WO 01/ 22070 PCT/JP99/05118 1 DESCRI PTION Method and System of LCD

| nspection ﬁ%?egﬁ}ern Conparison 5 Field of The Invention This i.nvention
relates to NECHPHOvision methods for liquid crystal di sfCAYEY9H

i nspection by checking a pattern produceg by an LCD under inspection
against a tenplate pattern. 10 Background of The Invention LCD panels are
comonly used in electronic devices to display graphics and texts for
conveyi ng nessages taq the user. In an LCD panel, an LCD cell may be ,
physi cal |y damaged thus displaying Hﬁsc%¥ﬁﬁiﬁﬂeﬂﬂ e intensity output. An LCD
cell may also display an 15 undesirable intensity due-to faulty wiring or
damaged nenory chip. For quality control, LCD panels. are checked to

ensure propefethé@eand i Sscenl oIS 2tb! YnspESORA ik?n paktbEl GG risdncommonly
based on human operator. The main advantage of human inspection is its
versatile capability towards various types of LCD defects. 20 However, with

human opgr at Qr t he consi stency of inspection may change fromtinme to
tinme. Th rer%f"i{’ ﬁg ThE INyEREdO9ns when small  defects are nmissed by a

tiri . g : | ] d | . j i . ot t
it ot | cai FHE8 FaRkRe a0 SheLaEed B8Shach i’ VIR RenRERT For? laguGHeT
aut omat ed LEpystapealiisplay etOnyinzpeet6R by ehibRing WpALELES PrcaRked '

checking of LCD cells. An exanple of such a nethod "is discloSsed in U S
Pat. No. 5, bysaneiCR underadmspecthos against a template pattern.

10 Background of The Invention
LCD panels are commonly used in electronic devices to display
graphics and texts for con.veying messages to the user. In an LCD
panel, an LCD cell may be physically damaged thus displaying an
undesirable intensity output. An LCD cell may also display an

15° undesirable intensity dueto faulty wiring or damaged memory chip.
‘For 'qﬁality control, LCD panéls_ are checked' t;o' ensure propér
operations. Presently, inspection of LCD panel is commonly based .
on human operator. The main advantage of human inspection is its
versatile capability tox_flards various types of LCD defects.

20 However, with human operai:ors, the consistency of inspection may
change from time to time. T.here will be rare occasions when small
defects are missed by a éiring eye. Therefore, there is a need
to develop .an inspgct-ion system to automatically .detect for - -

' “defects on an LCD panel. . S | o

25
The majority of automated LCD inspection methods have been relying
‘upon electrical checking of LCD cells. An example of such a method
is disclosed in{U.S. Pat. No.'5,528,163 (Takahashi). This method

requires the LCD to be in a state before assembly for electrical



requires the LCD to be in a state before assenbly for electrical WO

01/ 22070 PCT/.JP99/05118 2 probing. Wen the LCD panel is finally assenbl ed
and i ntegratesbigedoh the nain el ectronic device, another testipsbbiiide
required to check for proper integration. In this patent, we wll focus

on the visual inspection of LCD panel onZhe final integrated 5 product.
One technique of LCD inspection is pattern conparison. Two | nmages, one
captured of an ideal LCD and the other of an LCD under inspection, are
subtracted tmrodiirgj.nWhee thé fLicer panel NEidlly susembley dral imtegikheed Wo
patterns indicates a defect in the LCD set, be it an LCD cell defect or an
i nt egr at i on ¥ikh ttheguain celegtranics dewicay Anddarm tegtswitle pe segyired

m ss-pl acemgnt qf th LCD set .on the.i.nspegtion platform_ The

T 55- pl acemcHl heTkEPETORTT |THESGEEHARE o SALEaPAFFBRNIR HRERRUE he
two images wdehe bashuh! iaheOPion W6 1lc@AanEl { On Bhe & idlA" ThielfBBVeq
automated vi sual LCD inspection systens assune negliglible placement error
of the LGD parwiuctnd provi de no conpensation for it. One exanple of such a

method is disclosed in U S. Pat. No. 20 4,870,357 (Young et al.). It is
costly and technically difficult to ensure placenent repeatability to a

dedi rabl o 1 S Porrgres peBluPbasiipicid BReTordt edhir ey eves on
E):vg%ggegt alag%i ReEjtiuredd of@neidt A AxPdehd dtner FSE - adonch dfder39
: inspection, are subtracted to obtain the -difference. Any
10 discrepancy between the two patterns indicates a defect in the
LCD set, be it an LCD cell defect or an integration fault. One
critical issue involved in this step is the miss-placement of the
LCD set on the inspection platform. The miss-placement of LCD set
will cause pattern miss-alignment between the two images under

15 subtraction, thus leading to false alarms.

