; _e3eigid:6p | E TRANSFER CCD DRI VEN W TH ENHANCED FRAME
TRANSFER F%mmlumlg—( SPPED PROFI LI NG FI ELD OF THE | NVERRJHORPORhe
present invention,gekates to 2D i mage sensors and, nore particularly, to an
interline transfer type inmage sensing nethod and apparatus used for readout
of a CCD arr ayy, r at fast frame rates useful for high speed

obj ect profil iuwaﬂm@ﬁﬂu‘g@m‘ﬂgce geonetry neasurenents. BACKGROUND OF THE

| NVENTI ON A t -state i magi ng sensor device is conposed of a

char ge-i nt egr at i n§®PHSt osi t es arrar‘i‘ged in rows and columms. Each photosite

responds to incident radiation | QAR FRARC TRAGAERS! gnal
cor r espondiTGREBERRANGF R |CCh DRIVED ﬁéf or nn(t:blad(;n. In"the interline transfer
type, charquré‘ﬁ%fHégﬂe%’PBBt [~OnCe into a parallel structure of

verti cal SRIELDregi THErRNVERTION, a charge pattern is accunul ated at
integration sites dyring imge acgqui.sitiqn.perio en_the charge pattern
is transferred int olﬁs] 0 E%Seecollunqn%sn,tlﬁnsg%lﬁgvﬁ g’? é(liasr tTEde % £

regi sters. anlie tnarsf pareficohares arce Bhenisheflime ongrdrigfemt tagd e,

into a horizontal readout register, fromwhich a line-by-1line 2D yideo

ot put. of GHBROT S SPRRERY FRFESH SofoRREARoLRE BACSr T BHRATSAmBh v ol | ovs
t aki ng pi cCObesratbyaithdgarsarsor aft dasit £3@mer aakespesefatofdr Aizmd known
inthe prigr art s the u of such CCD_.cameras i acquirin rofiles of
obj ects 1 orPelliade e anittythachE0, FOREERE el b R 1 ver y
smal| objects. This is done by illumnnating the surface of the object by an
i nci dent hj I ally comng froma laser, and capturing
t he reflec#‘ggxﬁg‘g[ﬁ#go# 1%2%: %@ﬁﬁﬁéﬂ sensor array. Then, the acquired
profile of 1 MARCH 2084 calw $d1e dhjtertde Camading Sekaked fdsvisd@pa sor
surface georretrg/ i nspectiop of the é)\%éect. A bim'ta ion of the knqown

t echni que TBWRRSET oftt e FRRFIETHIRESHERE TRty PRAFPELEC o Y veé Tt 0 be
inspected rowa it cpehinRs. ofeddhnrephetdsies aréssatdd Ytd nehctidenst andard
frame rate of the CCDs is no | onger sufficient, because the known nethod

al | ows i nspRELRHPRt PHORFOBHE N ot | BLEEFTHFaheShERRLd SPEF SERONEIRGT a.
Various i mppoveRentsidia t Be kppuwe t echirdehier sore. dirtscl @sed HAtSFIipat ents
4,162,126 to Nakayanma et al., 5,083,867 to David Burk and 5,177,555 to Marc
R oux. TheFE2B7Eeh| E¥Pet hEPaﬁg?oﬂsU§%}seqﬁ£§etdhaﬂu%l PBwoi“ﬁﬁr oveh2nfs

concer ni ngphhg1fspmerrateukei g veadiEhoMshi€ED erfiserslhi Bitst doae by
formatting the area sensor into blocks of photosites so that fewer sectors

have to becherde (Bafteyts bt apeupbpted oot { §niegiRE X I te? APraadi ng
adj acent pixgbe ChAtHBSitQohPHE¥ 0@ tHgeSanthd | Bhaliye aggiicsirhi onsfrane
rate and the dynam c _range of the |rraggﬁée. gé US%%ent 5,420,629 to
Takashi VAEERARBESTrednn? FRHRERIPr FB Fenfdsql (KW'R s2andsrbirater | ine

transfer CoRife Pegysedrdaviny eraddfEOvaiEMarfes 4AC1 Bhell 8 €telhan 4
over the standard read rate and, when there is 1 nprovenent, this is done at

t he expensenef ldaeaidt op ddaeit yindio t Re haapiaanddli megprdoBUMVVRRYSERITHE
I NVENTI ON' £1-0m which a line-by~-line 2D video output signal is taken.

This is known in the prior art and commonly allows taking
pictures at a frame rate of about 30 frames per second.
Also known in the prior art is the use of such
CCD cameras in acquiring profiles of objects for surfacé
geometry inspection and measurements of relatively small
objects. This is done by illuminating the surface of the
object by an incident high energy 1light plane usually
coming from a laser, and capturing the reflected light on

the CCD image sensor array. Then, the acquired profile of



In accordance with the present invention, nethod and apparatus are provided
for reading out information froma solid-state i mage sensor in a frg@%ifn
of the time that would be required using a known i nterlinel tMARGH of

sensor for surface geonetry inspection or object profiling. Further,
according. wth the present invention, inprovenent of a factor of 50 is
possi bl e over the 1 MARCH 2002 - 3 standard read rate of a CCD area
sensor for such particul ar applications2 According to a broad aspect of the
present invention, the charge transfer signal TR, which controls the
transfer; of the accunul ated electrical charges from CCD s photosites into
the vertical shjft register is triggered nore than once per franme period
(e. g. nthem@blrets can beridsplakede £o4 sshapg @ gPurface: lggemekrywhi | e
|n the PihGpeRlidiPt ROF Meies Bbiaes) e CLiffratibd 0% . ! L
results In conventional 'y unwanted overl apped I nage conposed of re than
one prof tkehhigue Usiones ffromr theedfaoctt h&hhitghwhemr manfy eguarfaceor

ot her optical neans such as, maskin nl he prqfile line of the j ect
bei g | TPhERIaPE] Baves kbl dneoerteyl dn cahahiort period bf: tine
inventioge,ghe ol ¥ lddHdnbl P01 Phel) NELiRE eseRMIMRId Ofirifet Hait £09EE U d Ve

