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I nspecting surfaces 10 The present invention relates

to a nmethod for inspect- inglsd?faces'accordlng to the
features of the preanble of claiml and toNWMﬂ wwm&mwm
for performng the nethod according to the I
of claim 13. 15 Known fromthe state of the art«issca

met hod and a de- vice for inspecting surfaﬁes_mLLh_______‘_;_‘

repeating patterns. The corresponding surface is

e St b e conset o RN

arranged between surfaces having no 20 patterns aggg,-
thus no conductors or unique (non repeating) patterns.
The present iMeEhefoficEoasmpectinmgystibdapear eas where
there are repeating patterns; areas with uni que

pattern are inspected by previously known,
state-of-the-art nethods. The device for in 25

specting surfaces conprises a canera having a CCD/ CMOS
canmera sensor and an optical objective. The surface of
the conductor board is imged onto a CCD/ CMOS caner a
sensor surface by neans of said objective. In order to
Bt ¥ 2LGEodNTRBALONY T6l attves | fmge, mehRosUrace dspact -
ides SOr-FyaLpa : # r=front lights. The
aﬁ%log'o%?bgiE??P?ééhgﬁgﬁgq%?gt%%aggﬁﬁFa%Eeﬁ§@rH%ﬁamble
% apbFimt dang ta eonptiawy oW tpe SAbHMEABILHES method
SRR N e o il o S

matri x OoT piI xe

Rnown 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

pattexrns which are arranged between 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 with unigque 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 guality of the image, the surface is il~
luminated by rear and/or front lights. The analog ox
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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AVENDED SHEET - 7 puter unit processes data of said

pi xel matrix, with each pixel having a technica
value. Nornmally the pixel data basically used is the
gray 5 value. Each pixel gengrates a gray val ue
corresponding to a color of“the original of the
i mge, nanely the conductor board, in the sane
position relative to the original The gray val ue

[ S Rasi e _detection of the
E %%fpg%%otégzurféie as t Sfagvgﬁﬁ§imq?t5%" With
eerpapédel hlawalaues tﬁcmnieaéncalpexel s by the
computer unit according to the followi ng com- parison
steps: each value of a pixel to be inspected -
NBgRECLyORNRI X¥elxe i €OMPAE e thuaavalue of ey
refer- ence pixel of a so called nmaster inmage.
waster Farh1Bizge |%ere~=J@at@as@dggﬁyawlmge:cufmspondmg

i gi opgu c a Iread

P61 81 BBh aG0RMIGHY orROALL) WOECDL 023, BLLEAN DERD < he,

I nspected in detail e TESU

‘conductor board, hamlthekﬁamecpesltsomnnyxutiimdtél@He

and quaélees use as - erence conductor board. 20
ﬁl?ﬁ onpari 6 ¥st'e 'u%a%%nﬁFiEP §F the RARE otetaetfor
epaddetecthear d>ft arke daspeeied vkl b Bergonpared wiib

t he corrﬁzpondln%mPlxel -. reference pixel - of the 1Tm
BYeusf ihe REsCOMPEdRICT D THeUEPT PEr amde st tihigels

By fh@%bﬁﬁuﬁ@@%&'ﬁ@%é&of@fménﬁseﬁhbo oﬁ' q{ nd She
reference pixel wll determne™the resu i
B@ééspanst@ﬁSt h&asds vz lgte the & npénsit yoobet nmsgma/ted -
V. a hxel NBIE, d_im be
dﬁ%ggfg se?y g%curé%%fﬂﬂn6 wieha' PRIGSUE 4 Drer-
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 qf conductors which appear at the sur-

face very fast, as the known devices for ingpecting
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30 In the field of inmage processing it is inportant to
de- tect the defects of conductors which appear at the
sur- face very fast, as the known devi ces for

i nspecting AMVENDED SHEET - surfaces are often
arranged in the conductor boa?‘d‘ma nufacturing |ine.
Moreover, in order to ensure constant quality of the
conduct or boards, it is necessary to in- spect the

S f ch-.cond ctor board. However, the 5 known
é{[%ﬁd& E'fe)lrae %e‘?f/ 'g% 8Fs gr?dja tﬁr}‘ret}é%n@@ﬁﬁﬁ@toasbqalm ma-—
a'hnﬁ/eemtmmlmg‘le.'dlmstﬂb e&&@&fq basi g _of th

i d“?#é@ £3 |onrﬁlﬁ&Q§tant

co arlson steps wth val ues of e i nspec
Ve EY dNY HEORBEEEBRCOATS s 1of thensRebeEriyRYE 1n-

GRrantdnal, teach La 0 he data vol yme re- 10
quired to store the nag?%? gﬁhgecﬁ§° 3?98ﬁ§thowﬁger, the

é‘ftrmﬂfhglectfhcdlm AT Yﬁus tomplesn | rﬂllﬂ@dc&ﬁgﬂhiﬁg
fry I he conmputer unit. Further
?‘tes%oﬁr%g%%l@% trﬂ%‘? fio &B‘ﬁ‘&?@ctfé’rr“b%di]@eobaalﬂanm- the
t:amamrs@rﬂlmpmlw ewerabaet08% i td
. r 2PRetORk LIRS s%%uen{’%} p&f‘??r

onductor board _of this |line. Con
Bhe RAGRAS: Edc P IaSetcheehpass s oo et imaenet esmage

of cokhenmashen reinky Len ncrease
sudo- d fleLfphy céﬁﬂﬂ%t%ﬁlﬁ%%rﬁ§'

pseudo-defect rate. Thus, a ot 0

'gFér§§te@oﬁ¢ﬂ§? ?hﬁcﬁ#%b@rahmhgaghstmehguﬁa% .

gopdihiopra t_no _surface defects
rrerelybaer% %%rt%:(o eréa}lﬁlgéé Wil ThoPRERBE S &"t%er%s%%ﬁﬁs a
{lﬁﬁg@r MAMOSYASH BES 275che dospliesed w iRl AL Hifl rmore,

L5 APk 8 e oL Tl o cBSGb ER oo des st ehanan-
fauparﬂsgnlihepwuﬁﬁéever be 100% identical with any
other conductor board of this line.-Consequently, with
the known teach in based methods, minor deficiencies of
the master mainly tend to increase the pseudo-defact
rate. Thus, a lot of conductor boards are categorized
as defect although they are in good condition and ex-
hibit no surface defects but merely a minor tolerance

with respect to the master image.

In US-A-5 513 275 is disclosed a method for inspecting
surxfaces with repeating patterns using a self-refarence
technique, which means that the comparison steps are
based on pixels or sub-pixels of the image. The pat-
terns are repeating only in horizontal and/or vertical
direction. The repetition periods of the patterns in
both the horizontal and vertical directions are esti-
mated separately by a sub-pixel method ag the period of
the patterns 1s not always an integer number of the
pixels of the image. Given the estimated periods of row

and column projection, the building block is con-
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based on pixels or sub-pixels of the inmge. The pat-
terns are repeating only in horizontal and/or vertica
direction. The repetition periods of the patterns in
both the horizontal and vertical directions are esti
30 mated separately by a suB-éiieI nmet hod as the
period of the patterns is not always an integer
nunber of the pixels of the imge. G ven the

SsLemted porlodaaof eow. and colum projection. the
byh souph ytlséi {hbgg and R HE Eh@pébﬁﬁéﬁﬂcﬁ&g%xel

t he i mage and addi ng the correspondin
{GE RRr COSP BT nsgeﬁgr b tensrad thet lsdzebwid dimg

hockaisg netear i ot gger pi X.&Ls, it 518 .
n_ecessarg);/ to shift the vamwng%‘%{%ééguﬁy %8 VaRigelandit
Ust nenesporattonsbdliti nthe tuended upg ehiptpese 1 vigues
Qi nt T, ipon_of the_defects is _determ ned by
g‘igif{]r%sc -ﬂfbé‘”ro?céi%ﬁil‘?f’eﬁ%e%fﬂ%n%h%fV@h@emplfdmhg:se
aoicfromthe im age. Each sub-pi xel of the original
imge is conpared w th the correspondi ng sub-pixel in
the building block. |If the difference is |larger than
archnesha] ibn that tisebacpxgls Ldentified as. a
defect. 15 A corresponging J?g%¥6§%$%g§%%?§i§¥ EBPATRCE-
229 639 Loy (TP T HE’RS kAW hee thuidsd ong Yo 368! €xom the im—

uct LA { nspe d, . nanely. repeating
é%%ﬁcf%&gg In (NI%%n§g|E%%iﬁﬁﬁ%ﬁn%%r% TP 4Fr eempered

vl tihs thet qrosst spendong ns ukpecix Qo mu NSIHUEIHI RS block. _

Vi r tin atterns in
E% t%% &ﬂ?%%reéb@ ils iarger than a threshold, that sub-

pixel may be identified as a defect.
A corresponding disclosure contains EP-A-0 243 639.

