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Met hod for inspecting surfaces The present invention
relates to a nethod for inspect ing surfaces according

wo eodshexdsieat ures of the preanmble of claim1l anBCT/BP2004/008757

device for performng the nethod according to the
features of claim21. Known fromthe state of the art
is a method and a de vice for inspecting surfaces with
repeating patterns. The corresponding surface is
usual |y a conductor board having conductors on it. The
conductors formrepeating patterns which are arranged
bet ween surfaces having no patterns and thus no
conductors or unique (non repeating) patterns. The
present invention concerns only those areas where
there are repeating patterns; areas wth uni que

pattern are insencld R AnRYee4sny kuWaces _
state-of-the-art nethods. The devi e for inspecting

surfaces conprises a canmera having a CCD/ CMOS caner a
sensor and an optical objective. The surface of the
conductor board is imged onto a CCD/ CMOS caner a
sensor surface by nmeans of said objective. In order to
obtain a good quality of the imge, the surface is
illumnated by rear and/or front |ights. The anal og or

di ght i g2edsd FRIEN PEn t \6n CATRL e $EASOL ﬁétﬁé@“§@}t£ﬁ§#éék—
a conmputing unit. Said image 1s transforned by a plu
raingyseffacxel scfordimg tondtei keafupixeds. ti8aipreamble
conputer.unjt_processes data of said.pixel trix

Wi Th HEHT pf X3 nET ReTR R NRTE A C VAT T Kot el TR
pi xetodai agbesi €lad | Fearsetes sof helgimy21 .

Known from the state of the art is a method and a de-
vice for inspecting surfaces with repeating patterns.
The corresponding surface is usually a conductor board
having conductors on it. The conductors form repeating
patterns which are arranged between surfaces having no
patterns and thus no conductors or unique (non-
repeating) patterns. The present invention concexns
only those areas where there are repeating patterns;
areas with unique pattern are inspected by previously
known, state-of-the-art methods. The device for in-
specting surfaces comprises a camera having a CCD/CMOS
camera sensor and an optical objective. The surface of
the conductor board is imaged onto a CCD/CMOS camera
sensor surface by means of said objective. In order to
obtain a good quality of the image, the surface is il-
luminated by rear and/or front lights. The analog or
digitized image of the camera sensor is transmitted to
a computing unit. Said image is transformed by a plu-

rality of pixels forming a matrix of pixels. Said com-
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val ue. Each pi xel generates a gray val ue correspondi ng

to a color of the original of the inmage, nanely the
wa@osdocioos board, in the same position rel ati vECT/@P100€008757

original. The gray value canstitutes the basic data

for the detection of the condition of a surface as

this value will be conpared with val ues of reference

Pl K88 DYnt RCpCBRRULEL WOk eﬁcgggangikgﬂtmst%9ktOwﬁgﬂ
com pari son sF eps : each value of a pixel to be

i nepett pdxeli hspéoyi entpckelicali satoepared with a
value of a refer ence pixel of a so called nmaster

i mage. The naster image is e.g. based on an i mge of

anyekhging taengugbor ghear dawhibghihagsakr eadynbegpay
inspected in detail, with the result that this master

coNadteor EBGAr Hikas mengsatest s, grayi Magvedceondsppoding

an alifies us S repc ond ctor boa
Eneoainar PEorteEng o RibEhaT 8P Eper R hagatr L fihs
conduatierobobbdrtip bhe thspeamedpmshtlbﬁ eempaneé wot Bhe
the correspondi ng pi xel - reference pixel - of the im

aglTreéPinmé - miEEe réBnHB&P@rCOWﬁElHPFFErEﬁﬁebﬁééﬁlﬂﬁﬁﬁ for

fr%ﬁbthétgeﬁﬁéﬁ'é@ntﬁE £BRqk p$BECHEOR 9h§95c@ngstéﬁls
reference pixel will determne the result of the in

sp¥etluenwibh bhecbappsedf wihb Vﬁieﬁ5|p§ gefehengeaylxels

va f Lxe ? could be
debdceBs SERPaBeEChalt S8-pBRy B PRECTITAGHEnS OB
pr paessbAgsktpEs: iHEOhtaQEuEOOﬁEatpikelheodbéeihSp@&ted -
conductors whi ¢ch appear at the sur
inspection pixel = 1s compared with a value of a refer-
ence pixel of a so called master image. The master im-
age is e.g. based on an image of an original conductor
board which has already been inspected in detail, with
the result that this master conductor board has no de-

fects, is in good condition and qualifies use as a ref-

erence conductor board.

In the comparison step, each pixel of the image of the
conductor board to be inspected will be compared with
the corresponding pixel - reference pixel - of the im-
age of the master conductor. The difference resulting
from the comparison of the inspection pixel and the
reference pixel will determine the result of the in-
spection. On the basis of the intensity of the gray
value of each pixel of an image, said image could be

detected very accurately.

In the field of image processing it is important to de-
tect the defects of conductors which appear at the sur-

face very fast, as the known devices for inspecting
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face very fast, as the known devices for
i nspectingsurfaces are often arranged in the conduct or

whomed12yehuf acturing line . Mreover, in orderPCDEP2004/008757

ensure con stant quality of3 the conductor boards, it
IS necessary to inspect the surface of each conductor
board. However, the known nethods are very conpl ex and

t'm@ggggﬂ 80 8 neafpgegé@niﬁoeﬁg %&@%E&%gard

fornms t basi s o the conparison steps w ues of
t hmannfspecting pixel s M@deaaéuesimforﬁerreéeeﬁﬂufe con-
pi xel s of t convent i teach in

ma
rreFFIBHt %H@Taaya %oFl&?rec‘g%ﬁ‘&?F%ﬁ Po2L %r el‘fhjes nReEeFsary

Inagelh§p58£ytnéggurﬁb@eSépréaehOéoﬁ@ﬁ@tbﬁ BOMSd. How-
t1 me-consum ng and requires a | ot of menory space in

t hevesnpther knpvn  nEphe@er ape every @%@@l@xb@nﬁoteme-
L N8bn00n EQROLLOLL DOBE S Oh e Ay IBRUE AGLULLIAGL LLOE WL the

ever % Tdentrca hef - conduct o
of bhbiis banherompaqueohlstepﬁtﬁlthevkn@@m ®ﬁaﬁhelﬂn—
based net hods, m nor defjciencies of the master nmainly

t eABSEBI PACPE%SES t AR pEatidos def ek r 52 ESTTheR, Paxebe OF

of tRANHUCEOL DRAKES-aE6n 68k E9ORA Z8He aSh def 6L +1Rb & hopgh
they are in good-condition and exhibit no surface

defletesvoltmeeretyinedi horstorer tineenaw tdr r espeet is overy

th st [ t kS refo e an. 9 ect of this
|n§enﬁroﬁﬁ?og€§§%? eog %%F% { 13 dé@%ce Cfpyine "and

i nepaatrag suléaces ﬁ@@@fﬁlﬂgat@ ihetfieatomest ©f tﬁﬁt
preanble of claiml a _devi ce accordin

as
LB BREEREES of 161 Shanbd Pﬁ Brhe? toabvee coredth oz %board
abgyeanphgdrdteadYRYt BYRS i 01 PEQYEd8e 100% identical

with any other conductor board of this line. Conse-
quently, with the known teach in based methods, mino;
deficiencies of the master mainly tend to increase the
pseudo-defect rate. Thus, a lot of conductor boards are
categorized as defect although they are in good condi-
tion and exhibit no surface defects but merely a minor

tolerance with respect to the master image.

It is therefore an object of this invention to provide
a method and a device for inspecting surfaces according'
to the features of the preamble of claim 1 as well as a
device according to the features of claim 21 in order
to overcome the above noted disadvantages, to provide
the prerequisites for accelerating the surface inspec-
tion process and to make the method of inspection more

accurate, especially with respect to the defect rate.

