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rel at es gwoerasdeys t o i nspecti on systens and nore parti cul @CTyUSvw141P3rage
processi ng systens and techni ques for use with inspection systens including
i nspection systens used to inspect printed circuit boards. BACKGROUND OF
THE I NVENTION As is known in the art, an inspection systemrefers to a
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sensors are cameras that are sensitive to the visible lights spectrum. Others, for instance,
are sensitive to X-Rays. The image processing system compares the captured image of the
20  actual object being inspected to a software model of objects of that type. Based upon the
results of the comparison, the inspection system provides an indication of how well the
captured image matched the model. Thus, the inspection system uses models in the
inspection process.
As is also known, a software model or more simply, a model, is a representation
25  of areal world process, device or concept which has been “realized” or “represented” in a
software. The model thus provides a representation of selected or entire aspects of a
structure, behavior or operation or other characteristic of a real world process, concept or
system. The real world process, device or concept is referred to as an object class.
In order to generate a model, one must first identify an object class and then select

30 attributes of the object class to be encoded in the model. The object class thus typically
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exanpl e of an a ute used to nmo conponents on a printe
board are téiuptabjecbdussdary edges with the printed circuit board and any
' nternal An object which is a “true negative,” on the other hand, is an object which does
20  not properly belong to a particular object class with which the object is being compared.
For example, assume the object class is integrated circuit package types and the object is
a lumped element resistor. In this case, the lumped element resistor would be considered
a true negative with respect to the integrated circuit object class because a lumped
element resistor does not belong to the same object class as objects having integrated
25  circuit package types.
In order to match a model to an object to determine if it is part of the object class,
a matching method is used. The matching method extracts the chosen attributes from the
object being inspected and compares the measured attributes of that particular object to

the attributes of the object class as stored in the model. One important aspect of the

30  matching method is that it correctly calculate or determine the value of the attributes from
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techniques typically use only a single type of model having a single attribute. Also,

20  conventional inspection systems use a single matching method. Most model matching
schemes compute instances of attributes in the image and compare them to all instances
attributes in the model. As described above, the number of correspondences that must be
evaluated is exponential. Many techniques try to refine this set by ruling out combinations
that are unlikely or that violate some heuristically generated rules.

25 Different types of models are also known. One type of model referred to as an
image model is generated from an image of an instance of an object being inspected. In
practice, the model is often derived or built from an image of a sample or a typical one of
the objects to be inspected. The sample or typical object may be that of an entire circuit
component or a portion of a circuit component or from a portion of a PCB to be

30 inspected. The image model typically includes only a single attribute, for example,
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inspected. A matching method is used to translate the image of the object being inspected

20  (e.g. the component or the portion of the circuit being inspected) into a set of edge
attributes. One problem with this approach, however, is that a new image to be inspected
may include many edges. In such a case, it may be unclear which set of edges to use to
match the new data from an object being inspected to the set of edges or lines in the
model thus making it difficult to measure the corresponding features in the new image

25  and in the model. It is also possible that due to poor lighting conditions, camera noise,
low contrast between the object and the background, or numerous other conditions, the
image processing system was not able to discern a true component edge. When the
matching method has not accurately translated the image circuit components into the

desired attributes, the inspection system will not yield accurate test results.
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not there or are faulty. Thus, inspection systems utilizing the single model and matching
20  method approach typically result in increased PCB manufacturing costs and reduce the
rate at which the PCBs can be manufactured.

It would, therefore, be desirable to provide an inspection system and technique
which results in relatively few false positives and false negatives. It would also be
desirable to provide a technique which increases the capacity / rate at which PCBs can be

25  inspected and manufactured and which processes images of printed circuit components
relatively rapidly. It would be further desirable to provide a system which produces
results which are both reproducible and repeatable.

SUMMARY OF THE INVENTION

In view of the above problems and limitations of existing inspection systems,

30 including circuit board inspection systems, and in accordance with the present invention,



characteristics to use in the inspection process. It has, in accordance
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20  layer that is deposited on both outer surfaces of the unpopulated circuit board during its
manufacture. The solder mask layer is provided in a variety of colors, including, but not
limited to, blue and green. The solder mask layer is applied to most of the surface of the
unpopulated circuit board, including all areas of the unpopulated circuit board that do not
receive solder paste. The solder mask is not applied to areas of the unpopulated circuit

25  board that do receive the solder paste, the solder paste areas provided to attach electrical
components. The solder mask is also not applied to unpopulated circuit board areas that
must otherwise be exposed, for example connector pads. The areas that receive solder
will generally be either silver or gray both before and after solder paste is applied, and the

areas that are otherwise exposed are generally silver, copper, or gold color. In addition to

30 the above colors, a silkscreen is often applied to the surface of the unpopulated circuit



exanple, a resistor can be black, green, or brown. In many instances, the
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Thus, in accordance with the present technique, a method for generating a

characteristic palette for a circuit board for use in a circuit board inspection system

20  includes identifying a value range of a first characteristic on the circuit board, establishing
a plurality of characteristic categories for the circuit board, and selecting a first plurality
of locations on the circuit board with each of the plurality of locations having a
characteristic value which is representative of at least one of the characteristic categories
with the first plurality of locations corresponding to first palette regions for the circuit

25  board.

