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2.1 Kej-words

Qualify, ?$Iei.lsurenlerlt. @[its,  Holography,  Conoscopic.

2 . 2  Abstract

Success of industries cie~oted  to mass-production of s[ruc[ural ma[erials and semi-finished
prociuc[s is very sensitive to any ~kaste-causin:  factors so th3[ in-house rejec[ion ratios must be
minimized. On-1ine dimensional control of the products being obtained by a continuous process
becomes  critical.

A I:lb imd a plant pro[oty.w’ have been de~elo~wd  arid tes[ed. The fin4 one incorporates four
conoscopic  heads and all the auxiliary equipment [o perform on-line qu,ali[y ccmrrol  in an
s[ructuml  profiles rol]in: mill plant. ;4[ [he mormm[. the performmces of the measurements are
close to ~hr specification  although  some additional  [esting in plant conditions is required to
compk  Ie [he work initially planned.

Clear lines of impro~emtnt  ha~e  also been identified to op[i,mize and industrialize the system.
The Consmlium  has agreed  to extend  k col labora t ion  in ~his ne~~’ ~hilse  of the project.
previous s[rp to Lhe exploitiition  of [he sys[em in the rnw-ket.

(
B e n e f i t s  arising from implementing  the {echnolo:y  proposed b~ O\l EGA wili impact o n
quality assur:incf since one too{ will be avai!:~ble  for cori[rol]ing \arious produc[s, per-forming
real [ime control of overall dimensions in a human errors free mod?. This will allow an
importtint reduction of rejec[ion  rfitios \vhich. in the case of [he rolling mill, will jus[ify the
wonomic~l  inves[nxn[  mlde in [he project in a short period. in adciiiion,  [he introduction of a
sys[em  of \he [}pe deveioped in [he project will }ield an il]]portfin[  reduc[ion  in opera{ing cost
LIS wel} as :in impro~’cmen[  in quality  and produc[ivit) of the mill.
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3.1

The

e.)

The

THE CONSORTIUM

(brmrtium description

Consortium is descrilxd in [Jble 3.1.

Organization \ Country Role

I
TGI .E Coordinator

Csl E Partner

~ CDO F Parlner

1------ET&lC)TEAhwl [ / Partner

TIMEAT F ?zrmer

Table 3.1. Omega  Project Consortium

oar!nership  structure con[ains  a supplier of optoelecumnics.  CDO,  a company specialized
o n  ima~e processin~  (Timeal  1. 2 softuare house with ltirge e~pellise  i n  real t i m e  systems

a
(Etnoteam)  and an iil~po~tin[  end-user  [he steel p r o d u c e r  CSI (Corporaci6n  de la Siderurgia
In(egral. TGI (-I_ecnolo~fa  y Cies[i6n  de la Innovaci6n)  is the coordinstin~  p a r t n e r  a n d  the
ac~demic  support is pro~ided  b~ the .+utomation  Depwrncnt of University of Oviedo.

CDO (Control  Dimensionrwl  C@ique. former LeC.onoscope).  is an SME located in Paris .
w h i c h  de~eloped  [he conoscopic  holo~r~phy  theory md possesses the licenses of [he
underlying twhnology.  Durins [he project. CDO provided [k scientific and [echno’logical
knowledge  of the basic qxoelec[ronics  subsystem and implemented  the necessary prototypes.

Tiineat. is m .S\lE sof[wxt house  located in Rennes ( France). specially de~oted  to Industrial
image  Processing and Sequence: [mage Processing. In the project. Timew  developed the
software modules ;~hich p<rforrn [he tlrst signal processing (raw’ d~m s~~).

