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Diagnostic Device for 3D Surface Analysis

Diagnosticke zarizeni pro 3D analyzu povrchu

Ing. Robert Hlavica; prof. Ing. Zora Kostialova Janéikova, CSc.; doc. Ing. Robert Frischer, Ph.D.

VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Automation
and Computing in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

Préace se zabyv& navrhem a realizaci ridiciho systému pro zasizeni na skenovani povrchu hutnickych materiélii. Toto
zarizeni bude vyuzivano v hutnickych procesech, prevazné pak na pozicich vystupni kontroly a diagnostiky. Prace se
zabyva analyzou hardwarové casti zarizeni. V analyze je popsana konstrukce snimaciho zasizeni, umisteni snimaciho
zarizeni a referencniho prvku. Dale je vyhodnoceno vyuziti vzadjemné polohy snimaciho zasizeni a referencniho prvku
pro ziskani obrazu povrchu snimaného objektu a popsan princip pohybu zasizeni p7i snimani objektu a akeni cleny,
které jsou vyuzivany. Vysledky analyzy jsou pouZity pro navrh 7idici jednotky vcetné programové ¢asti systému. Ridici
jednotka zajiSzuje spravnou funkci akcnich ¢leni a referencéniho prvku. Jeji soucasti je komunikachi protokol, pomoci
kterého miiZe byt rizena z PLC nebo PC. Soucésti prace je navrh programu pro PC na obsluhu zarizeni a nésledné
zpracovani obrazové informace. Vysledkem programu jsou Udaje o snimaném povrchu. V programové ¢asti se vyuziva
algoritmi pro rozpoznévani obrazu (Image Processing). Jsou zde popsany pouZité algoritmy pro detekci hran
s vyuZitim konvoluce. Vysledkem takto zpracovanych dat ze snimace jsou souradnice povrchu snimaného objektu
v jedné rovine. Vyvoj vyhodnocovaciho algoritmu byl realizovan v prost/edi programu MATLAB. Vysledné algoritmy
byly aplikovany v ridicim programu, ktery je postaven na platformé Net Framework. Ridici systém byl otestovan
v laboratorich Vysoké Skoly bdsiské — Technické univerzity v Ostrave. Prvni testy byly zaméieny na detekci
povrchovych vad krystalizatori az do hloubky 0,2 mm. Zasizeni pri testech doséhlo poZadované presnosti mérent.
Re3eni bylo po oveéreni dale rozpracovano a prohloubeno.

Kli¢ova slova: ridici systém; polohovani; krokovy motor; detekce hran; zpracovani obrazu

The paper deals with the design and implementation of the control system for a surface scanning device for
metallurgical materials. This device will be used in metallurgical process. The device will be used primarily for
output control and diagnostics. The work contains the analysis of hardware part of the device. It describes the
design of the device, location of the sensor and reference laser, use of the locations of the sensor and reference laser
to produce images of the surface of the scanned object, the principle of movement during the scanning of objects
and actuators. The results of the analysis are used for design of the control unit, including the software part of the
system. The control unit is responsible for correct operation of actuators, and of the reference element. It includes a
communication protocol, through which it can be controlled from a PLC or PC. Part of the work deals with design
of the PC software for operation of the device and for subsequent processing of the visual information. The results
are data describing the scanned surface. The control program uses algorithms for image recognition (image
processing). The used algorithms are described in the work. The algorithms are designed for edge detection with the
use of convolution. The results of such processed data from the sensor are the coordinates of the scanned object
surface in one plane. Development of the algorithm was realized in the MATLAB software environment. The
resulting algorithms are applied in the control program, which is built on the platform NET Framework. Device and
control parts of device are tested in the laboratories of the VSB - Technical University of Ostrava. The first tests
were focused on detection of the mould’s surface defects, when the main condition was the minimum detection
resolution of scratches of 0.2 mm. Device successfully passed the tests and achieved the required accuracy. The
solution was after confirmation further elaborated and finalized.