With this particular arrangement a palette region which can be used in an
inspection process is provided. The palette regions correspond to physical locations on
the printed circuit board at which a value representative of the characteristic of interest
can be measured on the circuit board. Once the palette regions are identified, the palette

30 regions can be used in a circuit board inspection process. In particular, for each circuit
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20  values and based on the result of the comparison, categorizing each of the grid regions.
With this particular arrangement, an inspection process which uses dynamically obtained
values and which results in an accurate inspection process is provided. The categorized
grid region values resultant from the dynamic measurements can then be compared with
expected categories for that region of interest on the circuit board.

25 In accordance with a further aspect of the present invention, a process to inspect a
circuit board includes representing the circuit board with a relatively small number of
color categories and using the color categories to determine whether a component is
present on the circuit board. With this particular arrangement, a process for inspecting

circuit boards which utilizes a relatively small number of colors is provided. It should be

30  appreciated that the process can be used to inspect circuit boards and other types of
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steps of alihclodingdat hyt lnbitaimdm@ratemu&pmhldhnmﬁanae obomesee i sonig0 r ot at ed to
be at the default orientation; 9 WO 02/088688 PCT/ USOZ/ 14195, Fig.
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color palette (i.e. the characteristic of interest being color) and the regions of interest may
be referred to as color palette regions. In another example, texture may be a characteristic
of importance in a printed circuit board inspection system and in this case the
characteristic palette may be referred to as a texture palette (i.e. the characteristic of
20  interest being texture) and the regions of interest may be referred to as texture palette |
regions. In short, any characteristic (or combination of characteristics) of the piece being
inspected can be used to form the characteristic palette and the palette regions are selected
accordingly.
BRIEF DESCRIPTION OF THE DRAWINGS
25 The foregoing features of this invention, as well as the invention itself, may be
more fully understood from the following description of the drawings in which:
Fig. 1 is a block diagram of an inspection system;
Fig. 2 illustrates the steps for inspecting a particular printed circuit board type;
Fig. 3 illustrates the steps of automatically obtaining a snapshot of a component

30 rotated to be at the default orientation;



Fi gs. 9-9C show i mage, structural, and geonetry nodels applied to three
different cases of inspection. Figs. 10-10D, are plots of the structural
nodel scowe 08868t ances of paste and 15 pl aced i mages f ®@CTAISpACHEYe type
000805. Figs. 11 and 11A, are plots of structural nodel score versus
instance is showmn for a series of placed parts and paste parts of the type
RC 1206 Fig. 12 shows an inmage nodel matched to a conponent identified as

an RC0805. Fig. 13 hq%ﬁws.i mage npdel scores for ste and pl ace images of
the type RC 1206F18 ‘é% gbes pAcarning Rraqesiyel °p achiHT L fIamPET Magsy (RRisgPas o del

or set of n?@l%gsﬁg%gp[sﬁg&%ges good tlassification of images for a part
4B7shows a hi T
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the steps of ap, %xerrpl ary optical process for 25 printed circuit board
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Fig. 17 is a flow chart showi ng an exenplary |l earn paste board process and
an 10 WO Off”@@%‘@f@g PCT/ US02/ 14195 exenplary | earn paste board process, as

wel | as an exenpl i I SS ikl i I i i:agram
ot g o on LT RSO e T 088 S g 18l kS Buthf

regi ons has nbeémal appitatemhs aFigined ®A captusedpmegoreagainsdi agr am showi ng a portion
of a placed circuyit board ta 5 which rid area hayi .grid regi.ons has
been applied; Fi é.lg' f@gf"é’sg}?@a@éﬁ?‘b‘?’iw@fi ameiyRslgls r}%é%st #éﬂdi 1%H%F$cuit
board havi ng ' el ich solder paste is inconpletely applied; Fig.
19A i s anot hreoﬁr?%}%@??gn?%g@hage, corresponding to the el ectronic inmge of
Fig. 19, to whiclFigsi9eoC elypw mage) stntdtodal, aod demagsheddls appiednpthetcdifferppl | ed
are 10 el ectroni fal ly filled in to indicate solder paste; Fig. 20 is yet
anot her el eCR¥8RT BSPSFHER showi ng a portion of a circuit board having

regions to which F?é%l f’(?—'i O]B,aé:lje %ldt§ of &Qgﬁﬂétﬁlta?ﬁ%délg%lie%% instances of paste and
15  placed images for a package type CC0805.

Figs. 11 and 11A, are plots of structural model score \}ersus instance is shown for
a series of placed parts and paste parts of the type RC1206
Fig. 12 shows an image model matched to a component identified as an RC0805.
Fig. 13 shows image model scores for paste and place images of the type RC1206.
20 Figs. 14 — 14A show a technique for learning a model or set of models which
provides good classification of images for a part type.
Fig. 14B shows a histogram of number of occurrences of scores having two curves
fit through the data points.
Fig. 15 is a flow chart showing the steps of an exemplary optical process for
25  printed circuit board inspection using dynamically obtained values;
Fig. 16 is an electronic image showing a placed circuit board, a circuit board upon
which some electrical components have been placed;
Fig. 16A is a pictorial representation of a portion of the placed circuit board of
FIG. 16;

30 Fig. 17 is a flow chart showing an exemplary learn paste board process and an
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Fig. 20A is yet another electronic imge, corresponding to the electronic
image of Fig. 20, to which the regions to which sol der paste is

i nconpl etwDy2ags9B8 ed are 15 electronically filled in to i mdrasoz149e3 der
paste; Fig. 21 is another pictorial diagramshowi ng a portion of a placed
circuit board to which a grid area having grid regions has been appli ed;
Fig. 21A is yet another pictorial diagramshowi ng a portion of a placed

ircuit board t i ch i havi id i has_b li ed;
and 20 Fi g, BRI IS gastaPagR AICERod Well ohed Srouylaty JeRn G A lPecehr i ni ed
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present inventjon finds application in a wde variety of different fields
and gener al QW ﬁcﬁégfde’éWF ‘éé‘%ciomiett%[ylaﬂléheﬁlr