.—
m< . ..l!l..  !.(. ,,: 1:..  J . ..,, ,, .,, . .-.. !.< .. :., .7.-, . . . .-’, : -. - := .~.,+-.’.u.,.~
,,..  ,,:,  II I,:LTI K.: .;!1 !* ~, . . . . . . . . -. . . . 2
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UNIVERSITY OF OVIEDO is a Icchnical  uniiersi~!. \vi[h wrong re}ation.ships  wi[h (XI,  the
end user. UN lVERSITY OF OVIEDO. provided assiss[ance  in many aspcc[.s of [he project  and
ii>a.$  in ch:irge of: A) the robotics  associfilcd to [he equipmen[.  B) the calibration procedures. C}
the lhc’r]Nal  compensation imd LIser  ink[f:ice sohivmc mcKILIlcs.  D ) [he ser up and devclopcmenl
oi” system 1A testing.

(3 [ (. forr]wr ENS IDES A). [he end user ill k Consortium. is [he lqest iron znd-stee] industry
in Sp:tin.  It owms the faci I ity (structural protllts  ro]ling 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 t.hc plant  proto(ype.  Specifically, CSI was in charge. of .4) [he detailed definition of the
industrial problelm  to be solved. E3j the installation of [he prototype in plan[. C} the exccuLion  of
the testing activities in red wor-k conditions. D} the technology  assessment by the end of the

* prc~jec[.

“1’G1 (Te.cnologia  y Gcsti6n de la Etrrov:ici6n,  S .A. j is a techl~o[ogy  company cre~ited  to foster
industrial RTD activities ivilhin the Spanish public  indus[.ria] holding to which C.SI also
belongs.  T(2I was responsible. for the coordination of the Omega project. .

‘\

“\
\ Figure 3.1. CSI’S structural profiles rolling miil  (Vet-iiia.  Asturias. Spxin  ).

\

‘!
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3,2 Contacts list

Contact person

~nriq~e L3S0

Faustino Okso C.s.l

CDO.

—.——

\’elizquez, I M-his

Madrid 28006

%utomaliztickm I n d u s t r i a l

Apdo. 93

Sq. du Chcnc Germain

,.
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4 DESCRIPTION OF THE ACHIEVENIEINTS

4.1 Objectives: The industrial problem

Success of industries devoted to the production ‘of massively u.wd structural marerials and
semi -flnishe.d  products is very sensitive to any waste-causing factors.  Generally, competence

I in this field is so hard that in-house rejection ratios are to be minimized. In the steel indust~,
as in the aluminum or plas[ics, processes like extrusion, lamination, etc. require rigorous

I e application of quality control methods to reduce rejection ratios 10 a minimum. On-line

I dimensional control of the produc[s being obtained by a continuous process becomes cri[ical.

I

I
I

OMEGA intends (o sol~e the problem arising from the lack of rea! time dimensional control
on [tre products from a steel structural mill faciliry. Current!j,  this control is performed by
cu[[in: a szmple which  later is cooled  and finally measured manua]l)  by an operator (fig.
4. i). This way. a dimertsionai  discrepancy  from specification  is detecred  \+”hen se)eral tons of
produc~ h~~e alreiid>  been cw~put. Ail char makrial has [o b~ rejec[ed.  This is a s p e c i f i c .
cos[ly and well dt.fined inciu.\trial  problem.

Tht introduction of an ~u~on]o~ic j>~[~n~  ~ble to mewurc tht profiles ~$ithout  in[eri-up[in:  [he
process. raking into uccount {herrn~] distortions. md :i\ in: rtliablt  inforrm:ition  which could
be used to imp]enwn[  a closed loop con[roi. is the objectije  of the O\f EG.4 Projec[.  Tht
project intends to re~ch its objective  by means of a consisien~  del’e]opmrnl  of an evolving
iision tt=chno!og,  the Conoscopic  Holography. This wa)’. [he basis  for solving equi~alent
problems  in other  industrial acti~i[ies will also be WI.

e In this case, the sys[em \vil} be developed [o perform the on-line dimensiortal  control  of
diff~rent types of structural profiles at the end of [he rolling mill. Figure 4.2 gives an idea of [he
p;:rametei-s  [o be con[rol]ed.  The size of the profiles goes from SO mm. up to 600 mm., and the
pitcisi~n desired is 0.1 mm. for all [11s measurements.

