2286670 METHOD FOR DETECTI ON OF DEFECTS I N THE INSPECTICN OF STRUCTURED
SURFACES The invention is directed to a nethod for detectrng defects
during the inspection of structured surfaces, for exarrpl e %ﬁ
printed circuit boards and seniconductor wafers.  The net &ed
predom nantly I n statisti cal procesé' control I n production
processes. 10 There are a great many nethods for mechani cal

i nspection of structur sjically be {T.
di stingui shed as foll o% ﬂaﬁ?ﬁ 2 ngf&hgﬁhﬁg 8@ i ods -
hol ographi ¢ methods, 15 INSREGITION | UCTURED SYRBACRES In digital

i mage processing, there are two basic approaches in solving inspection

problens. A first variant is based on a comparison of reference values wth
actual val ues which, in The ninvapfias ishr 8érertelncto2® methadoder 1.

| mage- dgt a cEHSVIESAHY defkbes r@i@m@ccthe rmﬂgpea:@léﬁpraﬂ edtPctud
sanple. 2. | ma data nparlso the refirsqce I ma S sup l.ied by
an imge synﬁﬁﬁ% € JBe% r &cor B¥13! Eed DatES

conpari son. T:Imamimmrd mm‘orrchicetrmnmaﬁa&sj.es ﬂﬂneamtamhlodvmbyebei fised
effected on t d gﬁ%%gﬁlng pr t
effective 30 giééﬁﬁﬁhé%ﬁég oﬁﬁfhe ﬁ ékgghU|%§%g%%§Xtrg%%Iy
accurate pos@mQﬁHQE}ORﬁPrQ¢ESS©©}ect support, two absolutely identica
optoel ggtroni c image chajyigte apd anoREEtCHRINY RihSEs SESE NReLRall APl

I mages-taking . into
inspection of structured surfaces. These methods can

basically be distinguished as follows:
light scattering or laser scan methods, .
holographic methods,

15 digital image'processing methods.

In digital image processing, there are two
basic approaches in solving inspection problems. A first
variant is based on a comparison of reference values with
actual wvalues which, in turn, compfises three distinct -

20 methods;
1. Image-data comparison: the reference image is
supplied by a test sample.
2. Image-data comparison: the reference image is
supplied by an image synthesized from the CAD data (
25 record. “
3. Data-data comparison. The comparison of reference

values to actual values is effected on the basis of

the CAD data.
Depending on the procedure, the effective
30 principles of the first two methods require an extremely
accurate positioning of the object support, two
absolutely identical optoelectronic image channels and an
extremely precise synthesis of sample images taking into
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2 account all physical and technical characteristics including tolerances
ranging fromilium nation over the object, optical imaging, signal
conversion in the sensor, analog channel to the virtual image. In the third
met hod, a conplete analysis of the real,image is required, i.e., in5
processing real -tine inmges, troubl e-free segnentation of the inage, edge

22? L porut AL Ropicnl s tadnical hArheiecaies b aanERs rRGInG SETLIBIRAtonc
cost - 1 15 Shane g oFE R SR ol el Yok il e Yl

opt i cs,imageci si on nmechani cs, state detection and-el ectronics (reference
i mage generator). _- - . principle, these,solutions can be used only for
bi nary structuresI® W“L@?@)’,"mﬁ analysisof the £oal impge,ssequired; beein

ers N ' ' . L J s\ e Strll I n hi gher
t Sonnol 8 et SARAL ks RhIE -2 B ORI i i fpS ot bBRon, 0 ' 90
struct lﬁﬂlprﬁx_dﬁﬁﬁpﬁ DR BadctiieceléMents 6hd thedabciiption b the setting nusdlikewise/ e | appi ng

and overlaying in such a way that the uncertainties in this area can no
| onger ashieyed increabtime. conparing reference and actual values. This manifests

[ | f [ I I ith . [ hi ckne ' he individ
| byers (rney I ead AlkSkha ahSeRRatdRg SORRES et o baritReRgh o st ahdoy or | my
t ol er angffrenctWalues afé Vergcobtmichsive 808} MietAtmaly fighitashiichFreqaiesndrs Fdie

difficulty of conparison of reference values and actual val ues or render
sith coopties) precisionpoechanics,. state detdction and; elgstdopics (referenceimpgedgeatiatorht i on

| ayers are i naged. as textured regions by neans pof. statisti cal del
pa?gé"‘rret ers so ? hafﬂlm'@?éﬁ? toas _ PB&JOMMW%M%OdS.
Exanpl %Cﬁfs%glﬂﬁa@r &%&hﬁﬁé‘ﬁlaﬂé@oﬂﬁrﬁ&é& Qafbrd fhd ﬂ?%ﬁ@&éb&%& Qi!ﬁﬁ;ﬁe' n the

fol | ow ng. an i nage-to-i conparison daccording to
DE 250&ep&ttiverstarcturas. structure is conpared with a second actual structure

lpar | mposed on NG FIE RERNREIOH syt oF o Walep tBeEharaFg Btch o 1R BSeEh ke

- ; o : ot : i ned
(5o i SRR ofieh 1BnEE dut I {clhol BBl BoceSilg id by yefipp B e yRriFh g " "
| n anotsueh aneaythdt theaarcditaigtiesinRhis 2ed@ah Ro 1driper be sweedoniechyt confpraringst ed i s

raster-scanned by a test beam and broken up into inmage points. The total
i mage grenceand actual values. '

This manifests itself particularly with respect to changes in thickness in the

individual layers (they lead to changes in grayscale value and color) and in overlay tolerances.

20 All of these technological peculiarities add to the difficulty of comparison of reference values

La‘ and actual values or render such comparison impossible. In addition, polysilicon and

metallization layers are imaged as textured regions by means of statistical model parameters so
that they are likewise inaccessible to comparison methods. Examples of such solutions are
described in the patents mentioned in the foﬂdvving. _

25 Inan image-to-image comparison according to DE 2508992, an actual
structure is compared with a second actual structure by means of split optical beam paths.
The two images can also be superimﬁosed on one another in the form of a video image and the
combined image is then evaluated. In this method, structural defects are defermixiéd -from
mismatches in the cbvering of the two combined imageé.