»obl em of obj ect recognition or

detection. The PEESEDA i BYRRreRRHERT il%e%éa%oﬁésfep@naiag ECHE IcESnie Hhgsd §f Ssuch
as faces or to detect object such as wafer defects. OQher 11 WO 02/088688
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anal ysi s, and suryvejl ce and. ponitoring applications. Also in the
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lighting 5 systemor [1ghting system conponentS or |ights which operate at
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the art will appreciate, of course, that the concepts described herei
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Fig. 21A is yet another pictorial diagram showing a portion of a placed circuit
board to which a grid area having grid regions has been applied; and
20 Fig. 22 is a flow diagram showing the steps to manufacture a printed circuit board.
DETAILED DESCRIPTION OF THE INVENTION
Before describing the processing and apparatus of the present invention, it should
be appreciated that, in an effort to promote clarity, reference is sometimes made herein to
inspection of certain objects or inspections performed in a particular field of use. Such
25  references and accompanying examples are only intended to facilitate an appreciation of
the invention and should not be taken as limiting use of the concepts described herein to
use with only systems of the type described herein. Rather, as mentioned above, the
present invention finds application in a wide variety of different fields and generally finds

application to the problem of object recognition or detection. The present invention can

30  be used to recognize objects such as faces or to detect object such as wafer defects. Other
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exanpl es and should not be construed as limting. 15 Reference is also
sonetines nmade herein to inspection of certain objects such as printed
circuit bwerodessssgl circuit conponents di sposed on print edP€iruso/141pdar ds.
As described herein, a circuit conponent or nore sinply a conmponent,
refers to a part such as an integrated circuit which is nounted or

ot herwi se coupled to a printed circuit board (PCB). The object nay al so be

a printed circuit, hoard defect.. The PCB may. be of an 0t . Those of-
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t he techni qpesilcdes cmfregdurehe Tbpse ofwydibay ukidldn filor aramyl] byrecia®, gficontsedhat
circuit board or circuit g%grd coqgone t \ﬁ/ithout regard to its functifn.
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| ogo or. any ,other inmage, Ljkew se, L the processors described hereinbel ow may
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14 which contains detailed i.nformation cqoncernjng certain qQbjects. For
exanpl o, | niMEmEAeLuTRe & YRRy OF NEUIPRUPEIS AT hete prseRisd dererATa YY1 4

i ncl udes de@ﬂﬂ@ﬁﬁﬁ’g shofigmEpbd Sg,g&pagrlﬂliﬁpg%t he shape and size of an

integrated cir oes not 1 nc e any nformation related to how t he
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results of FheidSREGh! PArdfi@3ny3nddSr hIPPEREPNcsthAtheht, RERMo 4 Bart such

as an integrated circuit which is mounted or otherwise coupled to a printed circuit board
(PCB). The object may also be a printed circuit board defect. The PCB may be of any
20  type.

Those of ordinary skill in the art will appreciate that the principles of the present
invention can find use in a variety of applications including, but not limited to, inspection
of printed circuit boards and components as well as inspection of any other types of
objects. For example, the present invention finds applications where one object is

25  disposed over and possibly in contact with or in close proximity with another object or
where one object is embedded in another object, or where it is desirable to identify a
foreground object from a background in an image. , Likewise, the techniques described
herein may be used for any type of printed circuit board or circuit board component
without regard to its function.

30 Accordingly, those of ordinary skill in the art will appreciate that the description
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15 An i mage processing system 20 coupled to the database 12 includes an

i mage capture system 22, an inmage processor 24 and an imge interface unit
25. The iwage/08ssdpt ure system 22 may be provi ded, for exaRpT4S0zsi16hHe or
nore caneras or sensors which capture an i mage of an object to be
inspected. In a preferred enbodi nent, the caneras correspond to col or
caneras. After the image is captured, there is subsequent 20 processing on

the data, such as Bayer col or recovery, ite bal a .cont gst
enhancenent an‘bPl@Cessmg'F‘I’%@ri ke gereinasdaling glags pn @Elt?é‘ffr%’ét as a

gr aphi cal us ¥ Lan
interface w r@g%&ﬁ?ﬂ%ﬁﬂg@e%gﬂ&)&g@% 3&3’%3%%3%96@ﬁ%!8f:%%g‘?gc %ﬁﬁéred by the
i mge capt uc@nptstlego ai2angrothed éhbye rididewite ahe processers dB3seribyd hewirdslow ey
runtine system 26 determines from the |nspect|on pl an_ 16 V\/rt]ICh parts to

i nspect in Bifdeaniperof étegraied Girevit mardvirqdar dregirEme fxperaryyepartsdar
runtime 53ys{a§ﬂqo*2 !)1?0 determ nes what parts need to be |nspect ed over
several canera s of view (e.g. if the part crosses a canera frane
boundary or a paRbfenﬁngnmvm Bigf b,ra moeessiagBysierh 118 1f&) perfbomingsipgetticmseot
particular part, the runtimnme s m26 i nvokes an inspector nodule 30 28.
The ins pect BHNteE glipwt b@rﬁ% e%ééﬁ@?@%@ﬁ"@é’?% é% aying stopgekthgrein a

an i mage mof2y g Hnthy bF ﬁéﬁﬁéﬁsﬁﬁéﬁﬁ?ﬁf&% on SBRieBAE Cerf UG BUCHEIT 52
nodel pr ocessarplddnalitcaad obd P@Btiameouﬂorrmtend elpee;mba[gew)raryhd 1ﬁ¢lﬂ<ﬁdsrt’leta$lydt em