Many automated visual LCD inspection systems assume negligible
' placement error of the LCD panel and provide no compensation for
it. One example of such a method is disclosed in U.S. Pat. No.
20 4,870,357 (Young et al.). It is costly and technically difficult
to ensure placement repeatability to a high precision of LCD sets
on an inspection platform. Therefore, it is desirable to align
patterns for subtraction instead of using precision placement
equipment.
25
The method disclosed in U.S. Pat. No. 4,942,539 (McGee et al.)
is a general method of pose determination of 3-D objects. This
method can be applied to the current problem of LCD miss~placement

by determining the pose of the LCD set under inspection and



Is a general nethod of pose determ nation of 3-D objects. This nethod can
be applied to the current problem of LCD m ss-placenent by .determning the
pose of thWOP¥E%: under inspection and WD 01/ 22070 PCTRGTGEMSNOS188 3
reconstructing its 2-D pattern fromthe i rage. However, this nethod
requires a calibration phase for the cahera which involves a hi gh
precision 3-D structure. This structure is costly to build and the whole

systemrequires careful setting up. 5 The U.S. Pat. No. 5,696,550 (Aoki et
al .) di scl #8eongtraeHRE okts p?ogiépa#&eﬁm fpemt the imrgeciiowevesin§hibnear

. scl g ose B p ® ! e ! _
{ransh or nameshoRd ilirsBig ESFAPEAL A Bhate TP ¥hia LRFEEs PRIER GdvhlSes,
appr oxi Mat ix0R; & pREcidién Babt SR tRire! Wh i BESSC LML ¥ &bt ySHP bhaghi On

need to be aligned on a common reference frane before subtiraction is

carried ouand The wholmraysitew regeirexminefalt settingiwer ati on of the 15
ef fects_of object pose and i nage perspective. Next, the residue of
subt racPi on needs to be anal yzed to differentiate between regions of

pattern di GherEICe SLkohe o0l A, 30N adRL L8 I 1d{2n8RE8 o Al yer

actual residues (due to pattern strepancy o r'est du ue to

i mage m S.SPQEEQBﬁﬁnfpei'ﬁﬁeceﬂvélobﬁﬁieqtﬂoiﬁ|1f§ilif§3 DineHie idtedipoiiaBidf. correct
for the effects of pose and perspective, the LCD pattern in an image is
mapped to Hineaeal approwiglakion caméra htbeel npnchinear  perspective

transformation is employed. This method is efficient but contains

10 approximation error.

The patterns of two images involved in subtraction need to be
aligned on a common reference frame before subtraction is carried
out. The alignment process requires the consideration of the
15 effects of object pose and image perspective. Next, the residue
of subtraction needs to be analyzed to differentiate between
regions of pattern difference from regions of no pattern
difference, and between actual residues (due to pattern

discrepancy) from false residues (due to image miss-alignment and

20 noise).

Disclosure of The Invention

To correct for the effects of pose and perspective, the LCD pattern

in an image is mapped to an ideal rectangle. A camera model which
25 relates a world point to its image point is used to derive the

above mapping. The ideal rectangle, which is specified in the

world coordinate, provides the common reference frame for image

comparison. All images are transformed from the image coordinate

to the common reference frame before subtraction.



25 relates a world point to its image point is used to derive the above
mappi ng. The ideal rectangle, which is specified in the world coordinate,
provi des t heygapa®e reference franme for image conpari son.pdt/ipropoages are
transfornmed fromthe i mage coordinate to the conmmon reference franme before
subtraction. WD 01/22070 PCT/JP99/05118 44 An error score is evaluated at
every point on the resultant inmage of inmage subtraction. To account for
subtraction residue due to. slight mss-alignnent of inages, the contrast
information of the 5 original inage pattern is used to suppress the error
scores around high contrast regions. That is, The present invention is a
net hod for dAnemroygseeredssevalpated ahtavery PR apdcheryeaul tank dmagest al

LD Gy at Phoiags, SUPEERFRERA « G5, AFRRWE: (59 MPRiAdiheh BEpLELT Ik 3R
det erm ni ng Lf['f?lle’ﬁéfsisQBiiQﬁmgﬁt beaghaded!r tRRdRirhs B forkati6ale# enRoi nts

in said canera Tmage; detefmning the Transformation paraneters between the
coordi nat® sysi¢inaf imagd paztera iisnmesed anduppteBsdisr einat scoyes around a
plane in the 3-D space; transform ng said canera inmage to said plane; 20
subt racti ng hhghteeH=fafitnE@ILRBEe with a tenplate pattern to produce an
error inmage; and evaluating the residue in said error image for any pattern