With these known methods only simple structures can be
inspected, namely repeating structures in horizontal
and/or vertical direction. It is not possible to in-
spect complex structures having repeating patterns in

any direction.

In EP 0 694 876 Bl is disclosed a method according to
the preamble of claim 1 for inspecting surfaces of a
textile fabric having a regular pattern with the help
of image processing technique using vector calculation.
The textile fabric surface having repeating patterns. A
camera produces an image with a plurality of pixels
forming a matrix of pixels. These pixels generating a
technical value. A computer unit processing data »of
said pixels for the detection of the condition of said

surface of the textile fabhrie.
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any direction. In EP O 694 876 Bl is disclosed a

nmet hod according to 25 the preanble of claim1 for

i nspecting surfaces of a textile fabric having a
regul ar pattern with the hel of inmage processing

t echni que using vector cal cuPafion. The textile
fabric surface having repeating patterns. A canera
produces an inmage with a plurality of pixels 30
formng a matri x of pixels. These pixels generating a
techni cal value. A conputer unit processing data of

sAith RN meftdiod hel stet @sib a8 x0 attli%zt‘rp@éfﬁ&wi‘ugés agx be
surface of the textile fabric. AMENDED SHEET -

ERiSP SRstKthd h&rvseaf%ror?&r%xrﬁﬁwémoslt rq;ctmzets:.banlmeqn in-
%%Q:e'q_to%d’lsh%"@cveorezt ol EHEOE}Q% L Lextd | g s ﬁn{lgfte—

ection 1s not ver e vector s on

Fege v engetor THBHnDnHmfﬁhllreééeean@egmxﬁﬂ i$ compared
ection pixel. This netﬁ

co ar ed t.h one f i NS
et TEBAR T Oh ESECa ABY SRSHRGRaHS bary ted
k@wlh%@@dtldﬂ mded@régxarhhehpﬁtabafsn%nl%ﬁ) f@%\ﬁygaolﬁ_

in the electronic field for surface inspection a nuc
LGRS LidSoIMRHten-9 Paleed®asS-Especial ly, it is not

al ways possible to conpare one full pixel with the
another full pixel. Insofar, this known nethod has a
waﬁwed,aémihﬁﬂﬁﬁIQ§trQMéCpfésédtféksaumﬁaeecnmspéBSion

5 e LS nt vect.ar,
% mh?glr pgil%ht |ro%e(r) e‘ﬁlaéﬁl ?ﬁ n?g (F:ién gpﬁcﬁﬁﬁa‘( Jrt is
hbe laﬂwagzrseqiqm@e(eio | sompguer ede KFlils diesefwi€nannhe

obj -of_this |nvent on to provide, 20 a nethod and a
a@#&@ JPﬂiq Jn Q#?ﬁgeg égcgﬂﬁqﬂgmethod has a

limited appllcalelty The present disclosure concerns
the use of a real-valued displacement vector, where in-
terpolation of either the reference of pixel or the in-

spection pixel is required.

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 13 in order
to overcome the above noted disadvantages, to provide
the prerequisites for accelerating the surface inspec~
tion process, to enable the inspection of complex pat-
tern structures, to make the method of inspection more
accurate, especially with respect to the defect rate

and to expand the field of application.,

These as well as other objects of the present invention
are accomplished generally through the method for in-
specting surfaces according to the features of claim 1.

According to the invention the surface for inspection

AMENDED SHEET



10

15

20

25

30

. inspection of conplex pat- tern structures, to nmake ' i

to the features of the preanble of claiml1l as well as !
a device according to the features of claim13 in

order to overcone the above noted di sadvantages, to
provide the prerequisites for. accelerating the '
surface inspec 25 tion process, to enable the ?

the net hod of inspection nore accurate, especially i

i t.h h f t A dth
AL REEPRRED L ST SRttt eg SRS SPRLANE o,

opredusial theipmesentitinvenblopalary ECHMUIBHCEorming a é
general ly thtough the nmethod for in- specting surfaces §
SERRAFNG L BHERG S e AAIKbSP bF S LP aPATR A HAGEDI] Fop ol cal

thg11:BVeRLhon.t B eSWLAL e, d Dhel BEPERLI q1 L AVENDED SHEET
6 1s provided with™n+l" repeating patterns, with %
capmpatepr sduti pyoassTEye dith afpbkadal igiwealfs pfxel she

(AP0 P0 0B Lhe Slrel sy 2P fobiale e a1, @

anelchbtihcembreenputtée o1l gwO8gSabfgatalsdofssdh ¢
pi xel s for the dﬁ%ection of _the condition of said
surface, which: ®2fBt K8dYCor iz R1¥Be F6l bPenilagpected -

compari son st epsaspeeaeon/alee f - APl XBhehQehe s o
i nspected - inspection pixél - is conpareg witha 10"
val ue of a refe¥ehee pixé rafrremtecobked,reference

e i erar e o gard tetsrstes el ERadea
that the val uenhlky emethaspedtiesn ofs gliedixolist bE one
pattern are C%@%¥f§ireferring to said image in such a
manner that the values of the inspection
pixels of the one pattern are compared
with the values of the pixels of anorher
pattern which is used as a reference pat-
tern having said reference pixels, in
which both pixels - the reference pixel
and the inspection pixel - have the same
position relative to its pattern to detect
the condition of said surface,
- the difference of the'comparison of said
| pixels will determine the result of the
inspection,
whereas several comparison steps along a line of pixels
having n+l periodic structures as part of said repeat-
ing patterns in a direction of said line of pixels are
provided, said comparison step uses vector calculation
where said inspection pixel and the assigned reference
pixel have a relative location within said matrix and
thus relative to each other forming a vector k, said

vector k being the same in each comparison step, the
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with the values of the pixels of another pattern

which is used as a reference pat- tern having said
reference pixels, in which both pixels - the reference

pi xel 20 and the inspection pixel - have the sane
position relative to its pattérn to detect the
condition of said surface, the difference of the

conpari son of said pixels will determne the result

of .the .25 igs cthn, wher eas several conparison
sEEPECEIBRGOE [Mife Tof'SiKel she hadrRGLAan o ivsiitor k is
sQEpEhYLRE B8 RAL Wmsajd pgﬁfékhs' ngypatterns jna
direction of said |ine of pixe
conpartavhsswéphuses gy T cphatiean IhavkRsie i ding
[ ection, pixel t he assigned reference_ pixe

have diFarsEole ooty roln*“vﬁt ' SHPdVR&tAX kamefarmsthe
rebmpayesdn saehsotstarrdsar Mg Me¥BEHOL eyt th deter—
vector Kk beln% t he s?gg in each conﬁarlson step, the
AVENDED SREEFS2 P e dEtoninfofnehki amage wfe the sur-

didest t ONpAf i veskekdd,i Sadenendent on t i f
patterns, the iﬁgpectionﬁ;%xr e%sﬁgfggtg%ﬁ&t%%'%he ma=
daly 20 pgthRevwpailte M tarick detieenéasngt flkesdi teQl ir@Fer—

By j d e . k_befpre.the 5 conpari son

g A PE SRS LR AP D OEE' Bt T SRR A o us-
amen wielhenevghbordhgt bd dalnge Dhdt HReSUhrrhaee tiP i
inigqg%gd sghd are% beinq%part of the ma- trix or the
IR Bt 77 x P Rh8FEAECEt ATe &5 tCAMAUFBPEr Poange 2pidxdihe
Wattherifnspest bondpictelrsi o M pebakedels 18.ERY rhe

t heir neji ghboring pixels, and the surface to Be i n-
vector k thus has real, non~integer components, i.e.
the pattern period is not assumed to be multiple of

full pixels.