26 can invoke the i nspect.or ule 28.in an g "l earn node"
or a "debuginffgeation CPHC%‘%)‘P&t}}e PPF AN IER Y 1R dctuﬁ@t 9%%%&‘%“%4“5’ | ear n

and save att l‘ﬁllgt F?aqﬁ r P%B@ to
the corres po iy %?@Q%Htt%'té?\&ct a %g(%ggggg% SJt%?lio%:l%rm el sﬂg%q%ba%rl\??%g
system 26 c&mmhkan lm;pwnoﬁ piam ldbraydic whiah & despled tndreinbgetion msmﬂlgeﬁeraﬁ@rw

i nstance, during a debug. process, the user of the system can be asked

quest i ons virdiqhrgegergtes an finspegtionplan s amatticular B and skayet bevesulis R@@et he
i nspect or &loag’léfﬂnttﬁb%ngﬁ&ﬁgﬁblaﬂ?{%?%rgqges10- i nspection process is

initiated. I'nspect1 on process cribed in detail in

conj unctd on W t h Alniighag®ploetitg sSuttini 20ecoubledes ehetdatabaye maciudsmﬁtrﬂazge system
10 utilizes a plurality of nodules during the |nspect|on rocess. In one
enbodi nent , CARECISHEPBC Yhimags Precssses 26@1&3 Pl ERageripicrfpgrginiy ethesmage he

structural i I rder to
perform an |E'T!{r)f§s:lpec’?g ﬁglﬁﬂﬁﬁ%ﬁgﬁ%sfgre%@h aég @81% a&*e?ézéeog O%n i mge
nmodel , a st khidhwapturémdizhagand a@og]eartettfen@speaé@l Inta)pfefeslﬁa@tnb@&mt She

cameras correspond to color cameras. After the image is captured, there is subsequent

20  processing on the data, such as Bayer color recovery, white balance, contrast
enhancement, etc.... The image interface unit 25 may be provided as a graphical user
interface (GUT) for example, through which a user can interface with the image
processing system 20.

The images captured by the image capture system 22 are delivered to a runtime

25  system 26. The runtime system 26 determines from the inspection plan 16 which parts to
inspect in one camera field of view for a particular board type. The runtime system 26
also determines what parts need to be inspected over several camera fields of view (e.g. if
the part crosses a camera frame boundary or a part is too big for one camera frame).

To inspect one particular part, the runtime system 26 invokes an inspector module

30  28. The inspector module 28 includes an occlusion detector 30, a theta estimator 32, a
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The three nodel types are conbined in a way that uses the strengths of each
type of nodel. The imge nodel 36 is first applied to a | arger region of

i nterest WOORMEBBCB to determine if there exists an obj e®PCTIUS02/185 | ar ger
region of interest that | ooks extrenmely simlar to the picture stored in
the i mage nodel of an object being inspected to determne 20 if the part
bei ng i nspected "l ooks |ike" the inage nodel. Such a use should be

di stingui shed, faqr, exanple,_fromconventional uses of i n@ge nmodel s in which

the i mage Kiderdidsbugagtephstat BRame RO hBICREFORIO- GTENTa H10dg RrASEt3Sd i s
present in a o&lgg?lqgmoué]ﬁ)roégss h® a'nH.g‘g%riQPQﬁé)n hﬂrl@?é%@&%ﬁc. el“h‘fé"rﬁltf’cirhggyspé’n’?sent
invention provides a relatively rapi technique for identifying objects
whi ch | ook 3ecan igvekel the inspérdorahdduldP® asan findpeciedode?, & firaimodeBger aftidblg can
correspond to_col or, | um nance C. It shoul d _be appreciated that an

 mage model mPd (9PN dabyseodi ORI BRI IEaFR Al e ATPUES Rl .
Usual ly ¢t h ' _ _ f
an-obj oct . ToaRharRcs of PR A UMAak - AR ERRPORFRE Bl ARuch TRl v1 o ©

processed i gmgetdeabdeles Ths uahinesyseadicanh salerinptekdn b asdredd anes intérfadenage

nodel may al so exist, at many .different resolutions. A 30 di sadvantage of an
i mage rnodel mpgulﬁ-hgw iRgiaYcS g‘é‘i”ﬂ% adetyg Paoqsafraéheolﬂsebag%ayqﬁﬁaﬁal brgskedok 14 wo
02/ 088688 P . : imlar to the features on an object. After
t he i mage rré%’l&%é/l%g&g%ﬁ?&g%ﬁt% the i mage of the object being inspected, a
structural nodel Wa8n itlee i@ptilie agstem Speked theahdpyctot hedslier28dh theshspeodabdE8ni s
applied to nake ., the deci si.on of _whether. the object is truly present in the
regi on 1f | RERSCHSR PquFSStlF'lén’ilﬁ‘fﬁ‘geT]Be JRERFEOR H’Eﬂcﬁ%?t‘@il ]%eff%ﬁcrittedtlfh‘ilﬁ?{ % he part
is present . Leuw-ar ti : . see if
the 1 i car S eFh MAEURYs baGF, Ko iARrE L 7 RpecBE Sy BF 1A o
present on plaalipastmodides diringaheiinapection gtockEsy Ihenesebodiment, thel idepeatied oser
approxi mation_ of the |ocation ofq?ﬁhe obj ect . if t he i mage nodel .indi cates
that it doe@ofge 28miiHresthe apage model parthe ryqieral model 38 anfirg%f‘g@on@trgfr@géﬂt in
the RO. Thg, st : I oTe] 1 he j . t