.4 main problem  in the &Yelopmen& of the prwotylx  is the hard industrial environment in
M hich it must  be ins[aJled,  very hard in terms of noise. dust. brat. \ibrations,  etc. In [his

sense, [he conoscopic  head has hLd to meet requirements never  tried before regarding adlerse
workin:  conditions.

\
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~,~ Basic Technology Comscopic  Holography

Some other initiatives have been cwiied out, even in [he EL’ frame. trying 10 sol~e the problem
mentioned above. The common denominator in all of them is the use of triangulation
techniques. A new approach was adopted in the ONIEGA project. The b~sic  technology applied
is Conoscopic  Holography (C. H.). This technique presents an important ad~antage  over other
methods such as Interferometry, Triangulation, Dynamic Fcwsing,  StereosCopy, Tekmet~,
etc.

e C.I-i. was invented by Prof. Gabriel Sirat and Prof. Demetri Rdtis of the California Institute of
Technology. C.D.O.  oums  the exclusive  righ!s for development, prociuc~ion  and marke[in: of
this technology which is protected by tlve paten[s \vith a sixth psteni  nolv pending. The basic
setup, called the Conoscope.  is shown in fig. 4.3.

,f-’f .,,_
P ‘~”fi.,. .. .
e -.-..--..;.::::- . . . . . . . . . ... . . . . .. . . . . ..$ . . . . . . /

,. --;  $::+ .-.
-’..

.

Figure 4.3. Conoscopic System

As a summary, C.H. replaces the coherent object and refemrtcd kams of con~-entionti]
holo~raphy  with the ordinary and ex[r-aordinm-y components of the  SaJIK  beam which pass
through an uniaxial crystal. This v.ay. some of the problems of conien~iona]  hologr;+phy (i.e.
the need of using coherent il}umin~tion,  ultra hi:h stabili[) requir~ments.  etc. ) are o~ercome
and it is possible to produce holograms using incoheren[  ligh[ :;nd wi[b a fringe period
compatible \vith the resolution of con~entional  elecwonic  delic~s.

The adian[agw  of C..H. over con~enlional  surface c’nar:{cterization  inethods are a result of the
intrinsic characteristics of (his new. kchrtique:
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Figqre 4.2.  Dimettsiond parxmetws  to fw  controlled
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9

vibrations or other disturbances do not perturb [he measurement more than in normal
imaging  devices. Furthermore, it is eas) to compensate for temperature effec[s. Conoscopic
measurement systems haxe no moving parts arid are therefore less expensiye  and more
reliable than dynamic focusing systems.

Compatibility to optical syskms and incohcrer-it  sources. Incoherent light sources. in
panicular namr-al scene Iigh\ing and fluorescent lighting may be used, furthermore the
sur-fiice  measured may be preferably diffusing but some setups  are able to use reflecting
surfaces.

Compatibility to electronic detection de~icts  resolution as CCD camera or 1 D CCD array.

4.3 Omega Prototype: Subsystems

4.3.I Conoscopic  heads

The conoscopic  heads are
includes four cameras each

CCD
Motrix

Fi=wre  4.4 Optical setup  in tie profile d~mension

The conoscopic  head converts [he incoming ligh~ froin &he object to be measurrd  into an
in[crfcro:ram,  [hat is recorded by a CCD camera.  One point in the profile corresponds to one ‘
line in [he sensiti~e matrix. This iine  yields throu:h its number, the (ransversid position of this
poinl. a n d  through  ifs con(rnts dw fon:i[udin~] dis[ance.  ‘
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The op[oelec[ronic hr~d contains some
~~[loscopic module and a linear laser diode

Synthesis Fleporf

adapted  objectives, an specifically developed
array m the Iighr source {pulsed 10\V at SOOnm),

l-he. whole op[oelec[ronic  subsystem is covered by a sealed enclosure in order [o proiide  a first
barrier [o protect them from externeai  aggressions: duj(, humidify. heat, rnechanic~l shocks, etc.