Now, the determination of a master and the generation
of 2 master image will no longer be necessary and com-
plex pattern structures are easy to inspect. Owing to
the cited measures and the method according to the in-
vention the method becomes faster, éimpler and the
field of application increases over known methods. Fur-
thérmore, the method guarantees 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. Tn a simple way mul-
tiple comparison steps can thus be executed with the
aid of vector calculation using vector k to accelerate
the inspection process. Furthermore, according to the
method it is advantageous to determine an area of the
matrix of the image of the surface to be inspected be-
fore inspection starts, with said area occupying either

part of the matrix or the entire matrix. Pursuant to

AMENDED SHEET
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spected is the surface of a conductor board and the
patterns are conductors of the conductor board. The
vector k thus has real, non-integer conponents, i _e.
the pattern period is not assuned to be multiple of 15
full pixels. Now, the determgnation of a master and
the generation of a master inmage will no | onger be
necessary and com plex pattern structures are easy to
inspect. OMng to 20 the cited nmeasures and the nethod

abder ditegp tia tie now pessiblel b RAINQL EEOIREy area in

faster, sjnpler and the field of application

PRE%@&@&gzghﬁp%ﬁﬂﬁﬁPrﬁﬁﬁﬁés?QQQId%ﬁﬁwﬁﬁprtiMézed lines

WREROG B ANtRe S Hd 3 a1 he f e_sa ;

ki nd of pixel are coﬁ%é§2%¥P% oﬂﬁgééi%%%t%%% gsgﬁutlon

gisgeiafsiidantimrampad Bovelher ingeympiletdimf dhersameerer—
' . tt ca be used. .In a sinple way

%1?% %ilff{%g é)gtrnpn%}el gghnsaé§§5§°@aﬁllxﬁ&s Yl el@E8 wi t h

hbe ghbbottioky pactalrs catteit astep iR s/adors KebQction of
accel erate the inspection process. Furthernore,

BEE6La A9 %P0 Ane 0 HAHOR PF F6Campamisyemort bhic the
deternlRedan La ofs e Bt Khkagl Lhe Jmge of the
surface to be inspected be- fore inspection star gh e

Wighesargsgded istoudii vy ekhher mephotl dlont heifBicd Xiar

N 7%, r NDED SHEET -. 8 this
SPEsth SeNBE oS Uk ERetteRRaS Brnheaike con-
dpcipiczbdagdgpari son steps according to optim zed

lines wth respect to the patterns. Moreover, the
resolution is easily inproved by the interpolation of

Thereehee- di féraent relsoiblbewhpspget H%‘Ee‘%in?ﬁ'ﬁlix&&i D9
%helr .nelggb%%!n%:plxels This step allows the
hEBEELPBNCGf the 1in€ and vector k. According to one
preferred embodiment, the direction of the line and
vector k is determined by a fast Fourier transform -
FFT — such that the maximum of the fast Fourier trans-

form will found at vector k.

Alternatively, the direction of the line and vector k
is calculated e.g. with the help of a Hough transform,
or is calculated from data of a predetermined, espe-

cially digital, drawing of the original surface.

As mentioned, there are several ways of obtaining the
direction of the line and thus also vector k. These

ways are summarized as follows:

. Often there is a technical drawing or a database
where the user can look up the direction and the

distance of two pattern instances.
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pi xel s al so at the border of the matrix or within the
determned area in a sinple manner as well as with a
hi gher resolution. Thus, this method for surface in 10
spection is applicable for elLectronic parts |ike con-
ductor boards. There are different possible ways of
determning the direction of the |ine and vector Kk.
According to one 15 preferred enbodi nent, the
directgon of.the line and vector Kk is deternlned by a

fast Folrfef¥thAstorh 2RR¥. 1uagR thet uses waxi moy to
of {heskastpFaupterileaga bar BbphhhbauRd Al vect or

k. 20 Alternatively, the direction e ine and
vector k is calculated e.g. with the help of a Hough
transform or is calculated fromdata of a

predetEhe1aednabs@ataccahlMedtgahgkorQEQWMggn%f at Best
original surface. As nentioned, there are Severa
ways o OBBf%anﬁ@n? Ry Fedt i BALBE ﬁhélﬁﬁﬁ@tanaDtﬁEE in

al so vegs8rok. aTb§§§taMBg§a?r@a§Ugn§ﬁé§8 ?a gkllgothe

Oten there is a technical draw n ase
wher e fﬁ%q%%%@yc%ﬁaﬁ%o&a@pbeheSereotEﬂnrand thetor X

di st t NDED SHEET 9
Iksaagfg?t ,ZQ%DQE%E%QW%Q%QSEEﬁé uSBreESARCEr Fat-6e-Bet s

up a pd@term1mm@ J2\7 @Sdmmﬁm&ﬂtVﬁﬂé@ﬁekcyTthStgggb are
a fast 5 Fourier

data can be ransf or

transf BT Hy - @ gpeﬁé?ng?§9%?§c %?%O?EFE)F#OFnll@ﬁsélb& a
d'g'ta@a@téwnyaﬁhﬁwliﬁ@&tafepﬁﬁé pﬁeégﬁcef&§EE§E8§+ di-—
space can be used extract vector K.

wor ks TEFFLPFS r%%%?%%%%spa¥@%ﬁ ¢3n be combined to

form a common vector k.

) If some assumptions can be made about the pattern,
e.g. parallel lines in a digitalized camera image,
& Hough transform can be applied to obtain a de—
scription of the pattern that will allow obtaining

the vector k automatically.

. The software can simply test all the directions
and lengths — using a certain small step size -
and take a vector k that will yield the lowes:

overall defect intensity. This vector can be re-

fined using an even smaller step size.

According to a further embodiment of the invention,

several compariscn steps are provided along a lines 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
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determ ned by a dom nant frequency. If there are 10
several . peaks (except harnonics) for line-like

patterns they indicate the presence different di-
rections and distances. They_can be conbined to form
a common vector k. 15 If sone assunptions can be nade
about the pattern, e.g. parallel lines in a
digitalized canera image, a Hough transform can be
apflied to obtain a de- scription of the pattern that
v | PEXe bW BRFEIAENG defeSte@brs%erut Bhasi dal Idpneofor

They sgi fuas e eapn sl EEEﬁ,okﬁL%alfﬁH S%%%e&i:&ﬁ%f b%%eixg’ﬂ.g Thus,

l engths - using a certain sma Si ze
vigne onakrikadfwplikeysed lithéd aletected- sgeeradtically

defect. infensit .Thi,s vectar can be re- 25 fined
CELRg nn boBs bikiforhel e dMNEEsr g bes Ty detected.
further enbodi nent of the invention, severa

conparison steps are provided along a line of pixels

heY i gt naRopRe T o8BS MG tur ie v phrdebpctaion 3ters are
r i patheL RN @ di {101, 0f ~saL el | f. pix-_
éﬁg%%$$%'a%%ao% sgid cgmiﬁgégﬁggﬁé%g % %néggﬁgiéﬁﬁéFec
ANENDES- SpEETL Davadhiepi vdl ¢ fortiengpxddteott erist ejxea

Thi s, is_done for Ll pixels of it peri odj cal | _
r“é%)lzlat?%‘ée B%'ta‘ er ﬁ?%‘lﬁ‘h:&% d?( tEf]Sé:) FrHt? T % of eﬁFbe%?ty\ﬁqql%
det @t Bt Bysé snat toably i sdmestypd i ne until the whol e

matri x nas been detected. 5 In yet another
enbodi nent, several detection steps are provided, and

afd @ rdfey exscuhbonerf saldodifmetdl dhflet RE- invention, the
reference pixel 1is the pixel inspected in the previous

comparison step.

The method of the invention allows the value of the
reference pixels to be obtained in different ways with
the value being based on pixels of the matrix of the

image to be inspected.

According to a further embodiment of the inventicn, 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 i1f 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 wvector k° (k°
= — k). This allows the detection of the inspection

pixel - and thus of the real position of the inspection

AMENDED SHEET
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tion steps all values of all the pixels of said area 5
w Il have been detected. Especially, each detection 10
step includes n conparison steps. According to another
enbodi nent of the invention, ¢gthe reference pixel is
the pi xel inspected in the previous conparison step.
15 The nethod ef the invention allows the value of the
reference pixels to be obtained in different ways with
t he val ue_bej ng_based on .pixels of the matrix of the
BHEGL ToVBECRnEPEEEaR. 20 houbranRgLtoby Fergration on
b ogh g8t o 6f thBedhnverts o tﬁf@etgekﬁghl ,%Etegis tv{}ﬁh N
condition of said surface includes a decision step;
ki i dnd BACEAE basi §OT dageanEef ein shee degsuittiog

C i.sQn en,. t e in.25 spected
%%r é%géPSQ%gﬁégc? F?Bt%gcﬁﬁ%e@%h%é“asgss%ﬁp e egec
g | leasdifif ¢ hesshohdpeRaritdrcybardys wheldee Habgdt £Pead
Wi | gualifé t pe %Edicated vector k and thus the
HodieHEed PREt EPnTHE §6r &Al19d sanadart péfente assenimed

Saidbtdr eshel ghel Hebbe ididien e<51§et1q99§i§§9.%%d b%g_'o% 30,
threshol d, the detection step is repeat in a dianmet-
Falrlariert FERCHRI ¥R 1FEsule Pasednothshevdcrat don (&t
' t e ti.on Lns tion_piX

e e or The Taal pea i on ot EnbT T REET i o
RVENDERD SHEET . - 9b pi xel - which exceeds said :
threshol d by calculation on the basis of the data of 5
both detection steps with vec- tor k and vector k. or :
Ugisignties phitbgpdet ect itbiz method of the inventicn, it

is possible to detect defects in a regular pattern
without knowing any master pattern., This will result in
a drastic data reduction compared to the conventional

teach in method.