That is, The present invention is a method for detecting defects
in the pattern displayed by a liquid crystal display (LCD),
10 comprising the steps of:
generating a pattern on said LCD;
generating a camera image containing the whole panel of said
LCD;
determining the locations of at least four non-collinear
15 feature points in said camera image;
determining the transformation parameters between the
coordinate system of said camera image and a 2-D coordinate system
on a plane in the 3-D space;
transforming said camera image to said plane;
20 subtracting the transformed image with a template pattern to
produce an error image; and
evaluating the residue in said error image for any pattern

defect.

25 The present invention is also directed to a vision system for
detecting defects in the pattern displayed by a liquid crystal
display (LCD), said system comprising:

an LCD panel driver for generating patterns on said LCD;

a CCD camera for generating camera images containing the whole



defect. 25 The present invention is also directed to a vision systemfor
detecting defects in the pattern displayed by a liquid crystal . display
(LCD), sai WORI22¥ conprising: an LCD panel driver for g@®CEURWSYSpatterns
on said LCD, a CCD canera for generating canera inages containing the whole
WO 01/ 22070 PCT/JP"/ 05118 5 panel of id LCD, means for determning the

| ocations of at |east four non- collinear feature points in said canera

i mage; neans for determining the transformati on paraneters between 5 the
coor di nat epapel eof ofaishil§Dganera i nage and a 2-D coordinate systemon a
plane in the 3-D space; neans for transform ng said canera inage to said

pl ane; meandeage oKt ARLEFRLRIRR the \qqations; pEgatwileast fanp| per-
' - . | i h id
P sl 0 o POLPIHEE Sbathir pbIREE 12 Ha ) BRAPR, Ll 8 M 0T G e

in said error-1mnmage for any ct.

present invericadd 86£ dstdr@lindng the traddRriathes pirametiad® Berwess! i bed

above, said feature points 15 are the corner points of the frame of said

LCD. ii§ | hhemaomstinetieosystianm o ssidicamerbeinadeaed g#-d pbandinata pl ane
parallel to the XY-plane of .the 3-D space. 20 iii) In the nethod or system
as descri b8 HHHAR asRﬁB“?Y’-"bl 350 '8RaGfane that coincides with said LCD

panel . iv) Ipcble FEE MO FcshihG a5 IoSkiiLadagROLS s 57 hililh! at e
means for subtracting the transformed image with a template

pattern to produce an error image; and
10 means for evaluating the residue in said error image for any

pattern defect.

Other embodiments of the present invention are as follows:
i) In the method or system as described above, said feature points

15 are the corner points of the frame of said LCD.

ii) In the method or system as described above, said plane is a

plane parallel to the XY-plane of the 3-D space.

20 iii) In the method or system as described above, said XY-plane

is a plane that coincides with said LCD panel.

iv) In the method or system as described above, said template
pattern is generated by said transformation or said means for
25 transformation from a camera image of an ideal LCD pattern to

said plane.

v) In the method or system as described above, said step of

subtraction or said means for subtraction takes the absolute



pattern is generated by said transformation or said neans for 25
transformation froma canera i mage of an ideal LCD pattern to said plane.
v) in the maolmd2000 system as descri bed above, said step HCT/PAMSIEcti on or
said neans for subtraction takes the absolute WO 01/22070 PCT/JP99/05118 6
val ue of difference as the result of proéessing. vi) In the nethod or
system as descri bed above, said evaluation step or said neans for error

i mage eval uation includes the step 5 of calculating the contrast

i nformation fopallle ¢f xtilffarentbeas t€ingl resmlitmafepr@ressimpscri pti on of The
Drawi ngs Figure 1 shows a schematic diagram of the systemused in the
current 10 invention. Figure 2 shows the flowchart of the current

i nspection algorit Figure 3 shows_a ¢o r__of LD s ' I mage
for visualiZ gInlgH‘]Fﬁbe (L‘Sacg’éssycﬁ e@b?ﬁe‘?egbé(}“%'rﬁe(&d%%ge“g?‘i gr%l%?géyégi shows
t he mapping bety ABak§Rdaakl fet FoRAimb§BEadidt idn ineladgkehe step

representing an i1 deal LCD panel. 20 Preferred Enbodi nents of The I nvention
Bef ore i Bspect iccalcwlationg thaaomidasteimfetmatisnt fonsher pixels invhey good
LCD panel are captured. These images w || be conpared against that
produced by antemplpkRefi™@®@er i nspection. The images captured of an LCD
panel under inspection will be referred to as 25 test inages. The pose of
the LCD set under inspection may not be secured on the inspection

platform ThgHiohRscbobbideed A Didwings

Figure 1 shows a schematic diagramof the systemused in the current

10 invention.