profile lines captured during the sanme frame period do not overlap. In sone

parti cul @Pgorkh t Menhs lovger oeefifdspenhr ofheeausay e | Jsioxtedmerhashput er
cal cul at i P ., AccQrdi to. this i ' ' IVl Lgh- ed
mgi ng iUt SRERHE L A PnbRETEASRERERIE pRaD s bR ee RO
sensor heGD ngaméwa i zMehalows xdimprovenentst i tal t3id f knoeni stechnigme ng n

charges)_a TR.Ii e transf signal . inpgu j ch es to be transferred
from pho"i‘%%i%?gggsfa?{ A7 s ipﬁw“r%Fsp?xaﬁ%ﬁe@gF% Raka¥ema et 2dnps e
regi st ers, 088, 8 62StooDAVIA Bk aante3J 1M, 58§)itd MateCRiBuRY charges from
said vertical shift registers_at a bottomthereof and a.line or vertical

transfer signal i H‘ﬁ\ﬁr%a%§ﬁn@1@r%r©'é§efopﬁ'él‘%’? %f@?F@Ht@eﬁl}%‘él Hflﬁan in
sai d verfibabvahbht s’ QUMREFR1ndh & KLOLFFBAROT ri fe AUAMILIr£AQT §GRINY €a
profile line i mges having an eSsentially dark background and it includes
an i mag€@ qaevisoion Ebasr olscidenet hihi dermahiings the serea \eensoul
transter lHN3 ogLOCHE! YndEANEe LT UCRHA! | Al SbERRbrEOhNe perhLcal
transfer 1 npu aving a“frequency ft- of n tinmes per frame period an

second, r®dfR diegral FEherpattemieahs322r 7§@netat i figmaa oBipby) signal b¥R
havi ng .equen fTR, far, the IR | r Si Ln , in the
FRY Do A batt, e "B ngB kS LIRS eSi A Tenk "R WS
spuadap the-aadganedtiaad paamduarsthéewind thewrdymaiiepowadcawed; tjael earn;
deo aye .sabeuy, aura gpo=d_ ~uew . ygexax 5ho ; abey a=xyo=-d auo
ued; a.iﬁﬁ%ﬁn?ﬁ%ﬁb;sga &?ﬁﬁi)%ng?éga§af%hg§€k%%§§mWgéggfgé -p£§933; pue
'~osua30ﬁkthﬁ5é(pﬁﬁuk~pa®€hiscaumbwoamatandzzmoﬂnggﬁmﬁpel&namgfeqn;
sSpua~ca _pue puno~6~peq. yep ~tpeyue;sgns a ui ~i h~ —-ea ~6gw auy ,apo~d ay;
ed; ~phShdmiebe dse@: Bapdng ARo ovgpent of, 2 ~§a.gggr ' 9&‘!’%&%— ;0
aCews agpanAPath@e¥ €l O's taRIRSd ( Oredd adataP BaddhoghaA~echér&uifpui
wa; sits e~aweo a 6u~6ueue pue :~afqgo au; uo aup ay~oad a a;earn o; ;oafqa
au; o; udmprevement, ; 4By suiiaf deme caitsutiheo etpensad phadletstl & sn;

aafqo u i,zadsui ; 04; ay . a ~no aadpn; uoi;uanui a4l ~po-,r.zad
aur e~r ~7, g&té’bthu'r rtq}#ﬂaggﬁrgﬁggu "‘tﬁga. zoux aa:n~dEa o~ ,zap,zo uT 'z~ .~

u/ T meii~ .xag~azb sT Aouanba.z3 ~s~ ark uTa, zai ; M ' ~nduT T~ubTs
.za~st~s, z~ ab~ gs a~ xo~ ~S3 ~TouanFxax~ E bu-~~Eq gy Tsu6-~s qndq. no ne
bu- ~~~~ 8 i BF THE pNYEYTIOMNTUs Te~uoz-~.zo~ a '~u' ~ “au~~ B ~~ au~T

aug_sabxex; - Xadsphaz dpiidencEauT T tie "BTeUBAT nvaRESon, fldtliod ELb-rs

~a3sue, z~ Teo-~(.zaa a~ so03d porzad ane~~ xad saur~q a ~0 Z~ ~louanbax~ ~o
TEUb~s gndqnapparbtbas. azeabproyvided ddiper Taeagliagsaoadq<informaddoua

po~aut paYroi g.uaur .aqs ,qnchx~ T~ub-~s za3sussq ~~a~~~ ad . xpo auzr,T s pus
~ndu~ TS-’CBDL@ Sebidgstags- iNage SSDFOF, IFdaT%5§8%1961~°afs€He~5 s ate,

a~~ axaphz pg&sﬂ TReT Hfriiay @ ~8 2930y " 1ntdbidre UerbdzTal ~P 30
dam g ag§25~ oqﬂgogﬁﬁugﬁ -~ sCc~ g%%£§g~§fo J?ﬁyciBtt~piaaas sk ql
CCD sensor for surface geometry inspection or object
profiling. Further, according with the present invention,

improvement of a factor of 50 1s possible over the



- po~zad anaex3 aad abero~ aZT3oxd afro use a~o~ angdso o~ , zapxo uF '?3 ~,
u use =aqgea.zB s~ ~ouanbaa3 ZOZ ~fl~ t 1 MARCH 2002 - & MA&RCHoHl92e or

i mage acquisition tine, and rate of variation or change in the profile line
shape. BRI EF DESCRI PTI ON OF THE DRAW NGS Thi s invention nmay be better
understood and its objects and advantages wil| becone apparent to those
skilled in art by reference to the acconpanying draw ngs, in which: FIG 1
shows a typical prior art apparatus arrangenent for surface profiling
measuring using a |ight plane projectell ©n the object being profiled and
captures throughout a lens plane on the CCD plane: FIG 2 shows an
interline transfer type CCD array as known in the prior art; FIG 3 shows