In practice, the input device often limits the ir-—
spected area, e.g. the camera lens coverage, If the re-
peating pattern stretches wider than the inspected
area, accurate positioning is not critical as long as

vector k remains wvalid.

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.

According to yet another embodiment of the invéntion,
said value is the gray value (GV) of a pixel and the

surface to be inspected could be the surface of a8 con-

AMENDED SHEET
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step with vector k and in the detection step with vec

5 tor k' different inspection pixels wll be
categorized as defect due to the so called shadow
effect explained in detail in the description of the

Figures below. A calcul ati®® scheme which is based on

"the location of these two pixels will allowthe

actual defect pixel to 1D be determ ned. Using the
principle of the method of the invention, it 1is
pe@sstBtenbardetaat taef ealtsc afy P
W t hout know ng any nagftr %g??e§§gy$th 3#£f5 U T of
i fhascandpaserclaats -r educti on conpared to the
conventional teach in nethod. In practice, the input
device often limts the in- spected area, e.g. the
CEMerabbeesmeOVeDagd alsf Wkl res 20dpeabhBd RHEALEPs of
stretches wider th an t he i nspected _area, accurate
p‘b@‘?t%ﬁ?‘ﬁ@“ SNRGOLERT: Pl BCPBRYyIakedyeeperadly by the
r QAR bedihf ¥ectoek l oS tor i ons
B e P act T iver T argath rariere satd
vﬁ@?lﬁ%tlbr@Eé@etospﬁéﬁgqﬂﬁﬁﬁzdSmghhbd aauhﬁding to any
cowegnti I t hel ps
msta‘ﬁ%eﬁ)ﬂél %Egg ﬁhﬁ CE%JEQQ%%% %§%§0P? énQEmgﬁﬁrﬁ%P'
zﬂubsmgaanedmpgedwcth 30 Aocoallity 6D yekedBORMing a

di e e Lnvention said value is the gra
TR s Breals B R e e SS et PBOSQSﬁHﬂ% e of
o @ }b:ExéDQ sorf ahe abte O AMEINDER: SEEER: 94 ordWhd 0%as g
board and the patterns could be conductors of the

t%r board. The above nentioned as well as
addi ti onal objects of

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

detailed descripticon in which reference is made to the

AMENDEDSHEET
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5 the present invention are acconplished generally by
the device according to the features of claim 13
where said device is able to perform said nethod
according to any one of the preceding clains by neans

WOR006028Her a pro- ducing an inmage with a pl ur aPCT/EPII4/008757

pixels formng a 10 matri x1bf pixels and a conputer

unit processing data of said pixels for the detection
of the condition of said surface. Further advantages
anex guski fiy enqpptb odathemss of 11 het rdSe@rieg ety i 6Feakafple
will he apparent fromthe followi ng detailed

deStrHpt i Y %hi ch reference is made to the AVENDED
SHEET WD 2006/ 012914 PCT/ EP2004/ 008757 10 . ‘

exenpl i fying enbodi ments illustrated by way of exanple

i LR hiehelrdes prgption t heheleskaimsi ophe tdesctacsand hehe

ab C n e, dr awi use is made of the terns
an#%:"g]fé %’p(%%%]nbs %%#e:r%ﬂgéh%uﬁ%lﬂg? SPRGnTRT F2eRORALng
t heetéséngs avimtech b surhita enge@f i 4 hendlessst Ph+eHiad8 at
the drawings: Fig, 1 is a schematic view of the device
actdt iy OB 0FRD 9RETIREHIR ontn File Prawingsthenmatic

vi ew of vector k used in a «calculation step according
to the invention; 15 Fig. 3 is a schematic top view

of - i hrage iof aa qedtentadyirc twildve dfhsyiec tdxd ishovd Ao Bding

correspondi ine curve. with respect to the gray
val ue of t% &ﬁlfellsfwéalno g™H line according to a first

enbodi ment of a pattern showi ng corresponding 20
vector K; . . _
Fig. 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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Fig. 4 is a schematic top view of an image of a pat-
tern to be inspected according to a second enbodi nent
of a pattern showi ng the corre 25 spondi ng vector k;
Fig. 5is a diagramof the intensity of the gray

‘V§2&$§§Of the pixels to be inspected along a Iline

Pohding to the directjon of vector 30 kPCT/EP2004/008757
according to a third embodifent of a pat- tern showi ng
the correspondi ng vector k; WD 2006/ 012914
PCT/ EP2004/ 008757 11 Fig. 6 is a schematic top view
of FaF -i fage &F a.pahemesin topbeiemspeécted iaager difng pat-
to a fourth.tggpoggngnt.gf a pattern-showing the -
corre- sponding vedtor k"SREChCHefEFATAEAIarad: foath

5 inspect ed; ebgdifantsod €i parasral shbeihgt eRsi by k-
the gray value of the pixels to be inspected along a

l i ne correspSRAPAGNEoVERECH keandop dfteentioedl@rka to be
accor di ng toihﬁﬁe%ggﬁgh enbodi nent of a pattern; Fig.

7b is a diagramof the intensity of the gray value of
the pixels to be inspected along a 15 line

co%respgndin to the direc%ion of vector k according

to aSfiffh efBodi HEAGLBR QfphPe LBFRNSELY. ofcthe gray

di agram of thelhatensthy pixthe ghaye ggsé@bﬁggpglgpg a
pi xels to be_inspected along a |ine correspondi ng
the directiohiBf Geereprordasgoktdi hhjet diaestxdbh of vector

enbodi nent of Qc@@%ding 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_inspebted'withdut

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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di a
wo&pgg

tern; 25 Fig. 8 are two diagrans of the intensity of

the gray value of the pixels to be inspected w thout
and with a | owpass filter, respectively; Fig. 9 is a
ramof the intensity of the gray 30 val ue of the,

gpg"fo be i nspected having an non- honogef§U§EP2004/008757
surface with respect to t he# conductor along a line
corresponding to the WD 2006/ 012914 PCT/ EP2004/ 008757

12 direction of vector k according to a seventh

enbodi nent  df racpabneprd; VEcgorl® iascarsihgri @ tseyenth
view of an inspection area 5 of a pattern to be

i nspect ed a8@§5 R§ o °dn Eﬁéﬁﬁﬁnénbodinent of a
pattern showi ng the corresponding vector k; Fig 11 is

a _schematic top view of an inmage of a pat- 10 tern to

bé lighspéct edSadcSFAPRGLES AORi Nilevwef Bodilmspecsfion area
pattern showen respand-: i r. k. Fi 2

i's a diagraé%og Fﬁgt%%?eﬁéi?% &P%ﬁ%ﬁ%ﬁ%&cdﬁ§{%#%é%bﬁn
t he pi xel s taghéhi espedtiednsl ofg aa patitree rarsthoay ifndy ther

di agram of the intensjty of the defect according to a

tenth enbodFREFESPOPANTAVEEERT X6 Fig. 13 is a

di agram of the intensity of the gray value of the

pi xel s to be inspected along a [|ine according to an
elfaerdtlh enbedemeshedRtic sopt avew 25 Firg impge ofga pat-

di agram of EE%niQ%e%%iﬁ%sg%éE%%.@%ﬁérding 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 alohg 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 thé 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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val ue of the pixels to be inspected along a I|ine and
a further diagramof the intensity of the defect
according to a further enbodi- nent of a pattern; 30

wdh@enin1f Vview of the diagramof Fig. 14 Sho%egm\f'gtﬁﬁmowy

tor k and a shadow effect; ;WO 2006/ 012914
PCT/ EP2004/ 008757 13 Fig. 16 is a diagramof the
intensity of-the gray value of the pixels to be

in ct along a,. line and two further diagranms of
thégghtgg- s}?gao l?$@5%e?gth%p%%ﬁ%ﬁ?@F¥o° Fof ¢ BERY
em 5 bodi mentaDie & patherpi SEPM @ H@Ci@épgétéﬂdalong a
vector k2; Fig. 17 is a diagramof the intensity of

the gray vatire cdnd hepjkershen dkagrapecebdthé obytan-
10 line and a; fur [ 0 intensity.of the

def ect accor%}%% %%e%h$u$?%€€%e%%éé¥al%%n °of £PFther em=
pattern shovibodimect oof ka goalt tert hsleshdhgl, vesto 25k Fi gnd
18 is a schematic top view of an imge of a pat--

