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2 SUMMARY PAGE

2.1 Keywords
Qualify, Measurement. Optics. Holography, Conoscopic.

2.2 Abstract

Success of industries devoted to mass-production of structural materials and semi-finished
productsis very sengitive to any waste-causing factors S0 that in-house rejection ratios must be
minimized. On-line dimensional control of the products being obtained by a continuous process
becomes critical.

The OMEGA project {Brite-EuRam 5470; intends to solve the problems ansing from the lack
of real time dimensional control on steel structural mill facility products. The main objective of
the project is to assess the feasibility of an on-line. non-contact. measuring system. controlling
complex geometry parts in adverse industrial eavironments. The basic technology applied in
the project s Conoscopic Holography.

A lub und a plant prototypé have been developed and tested. The final one incorporates four
conoscopic heads and allthe auxiliary equipment to perform on-line guality controlin an
structural profiles rolling mill plant. Atthe moment. the performances of the measurements are
close to the specification although some additonal testing in plant conditions is required to
complete the work initially planned.

Clear lines of improvement have also been identified to optimize and industrialize the system.
The Consortium has agreedto extend the collaboration inthis new phase of the project.
previous step to the expleitation of the system in the market.

Benefits arising from implementing the technology proposed by OM EGA will impact on
quality assurance since one tool will be available for controlling various products, per-forming
realtime control of overall dimensions ina human errors free mode. This will allow an
important reduction of rejection ratios which. in the case of the rolling mill, will justify the
economicalinvestment made in the project in ashort period. Inaddition, the introduction of a
systemof the type developed in the project will yield an important reduction in operating COSt
as well as animprovement in quality and productivity of the mill.

The technology developed in the project could be applicable 1n a wide range of industrial
situations where the tvpe of measurement to be made. or environmental and access
requirements. make other techniques inappropriate.

The copenie <2 s Jonute
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3 THE CONSORTIUM

3.1 Consortium description

The Consortium is describedintable 3.1

Organization Country Role
TG! .E l Coordinator
CSl E Partner
CDO F Partner
ETNOTEAM [ Partner
TIMEAT F Pariner
LUniversidad de OVIEDG E Parnner B

Table 3.1. OmegzProject Consortium

The partnership structure contains a supplier of optoelectronics.CDO, a company specialized
on image processing (Timeat). a software house with large expertise in real time systems
{Etnoteam) and animportant end-user the steel producer CSi{Corporacidn de la Siderurgia
Integral. TGI (Tecnologia y Gestidn de la Innovacion) is the coordinating partner and the
academic support isprovided by the Automation Departmentof University of Oviedo.

CDO (Control Dimensionnel Optique. former LeConoscope), is an SME located in Paris.
w hich developed the conoscopic holography theory and possesses the licenses of the
underlying technology. During the project. CDO provided the scientific and technological
knowledge of the basic optoelectronics subsystem and implementedthe necessary prototypes.

Timeat.is an SME software house located in Rennes ( France). specialy devoted to Industrial
Image Processing and Sequence: Image Processing. In the project. Timeat developed the
software modules which performthe firstsignal processing (raw datasw).

Etnoteam, is an important [talian supplier and developer of software products including image
processing in real-time in projects of medium-to-large size. It operates mainly as developer of
custom software in the following four main technological areas: A) software engineering and
CASE. Bj software and svstems technologies. C) telecommunications and real time systems.
D} information systems. In the Omega project. Etnoteam designed and developed the software
subsystem and carried out the integration of the sw modules developed by the other partners.

The ~ ot pre ot
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UNIVERSITY OF OVIEDO isatechnical university. with strong retationships with CS1, the
end user. UNIVERSITY OF OVIEDO. provided assisstance in many aspects of the project and
was 1N charge of: A) the robotics associated 1o the equipment. B) the calibration procedures. C)
the thermal compensation and userinterface software modules. D ) the set up and developement
of system lab testing.

CS [ (former ENS IDES A). the end user inthe Consortium. is the largest iron and-steel industry
in Spain. It owns the faci | ity (structural profiles rolling mill} which offers the real conditions of
the problem to be solved (fig.3.1). Thus, it led the definition of the specifications. and the tests
of the plant prototype. Specifically, CSI was in charge. of A)the detailed definition of the
industrial problem to be solved. B) the installation of the prototype in piant. C) the execution of
the testing activities in real work conditions. D} the technology assessment by the end of the
project.

TGl (Tecnologia y Gestidn de la Innovacién, S.A.} is a technology company created to foster
industrial RTD activities within the Spanish public industrial holding to which CSTalso
belongs. TGI was responsible. for the coordination of the Omega project. .