Figure 2 shows the flowchart of the current inspection algorithm.

Figure 3 shows a corner of the LCD panel in an image for visualizing

156 the process of corner point detection.

Figure 4 shows the mapping between an LCD pattern in an image and

a rectangle representing an ideal LCD panel.

20 pPreferred Embodiments of The Invention
Before inspection is put on-line, all template patterns produced
by a good LCD panel are captured. These images will be compared
against that produced by an LCD panel under inspection. The images
captured of an LCD panel under inspection will be referred to as

25 test images. The pose of the LCD set under inspection may not be
secured on the inspection platform. Therefore, both template and
test images under comparison must be transformed into a common
reference frame for alignment before subtraction. After image.

subtraction, an image of the residue errors is produced. This



test inmages under conparison nmust be transforned into a common reference
frame for alignment before subtraction. After inage. subtraction, an inage
of the resWO8&2M¥¢ ors is produced. This WO 01/22070 PCT/ 3098918 7 i nage
is referred to as the error image. A scoring formula which neasures the
extent of residue error is evaluated at7every pixel on the error inage.
The pixels with score values higher than a pre-set threshold | evel are
determ ned to be defective. 5 Figure 1.shows the system set-up for the .
current i nisagecis rAtﬁerr_@quneltlle) ergop| npge .o~ smoriingpfotmuda phachor m 16,

facing a color canmera 13. A co ug 15 instructs an LCD panel drlver 12
to di spl ayMeaspLes gRtenk of %Hﬁ‘lﬁ ergor As.enryatafeat piQIar Rixel

cxecut os i B & M Tadon? B 2Ge RrtH SR Vhhed hightl SRR ane

10. Tenpl apeelg@gashie¥holdPaves Odré ! detErdinedi fo e Sleer@qvelit 14. The
flowhart of the inspection algorithmis shown in Figure 2. The processes

in the §I owchart are described 15 bel ow. Corner Detection (process 20) To
derive the %'&E) 2]0 R‘@t vveeﬁ t he etcoor nate and the common reference
frame, theft N F“'spB ﬁt%y%"femt 3 e 3) e FUrTeny |1venEdopn e | mage
and Mappedz P pafe 26£80UrPan TREpEOLIVY pROLAIN{IZE #Ghkillg 8514 Panel
is it Wlt a un| ?'ormv\%lte pattern. P ﬁFé cage aroung fhe E’@B 1’ appear
rel ativel ycameta 13hasconputernts inswsrudts aeLEfpapebdriver 12ecedsisplay
detected. The corner points

a pattern on the LCD panel 10. The displayed pattern is captured

10 by the camera 13 and sent to the computer 15. The computer 15

executes the inspection program to detect for any defect on the

LCD panel 10. Template images for comparison are stored in a

storage unit 14. The flowchart of the inspection algorithm is

shown in Figure 2. The processes in the flowchart are described

15 Dbelow.

Corner Detection (process 20)
To derive the mapping between the image coordinate and the common
reference frame, the four corner points of the LCD panel are
20 1located in the image and mapped to an ideal rectangle. For corner
point detection, the LCD panel is 1it with a uniformwhite pattern.
The case around the LCD will appear relatively dark. Thus, the
margins of the LCD panel can be easily detected. The corner points
are found by determining the two line equations of the two sides
25 of the LCD panel that form a corner, followed by calculating the
point of intersection between these two lines. In Figure 3, S,
and S, form the two sides of a top-left corner. Each side of the
LCD panel is determined by finding two points on it, such as points