t hat | ooks ﬁ? I?’fe%%gfm%rogﬁqaﬁ ﬁge% maggnr%tg) é:ltlwbg'gl Qﬁfg@ﬂtnﬁ%écrﬁ%%{;ﬁgg ?Eté{?%{sal
conponers s. anlingage widaet, agirutineal mmlgleandradoedbietiid modél todispldtogjesiseps i s an

i ndi cation that ejther %& the part i s ahsent or 2) the gart IS present at
rough | ocation <khe/thregmede fynss arepapdingd in agyayithafiisgs the suengithsed ea¢h typge
part is pre a ri i i . } } t he
ocati on' of SReissaTRE SRIThSLTSBE i PatRRU A PE Lk ot LR Bt R oR IRTMCEN o)
40 i s appl i @erhfindFtlRsraeRictsphabjeseinythis ke gtraegioh @f iiérettiiRat looks extremely

similar to the picture stored in the image model of an object being inspected to determine

20  ifthe part being inspected “looks like” the image model. Such a use should be
distinguished, for example, from conventional uses of image models in which the image
model is used to determine whether an object being inspected is present in an image. Use
of the image model in accordance with the present invention provides a relatively rapid
technique for identifying objects which look very similar. The attributes included in the

25  image model can correspond to color, luminance, etc.... It should be appreciated that an
image model is usually a fixed pattern of binary, luminance, color pixels. Usually these
pixels have a one to one correspondence to an imaged view of an object. However, an
image model can also be a fixed pattern of processed image features, such as gradients or
texture features. An image model may also exist at many different resolutions. A

30 disadvantage of an image model is that many features on a bare or pasted board may look
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part or object being inspected. The geonetric nodel searches for all edges
of the object substantially sinultaneously with the constraint that the
edges matwb o2iogse88 op | evel " nodel description. The assumpCirarsor/siipmde wit h
the geonetric nodel that the part or 20 object is already known to be in a
particul ar place and the geonetric nodel 40 determ nes the exact details
of the part or object placenent. The geonetric nodel utilizes strong

gradients in |um anceh PO| or, etc..... to precisely locate the part or
obj ect bei nd’efyn%@@@it@d.e CPTUSHBLAOYE tappr eci at ed that the geometric nodel

can use features othele HDBB nifdePiis HHA ShSimds rfmegé&,b' i lyze
the i nmage for regions eclon al ni ng ilnsfa%gcti on pgrilr%tgso, 25 thesfngéo @%t%ﬂ%
feat ure, andtrevteral mvdgle3 & isapplicels., Speeifically, the dinsttumakinopel S8iis eppliedas intakened

mar k. Thus, use of th |tiple nmdels in the inspectiqn system 1Q results
in the systd %’“%ﬂ’/ﬁ? W%%&ﬁ%%sﬁ I PRy Preseavia e ‘%Ehoé‘ FaREES. Jhthe e or
measur e g;n]g SRS b a2 1150 AthinkE u;erhpea%% 8&%@&%@ p%lglbgﬁr }0%5@661‘1 t%%tﬁe&raﬂ are a

series ow di agrans show ng t processi ng perforned by a processing
appar at us wmadte! nleegks foaee extherpldigatdsepaptrloy iatl ed thesstypatutal déatbee thall §hodld be

02/ 088688 PCT/ US02/ 14195 i nspecti on stem 10 (Fig. . to inspect printed
circuit boadSefr ‘}Pa%%r%ﬁﬁﬁ% el ey %w@ég Qr%&%% eloserapropEnation
i mpl enent ed Jpy, ABCAHFRSE HY &:”Eﬁfﬂ%i&%& ﬁ{@dmh&i@?téé ﬁﬂt%dog?ﬁcﬁl?lfitﬁl; % es in a

process ot her than PCB inspéction. Theé rectangular el enents Ied by
el enent 54 isim#fardo it? jnteraaldntage & presbanot thel RQir dhe sisuctgrabinod&lspdksavdr the

represent 5 conputer software jnstructions or groups of instructions. The
di anond' 8 hapdiplereginadpisa patt {hat hogﬂ d)%f;r & gﬁ?gh@e gpagsmpeslel, buhhas degighbr e n
denot ed "de%{rﬁétﬁfhll%lﬁ?&%nfs. and represent conputer software instructions,
or groups of i1 nstructions which affect the execution of the conputer

sof t war e i nst r uctlheatpuepf ths embgdarhlysttuberg medessd stgpdiks an kisdicatioh elidi atthatel v,

t he processi and .deci si on b ocks, represent steps, perfornmed by 10
functi onal | ﬁgéﬁl?e\lﬁdﬁ émenfc?rr%flft Rarkifdeseat & ren%- lpeqtios; g W g e pbsp)

circuit or : [ ' | 3.Gpd r Cl i i - £l ow
di agr ans doqﬁtg%l&ggépﬂ(%?{e "te %21 f%s%triaff%(g#sg%tgg ggééqu%flgmoggl%rag@?%%dﬁiggprﬁgﬁguage.
Rat her , 15 he pkdadselydihegcatien of the pturt at ebjeticbeidfglingiectedal i nf or mati on one of

ordinary skill in.the art requires to fabricate circuits or to ?enerate
conput er sof t war & 43lypREgosRghe Medsh HYis sBplisy tp dgtsrrug negcischieths docefienphthe 15
apparatus. | ] h [ I as
TPrE al |y Pan R SHeft RSN The TR RGP ALAGL P BIR Wrihe SWER, 22
are not shownbstirttially kimene@phreith dteadnityaifthihe ehoédges diatdrthie Stop ldveim t he

art that unless_otherw se_indicated herein, the .
model description. The assumption is made with the geometric model that the part or

20  objectis already known to be in a particular place and the geometric model 40 determines
the exact details of the part or object placement. The geometric model utilizes strong
gradients in luminance, color, etc... to precisely locate the part or object being inspected.