\

\Figure 3. L.CSI's dructural pratiles rolling mill (Verina, Asturias, Spain).

\

3
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3.2 Contacts list

E: gro1a@ pomail etnoteam it

Contact person |Company | Phone/Fax/E-mail Address

Enrique Laso 1Gi P: +34 1 396 49 06 Advanced Technology Division
F: +34 1 396 48 41 Veldzquez, | M-his
E: elaso@www.1gies Madrid 28006

Faustino Obese |C.S.1 V:+3485126283 Automatizacion I ndustrial
F:+34 83126152 Anpdo. 93

Avilés33400 (Asturias)

Gabriel Sirat CDhO. Vo433 135510606 5% Rue du Géneral Valin

F:+33 1335330806 75015 PARIS
e E cdoi@ worldnrei net

Sianal Rona Etnoteam [ Vo +37 2261 621 Via Adelaide Bonao Cairoli. 34

F: +37 2261 10755 ?‘.ﬁl:mo-EOl‘J

F: +34 8518 2068

E: adiez @153l etsiia.uniovi es

Thierry  Danie | Timeat Vi +3399 63 6455 Inmeuble EUROPIUM-4,
F:+3399 633790 Sq. du Chene Germain
E: thierry daniel@spl.v-nerfr 35510 CESSON SEBIGNE -RENNES
T
alberto Diez U. Oviede |V 43485182067 ETSHG

Carretera de Castiello, s/n

Giidn 33204 (Asturias)
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4 DESCRIPTION OF THE ACHIEVEMENTS

4.1 Objectives. The industrial problem

Success of industries devoted to the production ‘of massively used structural materials and
semi i-finished productsis very sensitive to any waste-causing factors. Generally, competence
in this field is so hard that in-house rejection ratios are to be minimized. In the steelindustry,
as in the aluminum or plastics, processes like extrusion, lamination, etc. require rigorous
application of quality control methods toreduce rejection ratiosto a minimum. On-line
dimensional control of the products being obtained by a continuous process becomes critical.

OMEGA intends to solve the problem arising from the lack of real time dimensional control
on the products from asteel structural mili facility. Currently. this control is performed by
cutting a sample which later 1s cooled and finally measured manually by an operator (fig.
4.1 This way, a dimensional discrepancy from specification is detected when several tons of
product have already been output. All that material has to be rejected. Thisisa specific.
costlv and well defined indusinal problem.

The introduction of anautomatic system able to measure the profiles withoutinterrupting the
pracess. taking inte account thermal distortions. and giving reliable information which coultd
be used to implement a closed loop control. is the objective of the OMEGA Project. The
project intends to reachits objective by means of a consisient development of an evolving
vision technology. the Conoscopic Holography. This way. the basis for solving equivalent
probiems in other industrial activities will aso be set.

In this case, the system will be developed to perform the on-line dimensionalcontrol of
differenttypes of structural profiles at the end of the rolling mill. Figure 4.2 gives an idea of the
purametersto be controlled. The size of the profiles goes from SO mm. up to 600 mm., and the
precision desired is 0.1 mm. for all the measurements.

A main problem in the development of the prototype is the hard industrial environment in
which it must be installed, very hard in terms of noise. dust. brat. vibrations,etc.Inthis
sense, the conoscopic head has had tomeet reguirements never tried before regarding adverse
working conditions.

\
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4.2 Basic Technology Conoscopic Holography

Some other initiatives have been carried out,evenin the EL’ frame. trying to solve the problem
mentioned above. The common denominator in all of them is theuse of triangulation
techniques. A new approach was adopted in the OMEGA project. The basic technology applied
isConoscopic Holography (C-H.)- This technique presents an important advantage over other
methods such as Interferometry, Triangulation, Dynamic Focusing, StereosCopy, Telemetry,
efc.

C.I-i. was invented by Prof. Gabriel Siratand Prof. Demetri Psaltis of the California Institute of
Technology. C.D.O.ownstheexclusive rights for development, productionand marketing of
this technology which is protected by five patents with asixth pateninow pending. The basic
setup. called the Conoscope. isshowninfig. 4.3.

Circular
Polarize:

Figure 4.3. ConoscopicSystem

Asa summary, C.H.replacesthe coherent object and reference beams of conventional
holography with the ordinary and exiraordinary components of thesame beam which pass
through an uniaxial crystal. This way. some of the problems of conventional holography (i.e.
the need of using coherent illumination, ulira high stability requirements. €1C. yare overcome
and it is possible to produce holograms using incoherent light and with a fringe period
compatible with the resolution of conventional electronic devices.