30 In another method according to DE 2700252, the structure to be tested is

raster-scanned by a test beam and broken up into image points. The total image which is
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3 digitized in this way is fed to a data processing systemin which the
scanned structure is conpared with a reference inmage, reference structure
or structure rules contained in a storage. EP 0426 182 di scl oses a conbi ned
met hod which describes the generally_known image-inage conparison of two

adj acent control obj ects on the one %and and the 5 | mage- i mage
corrp&rtS%a r‘i“a cont obj ect on the other hand. This nethod pmakes use of
t he figitizedn this way is & |tﬂa taprecessing system in which thescarned;strugture is( st or ages,” .

s t e repeaté&r
oo 3ith £tehendRsal SARCHe SR, shhiAFe MG cBhBIRAIA athSianel once
val ues to act u@P mmmdsdosbeawbhibﬁﬁdlmbtﬁdmwﬁ@hﬂﬁbhwthéfgeﬂér&ll DE 3336470,
DE 3612268, DE 3714011, DE 4136830. .10 The second vari ant

ek ckNQRR Magerimage SOBRHsIN ofivio adiaceaticontrol objsctsenthewge handrand thet ect i on of

Sﬁéeﬁeqﬁéﬁ?ﬁﬁ%%e%%Qﬁ@t%?&e%ﬁtﬁ‘s ol R} oG Hhligh ek lee B, 1 '

def eficsthak icettan Elassed bk ﬂ&%ﬁ tddadirRuity W%e&,' @SDaRfhys EREBIIRFL i ONS in the
Tast 0]

crystal S structure. In con conparison testing, fhis direct detection
of d@PB&l@nmwe@som)Stt@cqueleme@fscmrepaatMnmmnmyemeensr ve |nforrrat|on on

t he reference ructure ce |t ce.eds m det er m-ned f ment al
rul es or devi ai‘t‘gﬂ?f@f‘wﬂl §"th1’&§‘? r%@‘“f’ﬁﬁ ues g ggtu lY S aFRd

aber deicHBaS inthe follWing %Qteﬁtsbmsswd m@xsmtss rDﬁ%@twﬂS Wd} e features
of the reference structure, referencé |ayer or defect. One of these

met hods, descr |Th§dsecmd3ﬁrﬁat makesfme sbethnobogicat petsilifnitien by proteding?ffom t hat
t be def d t d trol o

‘o] R AeLHiSR RESIEEE oRRRE b Sither Sneff ¥ Tes EHias B IBiverOCE aMer of obj 3

have4&liRidiniif e GHraAbRYs af*tﬁ@t& nGIBBEAl Podellel) ddigrial iRl HoURhshiRpS Of ! he

structure. Therefore, I n an aut I nspecti on accor 1ng i s patent,
a nememaattenmlsmﬁtpmrﬁmmaﬂtbmmﬂ’dct%ﬁﬁhhﬁ%@&tﬂ Stfucturgeonet ri c structure as
falling short f or exceedi ngﬂthe g ven structure di mensi ons.

Accordingly, t HBSENiRYIe LemR Brthig directid WW?G@@%W d?éoél ement s
| Vi redt Xt WitRort ekfdhsivE SRUHEHRA on the Rt dlithrd, BRSEIE YOGRATRIRD L N :

defined structure sadvant age consl $ I gher
st r udetermingd firslanental rulesiarf deviations ﬁrommnlesmatetecgngﬂm umagé (o} 18 nilrés 4y i ned by

the technol ogi cal ullarl.t e articul ar .b . qoverlaying
di f f 8yeLTAtions r@e& a«ﬂer f%éﬂﬁé'&ﬂpp eattwss ef meéefﬁmne

pr acsthftﬁtﬁlee réf&rence layer or defect. _ .
~ One of these methods described in DE Patent 3427981, proceeds from the fact
that a minimum structure spacing can be defined on every structured control object and that a

large number of the defects present on the control object have dimensions greater than or
smaller than the given dimensions of the structure. Therefore, in an automatic inspection
according to this patent, a meamrement window can be used which measures a geometric
stmcture as falling short ofor exceedmg the given structure dimensions.

S Accordtngly, these measurement windows detect only those structure elements
lying.within the given measureme_nt window and not those which match the defined structure
dimensions. . _ , o _ _

- A disadvantage consists in that in higher structuring planes of a wafer a
minimum spacing can no longer be defined by the technological peculiarities, in particular by
overlaying different structure components, and the method is therefore only practicable for

binary structures.
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binary structures. . 4 Therefore, the object of the present invention is
to ensure a detection of defects regardless of the nunber of structuring
pl anes while taking into account structure features in real-tine operation
for.separating 5 defects fromgood strugtures. According to the

i nvention, there is provided a nethod of detecting defects and transitions
bet ween adj oi ning zones in a.structured surface conprising inmaging the
surﬁége to create an ori gTharefouge, tbenpbiiesy 2fntheopreésent naeemaiomg
simlar image pekntof GAINES: 2 2B LA ok TBEF LB "reghBETBEECRE Ghd O
the 10 origrnal inage to create an_Internedi ate indge to detect
defects and tr amghbesnofwstmigtuting aplanasswide takdagh intceranehunte

i mage point is Waly B PERbARLE I f B¢ PasEi [,0i Nal

| mage poi nt feé?%%geggrgnggéga?ﬁsaﬁg g?h?hgxggn%??ggégﬁﬁes an f%ﬁ%éﬁéﬁi
conpri si.fy analgefegtshfremggendsakrughdreg§-cach i ntenedi ate i mage point by

structure classification to identify defects. 15 I n

' generating the gray-valeeordihg 4o ghé idvbhBdR , Citra! 14 B e el
structures, defdetertify defectd aNG i trah¥itiOA3 M BitAted 25D es in a
pre- segmenti ngstwictoréd isniFeUcomeibive the 'siAfade o | dadte R Nt

classification osigiha®dmagepyompilling’ 2ohesS6f tHe imageCiivitg similfh

cl assification peintsfeatures) tand apiplying imagé Polint issiPitation té BRge W th

sharp aepar at i oniginal deage itst createl an dntermddiatee image Got B6tdedt @irEBes at €

i mage, di stri butnd rangitions ehertin thesalue assfiged toteathr hitdofiediate image

sanpl es whi ch ceinésh®adfunctiionf the pricbabilibgrofh cwfresporiding oripimae

poitions with difagenpeintefeatiuee balpngingidn @anybefl tihe eonpiled zZones whe Space

plotted by the further comprising analysing the region surrounding each intermediate
image point by structure classification to identify defects.

15 In generating the gray-value _intermediaté image
containing edge and corner structures, defects may be
extensively separated from good structures -in a pre-
segmenting without introducing thresholds in that. the. .
image point classification is effected by a blurred, so-

20 called fuzzied classification whose results do not
contain any binary image with sharp separation
characteristics. '

In order to generate the intermediate image,
v distributions of image point features of selected random - .