These as well as other objects of the present invention

are accomplished generally through the method for in-
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the prerequisites for accelerating the surface inspec
tion process and to neke the nethod of inspection nore

waecwanaes especially with respect to the def eBtT/ERL084/008757

These as wel|l as other objects of the present
i nvention are acconplished generally through the
nmet hod for inspecting surfaces according to the

fe§£85€§n8fsﬁpﬁa@é§ ga@bgdpﬁ ctai phd Foavhieh @@théhgre-
val ues of "the pixels of the natrlx referring to sa

i ragklar eft beabasl sifovhsahdowdy ueke ofabiaes @éféh@n@exels

pi xel s. for _detecti the condition, of a|d surfac
Th%?e?g?eTa ﬁ%xde?gg fhafi oR 3713 hhs eraﬁ%dg?%zbaSls tor
gepaiat yanues @fnaéiarrEHag@n@elpiﬁ@léOﬁgerd@@ectlng the
necessary. Omng to the cited neasures and the nethod
aceondihgonocfheaidvenrfanct hEnpeehoucbetkongsteagirption

andcs v t t hed, r e
crgserBRstsp fha' PhoLsarbrbe e et degep shetiodinn
i napetbhgarpbgehscefsthg. o©E1pgtternharelted1maaedres and

t he val.ues of .t he xels of an ther patte from
hbheaecl Ry aceara huEot Fhf, DhullonatrobE {8thge 88
ot hehepathetBri SnUSEUmPpScd beEer eneetpathein havhsg.
said reference pixels. Each inspection pixel and the

correspondi ng reference pixel have the sane position

rekativ rg9e;£§ﬁpehbsaa g 8F“£hé 9&§9£8§,tbﬂ% ?ghxes

the 'values o e sane plxe are conpare
or dér the mbspéntaosigmxélsanf tbsubhe pmeeen agaycom-

oKkl L 0F BRI KDt Pk teria ol 0oPR bSedec orn

SeYQbﬁ'tﬁ@”@éﬁésﬁﬂaébepénarEhQEOkaﬁdtHEOBQm@ hbgeief The
other pattern is used as a reference pattern having
said reference pixels. Each inspection pixel and the
corresponding reférence_pixel have the same position
relative to its pattern. This will guarantee that only
the values of the same kind of pixel are compared in
order to obtain a significant result. However, any

pixel of the same kind of patterns can also be used.

According to a further embodiment of the invention,
several comparison steps are provided along a line of
pixels having n+l periodic structures as part of said
repeating patterns in a direction of said line of pix-
els, with all of said comparison steps along said line
of pixels forming a detection step. This is done for
all pixels of the periodically repeating pattern. Thus,
the matrix of pixels will be detected systematically

line by line until the whole matrix has been detected.
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pi xel s having n+l1 periodic structures as part of said
repeating patterns in a direction of said |ine of pix

webagowdoth all of said conmparison steps al ong Ber/drioonersss?

of pixels formng a detecti®n step. This is done for
all pixels of the periodically repeating pattern.
Thus, the matrix of pixels will be detected

systepRéi 62l fyndiNeaky thie ¢ iindde, VASE S ABL rd st a
been detected.If the original, and thus the i mage,
doesnhbonuexhi begubaropdtpeousoveyul as pavierranyer itsis

whol.e_range, it._is. advantageous _to determ ne_ an. are
of SRR RS of cHECY AL oY SR iTE el B fE: 2SR tne

i nspege edr behor eur Aspect b Obe SimspSctad tihe S8t € Bfigfection
occupying either part of the ma trix or the entire
meBERXES ThYstha§21E FECPOSGTHPEIRG YbERRt RR®h ®f Hredra-

i ne opLi g1 ZMe CONPALE SIQQE]?lQpSTﬁ_{:S Csfing {9 ﬁ@ééﬁkf@dto
lines wth respect to the pat terns . In yet another
enetdenendreseverareget mcop bimst epscanea proom detep anac-
after .the execution of all of said detec tjon steps

o FOUATE s EO BT IR RE p 3BFS T ChaF G €h b | FERabe™
beeardet ected. Especially, each detection step

i ncludes n conparison steps. Due to the fact that the
area of the inage to be in spected conprises regul ar

repralLpg,RALLEE NSBbal fast , | DetdEs el Sr S egh AL €8s are
3

menti oned above, 1t Is considered advantageous to ‘use
veptovicaticubadi ahtén she¢ dexerpardsont stkh ehesaidaiatec-

i nspectipn pix and the as_sjgned referenc i xel
napsoh pErRd: S5t RhetSnohre bl pERE PEXEIENSE Baflarea
will have been detected. Especially, each detection

step includes n comparison steps.

Due to the fact that the area of the image to be in-
spected comprises regular repeating patterns at least
in the determined area mentioned above, it is consid-
ered advantageous to use vector calculation in said
comparison step where said inspection pixel and the as-
signed reference pixel have a relative location within
said matrix and thus a location relative to each other
forming a vector k. Said vector k is the same in each
comparison step. In a simple way multiple comparison
steps can thus be executed with the aid of vector cal-
culation using vector k to accelerate the inspection

process.

According to another embodiment of the invention, the
reference pixel is the pixel inspected in the previous

comparison step.
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said matrix and thus a location relative to each other
formng a vector k . Said vector k is the sane in each

w@ompatidson step. In a sinple way mul tipl e conp&r/EBN4/008757

steps can thus be executed i th the aid of vector cal
cul ati on using vector k to accelerate the inspection
process . According to another enbodi nent of the

I Nygat h@Rholiherr eher eRGEenPLER! al SohiBerRe Xeh1haspectgd
in the previous conparison step. The method of the

i nvefierencal powslehtovhkuebbaingd téfétéﬁ@éeptx@agst@lth
be _gbht ai ne n f t h |

oo BB SRR, ERarhl BELE QUYL Pk e B89 e
i nspegtedo Eveipespéeread way of obtalnlng t he val ue of

the refer ence pixel is by making the value of the
reference pixel a cal cul ated val ue based on severa

piéﬁbSPQEfgyﬁeaabayxofTBbgaY§LHs eaul dafor bBSEHQCPePér-
an average of several values of "reference pixels of

thennatpnxelonsahyamekage bhevubles ohi thedoeherence

d.a_thr d,th hi
hEREEE, BnCBFoRiRErS AP AP BEr Rer of STR o HIa g 0L che

mnhht@;kherebevanﬁedcaﬁea ForaisktpheemBBNgn average of
Especially, the value of the reference pixel is calcu
| af8UCHF laNaiiHeEgef REEEEPRecoPl¥eefoPiktne ARRBFdRNgOT an

toaQeEHgEhS? @H@Qgénﬁﬂacﬁfchﬁo£n¥§eéé8n Eﬂgeshold and
det ect | of the condition of said surface i ncl udes” a

dethsi dnkst efhiBesitspbonllonst hbebasspeoftigni dfdpikets at
the border of the matrix or within the determined area

in a simple manner

Especially, the value of the reference pixel is calcu-

lated by an integer multiple of vector k.

According to a further embodiment of the invention, the
detection of the condition of said surface includes a
decision step: Decision, on the basis of said differ-
ence resulting from the comparison step, that the in-
spected surface is correct if the difference does not
exceed at least a threshold. Particularly, the decision
step will qualify the dedicated vector k and thus the
dedicated pattern as defect if said difference exceeds
said threshold. If the difference does exceed said
threshold, the detection step is repeated in a diamet-
rical direction which results in another vector k° (k’
= - k). This allows the detection of the inspection
pixel - and thus of the real position of the inspection
pixel - which exceeds said threshold by calculation on

the basis of the data of both detection steps with vec-
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ence resulting fromthe conparison step, that the in
spected surface is correct if the difference does not

wezesmtkvat | east a threshold. Particularly, thBCT/EP2004/008757

decision step will qualify the dedicated vector k and
thus the dedicated pattern as defect if said
di fference exceeds said threshold. If the difference

doesrexcgrd satflobhkeshpbd, i hbheadet ecihophst 89tédtion
repeated in a dianmet rical direction which results in

anéther wiekt veckor kkand inkthe dghegtipnopkepheith vec-
de tion n h

oL BEL o TE ek DT SRESLLENR Sekets o001 1S, L LlErizoo
sabkd tibresholidebyocaheukat cahled sh&dbaseSfeétt@gpﬂaimed

of both detection steps wth vector. k and vector '
FoiDi A8Fahcelni RREhESdet et Bh %febh%AthV§%§o?ek°%ndA

'ncBﬁ@u@SE?SB'théhéprﬁEH ¥8Coh0Eakon EhEfe68Btion of
i nspection pixels will be categorized as defect due to

t hehseecaivbepishddowi élf etloexphai actiuah defart phxeheto

degcr élon ofdthe Fi gures below. A calculation schene
©b4sed“on the I ocation of these two pi xel s

mnll aIIom;the actual defect pixel to be determ ned.

Usi ng the principle of the nmethod of the invention, it
|sUEé§§|EP@ PHIRELBLE AEf BREseRhadr @fuFhe paYEREROD, it

Wi t Bodt, s kngWENgoany - BBet gErRat kef . Tbégumaklp5€§gkﬁ
in a drastic data reduction conpared to the

cowvehpuonhhowea@hanm meched. pehtpract Thés vhéli npawlt in

devi geoftenaLimi {8 006 bR 3RGELE4aAE§2nE GonblEtional
ca cover age .
teach in method.