It should be appreciated that the geometric model can use features other than strong
gradients. For example, it can analyze the image for regions containing inflection points,

25  other geometric feature, and even image features, such as a distinct precisely positioned
mark. Thus, use of the multiple models in the inspection system 10 results in the system
10 having increased speed, fewer false fails, and greater measurement resolution than
prior art systems.

Figs. 2-6A, 15 and 17 are a series of flow diagrams showing the processing

30  performed by a processing apparatus which may, for example, be provided as part of the
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particul ar sequence of steps described is illustrative only and can be
varied wthout departing fromthe spirit of the invention. 20 Sone of the
steps i n wWhe2/08ss88 di agr ans of Fi gs. 2-6A bel ow are descri p€d/se2/nans board
specific meaning that no information fromany specific printed circuit
board is needed in order to carry out the step. Qther steps in the flow
di agram are described as board specific neaning that at |east sone

Lypes of - pr IAPEoBFRER{ gLl Aup reperc i vt Rar b hCRsl Pyt 1é/s fre ¢
step. I'n paploceddl@stepsima RAKPIGHNRG 1§ SiRRe 9foc§§s@r& s?@t?ﬁ%ﬂ%ﬁi sy Ng a

process of “inspecting a’printed circuit board is sali 0 be non- board
speci fic, tmas:hetmﬂmams gsa piva¢ssoties thandlhmspectiapp e mct@gpbcclementsf what

board is be Exappl non- s i fic, board nat i.on |ncI ude
Che size of (THESHLY Eemehhar b ipeoRedr a feli grare g Hodinetyapessriot
struct urgl terPddP VRO IREAMi OR® 8LErou @frlﬁstw%hi | hd dlal%ﬁ@ﬁﬂ ?&1 biemidagd
nostly in the 30 training step where the nodels learn t erence

bet ween an (tngifiahbg elgneat @@mFlgrﬂ)pastmrelméem@Zk@B%%@@T ﬁnﬁ@te]sﬂmgS in
a region of |nt rest. and. a r ion of int th bar Any
Step that  PUBRIPCOTEBA BREUSIOnEAr GroHEF PO HeRBGS CHERE B RRATEBRTd | o
board speci fHeQ:omBﬂfe‘i"s&@w&@%&ﬁcFér& represénfi®l 13GRe bRRQGId MBI ocess is shown.
In the inspection process, processing begins in step 50 where it is

det er mi ned whet héﬂtemapadkafgeptqcbssmgwardslemsmpdqdekatr@uesemf ste¢fsperfanheatyey

o ot 2 BRI S BGBERES S P SRl B SRS el g™ "
popul ated  Lh&R.HE5D ﬁicq&ega@éascl&hﬁ%Asm srth%mo%ﬂdra@ﬁﬁﬁ dbhie @afkage |ibrary

is popul atedand th ep 52 where an inspection plan is generated for
a specific B@Bx dﬁmygnauicagm piagjwrmnmg lsngrrag@t Ruthelr, the flow Hadens illisasd thel ass

type. In on parti c 10 P spect.i.on ication,. . eleven di fferent
W tal o o Sl Bhistranear or R ot 4 6 R bisRucs e Ao dh e o
appl i cati Ongeﬂ@%e E&H tEFscﬂsRﬁa?e &)ﬁ%?fo%QHéaﬂo\fééﬂ@re@hﬁﬁ%?ﬁle%égtléuﬁtﬁ't ot her

applicationsS may req | ess than el even visual classes. The particul ar
nunber Idf pranmhs c]lt a]snsfl’& beisetdd ilnat avayy partine pudgram alqniemtsa!;uohras whitidlizaion

selected in ccor th(}qﬁgﬁ needs of that pli cat ) ar.hﬁj
classified & °8P§) Yaé’& Afe o} teapopaLy, gariph % pots O‘é’Pr SYWr&.  For
I nstance, 1% 9&1&@%%&%5%? Qrd‘ﬁ%}fémﬁ[&g%l%& tH@t\’lﬁﬂés‘é"%tHérﬁ%léé nﬁn&?fegﬂ%réﬁ tfé t her

side of a co ored dy. Thus, a ‘capacitor of size 60 by referred
to as pac kagmhcmlypﬂqﬁélﬂ:@@ﬁ)stepmdlesanb@lsns sliwtratye enly andﬁz(h myvasied mitheui r ef er r ed

to as package e. RC1l e t he.sane visual class even though they are
of differ eng l%ar‘")i/‘g% ﬁ?)%hz'"flb? I PR Bt
20 Some of the steps in the flow diagrams of Figs. 2-6A below are described as non-

board specific meaning that no information from any specific printed circuit board is
needed in order to carry out the step. Other steps in the flow diagram are described as
board specific meaning that at least some information about one or more specific printed
circuit boards (or specific types of printed circuit boards) is needed in order to carry out
25  the step. In particular, if a particular element or step performed during a process of
inspecting a printed circuit board is said to be non-board specific, this indicates that these
elements apply irrespective of what board is being built. Examples of non-specific board
information include the size of the parts, the snapshot of a particular part, the default
structural model and geometry model. Board specific information is used mostly in the