25 samples which correspond at least to the number of"
defect-free surface portions with distinct features may
be described in a first feature space plotted by the
number of image point._features by means of p.robabil_iti'e's
| which, being transformed into gréyséale valués,'are the

30 contents of an addressable storage for revaluation of
every image point featu:e of the recorded image into a
grayscale value and th_é distributions of all random
samples form an overall distribution.

The resuits_ of an evaluation = of the



nunber of inmage point features by nmeans of probabilities which, being
transforned into grayscal e values, are the 30 ~ contents of an
addressabl e storage for revaluation of every image point feature of the
recorded image into a grayscale value and the distributions of all random
sanpl es forman overall distribution. TheS results of an evaluation
of t he 5 surroundi ngs for each image point of the internediate I mage
carried out. on the ba5|£' of t .least -two uncorrel ated

charact eri st | GUGRGANHNGS E9T| pagchs clBage s Rpidts :8F o theor ke rrediatey 4[

formso as toikmgeepasadeibd outinée dehect bhede r@ga ongt arte#lsy ectwo
regi ons, wherein the size: of s _det $?5§¥ a_second feature

st or age
~ space plottequFQHﬁ?%ﬁﬁﬂﬂac%ﬁr%ﬁ%?ﬁ%?gﬁcﬁthgbt atd & n8®CLBGring
in the stor agﬂdmeradﬂpmmhorage mhéamastylmlmmods ctharlaetseparatedof

every i e i t and
t he ?/nag'ggcogﬁ'é&to d\bn hfazile%aé]grlééiac;d‘}g E%tgcga(g%%er% I%F% Sul fc‘g{‘gﬁ? n'?ggl
random sanpl esizen Qthﬂ'lﬁorSQQrQ% J-ﬁnmeé‘s aefsquoan)featuraee

surface porti Qiyed FUXRSEBY thed mdAGSE RAF4 1 el éﬁar&'@tﬁ@fﬁtléén
also be use to ‘generate” the: |n%§rned|ate I ma | -a egeand

|
| ar ge- ar ea defaid s the BEoFIng:t &8 e n85R%a98¢ g°FFF?BPPana tPhe

gray-val ue 20d;stﬁiﬁaﬁiﬁﬁhéﬁechﬂﬁgeteﬁﬂsthessb&rpvamyﬂfmagﬁlpélﬂefEnt
zones a§d good zones. which .is carried out subsequently. The eval uation of
surrourtdi ngs YRS WAFS" at  least two filters with variable
core and: - Both the recorded image and the image contents

which have already been stored are suitable for taking W/
rahdom'samples. o
In addition to the random samples of defect-
15 . free surface portions, random samples of surface portions
i with defects can also be used to generate the
intermediate image.
: ‘Both small-area and large-area defects may be
" detected by means of . filtering the gray-value
20 - intermediaté image and the sharp separation of defect
zones and good zones which is carried out subsequently.

The evaluation of surroundings may be effected
by at ~least two filters with variable core and
uncorrelated characteristics by means of noise

25 suppression and highlighting self-contained zones laying
within the evaluated surroundings.

It is advantageous to use a pair of fllters,
one of whlch is. a low_pass_fllter, in partlcular a Gauss
filter, and the other a bandpass filter, in particular a

30 spot filter whose core is the second derivative of a two-
dimensional Gaussian function. '

The addressable storages are advantageously
lookup tables. Colour features of the image points,
included grayécale values, as well as texture features
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uncorrel ated characteristics by means of noi se 25 suppressi o
and hi ghlighting self-contained zones |aying within the eval uated
surroundings. It is advantageous to use a pair of filters, one of which isa
| ow- pass filter, in particular a Gauss filtgr, and the other a bandpass
filter, in particular a 30 spot filter whose core is the second
deriyative of a two- dinensional Gaussian function. The addressable

storrigges are ady3abaqaedsl Ywi BRKUWVAP! Ghage C?bQHE’-*'f-S?"t Wasewd JE ifmge
poi nt's, included grayscal e values, as well "as texture Teatures. 6
associ ated wi t hSBYEPENdiRgSe pERRt Doy Wsed u@s ofiMages PRLPSunfPA§HYesan be

used as inmage pAbWeveed! WsEiter HawA\tdIchatinedlr THEbrRAERBA! off MHERL QR

the image points to be anglyzed i S also s&ltable. g Furt her
it is advant agBBiBtSwkenbeaAnalyzed is.AL§R §PitAPd6: which corresponds to
the di mersions. of the recrugeHeryagit ants i adintagehesct athede! ael s inage
again serve as raggon1sanple§ Iﬁ thSh sgkggged fro€1a élrét [nggecglg
zone of differeRECFASPeBYi GH-PBhe ¥ H116 BPAdP 18 hbePHPRBSIRDS |
contents -of thether dtectrdiesecimalget andgeiranwhidie dppecceli Iddfieais t bace
results to at | o] i e C [ d;Ln lL.easty one. of t her
I nspection zonegsgg‘o%%&é’g?%rﬁ e%%rg&%?- %%%g%gs%gagg%ssgconc}ef%e& f%&gr ge
representing chfissterdinspectjonizdnes ¢fradéffenanbe inspecsion z9nes in

dat abase q Thé?déppgbeﬁet@ﬁ‘inef ‘t).(ﬁj'le' NGRSO £ UL A (638 éIeEfoh“res
and i mage data of good~ zones and_defect Zzones. ~The_ contents "of the
dat abase may besteragecandothe appbicabylity ¢firehe rgsults to at least

one image cutout is tested in at least one of the other
inspection zones. _

Storage contents of the first and second

15 storage representing characteristic primitive images can

be contents of a database. This applied also for

information concerning test structures and image data of

good zones and defect zones. The contents of the

database may be resorted to if necessary, in particular

20 when checking the applicability of classifiers or when

classifiers are to be corrected.

~ An embodiment example of the invehtion is explained
wore fully in the following with reference to the schematic
drawings.