The advantages of C.H. over conventional surface characterizauonimethods are a result of the
intrinsic characteristics of this new technique:

» Colinearity: the conoscopic system are inherently collinear and very simple. Indeed the
emitted beam and the measurement part are on the same axis. This method has great
advantages over triangulation methods which are not collinear und therefore are less
accurate and have trouble measuring moving objects.

« Stability. Since both beams propagate through the same path. conoscopic holography 1s
very stuble in contrast to conventional interferometric methods. Industrial environments,

The Lo wiis 1 iRy dox GAIRRE AT CoRA0A1L0 408 suhjec L b L ops e B pEate et - 7
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Figure £.1. Off-line quality control process

Figure 4.2. Dimensional parameters ta be controlled
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vibrations or other disturbances do not perturb the measurement more thanin normal
imaging devices. Furthermore, it is easy to compensate for temperature effects. Conoscopic
measurement systems have no moving parts and are therefore less expensive and more
reliable than dynamic focusing systems.

« Compatibility to optical systems and incoherent sources. Incoherent light sources. in
particular natural scene lighting and fluorescent lighting may be used, furthermore the
surface measured may be preferably diffusing but some setups are able to use reflecting
surfaces.

« Compatibility to electronic detection devices resolution as CCD cameraor | D CCD array.

4.3 Omega Prototype: Subsystems

4.3.1 Conoscopic heads

The conoscopic heads are the kev element in the Omega system. The industrial prototvpe.
includes four cameras each one covering an angle of 907 around the measured profile. Fig.4.4
is an schematic representation of how the corresponding part of the image of the profile 1s
captured by the camera. | ‘

- Concscopic [N~ - @ CCD
S Head U Motrix

Figure 4.4 Opticalsetup in the profile dimension

The conoscopic head converts the incoming light from the object to be measured into an
interferogram, that is recorded by a CCDcamera. One point in the profile corresponds to one *
line in the sensitive matrix. Thisline yields through its number, the transversal position of this

point. and through its contents the longitudinal distance.

[nitially the OMEGA system was designed as a passive measuring system using the light
naturally emitted by the very hot beam. However the temperature of the beams 1s not a fair
constant during the production activity. So the consortium turns early to an active system using
-a dedicated laser light source. The power in the current system is ~2W with a laser pulse
duration of 200 ms.

The
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The optoelectronic head contains some adapted objectives, an specifically developed
cenoscopic module and alinear laser diode array as the light source {pulsed 10W at SGOnm).
I-he. whole optoelectronic subsystem is covered by asealed enclosure in order to provide afirst
barrier to protect them from externeal aggressions: dust, humidity. heat, mechanical shocks, etc.

The output of the cameras are four conascopic images Of the scene, that are senttoa computer,
that processes this information in three stages (raw data processing. shape data computation
and thermal distortions compensation) and presents the final measurements to the user.

4.3.2 Positioning device

Inthe industrial prototype the cameras are mounted on a positioning structure. called C frame.
that will also incorporate othe r essential mechanical elements (blowers for dust and water.
cooling system. temperature measurements, etc. } and will provide protection against heat and
vibrations. etc. Within the mill. the prototype isinstalled near the circular saw atthe end of the
process. wherethe rolled beam is stopped and clampedto be cur. The measurements willbe
taken in the shorttime when the beam is clamped and before it is cut.

The positioning device (fig.4.5) is composed of a fixed structure and a mobile part. where the
cameras are mounted. that will be able to be retired from the mill for maintenance purposes.
Necessary-elements inside the mobile part are: the four cameras, two air conditioning systems
to cool them (the profile arrives at the saw at temperatures near to 800 °C), thermal sensors to
control the internal temperature {cameras calibration s sensible to thermal changes),
pyrometers to measure the profile's temperature (in order to introduce dimensional corrections),
and blowers (10 eliminate dust from the cameras objectives. and to eliminate water from the
surface of the profile).

4.3.3 Computer subsystem

Apart from the basic processes associated 0" signal acquisition, computation and presentation
of measured resuits, abasic controt of the mechanical elements in the system (blowers, cooling,
movement. €€y is needed. To solve this problem the designincludes @ computer subsystem
(fig.4.4) composed by two separated PCS. connected in anetwork. The firstone isan industrial
PC. including a PLC slot. that is mounted inthe positioning structure and controls all elements
of the acquisition and signal treatment processes. The information is then sentio another PC
whichis placed in the control room of the mill. This PC provides the interface with the
operator of the mill allowing him t0 introduce communds and €1ViRg him the resulis of the
measures in different formats and on various output devices.