In practice, the input device often limits the in-

spected area, e.g. the camera lens coverage . If the
repeating pattern stretches wider than the inspected
area, accurate positioning is not critical as long as

vector k remains valid.

If vector k is small, slow distortions in the pattern
that add up over large distances will not produce
strong defect signals, unlike conventional teach in
methods. This helps, for instance, when dealing with

lens distortion or warped and strained products.

There are different possible ways of determining vector
k. According to one preferred embodiment, vector k is
determined by a fast Fourier transform - FFT —‘such
that the maximum of the fast Fourier transform will

found at vector k.
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repeating pattern stretches wi der than the inspected
area, accurate positioning is not critical as |long as

wee@bordd remai ns valid. If vector k i s small, pet/@amoo4/008757

distortions in the pattern & hat add up over | arge
di stances w || not produce strong defect signals,
unl i ke conventional teach in nmethods. This hel ps, for

I N8t aReRat WRENy eabbngr Wkt sl eascdlstoat &0g. ofivar ped
and strained products. There are different possible

wap & 1pf ofetelaighngregegeformk or Aveekdrnly 1® eakculated

Fouf PBr SEFngt of ot CppiEEhghe | fepe %ﬁéﬂ}rﬂi‘?iﬁ#%ﬂ the-

fashgFedr the bragshalmsuwkfhcéound at vector
.Alternatively, vector k is calculated e.g. with the
hel.p of a Hough transform or vector k is cal cul ated

frem dabaiaf na phedetesfiinedatr esnRechallyc dbgi bal tndr avhe
ing of the original surface. It should be understood

that the detection sfepheoti hkei dirtetdeneefi vactoepk is

or the direction, of vector k_ is dependent on the kind
ofdﬁngg?Hg.oﬁ ghﬁeﬁ%Pgngﬁ,p?hg?gngfe several ways of
obtai ning vec tor k . These ways are sumari zed as

follows: Oten there is a technical dramﬁng or a
daﬁéb&@@tﬁﬁéﬁgrtEgeﬁéeﬁrﬁaﬁeV%BRluﬁaYﬁeoﬁi? Ee&iBANANYECT

theodi gt anpesaf whYe RAL! 8LANLPSEAACES: fol Mofs:
digitalized canera inmage the user can try to set up a

profile and an estimated vector k .
. Often there is a technical drawing or a database
where the user can look up the direction and the

distance of two pattern instances.

. In a digitalized camera image the user can try to

set up a profile and an estimated vector k.

. The signal data can. be transformed using a fast
Fourier transform, e.g. using a discrete 2D-FFT in
case of a digital gray value image. A peak in the
frequency space can be used to extract vector k.
The method works well if the reference pattern is
determined by a dominant frequency. If thefe are
several peaks (except harmonics) for line-like
patterns they indicate the presence different di-
rections and distances. They can be combined to

form a common vector k.
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The signal data can- be transforned using a fast
Fourier transform e.g. using a discrete 2D-FFT in

weaes/oofv1a di gital gray val ue image. A peak i np¢TveP2004/008757

frequency space can be used®to extract vector k . The
met hod works well if the reference pattern is
determ ned by a dom nant frequency. |If there are

seyeral %aggméeéggﬁﬁ Qﬁﬁpr%S%efﬁgg } ouﬁk€¥F pattern

patterns they T nd cate € presence er ent
rections, aedgdlpafm&iﬁi Thiresys danabdigmnblnﬁeﬁtmaﬁananxm—

common vect or sone assunptions can. b

about |t heTpat £ eFiuat ENSTALa FBP PEn@So Hed, (o obtain a
di gi tal i zedccapEIGn i 67 a9 FadrRuaNthhans{ ol MEAd B tain-
applied to obtain a description of the pattern that

w || all éngobhai vealget e ardeomait ikaddvematically. The

software can sinply test all the directions and ‘

l engths - using a certain small step size - and take a
vector k that will yield the | owest overall defect

i nfensi t JPETAPELVRESR drart aipd vr éSpitndyl u’é}il%gdjal??ceVéWS

smal | er shaP18hdens ACQPsrlq{g”% fc%rBE%EnaQI‘RSI‘?r G%QE

of the invention, said value is the gray va
a pi xel and thie sarfecen & w@amnypéétedet®utmbkﬁDWda;

surface of n.ductor. hoard  and atterns caoul d
be conduét SFgﬁo)fd? eetholnEf Sc}lrtybo %t% o?/aenob

ment i onediasdwesin@saraddidd asiall 10k gctap ofzé he present
i nvention are acconplished generally by the

According to yet another embodiment of the invention,
said value is the gray value (GV) of a pixel and the
surface to be inspected could be the surface of a con-
ductor board and the patterns could be conductors of

the conductor board.

The above mentioned as well as additional objects of
the present invention are accomplished generally by the
device according to the features of claim 21 where said
device is able to perform said method according to any
one of the preceding claims by means of a camera pro-
ducing an image with a plurality of pixels forming a
matrix of pixels and a computer unit processing data of
said pixels for the detection of the condition of said

surface.

Further advantages and possible applications of the
present invention will be apparent from the following

detailed description in which reference is made to the
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devi ce according to the features of claim21 where
said device is able to perform said nethod accordi ng

wo eosany29one of the preceding clainms by neans oPCHEP2004/008757

canera pro ducing an imgemith a plurality of pixels
formng a matri x of pixels and a conputer unit
processi ng data of said pixels for the detection of

th@xgapdaky@ngoémgaa@méatga@§1usEyatearb@dwapt@seéxamgle
possi bl e applications of the present invention w

appar éhe flreminpe-fol | owi ng detail ed description in
which reference is made to theexenplifying enbodi nents
illustrated by way of exanple in the drawings . In the
deger itpti aascthetebai mehet Beaahstrant apdtihet and the
draw ngs, use is nmade of the terns and correspondi ng

r eFEPERBESNUNERAS BaAARRPLZERSI ASERE PREt CRFETFREBIART

th§e%e@e9Eeth@m@§§QEIehmaarlkedtﬁﬁ dhawi Rgs: pFbgigdal 8t
a schematic view of the device according to ?he

i ntbrt Pod; oFi ghe2descaipthenat Lo thewdohwisgsor k used
in a calculation step according to the invention; Fig.
3 is a schematic top view of an inmage of a pat tern to
be Fiigspect edi s hgws Bigeda €O I €SOONEE NEhST dEv CHE VECHbEding
respect to the gray, value of the pixels along a line
accordi ng tota FResinesbbiPhent of a pattern show ng
corresponding vector k ; Fig. 4 is a schematic top
vi ew of an inmage of a pat

Fig. 2 is a schematic view of vector k used in a

calculation step according to the invention;

Fig. 3 is a schematic top view of an image of a pat-
tern to be inspected showing a corresponding
sine curve with respect to the gray value of
the pixels along a line according to a first
embodiment of a pattern showing corresponding

vector k;

Fig. 4 is a schematic top view of an image of a pat-
tern to be inspected according to a second
embodiment of a pattern showing the corre-

sponding vector k;

Fig. 5 is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line corresponding to the direction of vector
k according to a third embodiment of a pat-

tern showing the corresponding vector k;
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tern to be inspected according to a second enbodi nent
of a pattern show ng the corresponding vector k ; Fig.

W®2008/082904 agr am of the intensity of the gray vECT/PmD4/008757

the pixels to be inspectedial ong a |ine correspondi ng
to the direction of vector k according to a third
enbodi nent of a pat tern show ng the correspondi ng

veetigr, k ; Figs 8 E8hémsehenebbCyiop ¥i ey ofndde i HRAL pat-
of apat tern to be inspected according to a fourth
enbodi ment ofennphetlee n1kfpod hgdt hecendieg spomli hgurth

vector k and 1 N rea to_be inspected. Fig.
7a is a diag?ﬁ%?%#ﬁ%ﬁ% ?gt%n%?%éeﬁ? ?%%Wg?%yg%%|%%96?‘
t he pi xel s t epbrdingpestedr ak oagd aa | e 661 K €S PHREAE Yo be
to the direction of vector k according to the fourth
enbodi ment of8PPEEESin; Fig. 7b is a diagram of the
intensity of the grayvalue of the pixels to be
i nspected along a line corresponding to the direction
of Figet dr k ascardiagran affth¢ hiwndosi npnef ofha pady
tern; Fig. 7¢ %sea gi éanlof the intensity of

he P

h
gray val ue of?® I xel's ?%X%%Si%%ﬁ%%t%ﬁs%%%%ﬁdgaf?%% a

correspondi ngite tberdipecdinn ©b vestOfr&-ars®rsei Ngector
to a sixth enbodi nent of a pat :
k according to the fourth embodiment of a

pattern;