"tern to be VYe&preetlzl according to Fig. 6 show ng
several possible vectors kl to k4 and an inpossible
vector k5. 20 Fig. 1 shows a schematic view of a

depige 19 fofsid-qSRerih "Gt Sl a0esS. 12 & G¢ CORGUEL OF
boar% 14 mﬁtkﬁre- ﬁggt%ng&%agﬁérns ?%%%g% %5 QEQ §ray
conductors l&bfethe thadecxelsrtddee diddpedbed along a

conductors 1f espe iaI% hown,in Fig._6, are .

arranged on THE CBRALRL gr%%%fddﬁﬂgﬁﬁ?W%%nthe intensity
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 kj to k4 and

an impossible 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 1l4a 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 compuﬁer unit 26
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25 surfaces having no patterns and thus no conductors.
16. The conductor board 14 is of a base material 1l4a
which is transparent, whereas the conductors 16
t hensel ves are nontransparent. 30 The device 10

WORPRIIP¥s a canera 18 having a CCD camera sePSHEP2004/008757

and an optical objective 220 Vialine 24, the CCD

canmera sensor 20 is connected to a computer unit 26 WO
2006/ 012914 PCT/ EP2004/ 008757 14 having a keyboard 28
f draaidjust ikeyhdee patanmerad pfst e s et dret ees hofl

a a .display 30 far_ displaying the inspection .
rgcglﬁ '8 % neoca‘LT e arlnce(QCLPa d rfig %o‘%l S Se%fga.‘y e P%%n%h?pejraymg
unite 2hgariGesreslald a0 Whehactud U e ifod 08ess edrhe
- viaaline 34 - to a handling machine - not shown -

el FIRRIRG NPT Lt CORIUCIDT DR 34 WIFkeh owkd be
url%ﬁ{rgbecaégh the, conductor ppar dﬁ?c}“"a'k‘?‘ar?df rké&tﬂine 38 not
ana abo 0 e

ve as we as out side a maxi ma ectron
cateowd8 -ofe 1t ivel reetnisraa def datont ohdydtt sr 400 andls 424 ar Bro-

ar-. 10 ranged. Faqr inspection of the surface 12 of the
CHARA O GRies T A18 HOMH ot FEAT dmbdt St oTERB 11ant
sutd acshdfapdivre GD v R SENSOHe 20r bY HBANGa Of abbbction
optical objective 22. 15 In order to obtain a good

quErne Y3 Bfof He'g reaRera he8 Srentckiablts 4§ | audh Adtede ar-
by, 4 dear 36 or front |lights 40 and 42. The

digitized i mage of the CCD canera sensor 20 is 20
transmtted to the conmputing unit 26 via line 24. Said

| TR |35l oL by bl el Loy, of oL els, o g a e

31;'_:4u,:ai}€5e g F fxcdfi P xRl e @6 Havh&9s@r t 868N EaLhe cCD
camera sensor 20 by 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 piocesses 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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namel y an assigned gray value. 25 The gray val ue
constitutes the basic data for the de- tection of the
condition of a surface 12 as this value is-conpared
wi th values of reference pixels by the com. puter unit
26. The steps of the method according to the 30

WOROEIRUA are as foll ows: Det erm nati on of arrGaEROH008757

the matrix of the image 1215 of the surface 12 to be
i nspected, WO 2006/ 012914 PCT/ EP2004/ 008757 15 where
said area is part of the matrix or the whole matrix.

Each val ue ofyharpi %@lidohrele 1gopdyat of 16t Q\at’él&e or the
i nspected - inspection pixel - is conpared wth

val ue of a rehedén&étsiixel of another conductor 16
fromthe sane image and thus fromthe sane matri x. The
ot her conductor 16 is used as a reference conductor

16 having ¢ 18a8ai §anekeianae Rixeal $r E3Eh dom@%%%roris to
pi xel and the correspondi ng reference pixel have

same p03|t|oﬁeréméﬂe@ée@o-th@ﬁpe@wn@mcmumellﬁ lﬁh@ompared
di fference °E1 ﬂeaf%%ﬁ rl%%n %arﬁbéggxﬁ&%l of another

determne the result 0o the

conpari son Sb@pducS@WGﬂ&lf&@ﬁp&mbs@ﬁnﬁiaﬂ%g%lQ&@ &hus
line of pix- els havi ng n+1 periodi c structures as
part of the frepedty enégﬂﬁtﬂ@ﬁﬁ§xof tife d&fducepdscter 16

20 in a d|re§%|9%e@fa%abdﬂéf@%é% PIRIRAE 16 having .
provided, in which all of said conparison
said reference pixels. Each inspection pixel
and the corresponding 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 thelarea 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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steps along said line of pixels forma detec- tion
step. 25 Several detection steps are provided and af-
ter execution of all of said detection steps al

val ues of the-pixels of the area will have been

WOLRPEM28Y. Especial |y, each detec- tion step i|PET/EH94/A08757

conpari son steps. 30 The Aeference pixel-is the pixe
i nspected in the previous conparison step. WO

2006/ 012914 PCT/ EP2004/ 008757 16 Due to the fact that
the area of the inage to be in- spected conprises
regul ar repeati ng conductors 16 in the determ ned
aﬂgﬁadﬁht?%%e%a%%OQ%a?nt@%eaé%ﬁpgfiEBﬁ Emggeptoveet bp-

cad culald 0o hSy Used ¥@§ﬁfafh9% 83PEh g?g?dgé§8 sa8 in

t he assigned Teference” pi xel ve a Ive ocati on
Wi the ndetee duimed | xreadnemusomed oghadroninethe tomMpatOson
each ot her forninﬂ a}vector.k. Vectoy k is the sane,

i RN CORPRAT i SOhC R RpOR nl ot REFCWBREES gt bRSRegpion
I a1 8SE N Sd atm@rwg-l%ﬁea hee B& FERENT 81401 MREVEY At DE1ative
con- ductors 16 in the |line nentioned above. If the
entPRsien onl iy ed2 b Rakoes and hbuvessaldtytipni nela-
t i xel e t.t osition is .15
der oy N3 T o QT 7 VB 0, BT GLEEFE: R 18%me

nesgidoin éagh ptoepsrisGenstapl yInt beheef evease pexebs k
can be i nterpol at ed [ t hei r nei ghbor hood.

S- 1
METFRTRSFYS obt BT MR hetTerStEBCErERCECPTREI BYakRe con-
f ddud st ance: in FOME - Pixel m&gt 05ROEheedve Cal cul ate the

area in :
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 obtainihg the ref-

erence pixels -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-pixel neighborhood: Interpolate using the
intensities of the three closest neighbors accord-
ing to their proximity to the non-aligned pixel

center.
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whi ch a non-aligned pixel covers an aligned pixel and
use the area percentage as the share to sumup 25 the
pi xel intensity over the nei ghborhood. Three-pixe

‘Vﬁﬁg%?ﬁﬂﬁPOOd: Interpolate using the intensities of

ree closest neighbors accord- ing to t h&GI/EP2004/008757
proximty to the non-aligne& pi xel 30 center. WO
2006/ 012914 PCT/ EP2004/ 008757 17 Distribution
nmet hod: Use distribution, e.g. Gaus- sian curve, to
obfai n weightsbfibron heetihmidcendigey difstraboetibaj ne.g. Gaus-
nei ghbor hood pi xel. 5 Typically . the interpolation is
inperfec?%a%hguﬁﬁﬁ’tEP Qﬁhﬂaﬁéﬂgh&éf§€F FReehBieysity of
caused by tatesapol ddiibdrthodésigfi%ed .l oW pass filter, '
Gaussian filter, as described "in connection wth Fig.
8. 10 Depending on the lowpass filter and its size,
it can also be used to attenuate snmall spatia
deffepicallpctberdiingerpokipgiod vsctiopek fleat .a omer Mayl kb
no lven, . in.pi-xels,. and an orientation, angle 0 in
deg%ggg, Egepggf?Fge1P%e8F6$¥wF§8583r ¢t Lo eTwedediop is
hassing2a DoRephedstintar,acaaswith #ih tR3tt en$akriped
conduc- tors, 16. Angle O allows the inspection of
peﬁPo&PBne§FF88tHFég &r8ng8the |ine nentioned above
that can also be other than horizontal or vertical.
20 Fig. 3 is a schematic top view of an inmge 12" of
t heepsodingeon2tbe thw-pemsduftidteboand i4swistikea Sitnean

cupto B8 L LEPRRER Rk Sp %) apab ik 2ol S
pattern of
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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15 points outsi