30 training step where the models learn the difference between an instance of a part on paste
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functions. 20 Libraries of parts typically describe the part as a specific
package type with known dinensions and also a functional value. A part

nunber i swofozessegs ven to a package type w th a parti cul aPCrirser/i4es val ue.
In these libraries, it is not noted how the parts | ook or how they should
be grouped via visual characteristics. An inmage processing systemon the
ot her hand e.g. inage processing system 20 (Fig. 1) expects a grouping of
parts based 25 on their structure or  appear, to

nce. it is useful
annot at e any? pEEton Qi pptgresEand g lieﬁloél of dgderest; Wiflypastid Q}%é{f‘aﬂ’adél agxeep that shoul d
be noted t hgée uﬁr%s @onlté r11¥fo rea dﬁ%%’th@@%’t‘ bﬁ‘ttl’f‘eqacfa&“d s bobfd %@&ﬁcon the

objects to |nspecte is a st or in the data base) or can be read
froma conputer Efanﬁlh@mtcoﬁgoﬁrthe PEBoingpetictepiocess it ﬁmwpndnkl&tmsmeﬁcbrep may

not be needed in which, caq se, pr.oces 30, be |n not at i ng Lge .
library. | nPHCae: POECSSIHE 4© gm?ﬂﬁ‘?t@ag ﬂﬁmemg&sqe R PeCRES 01 1517 WO

02/088688 P?Séxh’ﬁ@&’ ﬂf‘%ﬂ@éack& fiSaitiQ ﬁSﬂflétQ&{}{%h @d%gslﬁ%ﬂ%%o L& Wﬁ%r%‘ag

determne i ere are entrres | |brary ery part on t oard.
The package inspbatianypldnns lgetested fidrar spamﬁo RCBudhthegiackebe 1ibaarty 1sdm<mpnpulataé (2)

t 3 d t nber: (4 bod 6) d
the pa?‘?”ﬁa@z(@n?pé%%s e v B4 6D St Wobises Brekaye b i3pobURE Sheich gad
pi tch; (9) f% %29&%& h e%ﬂof?blaﬁrié de?a‘i'ec{%%s edifi@pcghere on the part

shoul d ori ent t| on nar ccur e atl on the class types are
one of el even vi ﬂ“habaaklageshbﬂay}pesimnétﬂn)edcﬂm schdt eyistiat Hasseyed. lande apsicula?)

|1 d 3) J-leaded ICs I
dapac 1ohS; FLE THSHO et iqrs Flev enpiirtont vl &/pss sy gy gkl be (o)
SOTs; (10) t)}ﬁrg@iéted s&ﬁé%]%;fiﬁlajflorgsr rhgyl% hidyY ﬁlo;egthgxﬁgb‘g%u vistal %ﬁgg’ég %I'l&)&lai -

appreci at ed at ot VIS ass typ S can as nee
sone appl i catheom@hcatmmyndgeeqmm feadrthan El@vetmﬂlsusdielaeéea.s Tht ppeisuiphinghbelo€ not
vi sual cl ass types of parts. For _instance, may be_ desirable to T(glenerate

a set of vi ippl d9sgesdiss &wmﬂn‘é#é@pﬂu@ﬂawéébe S%le&t?d fsaceivpRteonithgeor
bi | I'boar di n%e{ %Hhap?ﬁplggﬁoﬁ' %q't tc%égllﬁeag L‘Pm 191?1 Gisda cﬁﬁ%ﬁﬁ\g Sulfdn side is
e package

lifted up in e arr anage art are paste

librarylbs prredteraldryingiee] ﬁemsastea Vﬁﬂllrﬁdﬁa]S@ldmﬁpsdﬁVélaVD hetahemiRapesh dither
various parts of the inspection systemas needed. The part library

popul at i on/ skaRbE selped bodyp Tings, & G3Beiten af dze @(b@(:f’q F]élsﬁeeg‘?ﬁedltt) aﬁﬁ%Fkégeso be

desirabl e | R, SQE)RBPAIFLALRNT of iR Y50 BPBREHER R d 1B Gs bhlag! ¥pe RC1086)
have the same visual class even though they are of different sizes and perform different
functions.

20 Libraries of parts typically describe the part as a specific package type with known
dimensions and also a functional value. A part number is often given to a package type
with a particular function value. In these libraries, it is not noted how the parts look or
how they should be grouped via visual characteristics. An image processing system on
the other hand e.g. image processing system 20 (Fig. 1), expects a grouping of parts based

25  on their structure or appearance. Thus, it is useful to annotate any part libraries with a
definition of visual classes.

