
the image. This setup is display in Fig. 4.

Fig. 4. The red area over the metal sheet schematics
describe where the patterns are searched. The patterns
(masks) are on the left side of the Figure.

The location of the horizontal lines (location of the
metal sheet end) is also find with template matching.
The used template was created manually according
to the reference image. This template is stored as an
image and is resized to fit the distance between left
and right side of the metal sheet (vertical lines). This
setup is display in Fig. 5.

Fig. 5. The red area over the metal sheet schematics de-
scribe where the pattern is searched. The pattern (mask)
in on the left side of the Figure.

The output of this step is four lines (locations), de-
scribing the approximate position of the metal sheet
in the image. This output is used for the next steps,
because they require the approximate position of the
metal sheet.
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2.4. Search for points on contour

Now, when the approximate position of the metal
sheet is known, it is possible to use this informa-
tion for more targeted search. During this second
step smaller templates are used to find out the points,
that are probably laying on the contour of the metal
sheet. This approach is similar like the one in the
previous step. The difference is, that in this step
the target area is search line by line (row by row in
case of sides and column by column in case of metal
sheet end). This process is more computationally ex-
pensive, however it is done only in the surrounding
of the main lines. The template used in this step is
similar to template 3, however is much smaller (5x5).
Again the template is flipped and/or rotated accord-
ing required direction of use. This result is display in
Fig. 6.

Fig. 6. The output of the search for points that are prob-
ably laying on the metal sheet contour.

This step was not possible without approximate
location of the metal sheet boundary from the previ-
ous step.

2.5. Combination of previous outputs and post-
processing

In this step the previous results are summarised. Also
some post-processing operations are applied to reduce
noise and highlight the probably contour. The com-
bination of the Sobel filter output 2 and image with
suspicious points 6 is obtained by averaging of these
two images. The result is after that processed with
two rounds of erosion and dilatation. Because the
resulting image is rather dark, the lighter pixels are
emphasised via simple threshold criteria. The final
outcome of this post-processing is displayed in Fig. 7.

Fig. 7. The outcome of previous results merge and post-
processing.

2.6. Metal sheet contour model

The model used for describing the metal sheet con-
tour is described in this subsection. According to the
shape complexity and limited information that we can
acquire from the images we define simple model con-
sisting from four Bezier curves and two short lines.
The short lines are introduced to bridge the complex
connection between the end arc with the metal sheet
sides. All control points of any used curve are en-
forced into the boundary rectangle of the curve. The
curve end points are in the most far corners (diagonal)
of the rectangle. The middle control points cannot es-
cape this rectangle. In fact, these points are given by
two float numbers (in range 0-1) describing their posi-
tion in the rectangle. This limitation was introduced,
because a correctly adapted model should never need
to exceed this boundary.

The raw schematics of the model is shown in
Fig. 8.

Fig. 8. Default naive model of metal sheet contour. The
model contour is in blue, boundary boxes of Bezier curves
are in red.

This model has multiple adaptable parameters:
distance parameters (9 in total), displayed in Fig. 9;
and control points of Bezier curves (2 points (with 2
dimensions - horizontal, vertical) per curve, 16 values
in total).



Studentská tvůrčí činnost 2019 | České vysoké učení technické v Praze | Fakulta strojní

Fig. 9. Adaptable distance parameters of the model.
They are in green; the model contour is in blue, bound-
ary boxes of Bezier curves are in red.

Example schematics of poorly adapted model is
shown in Fig. 10.

Fig. 10. Demonstration of the model degrees of freedom
- poorly adapted model. The model contour is in blue,
boundary boxes of Bezier curves are in red.

2.7. Model adaptation

The last step of the process is adaptation of the model
- its adaptable parameters - to match the contour of
the metal sheet in the given picture. An evolution-
ary algorithm [7] was designed for this purpose be-
cause the solution space is way to wide. The absolute
difference between model picture representation and
the outcome from the third step (last output after
pre-processing) was used as the cost function. Every
iteration of the evolutionary algorithm contain few
actions:

• individual from the current generation are or-
dered from the most fit to the least fit individual

• some number of best individuals are added to
the next generation

• some number of best individuals are slightly
mutated and added to the next generation

• some number of best individuals are strongly
mutated and added to the next generation

• the next generation is completed by few new
randomly generated individual

Because of such an algorithm can lead to the state
where all the best individuals, who advance to the
next generation are siblings. To prevent this, every

individual has a universally unique identifier (UUID).
The individuals created by mutation get their UUID
from their origin. Every individual that has more fit
siblings is penalised during cost function evaluation.
This concept enforce diversity among the best indi-
viduals. As a criteria to stop evolution can be used
the difference between the best individual and the av-
erage of the best individuals. If this difference drops
close to zero it is highly unlikely that better solution
will be found.

3. Testing and results
Few testing images were obtained from the industry
partner. The results are very much similar. Two the
most distinct images were selected for publishing in
this publication. We would like to highlight the dif-
ference between the images - different colour settings
of camera, different position of the metal sheet on the
background.

Fig. 11. Contour of adapted model for testing result #1.
Contour is in white colour.

Fig. 12. Contour of adapted model for testing result #2.
Contour is in white colour.

4. Conclusion
In this paper we present our solution for the problem
of metal sheet object position detection on conveyor
belt via means of machine vision. The results we
achieved on the testing images are promising. The
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solution we propose is complex, however it is easily
implementable on the target machine in the industry,
because most of the hard work is done by standard
libraries ported to C# language.
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Nomenclature

UUID universally unique identifier (−)
T Template (−)
Gx Kernel of horizontal Sobel filter (−)
Gy Kernel of vertical Sobel filter (−)
A Source image (−)
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