Fig. 1 shows an image of a structured surface;



20 when checking the applicability of classifiers or when classifiers
are to be corrected. An enbodi nent exanple of the invention is‘explai ned
nore fully in the following with reference to the schematic drawings. Fig.
1 shows an image of a structured sur&ace; 7 Fig. 2 shows the grayscale
val ue distribution of the inage according to Fig. 1; Fig. 3 shows

hi st aRhl AIRURGS &F{m_ s ot Fiy. qbability _
di stri utﬁi%on' gﬁ%&&g@é{/%al'e va u_eng..fi‘ﬂ(gér:i r ﬁéom sagrpt€efsg sél ected fromthe-
structured surface;” 5 - ‘Fig.- 5 shows the grayscale value distribution 65‘}

an interpedi ate, i mage generated fromthe image according to Fig. 1; Fig 6
showrs}'ﬂe% ?‘H?E‘ﬁé‘?%’g@éggﬁe‘%ﬂe@@ﬂ“lsﬂ“ €:00kup table; Fig. 7 shows the

generated gray-value internedi ate i mage; Fig. 8 shows an eval uati ng nethod
for determ ning the behavior of the inage point features of 10 an i mage
poi nt Fign4rshows agrobabilitg idishibution of theegrayspale walaes for ranidom samiplesgseledtsd - y
transitions and corner, transitions and highlighting mcro-defects; Fig. 9
showsiremdhe structugedsurfage eval uati ng nethod according to Fig. 8 Fig. 10
shows a defect image as results of the nethod according to the invention;
Fig. 11 shows a circuit arriangenment for realizing the nethod according to

§he i FigeStsheivs tﬂégra%'scaﬁl Glueldistfibetivh of aNisieimddiite inlage genérded fGrhfthel f or
determning the contents. of the first and second storages. The inmage
cut oukmagsiasgarding W Eig. X, from the surface of a seniconductor to be

i nspected contains good zones in the formof defined structures A and B and
a detectable included defect 'C. : 8 For the sake of sinplicity, the '

enbodFige 6ishws MR WepragscallevaRieeentbfed a lOBRUS table; - "f../
Fig. 7 shows the generated gray-value intermediate image;
Fig. 8 shows an evaluating method for determining the beliavio_r of the image point features of
10 an image point in relation to neighboring image points for eliminating edge transitions and
corner transitions and highlightihg micro-defects; '
Fig. 9 shows the results of the evaluating method according to Fig. 8;
Fig. 10 shows a defect image as results of the method accbrding to the invention;

Fig. 11 shows a circuit arrangement for realizing the method according to the invention;’

15 Fig. 12 shows a model for an expanded method for determining the contents of the first and

second storages.

The image cutout, shown in Fig. 1, from the surface of a semiconductor to be
inspected contains good zones in the form of defined structures A and B and a detectable
- included defect C.



cutout containing only gray-value infornmation, since evaluation of color

i mages or texture inages result in higher-dinmensional spaces. The grayscal e
val ue distribution of the image cutout in Fig. 2 contains 5 grayscal e
value maxima [err] with nean grayscale vy@lues [err]. In the nethod
according to the invention, in which evaluation criteria are to be

gster(?ngeg fg; ettaﬁ’(en #a%)m st rﬁ\?&t&?@geﬁﬂb&% e’f‘%‘ﬂbg%?pm nt ?egflureéggfteed

gr ayS c ghtout cbntiningonly graysvaludinforaationsince epalastiontof dolon ithfiges or texture St
one-di npensi onal, feature spa¢ce and which may justly be regarded as Gaussi an
di st ri HMAgesResultin highey @'@FW&#I@%I ue maxima [err] and [err] associ ated

Wi th structures es [err]. In
order to assign Qﬁﬂ%é‘ge pol nt ﬁ'%ﬁg%ngé@“?)ﬁ%o %‘gﬁ‘:@k ‘% ect zones, a
psobabigraysyaleivalue makiras aQ d tand g withindah graystdlevilas gy ghadd ¢ | tn the ifdthod of

the distribution of 15 = random sanples in the feature space and which
t akes @fcendingtglthe invention, mwbmhte@aluvioqmem are to beidetesmined forshe aetmat o ever y

reasur SRRt AUAE BB feignaBh BTy 2 e Bl st P B i

A and i determned by [err] 20 where [err] is estimted as nean val ue
and [err] is estimated as variance by the grayscale value distri bution of
the random sarrpl eImagsrpmntrfaammsereﬁgraSMals vhbbdwhosetﬂastnbutmnsmtepgmtedanner

ro I|t rr] and for. .the to.belong to an
o@e f & gf %gé fg§ure] space and which ? ]usa reg (ag)qu [e?r] g
Aci rdlcmhu :ddzag&u%f% sidit 'a‘ﬁd hitBciatetl VARPS ﬁ;&.m
th%rrean va‘l‘tlJe of the ?‘strl%u?lla%n ructgre A or the |str|%lut|on
st r uct wceurhtaneancgrayscaledvaluep gobadgy. i ty of 1. Accord| ng to this nethod, aII
| mage points V\hos&q{paracterl sti,cs are very simlar é‘? any one of t he

good zones recei v Shtopqsé‘%lﬁpllm?%ﬁ’ ROMpL IR & °la?ﬁ9f$@§lﬁ°PF§©" feet-Annes.ia,
di stri ylbbability v propbrlibikl t& the estimated probability density of the distribution of

15 random samples in the feature space and which takes on the value 1 in the center of the -
distribution is assigned to every image point from the image cutout.
A probability P,(g) is given as a measurement for allocation to the grayscale
value distribution of structure A and is determined by

P, (@)= e B8 1282,
é’o“ where g, is estimated as mean value and s, is estimated as variance by the grayscale value
distribution of the random sample from structure A. _ '
- This holds true in an analogous manner for probability P,(g):
Py(g)=e(8:80)2%"

and for the probability P(g) to belong to any one of the good zones,

25 P(g) =1-[1-P,(g)] * [1-Py(8)].



If function P(g) is taken as a prescript for revaluating the grayscale
val ues of the imge cutout into new grayscal e values, then; according to

t

he invention, inmage points whose grayscal e val ues conme close to those of

random sanpl es A and B receive high 109 grayscal e val ues which decrease
as the probability distance increases, so that inmage points fromdefect C

are allotted 'O‘K&BRiﬁgﬁhﬁmgéb&ﬁ&%ﬂi‘%séﬁé’%é&résF%é Qi'tlfegqsftﬁ@t ~

itself by means of random sanples. O Codrse s a

t
g

g

SO possible to teagh
he dmiamvalae bﬁﬁgadlsmbut;oh ofistrudtiire Amrthydnsmhuaon of stmm(ﬂ)arwdhpﬂed a The rw{/v

raysc e‘?ﬁ éﬁﬁ result fromthe equation 15 '
[err] apt é’[ ] represents the total nunber of possible grayscale steps.
An i mage point ;fe” tg thisthéthod'alhima fonﬁt%'*ﬁos&%ﬁirhct@ﬁ&%%@@&% recel ves

rayscal e val ue |s 1S equal e for -an inmage poi nt Fi-g.:

6i t h similgstoodny mwefehggoo&omredewehgrmobm& valuag eThere g/lnrdsb@ﬁlﬁyscal e
val uegl| err &and err], image points wth grayscale 20 al ue gb, according

to th

on 33 shoya indigy4st ri buti on shown in Fig. 2, there are [err] inmage
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S
t

reﬁeumggcwacnit@nmlgmyswe valudsy then, aecbﬂlmg toaﬁe inventid, $magéd pGintson i s
hown in Fig. As will be seen fromFig , the new grayscal e val ues of
he r whemmee\@lueéﬁm dage te those ot raeﬁorarsemem&w B fecsiyedugh essabl e

19 aneRays RS s A hodipdsBBF b priefiy BRapce Pefbaselllo iy gl RRTS! 1 © 10

g
[
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|

c
c

ray- ﬂamuefm@umbawwmmwmmbﬂmmg%gca& this lefect Cavseffye val tu
err] of an inage point fromFig. 1 wth coordinates x, éactlvates a

' poi nneans gfirapdam émeles be peursg, yt inmlse possibleito teaeh-theidsfech€ “negativehdrini ng
raysg&jgor?b%mﬁa%(%%y ltagglglgeOKUp t abl e. The converted grayscal e val ue f

nt he corres is entered in the converted image with

oordi nates X', TheneW\@aysealévRluesPlesult from the eglatiohassi fier for image point
| assification which substantiall y changes the inmage contents of Fig. 1 as

wll be seen fromFig. 7. The contents of the |ookup table are .used via a
M during inspection due to thegreal -t requirenents.
1A during _"_. on due &« f.=%,_w&i,q; rements.

20

25

wheref represents the total number of possible grayscale steps o

An image point from Fig. 1 with grayscale value g, accordmgly receives _

~ grayscale value fax Thisi is equally true for an image point in Fxg 1 with grayscale value g .

Smce there are n, image points with grayscale value g, and n, image points with grayscale —
value - eccordmg to the grayscale value distribution shown in Fig 2, there are (n, + nb) S U
image points with grayscale value f .. _

- The n, image pomts with grayscale value 8o which describe the mean
characteristics of defect zone C in Fig. 1, receive grayscale value £, by

£ = fmx * [Pa(80) + P10 - P8 Py(8)L.

This sxtuatlon is shown in Fig. 5. o S .
As will be seen from an 6, the new grayscale values of the random samples

formed by revaluation are entered in an addressable storage in the form of a lookup table, so
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10 Naturally, by using the generated internedi ate i mage
according to Frg. 7, it can be detected directly whether or not the
evaluating criteria determined in this way and realized in the classifier
correspond to the given requirenents. l%one of the good zones shown in Fig.
1 may appear dark in the gray-value in %r nedi at e | mage and t he edge

Si Lﬁféﬁq%éﬁnié‘r?qw‘i%%&‘%@ﬁiéhﬂé%” S g cowdniLprepAIE inage HHhe 0 PEB oL
K @‘&% di vi dual - i-nage points were - -
] udged ?@j/be on Xﬂ P‘qe&ﬁgoo zonegg 3wﬁ§r gbabl lity. Regardl ess of how

many good zones ameqoghyswmdm oﬂmgmagmpmmﬁomrﬁgrlewnwaMtesx,y
internmedi ate image always has a graysc l.e,val ue d stributign S|m rto

t hat shestivates a-pginter” freprrsented by 5 57} Yh ig directgdto %P?fﬁesﬂ’% @s 20

n de f YR ”E t .
shgc;wn Iﬁﬁ#ﬁﬁﬂgﬁ&ﬁ; utg‘i:lgsg?'gﬁf’y égﬂgé.aeif%nto é%ﬁﬂc zon slﬁlngsé%% %lgs
accordlagefeq il tifb conveéitédlimiigei with csbrdinages xhyyeshol ds. The genieration of the
i nternmedi ate i mage. as. a so- called known i nage (zone Soi)ags njnitial inmage

are made "known" iThedoolaiptableds pﬁ%§?S$l§°ferf 1M326iPOHY sationWhickat i on in

the graysc al,ues o ' Se he
Sake of SRRl chaBger e asd Ritfesitf ol Fig, | ak WL} Séta ol Bie® T MBRfie of

t ext ur eqflioSKf @bleddrs Bbddovia akm&ﬁmn@ciﬁs?baxdﬂmwﬁ@f&al-ﬁﬂxe regiiifensenrd)i Ch
delimts a feature space can al so used for classification. It will be seen

\MIO h reference to Naterallptbyrusing the generaigd intarnmediate mmrﬁmadpcﬁ;ge'lmbm

R o1 BS 0EiEHed ireBupbetheh asfor i evaludite Soleta er SRR P ey B sopnt
gr ayscajrfinhi @iagﬁﬁe &ﬂi ﬁ)hh@ gw%ﬂ YeqitfirementsD %ﬁehﬁtﬁteé&ﬂ zoheS Shdiln tmﬁ y

feature space. PP onal ne D occurs In Fig. This is equal
true of ﬂlmayrayxpemsdarh uatlmcgray-vdue intormediateimageiand ctwtedsn stctwrasandwomesi dabl e

88'e°[ofétlm§$%e?r%ﬁ?tgﬁ  prsvets & Snfbies prataton of (e looRuR o aprei ket

eqges. p.aTY h&gns, the color val ue proportions change to such an
ext ent ana rrp ex a manner, depending on 5 t he focussing state,
contrast ratlos arBymbmyxnggrayscalmvdlmésgﬁtemﬁvideddmagﬁminﬂsmdmwgedtohat a

ef ect dete tion by neans SSIf|I@S§- on of colo i xel s leads to

subst angFlaﬂg 2 gee zﬁ@WP&PE@&H‘Wh egard Jlo3Hmagy,g eS @ ection of
Thet ¢ cofisingd iPaipibhgeTufo: o @beliviifeimhodigilidiivags ish %?*%%‘S%‘ﬁ* e

t ransi t disaibution Jsﬂmlar to that shown in Fig. 3 hecording ¢o thic firstl proedssing lsteptmhicln bas of t he

i mage points of the internmedi ate i mage ;
20g IObeen described thus far. Accordingly, the grayscale value distribution shown in Fig. 2 is

successfully classed into defect zones and good zones according to Fig. S without mtroducin’g

~ thresholds. The generation of the intermediate image as a so-called known image (zories of an
initial image are made "known" in a teaching phase) is not limited to the information in the *
grayscale values of an image as is illustrated in this example for the sake of clarity. Color

25 information as well as other information on texture or characteristics of image pointsin

neighboring regions which delimits a feature space can also used for classification.