the interly ransfer ty r he i nproyed techni que presented
by the preésﬂeén dglr%ver??ﬁgn \%%g%gi[)r?af{ hgayTgfccl%ntar%?@si %ﬁgfoﬁas%ﬁ’gen £ gered
nor e t hanpextdcpdarf appkipationdsso nultiple profile Iines have been

acquired onto the sensor; .FIG_ 4. illystrates, an exanpl e of inmage where
consecutive profil cc(?fr%g‘ﬁ’ﬁer ital aobF§8’?H( a2 BRPFT oP?gi gglel yP&EEEERED but
whi ch ar e iswpatdbed dhengleomt eranefer MAJEnHPL 0TRSSivitgiclrl Controhews a

i devi CB CHARE | B o, FELUBAIC ¢ AbeTEBtCale AhERART o E50R or m

vi deo pro€€®sengphotosites into the vertical shift register is
triggered more than once per frame period (e.g. n times
per frame period, where n is a value greater than one,
while in the prior art method n was always less or equal
to one), and this results in a conventionally unwanted
overlapped image composed of more than one profile 1line.
Using a filter tuned to the light source frequency or
other optical means such as masking, only the profile line
of the object being illuminated is captured onto the area
sensor in the present invention. The only limitation of
the present method 1is that consecutive prcfile lines
captured during the same frame period do not overlap. In
some particular conditions, even overlapped profiles may

be isolated by computer calculation.

According to this invention, there is provided a high-speed imaging system which
uses an interline transfer charge-coupled device CCD sensor having n horizontal pixel
fines, vertical shift registers storing n charges, a TR image transfer signal input causing
charges to be transferred from photosites of said n horizontal pixel lines to said vertical
shift registers, at least one horizontal read-out register receiving charges from said
vertical shift registers at a bottom thereof and a line or vertical transfer signal input
causing charges to be transferred vertically down in said vertical shift registers. The CCD
sensor is arranged to receive profile line images having an essentially dark background
and it includes an image acquisition control circuit which comprises first, a vertical
transfer signal generator means for generating a signal for the vertical transfer input
having a frequency f_ of n times per frame period and second, a TR signal generator
means for generating an output signal TR having a frequency frg, for the TR image

transfer signal input, wherein the fr



FIG 6 shows the camera controller and the CCD canera of the present

i nvention, where the fTR frequency is controlled by the user via the user
interface; and 1 MARCH 2002 - 6 FIG 7 shows the camera contfBfH @P0%nd
the CCD canera of the present invention, where automatic frequency
regulator is included fox fTR frequency. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS Wi | e the general principle of operation of an interline
transfer type CCD area sensor has been described above, it is helpful for
pur pose of understanding the present invention to re-exam ne the general
mechani sm of a charge-coupl ed device carleha and particularly the nethod
enpl oyed in such an apparatus in order to“transfer the accunul ated charges
fromthe photosites into the vertical shift register. As explained before,
an interline transfer CCD i nage sensor as the one shown in FIG 2 conprises
| i ght sensi t i ¥&eqement $sorgitedsi ERandqyingnat %d by, 10, which are arranged
in rows and geld! Qing amtrix form Eac LphdfhsPFEer( toerdaptre
transf ormati on of e 9Ot 1}¢ jmageiper| fxame geérLbar ges which are then
accunul at ed i nsi de t hkt shsdapkeiraih! tput of each of these cells
connects top@r;);éggr Qe%% di gfcell gﬁ’or%hg’r% r Fhig) iy_mehtioagit&t ers
12 which aré hi dden“f 1 Q&Hdéﬁﬁqmnb;nbeﬂﬁxeédtaaﬂsfgkcﬁggégﬁg ed

for terrporaF?ngm;r&geddiscﬂ.b%eeﬂ,e%@'r@klﬂﬂ'%#i?ﬁsér}e (r)ﬁflgqnélgghérbz wE ILed
& Ho a ontal he

i mge, bef r g a final video line.-
phot osi tesogg,é%?rug?gg’elaecﬁi i‘&?%héﬁ%fm sigrmVleihpael aghi Tl i ster
12, is cont?®l Fetithgadn etessrésalsigudial 163 }ed T-[{I% of frequency fTR- which
is tri ggerqﬂ,,@r t,;Les d of each video sequencé’in dBfntdoned, metheod
acquisition o eSS & © pafientialr steps ©ifhg(lhegehesatisg! aﬁh%h%ﬁ from
the expose®igmadlosift firekfhdrity theorent fRl Zgé%t reqgi ster 12. RCH
2002 Fol | Qe chii §0ri zontal transfer, theP ChafjBEeshPFied Easi tibet he
vertical register 12‘: corT eShofdIralt Hnpwtgdnprendets by asuided &Lpt he
cl ock si gngprt/igalfﬁhdrlftnmedilstetxhq:ryﬁ&éé:aloﬁgi {li regi ster charges are
downl oadeds 8Bg1LELAELGt @ 4T, into the Horizontal “shitf @ relret etntel | s
o by TRACHL; FRA
14, as shown by the Vverfi Heorer angd 681 ¢ ogenkerht@ng? anl MGhar 9€s

cont ai ned 7HeRaht TR ibanteg regi ftedqudde OV L.0r m inal video |ine, which
i s output et Ci{QN £ v"ggo pr ocgssi)nng cﬁt}?'cui‘?o olrﬁb?/vi t H@age
hori zont al outt(%t‘?t arrow on thePtrG Yhenel rdthg t &Ta sifgraineakypck i of
frequency 52581 @an ol /phé \irdeoln i aederween celithhed 0 es%@ﬂ%iﬁg ly,

a i e

forms thercomfillet @muigdepeh! ABRAD 54 AI Ned before, suc
sensor can al so be used for geonetry inspection and object profiling and in

these particular cases the final inmage captured by the CCD camera is
conposed of a ThedfenBon fuftRerQirovide LMEMBY BFinsPcfitd an object using high speed

profiling comprising: projecting light in a plane onto the object to create a profile line on
the object; and arranging a camera system including a charge-coupled device (CCD)
sensor to obtain a profile line image of the object, characterised in that the camera
system is amranged such that the profile line image appears within a
substantially dark background and extends substantially along a horizontal direction of

pixel lines of the CCD sensor; and the CCD sensor’s image transfer rate is controlled to
capture more than one profile image per frame period. Preferably, many profile line
images are captured per frame period. The number of images captured per frame period
depends on the vertical dimensions of the CCD sensor being used, the required