Fig. 7b is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line corresponding to the direction of vector
k according to a fifth embodiment of a pat-

tern;

Fig. 7c is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line corresponding to the direction of vector
k according to a sixth embodiment of a pat-

tern;

Fig. 8 are two diagrams of the intensity of the gray
value of the pixels to be inspected without

and with a low-pass filter, respectively;

Fig. 9 is a diagram of the intensity of the gray
value of the pixels to be inspected having an
non-homogenous surface with respect to the

conductor along a line corresponding to the
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tern; Fig. 8 are two diagrans of the intensity of the
gray val ue of the pixels to be inspected w thout and

wowdaoe/oediow pass filter, respectively; Fig. 9 PGI/EP2004/008757

di agram of the intensity ofl2the gray val ue of the
pi xel s to be inspected having an non- honbgenous
surface with respect to the conductor along a |ine

correspondi ng &t el § £Ckd Ob Ofk Vet F d I ool Ny drkh
a seventh enbodi nent of a pattern; Fig. 10 is a

schemati ¢ t opo@inerit a@f i msprictdw area of a pattern

to be inspected according to an eighth enbodi nent of a
pattern showi ng the corresponding vector k ; Fig 11 is

a sechempdi ¢ 1o vichemdt BN tomoeief &f pat tatspdacben area
I nspected according to a ninth em bodi rent of a

pattern showphg? tPR"edF? dspdifti FHPYERDAKTFRY U2 an
is a di agrar@péhmeerm&g%w &fé oo S VAl dies 0 dihe

pi xel s to be Inhspected along a line and a further
di agram of t¢errespesdinyg ofeeter def ect according to a
tenth enbodi nent of a pattern; Fig. 13 is a di agram of
the intensity of the gray val ue of the pixels to be
i ngpgcted al DHga asthdRaBLE Ot sl NPLdw AN £h emeadd of a pat-
enbodi nent of a pattern; : , _
tern to be inspected according to a ninth em-
bodiment of a pattern showing the correspond-

ing vector k;

Fig. 12 is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line and a further diagram of the intensity
of the defect according to a tenth embodiment

of a pattern;

Fig. 13 is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line according to an eleventh embodiment of a

pattern;

Fig. 14 is a diagram of the intensity of the gray
value of the pixels to be inspected along a
line and a further diagram of the intensity
of the defect according to a further embodi-

ment of a pattern;

Fig. 15 a view of the diagram of Fig. 14 showing vec-

tor k and a shadow effect;
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Fig. 14 is a diagramof the intensity of the gray
val ue of the pixels to be inspected along a |ine and a

wo mobloe914di agram of the intensity of the defecPCT/EP2004/008757

according to a further enbddi nment of a pattern; Fig.
15 a view of the diagramof Fig. 14 show ng vec tor k
and a shadow effect;Fig. 16 is a diagram of the

integsity ofid he @rayraml o ofe thedrisied s 40 B gray
i nspected along a line and two further diagrans of the

inten sity ofalie defielt Ricedkdity 1o @ IRAGIRG along a
embodi ment of ; 3, PALd oLy Sﬁggerp%e Ve Hads A MECt Qe on-

k.2! Fig. 17 1s a diagram I'ntensity of the gray
val ue of thespixeds tloe bidefarspertedrdlronga 4 i hertdmk eem-
further diagramof .the intensity of the defect -

accordi ng t %ggfr&‘??%e?fe?Tb%?jt?t‘?%htS}b?wH]%a‘f‘?%'??F ki and
show ng vect‘%cgo]gn]g a threshold, and Fig. 18 is a
schematic top View o an i mage of a pat tern to be

i nspected according to Fig. 6 show ng several possible
vectors k] _to k4 and an inpossible vector k5 Fig. 1
shdwg.al3chebmtd cdvagrenfod teyioetddsity 9h Speciiay

surfaces 12 of, a copductor. board 14 with re peati

patterns forfet By’ ouhuc]%lo}? ofSth%?b? hlen%%%u%gt%ir]g“g 2

board 14. Theigonguctorudthe sy Bdmh YoShowd imtensity
of the defect according to a further embodi-
ment of a pattern showing vector k and a

threshold, and

Fig. 18 is a schematic top view of an image of a pat-
tern to be inspected according to Fig. 6

showing several possible vectors ki to kg and

an 1impossible vector kg,

Fig. 1 shows a schematic view of a device 10 for in-
specting surfaces 12 of a conductor board 14 with re-
peating patterns formed by conductors 16 of the conduc-
tor board 14. The conductors 16, especially shown in
Fig. 6, are arranged on the conductor board 14 between
surfaces having no patterns and thus no conductors 16.
The conductor board 14 is of a base material 14a which
is transparent, whereas the conductors 16 themselves

are nontransparent.

The device 10 comprises a camera 18 having a CCD camera
sensor 20 and an optical objective 22. Via line 24, the

CCD camera sensor 20 is connected to a computer unit 26
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Fig. 6 , are arranged on the conductor board 14
bet ween surfaces having no patterns and thus no

waeonducos s 16. The conductor board 14 i s of aPOHEPR2004/008757

material 14a which is trandparent, whereas the
conductors 16 thensel ves are nontransparent . The
device 10 conprises a canera 18 having a CCD canera

Sen§Pking0a ardyBda £t 28atopbi@PEsVENG2thdi Batamet@hs of
the CCD canera sensor 20 is connected to a conputer
unthe2énapeagliankegbbad dan® # oflap] agt Phgfehedisplaying
pa - .t he. ] tl h L spl
e A I - S
netbagduséepanithe4 cooppt esesinat p@dt cdrprh sels @opbd tb&2
whi ch coul d be connected - via a |

4. -t .
haﬁappﬁatﬁacﬁiﬁéa-anbfn%h%ﬂn‘-t%|?ngﬁgg%hagd@?g%%ne - not

copfuGhor BoandsaddngPresubdedonaderheabbathe 14. pro-
conductor board 14 iS a rear light 36, and above as

wellidad ootsrdeath BhemgPRalCHerekeabRd tHnes38 Bfarhkight
cagera_l18 f LOg 40_a recarr F ;
inggéc?Pgna%gg%hégsB% 50%8159%§g?%e8£o%dﬁ%%gﬁa%ogégeCtlon
l4cohbe3subfackrei samanget8 ofitont height§ate ahdt bz £D ar-
canera sensor 20 by means of the optical objective 22.

| nt8RE8F -t o obtain a good quality of the inage, the
surface 12 is illumnated by the rear 36 or front

lights 40 and 42. The digitized i mage of the CCD
caReraisepsoriod P§ thanswuirfeed 19 ohetkonponidngtanipoard

Zﬁlﬁtatkéngu%%ac§akg hHQgSg'SnESrHRQ 9¥r§a8£“5?'£ﬁ¥ 8§D

pi xefs tormng a ma trix-of pixels. Salrd conputer uni

26cpmegasseasdat a0oby means of the optical objective 22.
In order to obtain a good quality of the image, the
surface 12 is illuminated by the rear 36 or front

lights 40 and 42.

The digitized image of the CCD camera sensor 20 is
transmitted to the computing unit 26 via line 24. Said
image is formed by a plurality of pixels forming a ma-
trix of pixels. Said computer unit 26 processes data of
said matrix of pixels each having a technical value,

namely an assigned gray value.

The gray value constitutes the basic data for the de-

tection of the condition of a surface 12 as this value
is compared with values of reference pixels by the com-
puter unit 26. The steps of the method according to the

invention are as follows:

e Determination of an area of the matrix of the

image 12' of the surface 12 to be inspected,
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said matri x of pixels each having a technical val ue,
namel y an assigned gray val ue. The gray val ue

W ewsiiioui es the basic data for the de tecti onpOf/EPTI®N4/008757

condition of a surface 12 as this value is conpared
wi th values of reference pixels by the computer unit
26. The steps of the nethod according to the invention

are as foll oygere DOS£4 M AL T OO ﬁﬁr@noﬁfﬁﬁbCﬁaEfE& or the
matrix of the image 12 ' of the surface 12 to be

i nspect ed, whehelganhatiatea is part of the matrix or the
whol e matri x. Each value of a pixel of the conductor
16 to be inspected - inspection pixel - is conpared

with a vaLueEgghavggggrgﬁcg ﬁi%@i Of anotherqconduci Oreo
16 fromthe sane i nage and fromthe sane matri x.