Key words: system, positioning; stepper motor; edge detection; image

This work presents a proposal of the control system for  Discrete convolution computer algorithms are used for
3D digitizing of surface. It describes the principle of  determination of the laser. The control system designed
scanning the surface of objects using optical sensor and  for the device was based on the principle of image
reference laser. Subsequently, it introduces the image processing algorithms. In conclusion, the entire device
detection process realized by the reference laser in order ~ was implemented and tested. The results of the tests will
to obtain information about the shape of the surface. be evaluated. The device model is shown in Fig. 1.
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1. Principle of scanning the surface

A reference laser was used for the optical scan of
surface. The laser was equipped with a special lens. The
lens changed spot beam into the line. The line of beam
lit the surface of the object, which created a clearly
visible laser line. The resulting line was an intersection
of the object surface and the laser plane.

Model of the device
Obr.1 Model zatizeni

Fig. 1

When viewed perpendicularly to the plane of the laser it
had a curved shape of the scanned surface. It was not
technically possible to look straight perpendicularly to
the plane of the laser; therefore the optical sensor
monitored the resulting light line under a very small
angle. Relative position of the laser and sensor is
illustrated in Fig. 2. The image captured from the sensor
is shown in Fig. 3.

Fig. 2  Diagram of scanning of the object surface
Obr. 2 Schéma snimani povrchu objektu

Fig. 3 View from the sensor
Obr. 3 Pohled ze snimace

For acquiring information about the entire surface of the
subject, we had to repeat this process in the new
position. The scanning process consisted of two

operations. The first operation was a visual record. The
second operation was a shift of the entire structure
(Fig.4). These two operations were repeated in the
cycle. This shift used the fact that linear displacement
sensing accuracy was inversely proportional to the
displacement.

N

Fig.4 Diagram of motion sensors and lasers along the scanned
object
Obr. 4 Schéma pohybu snimace a laseru podél snimaného objektu

2. Image processing

We then focused on obtaining information about the
object surface in one plane. One level of the subject
represented a visual record. Procedures for obtaining
information from the object image are referred to as
image processing. Image information can also be
described as a function of two variables

fxy), )

where x and y are coordinates of the pixel and the
function value corresponds to the values of brightness or
spectral components. Therefore, it is called luminance
function or a function of intensity. Laser in the picture is
analogous to the physical edges of the recorded object.
The edge is within the image properties given pixel and
its surroundings. It is determined by how abruptly
changed the value of visual function. Mathematical tool
for analysing changes in the function of two variables
are partial derivatives. Change of the function indicates
the size of the gradient (2) and the direction of the
gradient (3). The direction of the gradient ¢ is always
perpendicular to the edge

el = J(Z) + (&) @

dy

of
@ = arctg (%) 3)

8y

For calculation of the gradient a discrete 2D convolution
is used (4), where a is the input signal and b is the
kernel or convolution mask. The expression vector can
be broken down to the summing of the expression (5),
which is suitable for use in the algorithms.
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a — 2d matrix of input signal (pixels)
b — matrix of convolution kernel
¢ — value of transformed pixels

It is obvious that each new pixel in the filtered image,
depending on the co-evolutionary mask, affects the
nearby pixel. A properly chosen mask can be
approximated as the first derivative or gradient. For
finding laser we used in the painting features the
gradient direction, thus it was always perpendicular to
the edge. Structurally the device always had the laser in
horizontal position. It follows the gradient properties
and from the assumption that the reference laser is
horizontal, that it is preferable to count only in the
vertical direction. This will filter out all edges that are
not horizontal. The following kernel was used for
application:

L -1 -2 -1
b=;*[0 0 Ol (6)
1 2 1

b — matrix of convolution kernel

Final image contained only the laser line, which
projected on the scanned object (Fig. 5).

Fig. 5 Image information after application of convolution
Obr. 5 Obrazova informace po aplikaci konvoluce

3. Control system

The proposed control system is composed of several
parts, which can be grouped into two blocks. The first
block of the control system software is part of the
personal computer as the "First block". The second
block is the driver for control of a stepper motor and
reference laser, as well as the "Second block” (Fig. 6).
The control unit has been tailored for the device. It is
equipped with a processor STM32F4 from STM. This
processor is used as the main part of the subordinate
logical block. It ensures communication with the master
block. The system uses for communication with the
RS232 a protocol, which is using the transmitter
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transferred to the USB bus. The processor is equipped
with a real-time operating system RTOS. The actual
control algorithms are written in C++.