The outpu~ of the cameras we fgur conoscopic  irn~ges of lhe scene, thar are sent ro a computer,
[Ft:ti  processes this information in three stages (raw data processing. shape data comput:ition
and thermal distortions compensaticm]  and presents the final  measurements {o the user.

4.3.2 Positioning device

●
kt [he industrial prototype the cameras are moun[ed on a positioning stmc[ure. called C frame.
that will also incorporate o[he. r essen[ial mechanical elernen[s  (blou’ers for dusr and water.
cooling system. [empwwre measurements, etc. } and ~vili provide pro{dction  against  heat and
\’ibrations.  etc. Within the mill. ~he prototype is ins[alltd  new the circular WLV.7  at the end of the
process. \vhere [he rolled beam is stopped and cl~mped [o be cur. The measurem”en[s  \vill be
t:ken in the short time when [he beam is cldmgxd and lxfore it is cut.

surface of the profik).

4.3.3  computer  subsys t em

Apart from the basic processes associ;]ted to’ signal xquisi~ion, compu[a!ion  and presen~a[ion
of measured resul[s. a basic control  of !he mechanical elements  in the sy.s{em (blo\vers.  cooling,
motement. e[c. ) is needed. To solve [his problem thr design  inclucks  a compurer  subsystem
(fig.4,4) composed by two wpara{cd  PCS. connrc!td  in a nc[work. The first one is an industrial
PC. including a PLC s1o[. thu[ is mounted ih [he positiot]ing s[ruc[ure and controls all elcmcnls
of the acquisi~ion  and signal tre:t{mcnt  p[-ocesses.  The information is [heh sent [o mo[hcr  PC
t+hich is placed in [he control room tif [he mill. This PC provides [he intcrt-ace u Ith the
oper:~ror  of [he mill  tilloi~’in~  him t o  inlroduce  commi~nci.<  Jnd gli,in:  him the r~\\l\[s ~>f [he

measures in different fcmma[s :md on ~oriou~  output  del’ices,
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PE\nL’\i  PC ,,——

Figure 4.5. 031 EG.% Computer hardware  components

4.3.4 Soft\~are  subs}jten~

●
Toge[htx  ‘with the conoscopic  hex!s. t h e  softwme  is a key element  in the (lrnega sys~em. 1[
processes the information furnished by the Optical  subs}stem  x-id the o[her sensors, in order to
provide [he dirnensic)ns  in [he prot;le  of [tie beam,  an indication of [heir  \alidi[y  and accuracy
and some signals re:wdin: the status  of the \+ ’hole OllEGA system. It LISO has to ensure all ~he
comn?unica[ions  amen: Ihe c o m p o n e n t s  and with \he Plant Compu[er.  and to  ‘permit /he
storage,  onal>sis. and report in: of all data  collections and s~atistics.  Fini~ll~ i[ provides the
inter-t-act  with tk user, pre.sen[in:  results  ~nd recei~’ing opera{  ion commands from him.
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4.4 Sig[lal ~}rocessing andprofile dinlensions  con~putation

4.4.1 Raw data processing

AS rneri~ioned  abo~e, [k outpui  obtained from conoscopic  heads are complementary hcdo:ram
ima:rs. The first goal of the rau data processing is to convert this images captured  by a a CCD
into a firs[  set of reiated  [o dimmce values, a,lthcmgh  not yet in correct units or even linearly
dependent on distances. The process, based on a fast I-ktley transform (fig.4.6), is carried out
for the four conoscopic  heads.

a

_—-—-— —-. -—. — —. ——-—
— ——...—.

{f;::
●

✛✚✌✌ 2:,  ,:7:
.- ●

,.
->,. 3.- .. r,- -—. ; ,. ::,,:...