The ot her copdutthapedbeds— usespast ior afexehce is compared
conductor 16 havi ng._s |d reference |er . C
i nspecti on pV&g? a%% rrespg ﬁl%ﬁer %rgﬁgg HErer

have the san@o@@ﬁctwms ef@meEhé Os &€l I mEpd daued ofhils;
the difference of the conparison of said pixels wll
determine th&reBstle ®M¢ HBATRspectRONCLheBNPRR RGBT 16

step. Several GQQ@aééSQ”réf@Pén@éoBgn@uét@F Pé ﬁ%%lng

el s having n+l periodic structures as part of
repeati ng paséednsebérehee cohdets orsadlp lm599@¢l©@tPIWEl

of said Ilneagé Qﬁéeéorgéspondlng reference pixel have

the same position relative to their conductor
16; the difference of the comparison of said
pixels will determine the result of the in-

spection - comparison step.

e Several comparison steps along a line of pix-
els having n+l periodic structures as part of
the repeating patterns of the conductors 16
in a direction of said line of pixels are
provided, in which all of said comparison
steps along said line of pixels form a detec-

tion step.

e Several detection steps are provided and af-
ter execution of all of said detection steps
all values of the pixels of the area will
have been detected. Especially, each detec-

tion step includes n comparison steps.

e The reference pixel is the pixel inspected in

the previous comparison step.
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provided, in which all of said conparison steps al ong
said line of pixels forma detec tion step. Severa

waeleaweo1idoh steps are provi ded and af ter execupPCDEPN4/008757

all of said detection stepdé6all values of the pixels

of the area wll have been detected. Especially, each
detec tion step includes n conparison steps. The
reference pixel is the pixel inspected in the previous
conpari son step.Due to the fact that the area of the

i MAge to bbei Aaspethet tbeparsesofepgbtaimagpehdi hg in-
conductors 16 in the determ ned area nentioned ab ye,

| nSPRE eHnpaTPEORSSt S5O VBEL BYPRAr AP abPBHUF EOBSen® I
whene BBecknspeat heBaphXetignddt BBoassigNeHer 6bRHEAESON
pi xel have a relative location wthin said matrix and

t hasen, | geatpsncrérulatent sseashdovheref bhai hgsaection
vect gr . kK Vegto ] h j c res

ot B2 nBenShpr Gk F s BRER LS, BERRY VE Lk B g i
t heostrtiohuwethonnedilymtheigoanduthossalbocatibe kéhe-

ment i oned above. the end position of vector k. dopes

¢
noFlﬁﬁcégsﬁﬁFPyoﬁb?ﬁt PEMANGi ReVECERE §rayeGhPhekats the

t hgagRad;iROsEEhOBRonadetBhN:REH. byni BtREPOLBLEBY VBEtor X
gray val ue of neighbor ing pixels. Generally, the
r ekepereenpexal pecandbefi aner poracedrastprgednkeyr the con-

neLd QSEQOQE-iH@EH?diiﬁgrm89£§bﬂé89a£89eteference
prxelrs are 1or 1 nstance: .
If the end position of vector k does not necessarily
point to a pixel, the gray value at the end position is
determined by interpolating the gray value of neighbor-

ing pixels.

Generally, the reference pixels can be interpolated us-
ing their neighborhood. Methods for obtaining the ref-

erence pilxels are for instance:

. Four-pixel neighborhood: Calculate the area in
which a non-aligned pixel covers an aligned pixel
"and use the area percentage as the share to sum up

the pixel intensity over the neighborhood.

o Three-pixél neighborhood: Interpolate using the
intensities of the three closest neighbors accord-
ing to their proximity to the non-aligned pixel

center.



Four - pi xel nei ghborhood: Calculate the area in which a

non-al i gned pi xel covers an aligned pixel and use the
waregopeicent age as the share to sum up the pi Rel/EP2004/008757

intensity over the nei ghborthood. Three-pi xe

nei ghbor hood: Interpolate using the intensities of the

three cl osest neighbors accord ing to their proximty

to,the ”Bi‘%é%ik%‘teldorf"n%%eéeg%e”bg P phbutd.on éTEth%‘lus

Useé di Stri Pan curve, to obt

wei ght s ﬁoant&mxvqueﬂsmtmaah aectehtai fonetighhiordsesdty of
pi xel . Typlcally t he |nterpolat|on is inperfect. One

way to radueetiHe RFBRCTRPENBi kGl caused by
interpolation is using a |low pass filter, Gaussian
filter, as described in connection with Fig 8 .

ggagbagl thaelhe&geﬁt&bht 0 ek[féaé' Z8nel fag2Po

€ us to attenuate snal spatral “def ects.
Acmeddbegthe Befeck WBCEDElkyhaauaedOby]lhkﬁrpomagiﬂﬂnis
in pi.xels, and an orlfgtatl e n de

oRERGeS RO BaRa ELThFectrnnddacrth Rr ogt {88 kgr ibea

. in BoBBEEEYSni Biadn akga with n+l patterns of conduc
tors 16. Angle q allows the inspection of periodic

structures along the |ine nentioned above that can

al e .t L a e c

SchoparZhichn| PAS, IO RARETE1 S CBhATELs i ap ot ioen
of aflbe bendaedotobaatdnmétmnBhahlsspetmalvéeﬂécMBth

respect to the gray value of the pixels along a

According to Fig. 2 vector k has a norm, |k| now given
in pixels, and an orientation, angle 0 in degrees,
positive in clockwise direction. Vector k has 1, 2,

., n periods in an area with n+l patterns of conduc-
tors 16. Angle 6 allows the inspection of periodic
structures along the line mentioned above that can also

be other than horizontal or vertical.

Fig. 3 is a schematic top view of an image 12° of the
surface 12 of the conductor board 14 with a sine curve
44 with respect to the gray value of the pixels along a .
line 47 according to a first embodiment of a pattern of
the conductor board 14. According to this embodiment,

- vector k is periodic in any direction of the image 12°

of the surface 12 of the conductor board 14.

Fig. 4 shows a second embodiment of a pattern of the
conductor board 14. For the inspection of transition
regions between two different gratings, e. g. different

angle, different period, there is the common period
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line 47 according to a first enbodi nent of a pattern
of the conductor board 14. According to this

weniwedizvent, vector k is periodic in any di r echCDEPDN4/008757

the i mge 12' of the surfad® 12 of the conductor board
14. Fig. 4 shows a second enbodi nent of a pattern of
the conductor board 14. For the inspection of

tr@@ét&koﬁ Y@Hh§n§egﬁéﬂﬁﬁnc£wobg'éé@ﬁeﬂﬁrgu@ﬁlﬂﬂé,lﬁter—
g . different angle, different period, there is the

coaaohlperoﬁdbetho¢0kduCUhrs Vectorthe chnabeiseen region.
through the inter section of both conductors 16 in the
transition region. Fig. 5 shows an exanple of a gray

vaFug.pp0obkhbRsOhnSex&nal e cORPAr § 887 S4BRS PhdhiBe of sev-
defect at the third peak 46. This defect does not
oceHRrlafomparagpPghpbePhg peakd dgfepeakt 46N ot frgereak

deh%Ctgﬁlgﬁ&Qfggkpd8ésV§8£o&fkaf?ﬁ@?%ﬁ@gnéb&hﬁ??Xn%fpeaks

val ue the 1 nspection pixe e gray va
thé8rebengnéé pouéd peedevbestydi mspechetp Afpatteon k

t |1y h fixed bord f the_al th
VeBoBPor RHoERE TREYCBRDFE B phET oFROOTCCAPT I PYTET dVach

detgst gak tbalb@rsﬁrtb@cagﬁgréﬁ@eVp@k@L Kr&eishsly in-
out3|de tﬁe pattern area. It is useful to reduce the

i NnSpEEERBR area in a way that vector k does not point
outside the pattern. If there is a defect, at the |ast
instance of the pattern in vector Kk direction, t he
deﬁepattamnbEypéphltatbdsaadftnﬁpabeddED aIﬁaSheralgo—

val ue, as describe con, nectio
nEErE v SRSy aE e Choe BkS P fahgfefi Pabtin P
deh@&ﬂiQQelBeaiﬂéﬁéﬁtlQﬂ the border because the vector k

points outside the pattern area.

It is useful to reduce the inspection area in a way
that vector k does not point outside the pattern. If
there is a defect, at the last instance of the pattern
in vector k direction, the defect can be replicated and
compared to a master value as described below in con-

nection with Fig. 12 and Fig. 13.