The cotitens o s Jve WmER? o Soniide Bhaf a0 SRl D QP TIehl prokoc o . 9
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Figure 4.5. OMEGA Computer hardware components

The introguction of 4 Acquisition PC bourds was decided in order to reduce significantly the
data acquisition and calculation timz. In the future. this equipment will be replaced by specific
processing boards which will help reducing further on processing times,

4.3.4 Software subsystem

Together ‘with the conoscopic heads, the software is a key element in the Omega system. It
processes the information furnished by the Optical subsystemand the other sensors, in order to
provide the dimensions in the profile of thebeam. an indication of their validity and accuracy
and some signals regarding the status of the whole OMEGA system. It also has to ensure all the
communications among the components and with the Plant Computer. and to permit the
storage, analysis.and reporting of all data collections and statistics. Finally it provides the
interface with the user, presenting results and receiving operation commands from him.
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4.4 Signal processing and profile dimensions computation

4.4.1Raw data processing

Asmentioned above, the output obtained from conoscopic heads are complementary hologram
images. The first zoalof the raw data processing is to convert this images captured by aaCCD
into afirst set of related to distance values, although not yet in correctunits or even linearly
dependent on distances. The process, based on a fast Hartley transform (fig.4.6), is carried out
for the four conoscopic heads.

Ceososzopy : Manma Caresian
irapsform finding TTTrdescripuion

Mol

->

RS

Figure 46. Raw Data Processing synoptic

Asasecond step. and in order to reconstruct the complete section of the objet{ and obtain a
first cartesian description of the object. a co-ordinate transformaiion is applied. This
ransformation is defined by the. so-called transfer function of the camera and actually consists
in appiving to the initial distance valuesanscale transformation and a subsequent rotation and
translation of coordinates. The parameters [0 perform these transformations are obtained as a
resultof the calibration routine.

The calibration process provides the parameters to establish the functionai relationship between
points defined in the 3D real world coordinate system where the measure is taker-i. and their
projections in camera coordinates (fig. 4.7). That is. it defines the parametersto perform the
computational process described in the previous point. This relationship is called the
calibration file. With the calibration file and the projections of the captured points in the
cameras, it is possible, at measuring time.to perform the backward conversion and work out
the corresponding realworld coordinates andthe desired measures.

This completes the work of the raw data processing software [he output of whichis four sets of
2D coordinates. defined in a common cartesian system, and formed by the points composing
the partial profiles captured by each CCD.

P A DU G I TR PR ST N S R l 1
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Figure 4.7. Calibration system: transformation of coordinates system

4.4.2 Shape data computation

The objective of this computation step is to translate the standard Cartesian descript ion
provided by the raw data processing into a complete operational description of the profile
measured by the Omega system. The shape data compilation software is basically structured in
thefollowing functions:

« Region limit identification

« Template matching (profiles composition)
«Data fitting and parametrization

. Hot measurements extraction

The result is a complete definition of the whole measured profile and its characteristic
parameters (Highs. thicknesses. etc. ) as defined by the end user.

443 Thermal distortion compensation *

This is the tast stage in the computation process. It has the objective of calcdlating the finad
measures to be expected trom the profile when it 1§ cooled down to room conditions (the
temperature in the profile when the measurements are taken is about 800° C). The mput for the
calcufation are the values obtained from the Hot Measurements Extraction and the information
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received from pyrometers describing the distribution of temperatures in the measured profile.
The values obtained from thislast calculation constitute the finalresult of the measuring
process in the Omega system.

The temperature correction praccess consists Of the following three steps:

. Estimation of (optimization)the parameters of the exponential curve which defines the
temperature distribution aloszg the different parts of the beam (web and f12nges).

. ‘computation of the temperature distribution along the whole beam uxing the estimated
parameters.

. Computation of the estimated contraction of all measurements of the “eambv means of
numeric integration of the differential contractions of each part of the progite.

All these calculations are per-formed by a module appropriately calibrated iwcording to existing

data as to the thermal distestion of profiles. of different sizes subjecind to non-uniform
temperature distributions.

4.5 Results and validation

Two type of tests have been de-me:

. Functional and repeatability tests. that ensure that each hardw are and software
component are performing correctly, and mainly if the overalltunctionementiscorrecs
(aseach component is furnished bya different partner, inthis casethiskind of testyg
very importanti.

o Measurement tests. that are the core Of the prototype. ACCUracy ot the measurements
obtained. robustness and repeatability were tested. Figure .8 sShows the temporary set
up prepared for the. first. preliminary, plant testing.