25 the conductor board 14. According to this

enbodi nent, vector k is periodic in any direction of
the i mage 12" of the surface 12 of the conductor
board 14. Fig. 4 shows a second enbodi nent of a

WO/ URH40f the 30 conductor board 14. For t hRCT/EP2004/008757

i nspection of transition #%gions between two

different gratings, e. g. different angle, different
period, there is the conmon period WO 2006/ 012914 ,
PR ER2004/ (0B Fedi®wdct@in koe Tdden vEttSUiglk €80 Deter-
seen Lhrogﬁg tﬁghinte - section of both conductors 16

i PRHE AT dHsiRITh FUHHREOLFi TP B sHemst Ban eklahpn eregion.
a gray value profile of sev 5 eral conparison steps

with a defect at the third peak 46. This defect does
ndimccurstavwy tan restagiibles i) Ppegikasy Y8l uPeaako 5l € onf dsev-

be tected with help of vector,k. conparing the gra

va rgagl o‘?or?%aerlisn%npesgﬁ)posn Hrsei2 vigHect gt g‘?}ég %Jr‘r]‘g Rtak

t his 1 efrerenief qritx elodgy evotOusddut el 01 6Pk Bghbdring peaks
pattern typically has a fixed border. If the al go-

rithmifdhd & QWi IR HRIeck e Wil e o paf teeetor tk
Wi £ f r : V. or .
T (T ha bt o Grea et Bapel dhath
r sdur egnaie Vvanlspecii arharsafe rermcavgqyix¢ hapreecdwsl K in-
doe§2q3£ipoint outside the pattern. If there is a :
defect "%t the last instance of the pattern 20 in

vector k direction, the defect can be replicated and

conpared to a nmaster value as descri bed below in con-

nét R H ¥R iCahly dive A gfined ipgdes. shbuwshanalgo-
exa® &f i pwd o detierdidie g hend né&ﬁ;%zgett?%eﬁéx%‘e?ﬁ?ait

The inspection area is a polygon havi
will yield a defect at 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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ref erence nunber 50. An al gorithm shrinks the area 50
on the basis of vector k to the area with reference
nunmber 52, otherwi se the | ast conductor 16 woul d be

\V@%&E?@%Héto an area outside the determ ned inspection

50. WD 2006/ 012914 19 PCT/ EP2004/ 0087 5S¢ T/EPRRD4/008757
adj ust ed pol ygon shoul d be Yonvex because the soft -
ware takes only the |l eftnost and the rightnost border
of a polygon as a boundary for each line. 5 As
neﬁh?oﬁéduabedePO&egDorShOUéﬁibescbh@edibbaaueebehe soft-

t t nei orl uctors 16 a
rggggglﬁgkega flavnt % gﬁEQQSH uéf? t&gafdg%&mo$ﬁeborder
di sfaaceoapdoanasgul Boudibegt ifer earnbe iget directly.
10 It is also possible to use a fast Fourier transform
- FFT - to determ ne vector k autonmatically. Figures

Tapg %gn@ggnzg QEBW%|XeFeg%QHEOEB%q%eEnEgn géﬁéagcplﬁg-

gray value o nspect e
cotweenspwndnagghbothegdcoednbnbref1%e¢b®m1hga§09é§baﬁlng
to th 15 f &h and fifth enbodi nent of a:pattern of
thBaE aac Ch5aPGREEO T WRRAR T Se Lt ITHE éﬁétaapénapﬁcan-

Cabﬁmb@tHQBeEHméh|@Bn bBeseus@h rketagked to adjust a
box above the pattern. It is 20 not necessary to

i ncl ude the whol e inspection area. As a rule of thunb,

o 1heas! ! BBLANGTS o6 b8 BALLELA oRI0ULd Re s s grm -

i nclu ver, a big box may tak
cpﬁﬁmetetozaetérmmeegvaytmalMeadmbheteﬁeelbetw&gﬁrbﬁﬂ7a,

s _exgeed a _certain value, the pixel position
88 gﬁs?ﬁ@?ea gfagﬁémdQﬁeEbﬁvéntFPSﬁﬁg gfayheaptay

dlbﬁ@ﬁ@”@@ kheSpRkbeE, tbhBedihbpeeres WibhgP8 1ine corre-
consi dered to be noi se,
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, é 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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i.e. negligible. This value is called surface noise 30
| evel . To renove the inpact of |ocal gray val ue
changes, the user may use a |owpass filter. It

aver ages the val ues WD 2006/ 012914 PCT/ EP2004/ 008757

WO200@@914a certai n di stance, the so called | oWw@EBEB2004/008757

length 52, as Fig. 8 illu2@rates. An exanple to
illustrate the effects of a four-pixel 5 |ow pass
filter - 1-dinensional - is shown in Fig. 8 Using a

| avepass dérttain Widtdngs cathy s@dtieEl ddel Sefpass length

sitivity to c ra noise and small surface irregulari-
tistgs'. aﬁvv%]i%ea%glf]d%ﬁtliﬁt%ove is recomrended for nost

applications. 10 In many cases, a pattern of the
conductor board 14 con- sists of a honobgenous
bavkgrtanple thelllwmtspmrenthdastfents evf ab fidar -p Anel
a non-ho s foreground - con- ductar 16 : as,

S AP R G UM Rl <4 et 3 Fre- o
fadiddad bow-ghdsareas.on ¢hel sgrxy;s;a@ﬁpi PedCOAAERE Oken -
board have a bigger varjation. To reduce the inpact of

t it ¥ Ortegrieurtfiengd dt9is, 2R heSmakbrsearpcet inremnt eri-
pixels atd epugtd r. ' . Ef_the
peer(lgéesn't aAge 'S ésg?f ?%6 Lglgg%lat emgér)ailsva?%%%ﬁ(?%ri e%%"é most
t rpliiscaseshs o find defects will be reduced by 30%

if the pixel has the maxi mum gray value of 255. If

the pixel in question only has a gray value of 128 -

hatd mdny hea sei raipatthergrey - e Ueoridée€s £Ns8ardS14 con-
wil] only be reduced by 15% Polxgonal speci al regions
caht Bes Ga PRy deackground - the transparent base

material l4a - and a non-homogenous foreground - con-
ductor 16 - as shown in Fig. 9. This phenomenon is
based 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 is 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 1if necessary.
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certain parts of an area 50. Inside these special re-
gions, all defect pixels will be ignored. The
pol ygonal 30 special region should be convex because
the software takes only the |leftnost and the
ri ght nost border of a polygon as a boundary for each

WORME/01BP4it up the re- gions if necessary. WOPCT/EP2004/008757

2006/ 012914 PCT/ EP2004/ 008787 21 It is possible to
create special regions automatically by selecting a
"Teach In" option. However, care nmust be taken that a
proper image i s obtained show ng a good 5 device. It
is therefore recoomended to check the cre- ated

spédi dls pegisdivd ewittch drea tepesgiealialegieiomenn@matically
afterwards. .Especi,all I.f the defect areas | ook as

sh%Wn e SEitg 916, ?[Jﬁgycg\'réq eSPEH e P YRFon GRYY must be
COoVelkelnhe naolae pirid$ReC tiniy Ariea .ot itfl GAREnd ta | '
10 advi sabl e t.oﬁset t he nrg{)@ecilal Or egilons manua r]dy.a 'ﬂ?é)d
metdedd Co c ditdilisg the nefe tenvasommenclad be ettearidethe cre-

in I i.mensi e. q...repeating.two-di nensi ona
pazaggigr?és%aeg:ls%ﬁo%ﬁ%ﬁ%nﬁ éﬁ‘rtéls Cand T2 Td SHE R o5
15 tsgr \adit etrive rdiaf. e Elspearia 1Ay, difs.thd dHTadw dead 1ok as

be .noted that tg di nensi ons need not be spatial. Fig

11 588 18 Fdfrn %’s! M-S S VS RaIP et ivtid L

patdRic?. t3Q kwhollacti st ACtRla | NtLensiity &Iset,h'%th is

pi xel of the im age to be inspected and Iconp i's the

i nesvdisaplef tohsetr dher aires igilxaleqised manusdipar i son,

a defect intensity can be defined as: 25
The method according to the invention can be extended
into more dimensions, 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 Igct 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 ~ Iact