First block

Application in PC

Module of
Control and
User interface

Module of
image processing

Module of
linear drive

Module of
optical sensor

—
¥

Driver and USB interface

Second block

USB
HUB

End switch

Linear drive

Fig. 6 Diagram of the control system
Obr. 6 Schéma ridiciho systému

As it was already mentioned, the superior block is a
software application in the PC. The application is
designed and developed within the framework for the
Microsoft .Net Framework 4.5 and it is written in
C# .Net. The application is divided into separate
functional modules. Individual modules solve always an
isolated problem. These individual modules connect the
main module of the program, which also serves as the
user interface.

Conclusions

The function of the whole device had to be tested after
completion of the control system, assembly of the
support structure and interconnection of all the
elements. Gradually each piece of the equipment was
tested. Linear displacement alone without a parent
block was tested as first, especially the homing
function and the function of the shift to the desired
position. After verifying the functionality and editing
software of the control unit the equipment was
connected to a parent block. The functions of imaging
and laser control were then tested. It created a basic
configuration for the sensor and the image processing
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module. After testing and configuration of individual Fig. 8 shows a graph drawn from the data. It is obvious
parts of the system, the scanning process as such was that the graph corresponds to the measured object.
tested. A shaped object shown in Fig. 7 was chosen Small measurement errors can be observed at the
for the test. Scanning was triggered after setting the beginning of the object. They were caused by laser
ideal sensor parameter. Start and end points were set reflections from the front edge of the object, and at the
to be one centimetre in front of the object and one end of the object where the error was caused by
centimetre behind the object. covering the reference laser. Given the desired function
when the device scans unevenness of the upper surface
of the object, these two errors are negligible. The entire
= length of the upper surface of the model then
corresponds to the scanned object.
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Ocelarska prognoza MBI: Ceny oceli by mély v prvnim ¢tvrtleti zistat

MBI STAHL AKTUELL 20.01.2017

Na ocelarském trhu se viechny zraky soustied’uji na Cinu a USA. 28. ledna za¢inaji v Ciné oslavy Nového roku
a hospodaisky Zivot usne. Vychazi se proto z predpokladu, Ze kvali tomu ceny oceli a Zelezné rudy poklesnou.
Peking by mohl jesté pied zacatkem svatka oznamit nova opatieni k likvidaci prebyteénych kapacit v ocelaiském
a zeleznorudném sektoru, coz by se mohlo pozitivné projevit na cenach oceli a Zelezné rudy. VV USA by mohly ceny
profitovat ztoho divodu, Ze novy prezident bude detailné informovat o svych ambiciéznich planech pro
infrastrukturu. Soucasné je ale tieba se obavat moznosti, Ze novy prezident uvali tu¢na trestna cla na dovoz zboZi,
ve kterém je vyuzivana intenzivné ocel, jako je tomu naptiklad v automobilech. V nejhorsim piipadé by mohla
vypuknout obchodni vélka s Cinou, ale i jingmi zemémi. To by se negativné projevilo na cenach surovin a zejména
kovi. Od posledni MBI progndzy z 6. ledna se ceny oceli zvySily v praméru o 1 az 2 %. Ve stejném obdobi se ale
zvysila cena Zelezné rudy (Fe 62 procent, CFR, Tanjin) o vice nez 7 % na 81,7 USD za tunu. Jinak to ale vypadalo
u koksovatelného uhli (prémiova kvalita, export Austrélie): zde ceny spadly o0 14 % na 178 USD za tunu. MBI
Research vychazi z toho, Ze ceny pro dlouhou ocel a hrubé plechy v ziistavajicich tydnech prvniho étvrtleti zastanou
stabilni. Ceny za ploché vyrobky by mohly ve stejném ¢asovém obdobi zhruba o 2 % poklesnout, i kdyZ poptavka
po oceli ze strany zpracovatelského primyslu stoupa.
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