A typical apparatus arrangenent for surface profile neasuring i s shown in
FIG 1. An high intensity light plane designated by 2, com ng Y2%# 800%aser,
is projected over the object being inspected and the reflected bright |ight
Line 4 resulting fromthe intersection of the light plane 2 with the object
surface is collected via a lens 6 on the CCD sensor array 8. O her optical
means such masking, or a filter tuned to the light frequency may be used in
order to isolate that bright line fromadj acent reflections or from other

i ght coming fromother sources which could interfere with the main |ight
line. In that particular application, the result of using the prior art

t echni que @ixposuggeobmgnade Hedii®idion iMARCEANGZte b VAt VaONGEe per
frame is thatp every i na e@%apt uq?ied on the CCD array sensor contains only a
singl e profdd EbppaE. 1inkhai BEATARE b DSR3R% prior art technique is that
when it is used for high speed object profiling, such as on an assenbly
line, acquiring a single profile per frame is no nore sufficient because of
the prior art frane acquisition rate which is of only 30 frames per second.
In that casmrerhesEtRIFPTRON OF, THE I pkAWINdge tine interval required to form
a conplete i mage and which corresponds in the prior art technique to the
tinme conprised bet wedHs PIHTUtTR% RenbrEERTry AndesssPogh&neR ioht r ol
signal, isop3edlsl/ 8Rdofaduseednds SAIN0 MREemkhappaRedht 30 HbjEfdse part s
can be inspected during the sane second. The preferred enbodi ment of the
present infdALR6A 18 Adtatetl ¥LeTANAS dithi e BFCORRARYBIY | MR HRgS,

el ectrical jghaihgep:-fromthe photosites 10 into the vertical shift register
12 of a CCD i nmge s;%or. 1I nsth;g,d of tréi gger:i'Lng t he taggtsfer conateﬁtol si gnal
TR only once per fr -peri o& Si nat heYpifet aPriget L ERpRprataiysed
embodi ment ol hbheh8VERL! Yrltacd HEEEINGHE WRALPSHE L3 shel Q0erddig the TR
signal a rruﬂih grezi{ogr c:r;:ugber %t;@;@tu%r}%(; he sfgge&%%g%om ng

peri od. Ea@apenmproi€crRdcom ridgle i FJeiage Hse

el ectrical &%ﬁgﬁgu@r §Eﬁ%t§ﬁaﬂé ofn tiie ldcghtsasgRsi tive cells 10 into their
correspondi ng verti (;Tamgs 2| t"regi sterécelll_s g and adged ﬁcoqqa)my pri or
shifted charges, th of2 Fhioaly war ihtarlpngetranger ctyze anrray

hori zontal ghigf whe@%.sf;ﬁé JAi8y LPis time, as shown in FIG 3. In this way
anot her acquired pr (ri‘etjq e |§I nelgl) mage 16 [sﬁtrg;sferqr ed over ;gg p‘rgirqur
acquired profile li -mage digowpeftdvee inberbiver tinemgders el t he
por tant ChatY ne oD o emPavHa° ceORR i BPgBeneealhy, TR dir st o
expunge t hédnyendioshiwheedinl tber TBatoshaeyesidnamhde hesn | wailggegidst er
cells 12, gt the.tine t f f r .Qm t
phot osi t es %T(f 5 ‘r?l:thglnt ﬁg%eh%%caﬁ%g%et%roigﬁ %&@heg%‘%ﬁ? tlﬁglersesul t of
t he transf érawoblkednnecquirgdbentn timnaitledemsad;apped i mage. But since,

fihr sth, t he velrti ﬁa:‘ ESJ.}H ft4re 'l_sll%seéﬂltﬁesi sfagl sgxacln(l)vxﬂlT o%(%ewcqihln%?g b r%alri}gnfe into
the horizontal shift Tegiste a Trequen L, erefn 1 I, is
| ess t han tdemsERutartr olprsd iiads f requenphekrIBalas chiat by (Ahe bedrityi cal
arrows in FIG .3, and since, secQnd, thﬁ?' cqui red i mage isg very thin and
bri ght pr of P FRtd Yuni SYET LR Ub &t | WhEH HordTFont AFPSEARES pr G119 | | ne
Wil not oveupaitetitBdt hRagei procepiiigd profile line, because the prior

el ectrical charges corresgondi ng to the prior line will already be noved a
few pixel |ines cloddGt o>t FhAE i 20 RCkshdiRIFIYi SEPresantdhry| Jher, as
shown in Fl@Gmpktly diecdidiid heipews ehalapsidifgShidd edafhomdfikes
photosites 10 into the vertical shift regiSter célls 12. For exanple, when
usi ng a CCBmlexededgorrderite4cpnkers GRecCEY gamem xand g grerfoydn if the
TR signal i i >0 times per frame period which results in 50 bright
profile Ii n@ge%n%gggﬁgls?rgaé of 768 pixels high, that still allows about 15
vertical pixels sepdfldi.i ol bbbweerthz coamsarut cortyybifdr eahd ngbe &&Dshown in
FIG 4, providing tpa% a profil I.ine'g.vm' dth.is substantially narrower
than 15 pi XEETFESL athe aﬁﬁe?'ﬁflg SPVSBEERY  HBOTR i: Sn%]mfr ﬁ%oeiheélfyvm Il be
of 1500 Hz Mhicohtirellbar byosheappet ceid Aite aisear Mnftastfacapoenacqui sition
rate. As will be appreciated, the lines are substantially horizontal

meani ng that any deviations froma horizontal baseline in the profile

i mges result in no imge overlap or an



1 MARCH 2002 - 10 acceptable anobunt of image overlap in the acquired
profile line imges obtained according to the invention. Tha mseam 2002
application of this technique is to capture very bright profile Iines on an
essentially dark background. In such case, which is used for geonetry