Fig. 6 shows an example of how to determine the inspec-
tion area. The inspection area is a polygon having the
reference number 50. An algorithm shrinks the area 50

on the basis of vector k to the area with reference
number 52, otherwise the last conductor 16 would be
compared to an area outside the determined inspection

area 50.
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area. The inspection area is a polygon having the
reference nunber 50. An al gorithm shrinks the area 50

worltkshednasi s of vector k to the area with ref PCEERRB04/008757

nunber 52, otherw se the | ast conductor 16 woul d be
conpared to an area outside the determ ned inspection
area 50. The adj usted pol ygon shoul d be convex because

the,go '%% L3Ke550R! ¥nbhea! 55t ODSTe@NGetBfse th ft-
riéﬁ?n%é? %ggeg o?ga po y%on as a @o%nda?y f%? ea%hSO
| i nereAsakent opohedthboveftnest oan® de¢i neghthest border

di stance be tween t nei,ghbori ng conductors 16
foP%iﬁgpﬁgygﬁga?Fn@mgﬁ??%gﬁyo%ofh%a%%ngh%?Or board 14.
The di stance and an gular direction can be set

directly. It is also possible to use a fast Fourier
t r ARshenmiongfTabove, déeerar nk JeEines kthet dhataead|pe-

Fi gures 7a : h ' am-o I nt epsj :
of “PRERGFly (81 a8t Ero e B BRe D o En Ch *BPbt Y i
a pbhBaeecenr b€ spendongutoothieodrdetti obhefdvscéntekand an-
accordin%_to the fourth and fifth efbodinent of a
paftéph BLTERELIEBNA3R PBrSBbafird9tiYwhen sel ecting

the automatic cal culation function, the user is asked

to adjust a box above the pattern. It is not necessary

t oltnébudéspheoghdbéei hgpeeei anfapeaFowsiarr greangform -

FhEEQ'—anL§8§£r$9né”gé@@g%SkOLuEQﬁﬁPEELEEQ 5?98%9e?e7a,
i ncl uded. WEVEr, .a brg box may fTaké sone’{ine’to
conpl ehe. 7tf shbe grayagabmeodi ther éncenbetyweefi two gray
pi xel. s exceeds _ ,
value of the pixels to be inspected along a line corre-
sponding to the direction of vector k according to the
fourth and fifth embodiment of a pattern of the conduc-

tor board 14.

When selecting the automatic calculation function, the
user is asked to adjust a box above the pattern. It is
not necessary to include the whole inspection area. As
a rule of thumb, at least 10 instances of the pattern
should be included. However, a big box may take some

time to complete.

If the gray-value difference between two pixels exceeds
a certain value, the pixel position will be considered
to be defective. If the gray-value difference is
smaller, the difference will be considered to be noise,
i.e. negligible. This value is called surface noise

level.

To remove the impact of local gray value changes, the

user may use a low-pass filter. It averages the values
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a certain value, the pixel position will be considered
to be defective. If the gray-value difference is

wapmbloemi4 t he difference will be consi dered t oPOBEEP2004/008757

noi se, i.e. negligible. Thi28 value is called surface
noi se level. To renove the inpact of |ocal gray val ue
changes, the user may use a |owpass filter. It

aveages thet¥ahUgsevenca, Cehéatd dhslanctowtpPgss0length
called | owpass length 52, as Fig. 8 illustrates. An

exadpl @st Bigh| stthretraeedffects of a four-pixe

| ow-pass filter - 1-dinensional - is shown in Fig. 8 .
Using a lowpass filter will typically reduce the sen
si ahvekympbecaoeidlnst setanthsnaffesusfateai foegupaxrel

ties. A valuye_of four qr above is recommended. for B nos
ApUPIGREPSne T LP AT nany~G4BEES G pht T et SFOFRein Fig" ¢,

copdugton heargdadd eontsistis1of + gpoheAPYENPESuce the sen-
background - the transparent base material 14a - and a

noAiRaMbEENbAS CABREGr DAAGS - 2aBEnsHaét oPuLbace asr SRGWAATr 1~
'”tf??: 2 VaIHES?ﬁh%889989nab$v9a§§dr88?%H§%éggtfépa$ost
ave

bri'g areas on e surface of a conductor board
a bpgoeeavaohati on. To reduce the inpact of this
foreground variations, the user can set a white pixe

attenuating percentage. For instance, if the

pergeptagechsest at pa80&nt be gray¥shyeceblfBH8PE€14 con-
that is used to find defects will be reduced by 30%

i f siR&spp%eh hamoghpeonaxPankggPapdval ke ofragsparenthease

Pi xgk et Da9ueeL! ONaQ8 ¥ RBR-AoHE8¥nY8L Ueoreground ~ con-
ductor 16 - as shown in Fig. 9. This phenomenon is
baéed on the fact that bright areas on the surface of a

conductor board have a bigger variation.

To reduce the impact of this foreground variations, the
user can set a white pixel attenuating percentage. For
instance, if the percentage 1is sét to 30%, the gray-
value difference that is used to find defects will be
reduced by 30%, if the pixel has the maximum gray value
of 255. If the pixel in question only has a gray value
of 128 - half of the maximum, the gray-value difference-

will only be reduced by 15%.

Polygonal special regions can be created to exclude
certain parts of an area 50. Inside these special re-
gions, all defect pixels will be ignored. The polygonal
special region should be convex because the software
takes only the leftmost and the rightmost border of a
polygon as a boundary for each line. Split up the re-

gions if necessary.
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of 128 - half of the maxi num the gray-val ue
difference will only be reduced by 15% Pol ygona

WG p@eioado14 egi ons can be created to exclude cerpPai/BRP2004/008757

parts of an area 50. Insideithese special re gions,

all defect pixels will be ignored. The pol ygona

speci al region should be convex because the software
takes only the |l eftnost and the rightnost border of a
pol ygon as a boundary for each line. Split up the re
giamsihfpnee&bSaryoltrbatpospébheltoegﬁeaseaspemhaﬁcally

glons autonatlcqlly Eﬁ Iectlng a_' Teach In'
VoRSIRGNeEr @ caF8Chudl bBPEAREN tRUEVETpr 6pER MUSt be

'”%%%ehstﬁQEabn§Q0§@9“hﬂgg@ ggogbggYhEQ shbwifig a good
therefore recomended to Check the cre ated speC|a?

r egieonsewi i nﬁetﬁpéefakerégpgm@enéﬁd én thgck the cre-

aft&ﬁ%@rdsc pe%|all ng tQE def ect areas. | ook _as _
shé fPE ial 10,79t Re snalpes Cchvex® poFyaéﬁnﬁnWFnu en
cotefy hﬁeewhakaslngap@buamlgreaf thet Befee8Sarehb 160k as
advi sable to set _the special .regions nmanually. The

netRe¥NadBofdPng 1Po FH@ PRIEHES C@ﬁﬁeﬁepgiﬂgﬁaedlﬂﬁto

”DE%v@k”%ﬁ%'QH%ieelﬁsEE%EQQB'QQeEMDIg'Eﬁﬂ%'@QQE it is
patterns as shown in ures 6 and 11. To the hlman

ob@dwu@abﬂhet@eS@ctéhar@pebvaéusegupnshmahdaéﬂgar|y be
noted that the dimensions need not be spatial. Fig 11
shows a further sinple two-di nensional repeating

patrher fethbdl aceotrdiiagt he antuahventensai t¥nobet BRtended

pi xel of the image to be inspected and IC OQrp s the

|nﬂ€ﬁ§|@9r8fdﬂW§nSlons' e.g. repeating two-dimensional
patterns as shown in Figures 6 and 11. To the human ob-
server the defects are obvious. It should clearly be

noted that the dimensions need not be spatial.

Fig 11 shows a further simple two-dimensional repeating

pattern.

If It is the actual intensity of the pixel of the im-
age to be inspected and Icomp is the intensity of the

reference pixel used for comparison, a defect intensity

can be defined as:
Id = Icomp ~ lact

However, there may be other definitions with several
side conditions, e.g. enforced minimum intensity, etc.
If the defect intensity exceeds a certain application
dependent threshold, a pattern can be judged as defec—'

tive.
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reference pixel used for conparison, a defect
intensity can be defined as: d = conp ~ act However,

W0 b@c®129%y be ot her definitions with several SPABEP2004/008757

conditions, e.g. enforced #ninumintensity, etc. If
the defect intensity exceeds a certain application
dependent threshold, a pattern can be judged as defec
tive .Wien checking a pattern using the described
algorithn1based on vector k , the absolute of the

@ﬁ%k bHE R¢h yg“b%kt@% hhSQnStREQEdQEéE§b$§?58gBP§thm

ect I's oca ut al'so at "the correspondin
cobpaedson vecabrok, Ehg. ab2oihtesvfatks thfsct intensity

situati on. However s often infere ng . to k

ahiitd) B BESEUAE bPeBLirS MRATRRARcoRBhorEsls 16tated,
I nhaRskt¥ohas. tht BBELeekpshanagscohphhespAt 18EALARR. Fig.
available, it is possible to use sone or all of t hem

t olgetilansideseabbbi st RétuasipBet' intensity, called

the master inten sity. Methods to acconplish this are
for instance: Mean val ue over the instances used.
UnHowbuaatehy ibheftehemﬂtéyestihbetdekﬁow phxek whél ac-
affecﬁ % nmast er sit Qutlier remval: A

cefta; ﬁﬁ&rlﬁfapat@ aft égnaFEsréﬂB9881FVoﬁ§Fhe

nmean cal cul ation, e.g. if they differ too much from
the average or they are anong the n nost differing
i nfEéngrreesdnstpraeancofakhe pattern are available, it is

possible to use some or all of them to get an idea
about the ‘correct’ intensity, Called the master inten-

sity. Methods to accomplish this are for instance:

o Mean value over the instances used. Unfortunately,
the intensity of the defect pixel will affect the

master intensity.