{1 :, :: .: .;,:
.__ ._. . —. —.. .—

Figure  46. Ra\v  Data Processing s:rwptic

As a srcond step. and in order to reconstruct  the complete section of [he objet{ and obtain a
fim[ cxtesi:in  description of [he object. a co-ordinate transform a~ion is applied. This

●
[ransfom]a[ion  is defined by the. so-called transfer function of the camera and actually consists
in applying to the inilial distance ~alues an sca~e transformation and a subsequent rotation  and
{r:ms)a[ion  of coordinates. The parmneters [o perform [hese transform:i[ions  are obtained as a
resul[ of the calibration routine.

The calibration process proiides  [he pamrrwrers to establish the func[iona~  relationship between
points ckfintd in the 3D real world coordino[e system \\here  the meastire  is taker-i. and their
projections in camera coordinates (fig. 4.7). That is. it defines the parurncters  to perform [he
computational process described in [he previous point. This relationship is called  the
calittrotion file. \Vi~h the calibrtition tile and the proj~c[ions of [he ciipt’ured  p o i n t s  i n  the
cnmeras.  it is possible, at measuring [imr. to perform the backward con\ek”ion  snd work out
[I?t corresponding rctil  world  coordinates ~nd [fw desired measures.

the raw dsts processing software [he output  of whi:h is four sets of
s common carte~ian  sys[em. and fc)rmecl b) [hr poin[s  composing
b> txh CCD.

— .——
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Figure  4.7. Calibration system: transformation of coordinates system

4.4.2 Shape data computation

The objec t ive  of [his cornpuwion  step is [o [ransla[e the stmdard  Cartesian  dexript  ion
provided by [he raw data processing into a complete operational description of the profile
measured by [he Omega syst&. The shape data compilation software is basically strucmred in
the followin: functions:

c Templ:ite rnti[ching (profiles composition)

o Data fitting and parametrization

. Hot msasuremenrs extraction

The resul[ is a comple[e  def in i t ion  of  the w h o l e  m e a s u r e d  p r o f i l e  and its charac[eris[ics
parameters (Highs. thicknesses. etc. ) as defined by the end user.

-I-4.3 T h e r m a l  d i s t o r t i o n  c o m p e n s a t i o n  “

i,---- . .--....-”  . . . . . . . _.. _ ._ . . -----  . . . . ..- ----- . . . . . .._.
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received from pyrometers de=ribing  the distribution of temwratures  in @ I-wLsurcd  proti]e.
The values obtained from this !aQ calculation constitute  the final resu!t of the ~11c2<.urln:
process in the Omega system.

The temperature correction proccess consis!s  of the following three steps:

. .
● Estimation of (optirrnzatmn} the parameters of the exponentm!  CUITC m~~ich (feifine~ the

temperature distribution almg the different par[s of the beam (web and fl WgeS).

● ‘computation of the

●
parameters.

● Computation of (he

m-rrperature  distribution along the whole  beam tLxing the estimated

estimated contraction of a]] measurements of the kaITI by ~len~ of
numeric integriition of [he cbfferentiai contractions of each part of the pr~+:]e.

.

A]i these calculations are per-formed by a module appropriately calibrated :~\~<ordln:  to e,xi~tin:
data as to the tkrrrd dlstwtion of profiles  of different sizes subje~[i’.~ to non.u{li~orlll

temperature distributions.

4.5 Results and }-alidation

Two type of rests have been de-me:

●

o

All the

Functional and repe~mbility  tests. that ensure that exh hm!m M-e mci sof[u:~re
. . .

component m-e performing correc[ly, and mainly If the o~eral~  tuniIltjIIeImeTIL  iS LWr-recr  ,
(as exh component is furnished by a different partner, In this  c;ist’ [I}is klllrj 0[ [e~t is

very imporlmt }.