- It will be seen with reference to the intermediate image in Fig. 7 that the

- problem of defect detection is not yet solved by this first processing step. Naturally, in the
transitional zone from zone A to zone B in the edges, grayscale values occur which extend "

30 © into the defect zone of the feature space. An additional zone D occurs in Fig. 7.



are anal yzed nore extensively with respect to the features of good
structures and defective structures in a second processing'step. For this
anal ysis, the internediate i mage, designated by 11, is rastered point by
point by a "w ndow' 12 as will be seen fromFig. 8. As a result, existing
| ocal cutouts are 15 evaluated with respect to their inmage contents by

a fiiier 13 andrhie g elbathiud e 6 FRIoNG chidr 6P Al Batsidafion BPwhich" | o al ed

wi th one anot her ere eval uatii on can represented in-the":
for mmfavmdhbletcelorrﬁaageywh:ch censidaalily Mafemmmmrkvalnaﬁamomﬂde DAt es i e

t wo- di nensj onal ,feature s r .ever e S .poi.nt Poi nt -

oI oudlifitaction andintedemmeee maEE gl 'atgmrg s FRheogs regions ey
refer -

f eat u&gg%ceéﬁ%ﬁﬁa{sw assom a eﬁﬁanldnm Ewér nme %‘?ggﬁén‘é’é@ MFhe use
»f a thefscusking istate, foohtrast ratios drll difference mehelghpbetween sdjaagiayersmm dilter for
filter 14, whose care represents the second derl vative a two-di mensi onal

Gaus s¥implerdefeat idstection by aaeans of lessificatian peoler pixels lepds tagubstantial gsaudioned
7N g8t s PR Aok il "Ry B AeldBliGA of i PHBBO Mot 45 Aoheld o5

filters 0-'generaté poln chare'v

free mincHrhEobjedtd igaritibdl kinke tifiadimbfisiohsiedn the ordevf sapnitide &F the Qﬂdﬁi g.- 1,
whi ch correspond to zones Fin Fig. 7, are i maded- as hi'ghly known zones in

a firefiedgsitransitioos®.15 and structures D are imaged as a poi nt cloud 16 in

he i nmedi ate vi oint..clo for defec on d. Eare
l@lem gnat ed by . 1;ﬁ'§Fﬁft %Sthegagﬁ sBrroundmgs oLHI?e 1maée Py rosfé'ﬁ rnf 'z??
posdi £t AnalfSREMBIEExteRsivily Rhth redpREVIG!RE FatréSofddd siractifRs Ahd Hefechve at e of \J

falde alarins, to use a greater nunber of different filters, e.g.,
di recstnmtmesmaa@olnd\prmsngBMdpass and hi gh-pass filters.

P phor - i menst o8 ik A TP RIS uRARNnSS RRBRLI B | SRR BRL Y L 1o
as pOs&ihPbFa Hvitlow el 4N mﬂw@uﬂlﬁoﬁmghs ﬂ?@%sﬁﬂ?”@&sthg 16&3?&@6&%@ space.

As is shown in Fig. 9, sufficient separation o zones from def'ect
15 onesevaluated with respeat m:lﬂmeemdg&bqommthgy & ﬁltere}3sanli:byarfdter 44 gocartling tgood zones. .

i esBFReagies Dof Gomalaiea SR CREHoH . Thoresals SEhEeruion $2PE T he “cont ent s
of a r%’ﬁ%s@ﬂteatiﬁﬂﬁﬂ%nhrbﬁaﬁﬂt&%dﬁbﬁsfe Padd?Pfikié? rbspohs 2 Mo%}&lhﬁ%? i & NOw '
prograrmabl e in two dinensions.” The threshold val ues can be optim zed
eit hemmmmmm}@amg space|fbr evegyiimage point as point M. Point _clouds occeur, wh_erern
local zones having identical charactenstrcs, with reference ro filters 13 and 14, form
20 accumulation zones in the feature soace without local association in the intermediate image.
The use of a Gauss ﬁlter for filter 13 for noise suppressron and a spot filter for -
filter. 14 whose core represents the second derivative of a two-dimensional Gaussian function, A
proves advantageous for hrg__hlr__gh_tmg self-contained zones (nucro-defeets) within the evaluated
surroundings. By using these filters, it is possible to generate point clouds which are virtually
25 free of correlatron as wrll be seen ﬁ'om Fig. 9. " | |
Zones A and B from Fig 1, which correspond to zones. F in Fig 7, are imaged
as hrghly known zonesina, ﬁrst point cloud 15 and structures D are unaged as a point cloud
16 in the rmrnedrqre vicinity. Image pomt clouds for defect zones C and E are designated by
17and18. T o |
30 Of course, it is also possible, depending on defect characteristics and the |

permissible rate of false alarms, to use a greater number of different filters, e. g., directional
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10 nonitor or by nmeans of teaching algorithns. A closest-neighbor
classifier, back-propagati on network or a maxi mum |ikelihood classifier can
advant ageously be used as teaching algorithns. This is particularly

advant ageous when the feature space coa?ai-ns structures which are nore
conpl ex and whose separation can only effected by a nonlinear separating

function. The second star.age repy.,ese a second cl.assifier by which the

| nt £ modParBRs bpass and Ligpassfess, iehBr kROl SRR s0REn ] der ect

| TRGE ACERTEPBAAng t6 ik mibhdr Of e/ THIefec Whlths (48 sibjEctof tlesehrchHustbe | "
t he arrangenent tor detecting defects in the inspection of structure

sur f acesinsgedsas ffar asippssible from the pointodioudsi dfitke gaddizonessinghefeatige spaceok up

table in the formaof a RAM podul ¢ is cannected.by its signal outputs to.the
DoULs of fwo i ne Asi sk JEHIE5p SuBGRepERtion of gopd 2k Hom defést ones

poi it - by, ' s n\O¢ _ nlthat! i ' :
conglnect e%gaﬁiet@ﬁ agﬁgﬁs%'@gﬁéﬁg g'rrl}d? heéootg%tpgﬁt 'g?:ééesaﬂ%l?fégf ﬁnﬁggﬁm eP °zP2

i s conneseparhted inbinmaryfoim by inteoduSing thieshelds 19, 20rorjarseparation fuhetions210 r{The
derivative of a jwo-dinensional Gaussian, fynction. Fina , . each filter GF,
SPF 1o cimwiieanedhe gontanis Qhasesmd siaraee futhe fore ol lopkyg Bbley A SOrER od s
a two-di ' - oy : . Via the first -~

cl assif i%@?ﬁ%@gﬁ%ﬁhﬁ%@'em ries correspond to function f(g)

after the teachi ng THeahreshéld alues ogn be optirhiaed eithenby checking theresults orpaner ;. as

in{)ut signal] B 1, addresses an qutput signal B2 for conversion of the
ar 19 vi ngmppiefeor by meanscof taachingsalgenthms,fyelosestaeighhop classifieg, hackpropagatipy en

| o otttk af bt IGiRG Abssiiel A s AnERRNEG tellild MiEadtEROCC) 1
30 " 1 iTorithms] 3THi I itie AahARSAtaheqiRnahe fiahicesaoEorilts SRIEAdS T oS

t he second classifier KL2 as output signals B3 and An out put signal B5

cont ai ni whichiase more eemplexgad whose sepaftiongan onlyibg effected by apenlineatiseparating s