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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WQ 1oeeist

Id - lconmp - Tact However, there may be ot her
definitions wth several side conditions, e.g.
enforced mnimumintensity, etc. 30 If the defect
intensiaé exceeds a certain application dependent
, a pattern can be judged as defec- PCUEP20ME008757
2006/ 012914 PCT/ EP2004/ 008?57 22 \Wen checking a
pattern using the described al gorithm based on vector
k, the absolute of the defect intensity wll be high
at the place where the defect is |located, 5 but also
at the correspondi ng conparison |location. Fig. 12

i | Wist r eheskihgSasphbsetANus HAYEYRE, dbbcik$pabt 8gorithm
interesting to know where the ac- tual defect iIs ané
whRRSef gP | YRCF At ehisi E)ehalksointef ofpthei Asfantesntensity
the; patbern; &k e avay L] Si 0.uUuse sone

A R R L R L

i nbensatyo el the therempboedingt eompairigonMebhadsohQ Fig.

ac [sh this are.for.instance: 15 Mean val ue over |
thggrg£i%ﬁE5%£%§eghl®nFbF?%Fé?Ery, the intensity of
the defect pixel will affect the nmaster intensity. 20

Qutlier renoval: A certain nunber of intensities are
r eHPVRVWe¥ r obt t he @EhANchnterastong togknpW whhey the ac-

the a mereghrTe 1T PR Hrb e 8o h eRKaPER vaFoe”
Majority vote: Take either lact or |conp as master
If more instances of the 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:

e 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 I ¢ or Icomp as master

intensity depending on what is closer to the aver-

age value of the instances.



intensity depending on what is closer to the aver- age
val ue of the instances. 30 WD 2006/ 012914

PCT/ EP2004/ 008757 23 If the intensity Tact or |conp
is close to the master intensity, one of them can be
negl ected as defect shadow. 5 Sonetines it still

WQR aWae12%¢ deci ded what the master intensity PET/ER3004/008757
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shown in Fig. 13. In practiXe there is only alinited
nunber of instances and if their inten- sities happen
to cluster into two groups of the sanme size, the

madtferchentiersirisy tgamet. e ngd’:hiﬁleids W id¥tto khe master
i mposi ng side conditions. The effort to performthis

chéck ers i yyi more @rfe,tham el yarmesasl adtidd def etife oy
def ect, shadows are checked and defects are rare. 15
Thé dé’(’ﬁ“r'ithm using vector k finds defects only at
their edges, if they are |onger than vector. k as
illus- trated in Fig. 14. If it is necessary to get

t heametineasctitdeftddtl iaareesi the dirristesd tihet thee master

def.ect 1 repl.icateed info ef.ect .

caﬁg‘%(fg{%ge%ﬁdls?’he%% %‘r?é’%ﬁel %laqd'nsrg't hferh%s Gpice there is
i ntoenisi tay,liinfiteadninadilesr. AC-ircrahiays tandriigf tHetheinten-

original defect intensity was changed to reflect the

t r e i PRI td’efcg'd"ts. 35 HH diHDrdruRfuited e same

perdiofdn tiHes mhadde ity fecaby B €3t M ddl without
defects or defect shadows are checked and defects are
r ard@posing side conditions.

The effort to perform 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 edge;, 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 kj; detects local

changes, slowly changing patterns may not yield a sig-

nificant defect intensity. Taking a different vector ki
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30 Because the algorithmusing vector kl detects |oca
changes, slowy changing patterns nay not yield a sig-
nificant defect intensity. Taking a different vector

k2 WO 2006/ 012914 PCT/ EP2004/ 008757 24 can alleviate

WOHPU0IZP M ation. It is even possible to use nREEEPIE4008757

one vector kI, k2 ..., km?$g mul t aneously and take the
maxi mrum defect intensity, as shown in Fig. 16. 5 A
variant of the occurring problemis illustrated in

Fican 171 1 &fhimtdef el s | oif st iyn at 1¢ hes see@ndpbastBNSELo
of the attern exceeds the defect threshold, while

t RS HAOFR DM R Y§CBRT t Rk t)he rar i fist abweltangonsdy

S 0. does. not eed the defect intensity
tﬁ%%%ﬁ%$&?5 1® | pax{myn %%fe%%s+?%%“?bt¥he%§ §%9¥Pa+“ Fig.
vecgors kl, k2 ..., km e. g. to save conputation’

time, the defect shadow at the second pattern

i nstance nust not be renoved as 15 nenti oned above

t t he .
|E?en3|ty g?%é@&?§%g%§9%i¢%c§?ggr$§b%étrlga EE?E%da%“
alFig Acbr ditmg dee)feFa:'g idendet dedecths hadovnd hags@ance of

def h | def
VOO T PRIy Y AREpht CRFPebebia) Abhbot Hee de-

cofdCtimvesidit K 465 fIesesary imsoises 19 Qgiéénsmgffdand
results. As Fig. 18 shows, there is usually no sin

oﬁ?%ln%tﬁ’b@e%d s efaf e G ci bk ensd fyr thheshpadt éﬂn
are valid. 25 The pattern usually has a border that
can be defined by the user.

If it is not desired to check several vectors ki, ko .y

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 a 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

It is possible, however, to automatically determ ne a
30 coherent region, i.e. aregion containing a pattern
that can be inspected using a single vector k. WO
2006/ 012914 PCT/ EP2004/ 008757 25 One way is to start
with some arbitrary initial regions and split them

WQRA006/013%¢y are coherent as nentioned above. PCTIEPRONS/008757

adj acent regions can be ins¥ected with the sane

vector k, they will be merged. Several varieties of

this well-known split-and-nerge algorithmare avail -
abbee %@yl fisatbegitarti ¥ishngoimdr arbitraherieiits alo regions
repeating. pattern, hence no vector k to inspect it,

t hénﬁiegpgﬁt EARMENtAdpEREYd 2EST K@hE rEdpIas @leptioned

di Lferent method (teach in conparison, etc.). If the
pattern repeats it- self in tinme, which is typically
true during the opti 15 cal inspection of sone device,
one _instance of the sin- gular pattern can, be conpared

wi th (8 S(d@ESTEr TeEIgNS CRE ??@xtl“&é%‘etc*ﬁﬁ?dé“rltﬁhé:he same

caRRicdorWR, 20984032914 RCheEG2@04/sQ0R4RA i ildtSile Olo £
Reference Nunerals 5 10 device for inspecting
suthdceseld -kpomac §P 11X -anglgge rofe EdauGittdm o @vedd -
ba%%lgaterial of the conductor board 10 16 conduct or
18 "carrer a

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.
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20 CCD canera sensor 22 optical objective 24 line 15
26 conputer unit 28 keyboard 30 display 32 port 34
line 20 36 rear |ight 38 detection cone 40 front |ight
- left 42 front light - right 44 sine curve .25 46

WO B0401294% | i ne 48 nei ghboring peaks 50 i nsped®UTdP20044098757

52 |l owpass length 30 54 %hreshold LLOYD WSE - 27

5 Caims 10 1. A nethod for inspecting surfaces (12)
with n+l repeating patterns (16), with a canera (18)
producing an image (12') with a plural- ity of pixels
formng a matri x of pixels, said pixels generating a
techni cal val ue such 15 as the gray value or the like, -

and with a cOMPHEGE B ke£2fhnBLOREASLAYsUata of said
pi xel s for the detection of the condition of

10 device for inspecting surfaces

12 surface

12° image

14 conductor board

l4a base ﬁaterial 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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said surface (12), which nethod conprises the
foll ow ng conparison steps: 20 - each val ue of a pixe
to be inspected - inspection pixel - is conpared with
a value of a reference pixel, the value of a LLOYD WISE
reference pixel is based only on the values of the

pi xels of the 25 matrix referring to said imge (12')
in such a manner that the values of the in- spection
pi xel s of the one pattern é}@) are conpared with the
val ues of the pix- els of another pattern (16) which
is used 30 as a reference pattern (16) having said
reference pixels, in which both pixels - the reference
pi xel and the inspectioglgdimel have the sanme position
rel ati ve AMENDED SHEET LLOYD WSE - 28 to its
pattern to detect the condition of said surface (12),
- the difference of the conparison of said pixels
will determne the result of the in 5 spection,

wher eas several conparison steps along a line (47) of
pi xel s having n+l1 periodic structures as part of said
repeating patterns (16) in a direction of said line
(47)1of Pimekhodr €ot0 ipraps cleth g ssiid raespariizon si@p
uses vecfor calc%yation ere said inspection pixe
and n repeating pat erns_(16), with a camera