A and B for the side S,. Each point is detected by searching for



are found by determning the two line equations of the two sides 25 of the
LCD panel that forma corner, followed by calculating the point of

i nt er secti oWOM278n t hese two lines. In Figure 3, S1 andPEIPOYPSHI& he t wo
stdes of a top-left corner. Each side of the LCD panel is determ ned by
finding two points on it, such as points8 A and B for the side Sl1. Each
point is detected by searching for WO 01/22070 PCTIJP99/05118 8 an
intensity change along a line positioned to intersect the expected side of
t he LCD panean iiitesysittwo changesalilengrai hine lposduipmedotoofinsersect t e
passes through them Faor better accuraci, the two pojnts that forma side

of the quadrexRgatesy 8188sPfitdiedCD pPpReL- (Thesk tW, Retnts)deterpipe the (one

to mnimze the error_caus ' ' ' d ' ns.
LT Par amet FERAPEA SRE¢ st A hEOR tRlnt Hor Bt RbEiEacE . |
based on the.yl tgetpdimaAthatOrdrmass DdendtDee ngfelDfepoBELiéNed hi s
calibration technique can be found in Y.I.Abdel-Aziz and H M Kar ar a,
"Direct [5i nezsllosd tatbécornerpo it Fitienps dane togwigrigiizettde ¢xtar cbsed 15
space coordinates in ¢l ose-range ghot oi%ramgetry", Proc. Synposium on C ose
Range Phot odt¥ariRagey diphartion [fus,Fas IMpertectglensyyary 1971. The DLT
nodel tells how a point in 3-D space is mapped to a point 20 on the imge
pl ane. By restricting the 3-D object to the XY-plane (i.e. taking Z=0,
since the L@pq0320ames - DEbcegs 2F) expressed as: :

The technique of image alignment is based on the direct linear
10 transform (DLT) model. A reference to this calibration technique

can be found in

Y.I.Abdel-Aziz and H.M.Karara, "Direct linear
transformation from comparator coordinates into object

15 space coordinates in close-range photogrammetry”, Proc.
Symposium on Close Range Photogrammetry, Urbana, Illinois,

pp.1-18, January 1971.

The DLT model tells how a point in 3-D space is mapped to a point
20 on the image plane. By restricting the 3-D object to the XY-plane
(i.e. taking 2=0), since the LCD panel is flat, the DLT mapping

is expressed as:

_AX+ A, Y+A,
A, X+A,Y+1

(1)

v = AX+A,Y+A,
A,X+A,Y+1

25 (2)

where (u,v) refers to an image coordinate and (X,Y) refers to its



U = A11X+A12Y+Al14 (1) A3i X+A32Y+1 25 V = A21X + A22Y + A2, (2)
A31X+A32Y+1 where (u,v) refers to an inage coordinate and (X Y).refers to
its WO 01/%¥9OYBOWCT| JP99/ 05118 9 correspondi ng worl d coPFERIYPHIHN t he
XY-plane. Referring to Figure 4, the yadrangle 31 is the LCD pattern
captured in a canera inmage. Each corn poi nt detected on the imge maps
to the corresponding corner point of a rectangle 30 representing an ideal
5 LCD panel. The coordinate of rectangle 30 is specified on the XY-plane.
The XY- pl aserseepeRding H@@&nﬁmrééaage n@h ethy K¥nplage. Redgeringttaction.

The di nensions_of, this rectangl e.is defi t he user. For_ease of
nani pul at i kﬂ‘,gufﬁél' %ﬁggg‘ﬁ%’%e e #\ilf ﬁ%@?&?&?géﬁ? 8"85&“?‘6 it “PHEEYer
humbers of jhgpbzoghéh c¥¥naRdpdPnteabiédted Hn Pine! Snddtindp £9 eRei Mage
buffer. ldeally, the nunbers of horizontal and vertical pixels in the
rect angl e sbounéspomdingycatnenpb et pEsotedttanylef3a hepredentdneg an Ikesk ar e

ei ght paraneters to be determ ned in_equations é‘ol). and 15 (2) ; they are
AT, A2, RER papal. Bhe cpoxdinape 10f FpcAkanglen0 tif Spegdfisgsoncthe he
corner poipLs the I r-d B Jo ' | ssrect l.e_op the
XY- pl ane w?%l Pgﬁ%‘ﬁ?@%’ﬁgrﬁ%ﬁu&é ons%f ?@%c%ﬁ@oh&%%rgaag F?ﬂ%.tef‘mgosr al | ows

the eight Bhdgeaidtiaitioh? Pe daledsibisthr Whigehsttdngld iseasfinddur
non-col l i near feature 20 points are required to sol ve%or t he ei ght

par anet er sby | tiaga1sRran FoTr face ovf (MAiEdation, the dimensions of this

rectangle are set to the integer numbers of horizontal (W) and
10 vertical (H) pixels that map to an image buffer. Ideally, the
numbers of horizontal and vertical pixels in the rectangle should

be equal to the resolution of the LCD panel.