. Outlier removal: A certain number of intensities
are removed from the mean calculation, e.g. if
they differ too much from the average or they are

among the n most differing intensities.
] Median value

o Majority vote: Take either Igct or Igopmp as master

intensity depending on what is closer to the aver-

age value of the instances.
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Majority vote: Take either la ct or Icomp as naster
intensity depending on what is closer to the aver age

wo ad0d@10fi4 t he i nstances.|If the intensity |a c PCDEP2004/008757

lconp s c Ils eto the mastes intensity, one of them
can be negl ected as defect shadow. Sonetines it stil
cannot be decided what the master intensity is, as

sh [ Fi I ragti e there | [y a bim
o8, Erdenticy DaRh PF TRahpoLs, G208 Fodrpkihhgter

t 0 iglteslsar yi, Nbaet We gh@mp&aafbbhﬁegqagtéazas_aegept
master intensity cannot be obtained w thout inposing

si @8agemdi ti ons. The effort to performthis check is a
m nor one, as only areas with defects or defect
shadows are checked and defects are rare. The

al gomietthmessiing stédflocaknbicntlte detedes ehky ahet hakskter

edges, if they are | onger .than vector _k as illus _
T SPEETT I g 1A° FROPE 18 RaBesddryfobgartie chpre is
regh1deteati iRkbensupeandrpeskthaBest BRqdeFeehcnedsten-
to be replicated into the defect candidate and then
chédltd@safapren tRechuster intensiwpygrpiipavaifl bkesame

cor_di_ng Fig. . r.i; gi,nal e [ nAsi ty
chggégd %%erggﬁéég %ng Pbg&3?§8g§} ?%eogégéggg ¥%§%OUt
ef impbosriequisied tonpetfions.this check is small if only
areas with defects or defect shadows are checked and

defects are rare. Because the al gorithm using vector
k] rrdet@elostl @eaberform this check is a minor one, as

only areas with defects or defect shadows are checked

and defects are rare.

The algorithm using vector k finds defects only at
their edges, if they are longer than vector k as illus-
trated in Fig. 14. If it is necessary to get the cor-
rect defect intensity and position, the defect needs to
be replicated into the defect candidate and then
checked against the master intensity, if available. Ac-
cording to Fig. 15 the original defect intensity was

changed to reflect the true size of the defect.

The effort required to perform this check is small if
only areas with defects or defect shadows are checked

and defects are rare.

Because the algorithm using vector ki detects local

changes, slowly changing patterns may not yield a sig-

nificant defect intensity. Taking a different vector k»
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changes, slowly changing patterns may not yield a sig
nificant defect intensity. Taking a different vector

wh2wanimhid evi ate this situation. It is even poRGI/BP®0O4/a8757

use nore than one vector kR4, k2 ..., km
si mul t aneously and take the maxi num defect intensity,
as shown in Fig. 16. A variant of the occurring

prQQheHliév&EEHSEE§Eegétﬂaghgn 1 1 Qeegégfﬁé?ﬁible to

intensity at the second I nstance of the
exueedsotrhettdehechet ieeshol Hy, whpl e, t kg démﬁétaneously
intensiti at the third instance is quite small and
doasdnbekextbedmakemyef deferht enseR§ithr edRobHoBY. infFig.
it s not desired to check several vectors k] _, k2

. km, e . g . to save conputation tine, the defect
shadOM/at the second pattern instance nust not be
renoved as nentioned above though_ the pattern

i nfeN&Fi§mPEhEESt RECHASE B Pﬁgaﬁgmtys Eﬂﬁ%?ﬁf@%eﬁoln

defegt whl 1 rhe HéfgcgeﬁﬁgeﬁglgblatAGHQrgéegnaolﬁéganég of
t he def ect shadow has a stronger defect intensity than

t hehepephtdefacexcvedsothk flefacpropeeshodfl, tkile the de-
pa ng.t COL L : r_k.Ls _necessar
PRELEL) 0 QUELT AL D5OPELER: YEELRE L SGOPEESEALN) anc
thdbeslsousuabbydn0h5|dgEecepihﬂahsyeytﬁhrkshoﬁ@vsna
vectors k for this pattern are valid. The pattern

usual |y has a border that can be defined by the user.

't 1ies ;O Si Abe, dagm@éartotehéekoga%égghlveeggfgnkge 2 .,
coher ent regl on I.e a reglon cont al ni ng a patte

Km, €. g. to save computation time, the defect shadow

at the second pattern instance must not be removed as
mentioned above though the pattern intensity matches
the master intensity. Otherwise no defect will be trig-
gered at all. According to Fig. 17 the defect shadow

has a stronger defect intensity than the real defect.

Vector k is é property of the pattern. Obtaining the
correct vector k is necessary in order to obtain. good
results. As Fig. 18 shows, there is usually no single
optimal vector k. Several vectors k for this pattern

are valid.

The pattern usually has a border that can be defined by

the user.

It is possible, however, to automatically determine a
coherent region, i.e. a region containing a pattern

that can be inspected using a single vector k.
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15

that can be inspected using a single vector k .One way
is to start wwth sone arbitrary initial regions and

wa@pdospi1dohem until they are coherent as nenti onedr/abme€008757

If two adj acent regions ean be inspected with the
same vector k , they will be nmerged. Several varieties
of this well-known split-and-nerge algorithm are avai
abbge {ify2i5egb08ch5t SiNEN! 8bmel afhitPEEG 18iPPal regions
repeati ng pattern, hence no vector k to inspect it,

t hendegpbht chhebeunhspethed asengoherenpl esehgntioned
different nethod (teach in conparison, etc.) . If the
pafP8¥f-repeats it self in time, which is typically
true during the optical inspection of sone dev ice ,
one instance of the sin gular pattern can be conpared
wi TR tve adieessbrregignstennekt ipapectinderithethe same
ca i st e n l's [ ;

TUBERer 8 FhpRCuEt £758 IERER, SocPeleL! E8rLohice of
boahdlsl#albakeonnt eplat-ahdthergendlgboithboaade 16vail -
conductor 18 canera 20 CCD canera sensor 22 optical
obFE&?rve 24 |ine 26 conputer unit

If a region is singular, i.e. there is no repeating
pattern, hence no vector k to inspect it, the region
can be inspected using a completely different method
(teach in comparison, etc.). If the pattern repeats it-
self in time, which is typically true during the opti-
cal inspection of some device, one instance of the sin-
gular pattern can be compared with its successor, e.g.

the next part under the camera.



10

15

20

25

30

28 keyboard 30 display 32 port 34 line 36 rear |ight
38 detection cone 40 front light - left 42 front |ight

W0 200699144 si ne curve 46 peak 47 |ine 48 nei ghbDEPIVG4/008757

peaks 50 inspection area 5261 ow pass | ength 54
thresholdC ains 1 . A nethod for inspecting surfaces
(12) with n+l repeating patterns (16), with a canera
(18) pro ducing an inage (12') with a plurality of

pi xels formng a matri x of pixels, said pixels generat
ing a technical value such as the gray value or the

like, and wth a _conputer_unit (26)_ process ing data
of said pixels fdit§ e°§§ee€elﬁ’weoflql{}??er dition of
said surface (12), which nmethod com prises the

foll ow ng conparison steps: each value of a pixel to
belPnspdevede- fpaspeepPeohipgxenrfagesconpared with a

vahye of,aeLgLer
12° image
14 conductor board
l4a Dbase material of the conductor board
16 conductor
18 camera
20 CCD camera sensor
22 optical objective
24 line
26 computer unit
28 keyboard
30 display
32 port
34 line
36 rear light
38 detection cone
40 front light - left
42 front light - right