i nspection and object profiling, a photosite charge |evel of a cel
corresponding to a part of the bright profile line, will only change a
little or will not change at all during the addition process over the prior
shifted charge fromthe photo-sensitive cell 10 into the vertical shift
register cell 12, since this previously acquired charge corresponds to an

upper dark area of {he.i ROSHAME CEnEOIRRPANAD it ot aEt rdd! ther P 0 very
| ow or even to a null electrical charge level (see FIG A). This particular

condi ti on 6PAm&pRrafi bheoRrasent kipwekgtmrhaneo i tengitdc faRpauancon of
ConsecutiVQeQﬁiQBgrp{@fiﬁé&ddé&%fdﬁﬂﬁyﬁ'Q@@qﬁgﬂbpg read at a nuch greater
speed than in the prior art. The presént invention provides an inprovenent
over the prior art frame acquisition by up to a factor of 50, depending of
the thi ckngggcREpii6N 368 Ui PrEMI&ED! RembbHERFs0ns of the techni que
according to the invention are the inmage_ accuracy and definition wanted for
a particul ar image, Wi 1Rotthsyeg¢pm hgPebRsiRIR | 0 SPSTatden |aft @& | ater
case, it ignpessiRbectiRirdOIt QR @D S RS ohanakHaeRe s HIPU
characteristics, it would even be possible to separate consecutive

over | apped 3pP8e; | et udisnghel KEibhwn o8 f REEPRsdeP faitndeyrghanding| ddieat i on.
Fig. 4 shoysesegh 2nsbitddd b MGLEdR RIQ\ ideRerd em@%@h'ﬂﬁﬂ B gcanning
a known dianmeter ball sitting on a flat surface, and where the round bal
profiles h&hergeerourbed adediceomamerafl [and seafticaleriivheti¢ omethoidng

al gorithns | gul ug yat firam. 1 002, - nei.ghbori ng
profile pofhpg;ygﬁe%g E%%%fnéxtﬁ é%%%tﬁglzﬁth |ané%er@f%n%%e%a§?gto pair
cor r espondiaggufihbatedndhbuyiés t 6popr bhel pbotonitde pnred ethed venttddiadent s of
this technigye, pgg sspged, progressive scan, interline transfer, nmultiple
tap CCDs are used such as the TV format CCD having 694 by 496 |ines such as
t he KODAK KAI - 0310MRsamsrl admetchebeBIRe £ opnatink®4d ipexetxangfdr 092D i nes

i mge sens u t | = apes a. I rlyis transfer
CCDs fronlg#%gé %gﬂg?gcgﬁr§$§%§¥§A§alta F%Qagﬁabl%Fkﬁﬁﬁg%g%ﬁe}lgﬁgodinent
of the presensithveneilenenhal virplphadasidies slesd@bagenbinat 10ns widyghbe used
to either ingr ed. or ui i.C .geonet t bserved
obj ect. Fo?qugﬁ%%g§%§Utl}nﬁ t%nhé§13§§%%%§s%%%élgﬁ ggcﬁggfie E?r ie | aser
pl ane can iEacheagpbosoahhenglépeeerdingdmat thetsaneformet ppovi d€ nthes to

avoi d sone ,occl.usjo robl e ik en pping tw sides of a steep
pyram d. SigsH§" iggﬁgﬁheﬁgﬁeon%f%§€$%Eg@a%hﬁgg?%a§§xfﬁé §3§hn%%§nvﬁdth
and al so presamupavedt ingdd¢ esid Waioh. platariaieber Thabodicpant odf eala®d present
invention, the triggering nmethod can be used to capj.ure other high aspect
B Lt b e et 30 S e ST AR L

non- negl i gidkl eothi eletessalosheftheegibreessvr wneckkbave hhiedehh@romunder

normal |ight.i conditjons, by positjionjng an optical neans such an
appropri at lgggt SFPYTEE¥QTHn O Yof 3t h%hﬁiﬁps&?gor‘?’gh% #OnBPsE | TREs of the

CCD array %@ﬁp@%@??e@tbfiabae df Ofthe klekbBiScE£RSPhaRgBEW RSN iGN OCCur
after each shift of n lines, by triggering the TR signal, which results in
nuch hi ghertthenagauined snage . bafrre efytinded figads¥ideor dArgi-gAhepeed
event reCO%@E@gontal transfer of the photosites accumulated
electrical charges into the vertical shift register 12, is
controlled by an electrical signal called TR of frequency
frr, which is triggered at the end of each video sequence
in order to start the acquisition of the next frame by
transferring the electrical charges from the exposed

photosites 10 into the vertical shift register 12.



1 MARCH 2002 - 12 Another enbodi nent of the invention relates to the

el ectronic circuit used with the present technique in ordet M&CHAPORol the
TR control signal frequency and allow the capture of as nmany profile |lines
as wanted during the sane frame period. FIG 6 shows a bl ock di agram of
this preferred enbodi nent. The user interface bl ock conprises any device
whi ch may be used to select the TR signal frequency, in order to control

t he nunmber of profile lines x that wi 'l "be captured on the sane frane. This
nunerical value, noted x, may range from 1, which corresponds to the
standard read rate of the prior art, to 50 or nore, depending of the

vertical resol uti ore@fioliiggCeRiar e dthtefl theaddtokneshie Ofcrlahgelsmage
bei ng acquired. Therewt the user_selection is send into a frequency