There are eight parameters to be determined in equations (1) and
15 (2); they areA,,, Ay, Ay, Ay, B,,, By, Ay and A;,. The four mappings
of the corner points between the camera image and the ideal
rectangle on the XY-plane will produce eight equations fromtthe
DLT equations. This allows the eight DLT parameters to be
determined. In general, at least four non-collinear feature

20 points are required to solve for the eight parameters.

Image Transformation (process 22)
Given an image point (u,v), the terms X and Y can be rearranged

to the left-hand-sides of eguations (1) and (2) as:
25

= (u=-A )AL, —VAL)~(Ap ~UAL )V -Ay) (3)
(A —uA, ) Ay —VA,) — (A — 1AL )A, - VA,)

o (AL A, Ay ) -(Ay - VA5 )Yu-Ay,) (4)
(Ay —UA, (A, ~ VA, ) - (Ap —UAL XA, —VA,,)



G ven an imge point (u, v) , the terms X and Y can be rearranged to the

| eft - hand-si des of equations (1) and (2) as: 25 X = (u - Al4)(A22- vA32) -
(A12 - uA32Wwpwizom a) (3) (ALl - UA31) (A22 - vA32) - (ALRCTIRRABIEAD] -
VA3l) y = (v-A24)(All-uA31)-(A21-vA31l)(u-Al4) (4) (A1l - uA3l)(A22 - vA32)
- (Al12 - uA32)(A21 - vA31) WD 01/22070 P@T/JP99/05118 10 These two
equations formthe reverse transformati on equations for transform ng an

i mage point to a point on.the XY-plane. Al images - involved in subtraction
are subject to this transformation. 5 Image Subtraction (process 23) The
transformed i mages of the tenplate i mage and the test inmage are sugotract ed
pi xel by pi @iesectwhegnatiaes formtheEeEersiHtiRRf kP i P t he

|
absol ute value of subtraction is taken as . ' Erf-Qr ;
Cal cul ati on {GANSLLTRIBG)ATHRAYT P?ﬁ&?g"rﬂ ﬂcﬁoslégagnrgglﬁ%?r!e?r" ggg Yiv g’r mo%&@
conput ati on, i,{,}a,?_gg\qo inPghbEraSt b 4reS ela-bpaéﬁl €6 tHis RYanbeoprateedl y
al i gned. Thi's slirght mss-alignnent of patterns wll produce small
error reg dues on the error inmage-at the pixel locations of high intensity
contrast. Therefore, the judgenent of error residues nust take this into
account and Imsigs DLEae LR ERIQGEESSamddies whi ch appear at high intensity

cont rast | oggtl gns. wbere {1 Seb0k: ik LEaLINES ARYPEREVHS LRMtothiYe

are subtracted pixel by pixel to obtain the error image. To avoid

negative numbers, the absolute value of subtraction is taken as

10 the residue.

Error Score Calculation (process 24)
Due to system noise and numerical error of computation, the two
patterns under subtraction may not be perfectly aligned. This
15 slight miss-alignment of patterns will produce small error
residues on the error image -at the pixel locations of high
intensity contrast. Therefore, the judgement of error residues
must take this into account and tolerate for the error residues
which appear at high intensity contrast locations where the error

20 residues may be contributed by pattern miss-alignment.

Every pixel on the error image is given an error score value
indicating the extent of the difference at that pixel location
between the two images involved in the subtraction process. Any
25 error score highér than a pre-set threshold level indicates a

pattern defeci:. The error score is defined as:

Score(u,v)=max{h;(u,v)—acy(u,v), hs(u,v)-acs(u,v), hy(u,v)-

acz(u,v)} (5)



Every pixel on the error inmage is given an error score value indicating
the extent_of the difference at that pixel location between the two inages
i nvol ved i ¥OPKE9 bt raction process. Any 25 error score PEHHEMOSHan a
pre-set threshold | evel indicates a paitern defect. The error score is
defined as: Score (u,v)--max(hR(u,v)-acR(u,v),hr. (u,v)-acEu,v), he(u,v)-
ace(u,v)} (5 WD 01/22070 PCT/JP99/05118 11 where a = 2, a scaling
factor. h. u,v% = The magnitude of the error residue of the red band at
coordi nate ?EF ). 5 h6(u,v) = The nmagnitude of the error residue of the

green band at goordinatg (y, ( x%_ = The magni tude of the error
resi due of the Dlue bandg'a%.g%%]b% r%cé: G,v). cR(u,v) = maxi.l,.., 8(