MewLremept [<w. th~t are the core Of t~~ Pro~otYPe Ac~ur~~!’ ~’[ the nle:lsurci]wnts
obtained. robusmess  -d repeatabii  i~y were tested. Fiwe ~.~ ShON ~ the tempmwy set
up prepared for the. fkst. preliminary, plant testing.

working mock.  .Also, the [iming of the cyc[e hvs been measured “1’;IItI~ q, I sho~j ~ [he
approximate [iming for cacti pmxss  (based on Penrium-90  .MHz  conlputcr>)
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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 to the process PC (Ethernet) 0.2 sec.
i

Measures extraction (hot) 1 sec.
I I

Temperature correction O sec.

Sent of measured data to the operator PC (Ethernet} 0.1 sec.

Tub[e 4.1. - Process  dzmztion.

I
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Figure 4.9.- Partial reconstruction of profik from two cameras setup

v

Type of b l dl ct3 e

profile real mean std dev re.# mean skl dev real mean std dev real mean std dev

t-lEA-10C) 101.1 100.95 1,41 47.7 47.77 1.04 48.1 48.14 1.12 5.3 5.52 0.73

~~5.l&(j 159.4 159.53 0.77 75.3 75.09 0.69 75.9 75.92 8.17 0.42

IPE-180 91.1 91.28 1.12 5.42

HEA-400 298.6 298.30 0.55 142.7 142.72 0.53 144.0 143.88 0.50 ~ 11.9 11.75 0.45
\

Tabk L?.- i%feasuremenfs  of profile parameters taken from different projiles.

In genera], the results cfin be considered very positive with reference to the ~~cifica(i~n
dericed  by [he end user. However.  some problems have been detected and are current]>  being
[rr:ired:

s A non-com~nsa[ed  distortion efeect m:~kes straight lines to appear as curves..

0 The extremes of the flanges have a feu’ pOirItS very distorted because of the effects  of
light  in that specific zones.  As a result, b, and d, dimensions are measured with more
difficulty, especially for profiles with srmdl win~s ~hickness.

In order [o solve rhese problems it is necessary to comp!ele Lhe [esting  work. Any\\a>.  the
pw-mers consider thut the resuits achieved, being preliminmy, are good enough to confirm the
\’a]idity o f  [he techl~olosg~ developed with {1-w projec[ and cm be wry much i m p r o v e d
optimizing the system now available. This opinion is also shared by the personnel in ch;~rge  O(

qu~li[y control LL[ [he mill mhcre the system has been installed.

I
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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 ~he Europe.

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

- The first step is to complete the development work initiated in [he project: that is. to extend
the plan[ 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
Ju[y or, at la~est,  by the be~ining  of September this year. Then the prototype will offici:ili}  be
presented to the people responsible for the rrwmagement  and operation of the rolling mill.

- Once [he first proto[ype is delivered and its performances absolutely confirmed. A ph~se  of
optimiz~tion  and industridiza[ion  of the system will be open. To introduce the OMEGA
s~’stem  into the iwiustri:d rnwket. a more robust. compact md re!iab[e equipmen[  is required.
The objectives of this ph=e ~%ill  be [o op[imize the system from the point  of view of its
assembly, operation and nminkmmce.  Aspects  like the upgrading of the hard~vare  s> s[em
(introduction of specific DSP boards) or the optimization of the software are considered for [his
phase \vhich is expected to have a duration of around six months.

- The third phme (to be run in parai}e] wirh {he previous one) is the dissemination and .~pen
corll[llercializa[ion  of the system. initially Lhremgh [he steel industry. and stwtins  with lhc
preliminary contacts already mxie. Naturally.  the first client for the Consortium would  be C’S !
itself which, only in i[s structural protlles  ro~iing  mill, is interested in installing rwo Cneg:!
systen~s.  One would replace the prototype no~v installed for final quality control, The s~;ond
\vould be installed at the tlrst part of [he mil J {roughing mill), with less accuracy requirements.
and tvould be used QS a ilrst ccm[ro] of mill set Lip, .Moreo\~er (31  would ‘be read,y to She-.;.  the
svs[cm. in working conditions X its plmt. to poten!ial c[ients w h i c h  would be ~ ~er>
convincing marketing drylmenl.
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