: ner ewi th . !
gener at or SPITtGf insidavihes veREiFal eFalstREr 12 0RPFEESEPEALLC #H6 a si gnal
of particyhdief r gpeeiGYs I RacifAFeRrl tREN the fEase r aligndihaty allgows the
sel ected nunber of profile lines x to be captured in the same frame. The
sai d canefZeGYRRFYI T, odhsut ¥eFhicaker SPAATL cregkssegnaLaEPs hérfor i zont al
clock sigeRkn1BaYERY 6RSPEEHEVALT LeQYRRCT €athbY tAB nbRiSbRea1t R& 1 FR
frequency is greater than the frame rate, the TR si-gnal is triggered nore
than once fsgisteaneehbfi b4, wAFCRhPWBUPYSthA NaYFhg2hoRErPNANaEnéhgr ofil e
line bei ng¢2BLULEIred, tHe SRIECHLIANE: ARG TROFHIRN A he RF esent
invention relates to an automatic neans for controlling the TR signal
f requency regRstend18f neavifingm e Lkl teidemt Fores hebi¢h edBe®FPIR order to
get 'the oply ri BEQULSbAI ONHALE: dillictsSTREUIdmNL It £OHGRs AR kRIS
anal yzer 30, as shown in FIG 7, Capturing the video inmage output by the
CCD caner &origgnpabecesdivud taereai oni nkhre FAGeor R eocpedihg daakue
correspondi; o] 1 g ' etyeen 1 RGH, 2002 4,13
consecut i \(/yé%%ra%f i‘%le ]{nngs@'fph?gggggggpi sﬂf\?heﬁﬂéggg ltoM(fg\ont r%l Q’t%ﬁgOTR
f r equency liagsk amben3Bhiftedderutt oseduent idid YIR forepiehby cogolleter 32 to
out put the;hi.ghest IR frequency possible w thout overlapping profile |ines.
The video output 1n the systens shown in Figs. 6 and 7 have a dual out put
CCD canera, nanel yAswexpiladsedf befier€CDsurck aufpht imaget Bersevi dep 1 and
Vi deo 2), u e d ransf il b uch Jpyhtigl e line
CCD caner é%%gr.g%k?fg\tﬁ% ifr?@ta%geog\ret% .E@Alettlil ﬁ%%tgzgl%ﬁeglgﬁvggs FS‘n? %as? bét'elnedescri bed
above wit landefigr dheset pagtprefarr edsesbbienéanaindmabeecanthvedebyodi nent s,
it isto un st hat _t descripty hs i d ly to
iIIustratg&t eelél?lvec%t%%g% a!rll rﬁ&&n&?}%\él%ll mg? t%e%srggﬁé%ofﬂ% % %%vgﬁgli%on as
defi ned i mhseevegpehiledtcl ai ns. 1 MARCH 2002 14

A typical apparatus arrangement for surface

profile measuring is shown in FIG. 1. An high intensity
light plane designated by 2, coming from a laser, 1is
projected over the object being inspected and the
reflected bright light line 4 resulting from the
intersection of the light plane 2 with the object surface
is collected via a lens 6 on the CCD sensor array 8. Other
optical means such masking, or a filter tuned to the light
frequency may be used in order to isolate that bright line
from adjacent reflections or from other light coming from
other sources which could interfere with the main 1light
line.

In that particular application, the result of

using the prior art technique of triggering the TR signal



CLAIM5 1. A high speed profiling imging systemusing an interline transfer
chaf e- coupl ed device (CCD) sensor having n horizontal pixeladcdanggo2verti cal
shift register's storing n charges, a TR image transfer signal input
causing charges to be transferred from photosites of said n horizontal

pixel limes to said vertical shift registers, at |east one horizontal

read- gut register receiving charges frgmsaid vertical shift registers at a
bottomthereof and a line or vertical transfer signet input causing charges
to be transferred vertically dawn In said vertical shift registers, said
CCD sensor being arranged to receive profile |line inmages having an

essenti al | gnlar knbackbgroUinhneBal sl thatepvenyl udiage areptmmgel agguitdiet | on
control ciggyiL,-FQUPLLSLOD: L C rangt [ :gen or Jagans for
generating a s%ﬁna?p%olr%%al %%%%ﬁ%a‘?ﬂ# a%s%eggllglpg?ghéglgngiggfr'erg%ency fL
of n tinesdpsadvaniragerfothia PRiorgmralt dewdmdiawe rsanthdtorwiheneddti ng an
out put si gpal hagi.ngy, r CYals f i R | e_tr f si gnal

i nput, wherei #Esgéil ?% - 1-%‘%%&%%90?4:’}%& eig‘l%%fﬁ[ﬁé% 1%{%@9 a%L?&?ng%rder to
capt ur e noaesemaly ohtngyr oi¢quitimgy e peindyarnpreptilodper. framhe ghsspeed
profiling j [ by in i clai adtUEAGE .1.3L.RAQ _a user
interface ggfgc%g%:%%%lee?gge?%{cg‘igﬁ g’il'l-r{ Si %Iéprégr%r ator of %?zggéfgl&llgﬁg sai d
fZ-R frequeaty.wBiclA bs gbf spebyl PO oframey pengsagosgst 8m Gbatletased in
claiml1, further _conprising automat.i c TR fregue dj usting. means for
adj usti ng Hﬁee ‘Qf oFg aelrif’?éqﬁéﬁgga&gpet}ﬁ ntgﬁgen gﬁi\{?%ﬁ% E?%'%]afe e%f’esenti ng
a m ni num fpaci ag coepletn tiwagefl asali dvipradf idertesmporndmgas. tde Arhibgh speed
profiling Ippgi stem as,_defined in clains 1) .~ qr wherein fTR i s at
| east two P S%Fzéﬁlé‘?et hat® i / rtrp‘g' Fime K°H‘P%§ﬁs§§ee 6EN i n§*Pragi ng
system as dehsée@dtive chanraul)l whelwes 6f Rthe IR wesantrdl toidthl,) Nes greater
than i!'n " _JL. 2002 15 6. A _high speed profil.ing,i i ng system
as defi nedafl)?lu%ngj%lr}l/‘:gg‘_'aclsglcﬁﬁgi £8 5° it e'gh%o q?(?%tr ngo aﬁggﬁf:?éal nmeans
for maski ngaatpacdn die Saisphelct€D daning the whamd swcqeatt of said profile
line is to be captured, to_elimnate any incident |ight an.the said masked
part of said CCD seﬁg‘SrpﬁﬁF%’ff'{% %‘%{Oﬁgléﬁ‘tf Srfd%l?&ggr%g ﬁ?s??f’%ﬁ?l?ﬁ or der
to i nproveianr@ratkdclyo Ofhes diekiriefud @fl itransfegeingwihbrebyeetedtsaical
charges accunul ated at photas]tes of sai sensor whi.ch represent the
Bal d acqui FE‘H”%‘?‘? g%troﬁ‘r of1q ePPPhashie® aaged“fzbo nfr?‘le S thGeal Sgﬁggges
representi pggifecesaid sEskedtquoringye oferssirl. COssens06fatrifgetring of the
hori zontal ,shift fromlight-sensjtive cells into vertical register, wherein
2 shape of thReCEAPEE RS TSN (11PN THeo D SRR oP=HepEAE B A faxi mum
shape vari ati 90 ©he SgELoPraft I tHIES D@ factieldr edbodinéntiebBodnok