I R(u, v) - NK,i(k}(a)v)1le me(magnitudest the exdr kesfidua of ths riedUband }
c.(u,v) = mxi=1,..,8( 18(u,v) - NB,,(u,v) }, where IR(u,v) = The red
intensity |level at cootdigaardipgte) (anvihe tenplate inmage. 16(u,v) = The

PB(a )= The. UGB PhErie JepByerda Ss SHeRracs (1 ieoRe Fhe SR at o
image. NRi(u,v)= The g4 it eBskhYna€yeu ). .the i-th connected
hy(u,v) =The magnitude of the error residue of the blue band
at coordinate (u,v).
Cr(U,V) = MaXy,, ,o{ Iz(u,v) - W ;(u,v) } -

10 Ce(u,v) = max,,, _ s{ I(u,v) - Ng;(u,v) }

cp(u,v) = max;, . f Is(u,v) - Ny;(u,v) }, where
Iz(u,v) = The red intensity level at coordinate (u,v) on the
template image. _
I;(u,v) = The green intensity level at coordinate (u,v) on
15 the template image.
I,(u,v) = The blue intensity level at coordinate (u,v) on
the template image.
Np,;(u,v)= The red intensity level of the i-th connected
neighbour of (u,v) on the template image.
20 Ng,;(u,v)= The green intensity level of the i-th connected
neighbour of (u,v) on the template image.

N, ;(u,v)= The blue intensity level of the i-th connected

neighbour of (u,v) on the template image.

26 The error score defined in (5) defines a quantitative measurement
of pixel error, taking into consideration of the intensity
discrepancy for the red, green and blue bands and the intensity
contrast around a pixel. The terms cy(u,v), cg(u,v) and cz(u,v)

serve as measurements of intensity contrast around a pixel. These



nei ghbour of (u,v) on the tenplate imge. 20 NO,i(u,v)= The green intensity
| evel of the i-th connected neighbour of (u,v) on the tenplate inmage.

NN, i (u,Vv)=wéeriowe i ntensity level of the i-th connected weypbdhesurs of
(u,v) on the tenplate imge. 25 The error score defined in (5) defines a
guantitative nmeasurenment of pixel error}2taking into consideration of the
intensity discrepancy for the red, green and blue bands and the intensity
contrast around a pixel. The ternms cR(u,v), c,(u,v) and cB(u,v) serve as
measur ement e@fsi rédRits the @aghitadesofithle erpox ecoréhetepieD16226I6ns

PCT/ JP99/ 05118 12 terms reduce the magnitudes of the error scores at pixel
| ocations off kighipkeefity poasxapkstThighredyers Ehe nassibdddtyiqf false

fal se aIarg;ﬁdue éo patter nissnaliggﬁpnt. Possible Utilisation in

I ndustry of *HEMFnPBR: FPARTET RS20t IpPE0 tes a general method and
system for LCD inspection by pattern conparison. The nodul e on i nmage
alignnment allows the LCD under inspection to be placed |oosely on the

i nspecti bn Possibler uEbissamibl dmrmdustrycof sSThorInpentient i ve 10 ef f ect

and produces a 2-D image of the pattern that appears on the LCD panel. WO
01/ 22070 PCEBhjpodnysptgon)preyides ajpgeneralnpethesd ad cBYFHRR B9 PP in

the pattern glgRLyeH B sherbbfdhb . FheRRe1c- R indiflRL L §hidnd "o
allows the LCD under inspection to be placed loosely on the
inspection platform. This module also corrects for perspective

10 effect and produces a 2-D image of the pattern that appears on

the LCD panel.



5 generating a pattern on said LCD;, generating a canera inmage containi ng
the whol e panel of said LCD;, . determning the locations of at |east four
non-col | | NQ#1/22¢7at ure points in said camera image; 10 RGIEEM/BINg t he
transformation paraneters between the _coordinate system of said canera

| mage and a 2-D coordinate system on £ pl ane in the 3-D space;
transformng said canera inage to said plane; subtracting the transforned
image with a tenplate pattern to 15 produce an error inage; and eval uating
the residue in said error inmage for ﬁﬁ@%ttern defect. 2) The nethod as
in claiml, wherein said feature points are the 20 corner points of the
frame of said LCD. 3) The nethod as in claim1, wherein said plane is a

pl ane parap o meﬁ:ﬂoagf’of(ﬁéﬂleéﬂfngfdéf&t%‘ Ph SBRC patLerd)diBp ayelineg s in

claim 3, erein said XY-plane iS a plane that "coincides wifth said LCD
panel . 5) Thaigeidocrystaln dispilayl{LObEr etonprasdng ebipé atteegmatoifern i s
generated by said transformation froma canera inmage of an ideal 11 IN * C
L M W D1/ 220¢pepainpgopatiesn 98 sEbRitern to said plane. 6) The

method as in g2l M dng WELELF Slsbe boRLn BMP'EHACEAS e (RS of saia
LCD;
determining the locations of at least four non-collinear
feature points in said camera image;

10 determining the transformation parameters between the
coordinate system of said camera :i.tnatje and a 2-D coordinate
system on a plane in the 3-D space;
transforming said camera image to said plane;
subfracting the transformed image with a template pattern to

15 produce an error image; and
evaluating the residue in said error image for any pattern

defect.