. Siygpal_ . b d for display] ] s f
ovent, |obReyaR. ‘ThA setndSfimee tptoretts Reefhd asSoR bén e it Tl
COY 5 5 POSH Bicdrivelted intd a binary-teriler&tFefect #RARLAccHRAb FR) 10 Whith thég®e W th

respect to the picture rate.” In the inspection phase, selected inspection
zones caremaimohly defecteCand®. i mage field in video real time. Every image

field, e.g., with 512 * 512 i | Nf.S. 4 t ed,.poi pt. b i nt, b

the two ol assi {1 or 48 O EPERemERt fas Sakediag APtk tbE HsbesrR of HrBE SHERRL e

for ever shdvipPmerif) ﬂ,(&ﬁ&f&aasm&mlada@@&hsaﬁmuﬁmletiﬁu%%ﬁmfam- o
module is connected by its signal outputs to the inputs of two line buffers ZP1 and ZP2, an

20 image arriving in a point-by-point manner being present at its input. Line buffer ZP1is
. connected with a Gauss filter GF on the output side, while line buffer ZP2 is connected with a
b spot filter SPF whose core represents the second derivative of a two-dimensional Gaussian |
function. Finally, each filter GF, SPF is connected to an input of a second classifier KL2 =~ *
which is formed as a two-dimensional lookup table. o o
25 Via the first classifier KL1, whose lookup table entries correspond to function

f(g) after the teaching phase, thé image arriving in a point-by-point manner, as input signal B1,
addresses an output signal B2 for conversion of the arriving image into the intermediate
image. The output signal B2 is given to line buffer ZP1 and line buffer ZP2 which ensure that
the respective image point and its. surroundings are sent to filters GF and SPF at the same

30 time.
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10 An expanded nethod for determning the contents of the
first and second storage when the structure to be inspected cannot be
detected by neans of an inmge recording is described with reference to Fig.
12. Two inmage cutouts BAl, BA2 are 9@l ected as test zones fromtwo
~inspection zones I1Gl, |&, each imge cutout BAl, BA2 containi ng a

realization of gilfd'redponse 1%&329951%%/6?%%?38@%&”@

zones corresponds to the 15 " Si'ze of a recor e S|ze 0 the

| nspeas owtputzsignals B3 aod B4i rAn output'sigiiah BS iontaining. thedefectemge bertlespbhdingont e rﬁg

f th d d d th f to,t
O oo e TO b nined Bfisise en B5 g ¢ e 156 s G0 B KOs 0nis e or ﬁe
the dgf afévenVdcBiveP et e @?@ﬁﬂ@ SiRichite Bf the SHEGEC drithg éxﬁ dt%ﬁﬂ'@ nﬂﬂlgzt&[ e%'lt . can

it is assuned that de s.are rare occurrences e sto
Be 2011 allowsadefecedbteammheealamvmﬂyrebmctmdhapmmea di rect eval uation of

det ect ed def ect The i ngpec e .l G and ot her |deht|cal zones can
then be anal yzecslnmﬁm&qcee@ ﬁﬂaxngff@eéuwg@nmeg%l& r@etlerq%bxmge

! Pspeat 8 tidsdiedl e S5y BAR MG S IS 12 5| RAGE b WPl X s 1.
A nepoiatiby pbint ﬂﬁthﬂassﬂi%fs%Cmbre rRgdlts d lish B défectswith Berrordinates f6H N9

zones in. a structured- surface cor‘rBrl si ng i magi ng the surface to create
an_or FYAy imagefield, frem wyhich adefeerate can be detemvpe having sinilar i mage 5

Bnge 1o crear o ARl LRbo I :"""Q*é*s?éi iy 6FbieBist b arkl 7 on

uher eitordgeavhealthe saact@ el ifispRarel chrliol boRéteaib by MR df ah hagdreBofdiflE ! | On v

of the obability of a corresponding original inmage point feature
bel ongl‘ﬁgcﬂ bedarith teference todiipi 12 dTwoirsage cutauts BAL, wrsplemdmg testal ysi ng

E:Ih:sgl | c;ﬁf o) ?é' %’t‘ﬁeﬂ‘% %g‘?%@{;ge Eﬁaé&%ﬁ?%@%-la?‘@l' ucé %rgl aimlin

whi Chrealifatidn®tia stichize to be Bfdhpdea! Wﬁe?&s itht e OTdhe et doNBOGITApOndy Blthd ¥ Of

i mage ,
15 g size of a recorded image, the size of the inspection zone is not limited. As has already been

I

desctibed, the contents of the first and second storage are determined with reference to the
image cutout BA1. The inspection zone IG1 is then compleiely processed, whereih the
defects with their coordinates are detected in inspection zone IG1.. |

Ifitis assumed that defects are rare occurrences, the storage contents can be

20 corrected, as the case may be, by means of a direct evaluation of detected defects. The

inspection zone IG2 and other identical zones can then be analyzed for defects.