i nspecting, an abj ect ~using high speed profili ng conmpri si ng: pr.ot ecti ng
light in alpramel ot dSs& dtemfEaua ottt BeR™AF51 Y d99eRd g the TR

signal a much greater number of times during the same
image composing period. Each time the TR control signal is
triggered, the accumulated electrical charges are shifted
from the light-sensitive cells 10 into their corresponding
vertical shift register cells 12, and added to any prior
shifted charges, that got a few vertical pixel lines
closer to the horizontal shift register 14 by this time,
as shown in FIG. 3. In this way another acquired profile
line image 16 1is transferred over the prior acquired
profile line image 18, before that prior image 18 has left
the vertical shift register 12 as was done in the prior

art method. It is important that the CCD camera is



said object; and arranging a canmera system i ncluding a charge-coupl ed
device (CCD- sensor to obtain a profile line inmage of said; QRregt2002
characterized in that the canmera systemis arranged such that the profile
i ne i mage appears within a substantially dark background and extends
substantially slang a horizontal direction of pixel lines of the CGD
sensor; and the CCD sensors image transfer rate is controlled to capture
nore than one said profile line inage $er franme period. 8. A nethod as
defined in claim7, further conprising: masking a part of said CDD sensor
on which no part of said profile line image is to be captured, to elimnate

far 1 mage i EaEnBF 35 G RFoNIT o HinebT HiBoS R oo dBI b Bt ove &
signal to qlmes afran ofthsaverptadl | eefiseer rageds 12] MARGHS002md6 9. A
rethiod 59 SRR D e oSt e O SRR EL S s e
bet ween 1 i@tw 3 preaftiilbal register cells 12. Therefore, the result

of the transfer would normally be an unwgnted overlapped

image. But since, first, the vertical shift register 12 is

also downloaded line by 1line into the horizontal shift

register 14 with a frequency fj, wherein 1/n * fj, is less

than the TR control signal frequency fqr, as shown by the

vertical arrows in FIG. 3, and since, second, the acquired

image is a very thin and bright profile line which is

substantially horizontal, this profile 1line will not

overlap with the prior captured profile line, because the

prior electrical charges corresponding to the prior line

will already be moved a few pixel lines closer to the

horizontal shift register 14 (or lower, as shown in FIG.

3) by the time the new charges are shifted from the

photosites 10 into the vertical shift register cells 12.

For example, when using a CCD area sensor of 1024
pixels wide by 768 pixels high, even if the TR signal is
triggered 50 times per frame period which results in 50
bright profile lines on each image of 768 pixels high,
that still allows about 15 vertical pixels separation
between 2 consecutive profile lines, as shown in FIG. A4,
providing that a profile 1line's width is substantially
narrower than 15 pixels. For a frame rate of 30 Hz, the TR
signal frequency will be of 1500 Hz which is, for most
applications a very fast image acquisition rate. As will
be appreciated, the lines are substantially horizontal
meaning that any deviations from a horizontal baseline in

the profile images result in no image overlap or an



| mages are captured per franme period. 11. A nethod ass defined in any one
of clains 7 to 1Q further conprising: analyzing the profﬂl@”ﬁﬁngﬂpnages to
determ ne an inmage qualify; and adjusting a nunber of profile Iine imges
captured per frame period to balance the image quality with a desired
nunber of said profile line imges captured per franme period.
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of a cell corresponding to a part of the bright profile
line, will only change a little or will not change at all
during the addition process over the prior shifted charge
from the photo-sensitive cell 10 into the vertical shift
register cell 12, since this previously acquired charge
corresponds to an upper dark area of the image which
corresponds in electrical terms to very low or even to a
null electrical charge level (see FIG. 4). This particular
condition of operation on a dark background allows easier
separation of consecutive bright profile line:_s which can
now be read at a much greater speed than in the prior art.

The present invention provides an improvement
over the prior art frame acquisition by up to a factor of
50, depending of the thickness of the acquired image. The
limitations of the technique according to the invention
are the image accuracy and definition wanted for a
particular image, or not overlapping consecutive profiles.
In that later case, it 1is possible that for certain
surfaces having general known characteristics, it would
even be ‘possible to separate consecutive overlapped
profiles using a known surface model and computer
calculation. Fig. 4 shows such a situation, where the
profiles are obtained by scanning a known diameter ball
sitting on a flat surface, and where the round ball
profiles have been separated from the flat surface of the

floor wusing algorithms that calculate curvatures from



T#109VE () - SH10%VE& ()-"109& ()- 10 10 10! (I T 109%& ()-F'! (I T

109& ()-F'nrsS4! 1092 & ()-"10%& ()- 10MV 10MM 1 MARCH 2002

10MM " 0" 1090VE ()-s 0" 109%VE ()-s! THLOWVE () - SHA?@BXr P1° @ 109& () -

109%& () -
K1

i @

10zz 10zz 10zz!F(S 10%z& ()-!'ffl110%z& ()-f!10%& ()-Xwx9. 1
10y>y109%& () - @710%& ()-!'@10%& ()-! @10%& ()-!@10%& ()-! @ 10%V& ()- r=

- 11 -

neighboring profile points. Then, knowing the nominal ball
diameter it is easy to pair corresponding floor and ball
top profiles.