44 sine curve
46 peak
47 line

48 neighboring peaks
50 inspection area
52 low-pass length
54 threshold
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ence pixel, the difference of the conparison of said
pixels will determ ne the result of the inspection,

w@bawaciesi zed in that only the val ues of the piwrReEP®OOO0S757

the matrix referring to sai2d i nage (12') are the basis
for said values of said reference pixels to detect the
condition of said surface (12) . 2 . The nethod
according to claiml1 , characterized in that the

val ues of the inspection pixels of the one pattern.
(16) are conpared with the val ues of the pixels of
anot her pattern (16) which is usedas a reference
pattern (16) having said reference pixels, in which
bot h pi xel s have the sanme posi tion relative to its
pattern. 3 . The nmethod according to claim1 or 2 ,
character ized by several ¥ son steps along a
line (47) of pixels having n+l periodic structures as
part of said repeating patterns (16) in a direc tion
of said line (47) of pixels, in which all of said
conparison steps along said |line (47) of pixels forma
detection step. 4 . The method according to any one of
t he preceding clains, characterized by the step of:
Determ ning an area (50) of the matrix of the image -
(12' }-of At hethaff 488 ¢19Pecbine shuspeceed, (134 dighentl

(50) beipgoRattngf phReePRET i X6Pr §DEn a camera (18) pro-
ducing an image (12°) with a plurality of pixels
forming a matrix of pixels, said pixels generat-
ing a technical value such as the gray value or
the like, and with a computer unit (26) process-
ing data of said pixels for the detection of the
condition of said surface (12), which‘method com-
prises the following comparison steps:
each value of a pixel to be inspected - inspec-
tion pixel - is compared with a value of a refer-
ence pixel,
the difference of the comparison of said pixels
will determine the result of the inspection,
characterized in that only the values of the pix-
els of the matrix referring to said image (12°)
are the basis for said values of said reference-
pixels to detect the condition of said surface

(12) .

2. The method according to claim 1, characterized in
that the values of the inspection pixels of the
one pattern. (16) are compared with the wvalues of

the pixels of another pattern (16) which is used
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whole matrix. 5 . The nethod according to claim3 and
4 , character ized in that several detection steps are

w@raviotwds and after the execution of all of sapCr/EP2004/008757

detection steps all the valgies of all the pixels of
the said area are detected. 6 . The nethod accordi ng
to any one of clains 3to 5, characterized in that

each detegtio j n ' S

The met had 2oLor 8l eg Pobakieone | oF T he BFE SafRgreference
cl ai ms, phaeastetnzedich bbah sakedlsohpaei sha stepe posi-
uses vector calculation where said i nspec tion pixel

and t he 5§§Pgﬁ%§aFéV%rEﬂcétﬁiQ%Ftﬁﬁvea rel ative

| ocation within said matrix and thus relative to each
other form ng a vector k , said vector k being the
sane3i.n Bhehmebhpdrpsonrdien. L8 clahe hePhod: achardcher-

to any og f.th di LTS, a | zed, i
that T ne efcPlnssPEEeE) bhdofLEL R, SPABLII BLES e
previ ous (¢onpari poredtepavifg. n¥hepaeibatcascondtugesoas
any one of clains 1 to 8 characterized in_that the

val ue of PRRE P&f 8RefcECBPREINISPATEAFLEI ALBY VAl edirec-

based on.seyeral sRiy ehfcofatheormbikXis10inThR i AR hod of
according to claim9 , characterized in that the value
of the retédencwmppixebni stenbcalbagedabg amnentégerof

nU|t|plepgaeygc%ggmka'detection step.

4. The method according to any one of the preceding
claims, characterized by the step of:
Determining an area (50) of the matrix of the im-
age (12°) of the surface (12) to be inspected,
said area (50) being part of the matrix or the

whole matrix.

5. The method according to claim 3 and 4, character-
ized in that several detection steps are provided
and after the execution of all of said detection
steps all the values of all the pixels of the

sald area are detected.

6. The method according to any one of claims 3 to 5,
characterized in that each detection step in-

cludes n comparison steps.

7. The method according to any one of the preceding
claims, characterized in that said comparison
step uses vector calculation where said inspec-

tion pixel and the assigned reference pixel have



11. The method according to any one of the preceding
clains, characterized in that the detection of the

wa@ondoiioon of said surface includes a deci si OnPGL/EP2004/008757
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Deci sion - on the basis of 2¢6aid difference of the
conmparison step - that the inspected sur face (12) is
correct if the difference does not exceed at | east a

t hreshol d. r@%ath@ W%EBQQOECQQ%QhHgsEQdChﬁtngland thus
characterized in that the decision step categorizes

t he dedi redpgdveeEpborakh- oghdrt finsmtihe dedecapedk said
pattern S fect. if _said.difference excee
said thr&ég Pé % bg$ § Eh?hoamgccoraﬁﬁg FSmgﬁﬁﬁﬁpflsB?p'
12, charac terized in that if the difference does

exceed said threshold, the detection step is repeated
in aSdi akBer Me&hodi PEEPFEANIWRPCANY e8DPt 8Ti AhanBrREpding

vector Ko156ks, charbckeritéd IHetHEEhQHea?E?%gEHQetleel

claim 13, characterized by the detection o

InSpeCtI@B phrepiand thepethedr éal thesptewnook theparison
i nspecti o glxel whi ch exceeds said threshold by
calculatFSﬁ on the ba sis of the data of the both
detection steps with vector k and vector k ' . 15. The

met hod accordin% to any one of the preceding clains,
char dct eFPgediet O?héFCQééﬁBB koi 3ndePBf fAfnedapypsal to 8

f ast FOUEhSEaEE@BiEQ&”&nFEKat sHehyLhat LhegBXxigum of o

the fast Fourier transform
pixel is a calculated value based on several pix-

els of the matrix.

10. The method'according to claim 9, characterized in
that the value of the reference pixel is calcu-

lated by an integer multiple of vector k.

11. The method according to any one of the preceding
claims, characterized in that the detection of
the condition of said surface includes a decision
step: Decision - on the basis of said difference
of the comparison step - that the inspected sur-
face (12) is correct if the difference does not

exceed at least a threshold.

12. The method according to claim 11, characterized
in that the decision step categorizes the dedi-
cated vector k -.and thus the dedicated pattern
(16) - as defect if said difference exceeds said

threshold.
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will formvector k . 16. The nmethod according to any
one of the preceding clains, characterized in that

woemboI294 i s calcu | ated, e.g. by nmeans of a HeamREP2004/008757

transform 17. The nethod a@ecording to any one of the
preceding clains, characterized in that vector k is
calcu lated fromdata of a predeterm ned, especially

digi&@L,Tﬁéaméego@faé@@rgiﬁgi?@L%fgfﬁaff-oﬂ812Th@harac-

met hod according to any one o e preceding cfafms,
char act etezigednin htlhat hef dihecdi bfenéntheddeneckoeddie

detection_steps or. t direction of the vector k is .
dependentaih FRESKRHof Char ST ETRe a0, S5HE hatHoeated in
accordi ng &§90amdyr 08€1 0fli t b€t PoEFefhNeh Ct@EWBts in another
characterized in that said value is the gray val ue

(GV) of ®epixelk 20X" The net hod according to any one

of the preceding clains, characterized in that the
surface (12) to be inspected is the surface (12) of a
conduét oThbomae th¢d4ycanddime pattkairs BB e chadhcterszed
(16) of the conguctor,boarg é%4),. 21. A devjce for

per f or ni By EBF dRETROHCAcehr U Rgt PP ARG OheP bEet hand thus

precedi nghgl aba Ha¥ivgoR SANEBKA {ASdeOE PENCHNPe BNyhich
image (12') with a plurality of pixels formng a

matrix ofxpeRésssakd Bhrowpet@rbunfaleeytiprncensting ba-
data of §§£d09'§§%2?£9£ LPe HE S5 Ol PLct PEn COPELE T P

of said surface
vector k and vector k’.

15. The method according to any one of the preceding
claims, characterized in that vector k is deter-
mined by a fast Fourier transform- FFT - such
that the maximum of the fast Fourier transform

will form vector k.

16. The method according to any one of the preceding
claims, characterized in that vector k is calcu-

lated, e.g.-by means of a Hough transform.

17. The method according to any one of the preceding
claims, characterized in that vector k is calcu-
lated from data of a predetermined, especially

digital, drawing of the original surface.

18. The method according to any one of the preceding
claims, characterized in that the direction of
the line in the detection steps or the direction
of the vector k is dependent on the kind of pat-

terns.
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19. The method according to any one of the preceding
claims, characterized in that said value is the

gray value (GV) of a pixel.

20. The method according to any one of the preceding
claims, characterized in that the surface (12) to
be inspected is the surface (12) of a conductor
board (14) and the patterns are conductors (16)

10 of the conductor board (14).

21. A device for performing said method according to
any one of the preceding claims having a camera
(18) producing an image (12°) with a plurality of
15 pixels forming a matrix of pixels and a computer
unit (26) processing data of said pixels for the

detection of the condition of said surface (12).

20