All the functional tests perfeemed have shown a correct behavior of the system in normal
working mock. Also. the timing of the cycle has been measured Tabhie 4 [show | the
approximate timing for each process (based on Pentium-90 MHz computers)

These processing times are high with reference to the specification. Nevenheless, they are not-
taken very much into consideration at this moment because this purawcter is very much
improvable by means of softw are optimization and upgrading of specific lurdware components
now used in the prototype {provessing boards and CCD cameras).
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Acquisition of the 3 images (plus. minus, background) 8 sec.
Sent of the images to the computers 15 sec.
Raw data processing 30 sec.
Coordinate conversion 1,5 sec.
Sent of partial data {o the process PC (Ethernet) 0.2 sec.
Measures extraction {hot) 1 sec.
Temperature correction O _sec.
Sent of measured data to the operator PC (Ethernet} 0.1 sec.

Table 4.1. - Process duration.

Figure 4.8.- Preliminary plant testing carried out before the positioning device was installed in the mill

Regarding measurement tests. Figure 4.9 shows the reconstruction of a two representative real
profiles (HEB-160 and HEA-100). Table 4.2 presents the corresponding numerical values for

different profile sizes.
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Reconsirason of an HEB-160

Synthesis Report

Reconstruction of an HEA-100
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Figure 4.9.- Partial reconstruction of profiles from two cameras setup

Type of bl dt d3 e

profile real mean |stddev |read mean | std dev | red mean |stddev | red mean | std dev

HEA-1C0 101.1 | 100.95 1,41 47.7 | 47.77 1.04 48.1 48.14 112 5.3 5.52 0.73

HEB-180 159.4| 159.53 0.77 75.3 | 75.09 0.69 75.9 | 75.92 0.51 8.2 8.17 0.42

[PE-180 91.1| 91.28 1.35 82.0| 8342 1.12 82861 82.44 1.06 55| 5642 .50

HEA-400 298.6 | 288.3C 0.55| 142.7 | 142.72 0.53| 144.0| 143.88 0.50 11.9 11.75 0.45

Table L?.- Measurements Of profile parameters taken from different profiles.

In general, the results canbe considered very positive with reference to the specification
deviced by the end user. However. some problems have been detected and are currently being

treuated:

+ A non-compensated distortion efeect makes straight lines to appear as curves.

e The extremes of the flanges have a fewpoints very distorted because of the eftects of
lightin that specific zones. As aresult, bandd, dimensions are measured with more
difficulty, especially for profiles with small wings thickness.

In order to solve these problems it is necessary to complete the testing work. Anyway, the
partners consider that the results achieved, being preliminary, are good enough to confirm the
validity of the technology developed with the project and can be wry much improved
optimizing thesystem now available. This opinion is also shared by the personnel in chargeof
quatity control atthe mili where the system has been installed.
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5 EXPLOITATION PLAN

The business potential of the Omega system is out of doubts. As a result of the dissemination
activities carried out along the project, the Consortium has received many expressions of interest
coming from steel companies and not only from the Europe.

Asa result of this, the Consortium has defined three main steps in the process to industrialize
and commercialize the Omega system:

- Thefirst step is to complete the development work initiated in the project: that is. to extend
the plant testing and complete the integration of the plant prototype so that at the end of the
work it can be operated by the staff of CSI's mill. The milestone for this is set by the end of
 July or, atlatest, by the begining of September this year. Then the prototype will officialivbe
presented to the people responsible for the management and operation of the rolling mill.

- Once the first prototype is delivered and its performances absolutely confirmed. A phase of
optimization and industrialization of the svstem will be open. To introduce the OMEGA
system into the industrial market. @ more robust. compact and reliable equipmentis required.
The objectives of this phase will be to optimize the system from the point of view of its
assembly, operation and maintenance. Aspects like the upgrading of the hardware sy stem
(introduction of specific DSP boards) or the optimization of the software are considered for this
phase which is expected to have a duration of around six months.

- The third phase (to be run in parallel withthe previous one) is the dissemination and open
cormumnercialization of the system. initially throughthesteel industry. and starting with the
preliminary contacts already made. Naturallv, the first client for the Consortium would be CSt
itself which, only in its structural profilesroiling mill, is interested in installing two Gmega
systems. One would replace the prototype now installed for final quality control, The se<ond
would be installed at the first part of the mill {roughing mill), with less accuracy requirements.
and would be used as a first control of mill set up. Moreover CSI would be ready to showw the
svstem. in working conditions atits plant, to potential clients Which would be a ver
convincing marketing argument.
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