2) The method as in claim 1, wherein said feature points are the

20 corner points of the frame of said LCD.

3) The method as in claim 1, wherein said plane is a plane parallel

to the XY-plane of the 3-D space.

25 4) The method as in claim 3, wherein said XY-plane is a plane that

coincides with said LCD panel.

5) The method as in claim 1, wherein said template pattern is

generated by said transformation from a camera image of an ideal

-
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t he absolute value of difference as the result of processing. 5 7) The
method as in clarm-1, wherein said evaluation step includes the step of
cal cul ati ng Wh&/R¥At rast information for the pixels in thBCUEMOHIR | mage.
10 8) A vision systemfor detecting defects in the pattern displayed by a
liquid crystal display (LCD), said systeMconprising: an LCD panel driver
for generating patterns on said LCD; a CCD canera for generating camera

i mages contai ning the whole panel of said LCD, 15 neans for determn ning
the | ocati ons DEDapat s ticowaidoplavel | i near feature points in said camera
| mage; neans for determning the transformati on paraneters between the
coordi nate system of said camera inmage and a 2-D coordinate systemon a

plane in the,3; NRARS mf ﬁge”f Geidpgsked said
pl ane; rreans Fgr %'%gg@r ags?l ng rAh%'m fr‘g ?%r rreég%l%g:géaéfjs u{lerr:%) | ate
pattern to prOdHé%b%bl%rtreO{rawagﬁ d2ffeP@Rd® abOthe resudti &if proeesssngue in
said error image for any pattern defect. 25 9) The systemas in claimS8,

wherein $aid feature points are the corner points of the frane of said

LCD. 10) The systemas .in ¢laim.@8, wherein sai, e.i.s | ane paral | el

RERERR | i1 17) Fhe mekhod;as ip|qYaim i, w c?ﬁlgz‘g"%{] g?%%ﬁg"de
the step of calculating the contrast information for the pixels

in the template image.

10 8) A vision system for detecting defects in the pattern displayed
by a liquid crystal display (LCD), said system comprising:
an LCD panel driver for generating patterns on said LCD;

a CCD camera for generating camera images containing the whole
panel of said LCD;

15 means for determining the locations of at least four non-
collinear feature points in said camera image;
means for determining the transformation parameters between
the coordinate system of said camera image and a 2-D coordinate
system on a plane in the 3-D space;

20 means for transforming said camera image to said plane;
means for subtracting the transformed image with a template
pattern to produce an error image; and
means for evaluating the residue in said error image for any
pattern defect.

25

9) The system as in claim 8, wherein said feature points are the

corner points of the frame of said LCD.

10) The system as inclaim 8, wherein said plane is a plane parallel

N
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15 to the XY-plane of the 3-D space. 11) The systemas in claim10, wherein
said XY-plane is a plane that coincides with said LCD panel-. 5 12) The
syst em as woorizatem B, wherein said tenplate pattern i s PpErPIRst8 by sai d
means for transformation froma canera image of an ideal LCD pattern to
said plane. 10 13) The systemas in cl 4 m8, wherein said neans for
subtraction takes the absolute value of difference as the result of
processing. 14) The systemas in claima8, wherein said nmeans for error

i mage 15 evabutheoXY+plaAneled tthe BeBnspdwz. cal cul ati ng the contrast
information for the pixels in the tenplate image. I~I1I1I [1LILD TITT]

LEErr 11 * CLMS

11) The system as in claim 10, whei'ein said XY-plane is a plane

that coincides with said LCD panel.

12) The system as in claim '8, wherein said template pattern is
generated by said means for transformation from a camera image

of an ideal LCD pattern to said plane.

10 13) The system as in claim 8, wherein said means for subtraction
takes the absolute value of difference as the result of

processing.

14) The system as in claim 8, wherein said means for error image
15 evaluation includes the means for calculating the contrast

information for the pixels in the template image.
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