Image cutout BA2 serves to verify the validity of the storage contents obtained
for_ '_ins.pect_i:og zone IG1 for inspection zone IG2 by comparing structure features.
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sanpl es are

obt ai ni ng 20

obtained,' each corresponding to ‘SUbeaﬁffa++ﬁL—‘__&

defect-free area of ‘the surface, the nunber of sanples bei ast e
to the nunber of defect- free surface pOftLﬂPS havi ng disd!@ﬂﬁ,

a probability distributio herefrom repr

val ues of the @uANMSI n the defect-free areas of the surface, and

assigning valugs to each t I Nt ermedi te I mge_as a function of
e éhﬁ#: ?# gﬁé&ﬁ ?%%%e FEEESinARd t?ﬁ?&ﬁb%b%ﬂﬁlty
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25 >~ distri blbtetmeers adAo:.r[ihbod zcmes cl dnneda i BtrqbeulfedZ | SuPhh el
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val ue of each )(ézro?dﬁ]zﬁ gﬂfaggln t e| n “f(ft‘l’lce Re FIH 5 dPBs g’ﬂﬁ”ﬂ%!al e.
4. A net hod d®ageni rﬁ.Q!ﬂD mg zonesfol|thesidage Iavinghsioildae image

|t or modi at 6 | age pa s SHICABRRLRE) naGe u?"{l?%?d%#y%’bs% Ehtfam

uncorrol ated c

e ddhe QrEiginal dusageite apwqr%@wmtrﬂmﬁ atie timage to15

eval uat ed charam.te@u saref@dtai wad f:?énQiEB.oh?jt @hepdiat €hé Wﬁ;@%hgn%d

t hereby defini
analysing clu

a ace and identifying e defect
§Per% C]Bf lPFr Ef“ﬁégf“ﬁfae inage PBBiRtsien & h@ul‘@éﬂ-ﬂﬁe °§pa‘é1ée 5

5. A met hod pmbamaum;d ofn aC ebm-eéponamgl Cdirlgllyilﬁ‘al ntﬁﬁi%@ PSihtrage

is anal d by
of the %ﬁfters

EERSRCCREA BB R, Parkniot L eRe | hobRATeer ok s

i mage. 6. A ﬁsmh@@rasompmmamngnanakysmﬁgluheMreglan|snnrdﬁhd1ng each

1ntermed1ate 1mage p01nt by structure class1f1catlon to

. identify defects.

2. A method as claimed in claim 1 in which, in order to
generate the intermediate image, a plurality of image .
samples are obtained, each corresponding to a

~ substantially defect-free area of the surface, the number .

15
20
\~ 25
30
35

of samples being at least equal to the number of defect-

free surface portions hav1ng distinct features, obtalnlng'

a probability distribution therefrom representative of
the values of the points in the defect-free areas of the
surface, and assigning values to each point in the
intermediate image as a function of the value of the
corresponding originél image point and of the probability -

- distribution.

3. A method as claimed in claim 2 in which the
probability distribution is stofed in the form of a look-
up table, the value of each original image point being
used to address the table.

4. A method as claimed in any one of claims 1 to 3 in
which the intermediate image is analysed by evaluating
the surroundings of each intermediate image point
according to a plurality of substantially uncorrolated
characteristics to obtain a qorresponding plurality of

1 |



fLLLer—%S‘U§§HT—BﬁEiof which is a |low pass filter and the other a band
pass fi I . A method as clainmed in daim6 in which the | ow pass
f"ﬂ‘ﬁ“&\“ﬁh‘“ﬂ“\\m filter and the band pass filter is a spot filter

havtik res Wi ch is the second derivative of a two-di nensional Gaussian
function. 20 8. A nethod as clained idn5Caim5 in which a pair of filters

is used, the filters being adapted to provi de noi se suppression and
i on being, eval uated. 25

hi ghlighting o | f-contained zones within are C 9
A method as cI%Y%gﬁgfﬁaCF%ﬁﬁgﬁcﬁﬁxﬁﬁF&ﬁtﬁéﬁ%ﬁ%sggFSqQFhe%EE?ﬁmgﬁaééearéﬁf
operated into thageerpoiotr s espimmibyy defdefiery wegfeasuzad gdpheetl-faaa
regi ons corres | 0o.a K- e. ;30 10. A nethod.as clainmed_in
daim2in m.gﬁéﬁgﬁ’égﬁ% e§3§re9¢%b Fhe k?’é‘nd%ﬁ?}.ysif? AGHHISESs eFai ned
in Caim2 in Wptermedbatenpnrage points in the festubeaspataeken from a
real -time imge of the surface. 12. A nethod as clainmed in Caim2 in
whi ch the sanples are taken froma recorded image of the surface. 5 13. A
met hod as clai *ed ifH AEBRD 3P whldimede d&np 1y e4t akBn -¥bighfrohea
real tinme i mgeneérhbeiate § apsgands nasngseacpidedgdmamy ddiypingage. 10
14. A nmethod_.as fl@lﬁé% iy Claim 2. in_ which - the, .
plurality of filters, each application of the filters
being centred at a different poiht in the intermediate
10 image.

6. A method as claimed in Claim 5.in which a pair of o’

filters is used, one of which is a low_pass filter and
the chér a band'pass filter.
15 _
7. A method as claimed in Claim 6 in which the low pass
filter is a Gaussian filter and the band pass'filter is
a spot filter having a core Which_,is the second
_ derivative of a two-dimensional Gaussian function.
20 _ : _ _
8. A method as claimed in Claim 5 in which a pair of
filters is used, the filters being . adapted to provide
noise suppression and highlighting of self-contained
zones within a region being evaluated.

25.'.': | - o | ~

9. A method as claimed in Claim 4 in which the clusters
in feature space are operated into clusters corresponding
_..to defect regions and defect-free regions corresponding
to a look-up table. '
30 .
10. A method as claimed in Claim 2 in which the samples
are obtained randomly.

11. A method as claimed in Claim 2 in which the samples

&
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f kndwn defect areas. 15. A nethod as cl ai me

n
15 clainms in which the inmage point class m ’Im”mﬂim
16. A nmethod as clainmed in any'on

ours of the points. ® 0
ms in which the i mage poinl6classification nmakes use 20
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stribution includes negative information reT\}T‘iéf5‘6ﬁ€‘0ﬁ-\

tures within the surface. 17. A nethod as clained in any one-

clai,ns when dependent, upon Caim3.in which the values in
Bre SPEor 5

&P P feadordds Adade efedile surface. of

-up € conpriseSa
are taken from a recorded image of the surface.

- 13. - A method as claimed in Claim 2 in which the samples

10

15

20

30

are taken both from a real time image of the surface and
from a recorded image of the surface.

14. A method as claimed in Claim 2 in which the
probability distribution includes negative information
relating to one or more samples of known defect areas.

15. A method as claimed in any one of the preceding
claims in which the image point classification makes use
of the colours of the points.

16. A method as claimed in any one of the preceding
claims in which the image point classification makes use
of texture features within the surface.

17. A method as claimed in any one of the preceding
claims when dependent upon Claim 3 in which the values in
the look-up table are verified by comparing the results
of inspection in one area with the results in another
area.

18. A'method as claimed in any one of the preceding
claims when dependent upon Claim 3 in which the look-up
table comprises a database. ‘