In the preferred embodiments of this technique,
high-speed, progressive scan, interline transfer, multiple
tap CCDs are used such as the TV format CéD having 694 by
496 lines such as the KODAK KAI-0310M camera or the HDTV
format 1948 pixels by 1092 lines image sensors such as the
KODAK KAI-2090M camera. Other interline transfer CCDs from
other manufacturers are suitable as well.

In another embodiment of the present invention,
multiple sensors or CCD combinations may be used to either
increase speed or acquire a particular geometry of the
observed object. For example, putting two CCD cameras one
on each side of the laser plane can increase scanning
speed and at the same time provide means to avoid some
occlusion problems like when mapping two sides of a steep
pyramid. Side by side camera combination can increase the
scanning width and also preserve vertical resolution.

In another embodiment of the present invention,
the triggering method can be used to capture other high
aspect ratio (width/height) images, which are not profile
lines but have a non-negligible thickness, onto the CCD
sensor one above the other, under normal lighting
conditions, by positioning an optical means such an
appropriate slot in the front of the CCD sensor such as
only n lines of the CCD array are exposed to the light. In
this case, a new exposure can occur after each shift of n
lines, by triggering the TR signal, which results in much
higher image rate output. This embodiment is useful for

high speed event recording.
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Another embodiment of the invention relates to
the electronic circuit used with the present technique in
order to control the TR control signal frequency and allow
the capture of as many profile lines as wanted during the
same frame period. FIG. 6 shows a block diagram of this
preferred embodiment. The user interface—block comprises
any device which may be used to select the TR signal
frequency, in order to control the number of profile lines
x that will be captured on the same frame. This numerical
value, noted x, may range from 1, which corresponds to the
standard read rate of the prior art, to 50 or more,
depending of the vertical resolution of the CCD array and
of the thickness of the image being acquired. Therewith,
the user selection is send into a frequency generator 22,
which converts the received user control signal into a
signal of particular frequency f¢g, greater than the frame
rate, that allows the selected number of profile lines x
to be captured in the same frame. The said camera
controller outputs the vertical clock signal and the
horizontal clock signal, having respective frequencies
fi,.and fp Since the TR frequency is greater than the frame
rate, the TR signal is triggered more than once per frame
period which results in having more than one profile line
being captured on the same frame.

Another embodiment of the present invention relates
to an automatic means for controlling the TR signal
frequency: Instead of having the user to control that
frequency in order to get the optimum acquisition rate,
this embodiment introduce an image analyzer 30, as shown
in FIG. 7, capturing the video image output by the CCD
camera, and processing the said image in order to result a

value corresponding to the minimum spacing between two
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consecutive profile 1lines. This value is then used to
control the TR frequency regqulator 32 in order to allow
the TR frequency regulator 32 to output the highest TR
frequency possible without overlapping profile lines. The
video output in the systems shown in Figsz 6 and 7 have a
dual output CCD camera, namely two lines of the CCD are
output together (Video 1 and Video 2), and thus the image
transfer rate is doubled. Such multiple line CCD cameras
are known in the art.

Although the invention has been described above with
reference to a preferred embodiment and alternative
embodiments, it is to be understood that the above
description is intended merely to illustrate the invention
and not to limit the scope of the invention as defined in

the appended claims.
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CLAIMS

1. A high speed profiling imaging system using an interdine transfer
charge-coupled device (CCD) sensor having n horizontal pixel lines, vertical

_ shift registers storing n charges, a TR image transfer signal input causing
charges to be transferred from photosites of said n horizontal pixel lines to said
vertical shift registers, at least one horizontal read-out register receiving
charges from said vertical shift registers at a bottom thereof and a line or
vertical transfer signal input causing charges to be transferred vertically down
in sald vertical shift registers, sald CCD sensor being arranged to receive
profile line images having an essentially dark background, sald system
including an image acquisition control circult comprising:

a vertical transfer signal generator means for generating a signal for
said vertical transfer input having a frequency fi_ of n times per frame periad;

a TR signal generator means for generating an output signal TR
having a frequency frR, for said TR image transfer signal input, wherein said
fYR frequency is greater than 1/n * f(, in arder to capture more than one profile
image per frame period.

2. A high speed profiling imaging system as defined in claim 1, further
comprising a user interface device connected to said TR signal generator for

selecting said fyR frequency.

3. A high speed profiling imaging system as defined in claim 1, further
comprising automatic TR frequency adjusting means for adjusting the TR signai
frequency depending on an input signal representing a minimum spacing
between two of said profile line images.

4. A high speed profiling imaging system as defined in claims 1, 2 or 3,
wherein fTR is at least two times greater than 1/n *f,.

5. A high speed profiling imaging system as defined in claim 4, wherein
fTR Is between 10 to 50 times greater than 1/n * fi_.
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6. A high speed profiling imaging system as defined in any one of claims
1 to 5, further comprising an optical means for masking a part of sald CCD
sensor on which no part of said profile line is to be captured, to eliminate any
incldent light on the said masked part of sald CCD sensor which is not used for
image acquisition, in order to improve an accuracy of said profile line images,
whereby electrical charges accumulated at photosites of saild CCD sensor
which represent the said acquired bright profile line are added to null electrical
charges representing the said masked portion of saild CCD sensor at the time
of the horizontal shift from light-sensitive cells Into vertical register, wherein a
shape of the sald masked portion of the CCD sensor depends of a maximum
shape variation of said profile lines being acquired.

7. A method of inspecting an object using high speed profiling
cormprising:

projecting light in a plane onto said object to create a profile line on
sald object; and

arranging a camera system including a charge-coupled device (CCD)
sensor to obtain a profile line image of said object,

characterized in that
the camera system Is arranged such that the profile line image appears

within a substantially dark background and extends substantially along a
horizontal direction of pixel lines of the CCD sensor; and

the CCD sensor's lmaée transfer rate is controlled to capture more
than one said profile line Image per frame period.

8. A method as defined in claim 7, further comprising:

masking a part of said CCD sensor on which no part of said profile line
image is to be captured, to eliminate any incldent light on sald masked part of
said CCD sensor which is not used for Image acquisition of said profile line
images, in order to improve a signal to noise ratio of sald profile line images.
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