(18) producing an image (12°) with a plural-

ity of pixels forming a matrix of pixels,

said pixels generating a technical value such

as the gray value or the like, and with a

computer unit (26) processing data of said

pixels for the detection of the condition of
said surface (12), which method comprises the
following comparison steps:

- each value of a pixel to be inspected -
inspection pixel - is compared with a
value of a reference pixel,

- the value of a reference prixel is based
only on the values of the pixels of the
matrix referring to said image (12°) in
such a manner that the values of the in-
spection pixels of the one pattern (16)
are compared with the values of the pix~-
els of another pattern (16) which is used
as a reference pattern (16) having said
reference pixels, in which both pixels -
the reference pixel and the inspection

pixel - have the same position relative

AMENDED SHEET
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the assigned reference pixel have a relative |ocation
within said matrix and thus relative to each other

formng a vector k, said vector 15 k being the sane iLbOYD WISE
each conparison step, the direction (0) of the line

(47) or the direc- tion (0) pﬁmvgctor k i s dependent

on the kind of patterns, the i'nspection process

starts wth analyzing the pattern and determ ning 20

the direction (0),of +tche,d4 4 e.,vector. k
bef ore the conparfséﬁ's?@pgﬂgﬁérg%,agg %Ea§9&1%8ﬂF%ﬁ%°n of
starting with deterd givnfage 6&t2h, (50) of the matrix

f the i 12" ), of .t f to b
nspect ed. <Al o afi SSRGS (Gt pRIE GPTERE AR 06 said
or the whol epimelli %iMheleasrainkeast thaunel ¢fenge, 4,

pi xel or the inspection pixel is interpolated using
thei r nei ghb8PPRGpPxel s, and the surface (12) to be

i nspect ed i syhRewaSUdeARE {112 - nduct.ar _
board (14) and thg'patterngﬂa%%ﬂﬁggﬁaégtggg CLE-FY @ line

t he conduct of4Board Ei4elsANENDEDY SHEEToErO¥BiI\W SE ructures

29 2. The h c ' to claim?3l, character-

i zed in tha{@‘%hggé?r @%{ %&nqq% 0)"RF2HhBY| PRETeEAP) id in a
vector k is dérecmiived dfy s fastin&ousier okr anskardmy e
FFT - such that _the maxi_ 5 mum of the fast Fourier

t ransf or m wi PFOVSARY v §&3S %OMRATIgen ngERBd uaeco VTP T

to claiml ota2cuchaiatr where said inspection pixel and
the assigned reference pixel have a relative
location within said matrix and thus relative
to each other forming a vector k, said vector
k being the same in each comparison step, the
direction (8) of the line (47) or the direc-
tion (8) of vector k is dependent on the kind
of patterns, the inspection process starts
with analyzing the pattern and determining
the direction (8) of the line (47) and the
vector k before the comparison steps starts,
characterized by starting with determining an .
area (50) of the matrix of the image (12°) of
the surface (12) to be inspected, said area
(50) being part of the matrix or the whole
matrix, whereas at least the reference pixel
or the inspection pixel is interpolated using
their neighboring pixels, and the surfacé
(12) to be inspected is the surface (12) of a
conductor board (14) and the patterns are

conductors (16) ©of the conductor board (14).

AMENDED SHEET
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terized in that the direction (0) of the line 10 (47)

and vector k is calculated, e.g. by neans of a Hough
transform 4. The method according to any one of the

pre- ceding clains, characterized in that the di- -
rection (0) of the line and vector k is cal culatg%%YDVWSE
fromdata of a predeterni nedZ29%spe- cially digital,
drawi ng of the original sur- face. 20 5. The nethod

according to an ne of H?e &re- cedi ng_cl ai s,

char cte???e@epﬁogthQQq 9 Qi glaskpari Shezaceer-
I , . C q ) St
and Sever At FAEk Sne UBRCHISE TR (85 ke A

the exe 257gukhdnvelctald lofisaietdeheaEHOBSLERS A |
the values of all the pixels of the said area (50)
are det eEPRELISE. LTRESAATHY BEE or dFAght Bhatty tdree mfxi—

the pre-n3Q cediRg ¢lalummqehatact grj zed.i,h hat gach

de- tection step includes n conparison Steps

SHEET LLGYBEWFSE- - 30 7. The nethod according to any
one of the pre- ceding clains, characterized in that
the ref- erence pixel is the pixel inspected in the

pr ev® ousTohempathedn asrerdimhd. td hel athhddoac oQr GG &

any one of the p[e-tggdin clainms, characterized in
t hat t hetggized in that the direction (8) of the line

(47) and vector k is calculated, e.g. by

means of a Hough transform.

4. The method acecording to any one of the pre-—
ceding claimg, characterized in that the di-
rection {0) of the line and vector % is cal-
culated from data of a predetermined, espe-
cially digital, drawing of the original sur-—

face.

m

The method according to any one of the pre—
ceding claims, characterized in that all of
sald comparison steps along said line (47) of
pixels form a detection step and several de-
tection steps are provided and after the exe-
cution of all of said detection steps all the
values of all the pixels of the said area

(50) are detected,
6. The method according to any one of the pre-

ceding claims, characterized in that each de-

tection step includes n comparison steps.

AMENDED SHEET
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tection of the condition of said surface in- cludes a

deci sion step: Decision - on the ba 10 sis of said

di fference of the conparison step that the inspected
surface (12) is correct if the difference does notlLOYD WISE
exceed at least a threshold. 15 9. The nethod

according to claim8, charact3r= ized in that the

deci sion step categorizes the dedicated vector k -

and thus the dedi- cated pattern (16) - as defect if

sai d7di f Thkemenbedexeeadsi Sadg dtbhaashehd éﬁ)éﬂédﬁbg—
met hod accgtdin tqQq claim8 or 9, charac- terized In

that if PREIERT Fefeice agterdzedaria tthaksHorel, ref-
the detegt-bAR=SHERIIS JfL-rReatedah Ny l.anetyica
direction, which re 2% sJ%ts n gno%ﬂggevecf%fuk't?ﬁ'

= - k). pievihesmechwd meom dsngrto cl ai m 10,

character- ized by the detection of the inspection

pi xel and thus the real position of the inspection 30

pi xes . whtnb mseheds asaictditesbel dnhy osal o drat i;ppeon
the basis qof the_data of .the both detection steps
wi th vect®iiRIafd 28y och@racharpredPAnNEER Y (KD de-

bro- cedi e oraive. e ooy oed ra PRAR SRR 80
i s the gfaydeal dedec¥sish #ptxel DesisdonA-devi cnd dsa-
perforn1QgsSgkdsgghhgquéggﬁgggof the comparison step
: - that the inspected surface (12) is correct
if the difference does not exceed at least a

threshold.

9. The method according to claim 8, character-
ized in that the decision step categorizes
the dedicated vector k - and thus the dedi-
cated pattern (16) - as defect if said dif-

ference exceeds said threshold.

10. The method according to claim 8 or 9, charac-—
terized in that if the difference does exceed
said threshold, the detection step is re-
peated in & diametrical direction, which re-

gults in another wvector k° (k' = - k).

11. The method according to claim 10, character-
ized by the detection of the inspection pixel
and thus the real position of the inspection
pixel which exceeds said threshold by calcu-
lation on the basis ©of the data of the both

detection steps with vector k and vector k- .

ANMENDFN QHFFT
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to any one of the preceding clains having a canera

(18) producing an inmage (12') with a plurality of

pi xels formng a matri x of pix- els and a conputer LLOYD W
unit (26) processing data 10 of said pixels for the ISE
detection of the con- dition of said surface (12).

AVFNf Ff . qHFFT - 31 -

12. The method according to any one of the Pre-
ceding claims, characterized in that said

value is the gray value (GV) of a3 pixel.,

13. A device for performing said method according
to any one of the preceding claims having a
camera (18) producing an image (12°) with a
plural:ity of pixels forming a matrix of pix-
els and a computer unit (26) processing data
of said pixels for the detection of the con-

dition of said surface (12).
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