It should be noted that if a library is already populated (i.e. if data on the objects
to be inspected is already stored in the data base) or can be read from a computer database
or other storage device, the population step may not be needed in which case processing

30  begins by annotating the library. In practice, it is infrequent that the library will have no
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20 presently believed that the snapshot is board independent. However, a
few tests have shown that a part on a light board will | ook brighter than
a part orwea odasdesvoard. As shown in step 52, after popul aPCagiShhetipackage
library, the inspection plan is generated. The inspection plan is
generated by taking in board specific information. Board specific
information can be in the formof conputer aided design (CAD) data, pick 25

& pl ace data, and/qr. PCB | ayout . dat a . Q. Cerber. data).. The jnspecti.on
o esar it o treandt S dS ot B BueriRnd i B Slobles i L e o
part type apgwhak oRkhEMa@lion it should have. The inspection plan also

descri bes where the fiducials and vias are on the board. The inspection
pl an al so descri B&s padkagabbletysintlodesiefarmations phtase@dg parp dinbensibhe; (2) papect i on

Phe basi c. 1 HEBECS] 1 BFGRST BTgEHe P BEorD B EB0NAG BF LSO T Rp UpIEs
whi ch 13 :f\gg%e%@&%ﬁ: W@W@fa&% 1e5PPHES PHNUSSs bt BaROA HiciREBAT | C

| earning s In whic he i'nformation in the bBasic™ i1nspection plan is
augnent ed. Thails?; KA whespecib ipert skauld brigntptiatmesk oelmatleont mplemewnatiparthe
information jn the plan, ch as netric jnformatian, to its observed
visual  chafdet SPFFF 8¢ ofglren i heli torescbid dieEicnnth mel sndgaR (sl | n
conj uncti onyyhd ﬂlté:g‘ra&éﬁ &iFcuds ACsPAS) FleadfIdA (DhANmILERF 0PI (DA RAME] td)us
correspond to a set-up and l'earn ~ procedure which takes place before an

i nspecti on €Ad) (Tsdipeett arrawsd (8) MERF ; (B B, (D diddes;radi(hppmbtgridrarplyan and
conpl et on ‘cl)% th)e board-specific |earning process, processing proceeds to
step 584 n _@éﬁ'an inspection step is perfornmed. The inspection step is a
board specific step, 'aq)e'a?pl‘églﬁféﬂ'tpﬁ%tﬂe? viahRIssihes @R BEdde@8s Middh A1LD
Figs. 5, 6 and 6A below. Ih step 58, the inspection is performed on a test
data set. Genemad dpplicausons oudydbeaoddsirals peoiclude cipss typby which mad mit wipublodasds

when we first se%up or_train. . The fiést is bare, the s condltis a 2East d
board and t A@eE Af PAIts; SoRInsianEs § HERPLdestaPledageneraty pactof Vidrkclaes 4igiibar d,
we want to EIISe%iﬂ’b ddi&etoRRe 'a§totn’i’os%iﬁgbé&iﬂﬁ?oaﬁ'ﬁhgﬁﬁaﬁ%h%Qm& BRieRAchirngShe E&ﬁ&e”t
and when it is absent. Usually there is nore an one I nstance of the part
on the 115 bamt the diiéercaie ibhifakupuin théeir), dsmagrelgsart, andsmeavedypastep SChetpaekdgear n
and the test_ group. Ea rqup shoul d haye | abel ed positive (part present)
and negat i vébmﬁprﬁgé&srgﬂaaﬁﬁ %@a.taba?wﬁ%bsf@@ﬁ?meﬁseﬁrbmww S on
the learn g i y | 1 t : g (It
o posei bl o Par e SR SeeRL IR Pt ROl B AR/ fhordfin o 1 E00 SO, o1
conpl eting tpeeifinggecti on of the test data set in step 58, processing
S AR o T N ACRC I AP IR M MR S g

20  presently believed that the snapshot is board independent. However, a few tests have

shown that a part on a light board will look brighter than a part on a dark board.
As shown in step 52, after populating the package library, the inspection plan is
geﬁerated. The inspection plan is generated by taking in board specific information.
Board specific information can be in the form of computer aided design (CAD) data, pick
25 & place data, and/or PCB layout data (e.g. Gerber data). The inspection plan describes
the location of each component on the PCB, describes the part type and what orientation
it should have. The inspection plan also describes where the fiducials and vias are on the
board. The inspection plan also describes the models to use to inspect each part. The
inspection plan is initialized with default models for each component type.

30 Once the basic inspection plan is generated, processing proceeds to step 56 which
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decision is substantially based upon the results of the inspection of the
test data set 58. In particular, if the results of step 58 indicate that
t he nodelwoyrebsdsgjood results for all nore conponents enPCTASPLZBLI93 hen
decision is nade in step 60 to proceed directly to step 62 where a
determnation is made as to whether any nore boards should be inspected.
If, on 25 the other hand, the results of step 58 indicate that the nodels

do not yield good results for one Qr nore Cﬁ onents or, for an entire PCB,
then deci si eHTeRONHdR 2 PAALPECIHO ¢apnpe e ayWhich tg WEoTEWtigh &t e 5ade her | ear n

t s d
Fal ge. negaraoeibf flen obBrh SR e odth shod B Rallfy HBHECL B, 0BRILwh PR, 217
addi ti on t oinf@inadibh imnhe @iar, bmc}falgeempmsumﬁomsucmncb negseivedsisublne user or

the systemmay 30 change the snapshot in he i mge _ nodel , chang[e t he
di mensi ons @fTACHEISHET Tty 9zt proess s moto /iy Spsamen n saingboPith Figiene

data, add myre, MRARkS Qi PEb SHsARNNRR &PAYNEADS SeavanagAl calllng

t he nod arid ‘change t i sion function eterm ng part presence
or absence pﬂobechllmawh[bhhﬂcasqﬂ@dbefaméaﬁimepmaenstepuspaformhé system to debug

node at any tine, It should so be noted that dehug is maiply used
to correct probl AHE" gREFRISRPT 316 ipgpection plagandcqmplefen ?ﬂ@sgew@a@ Ban. | f

deci sion i sy gr%fﬁche%E't;g?ce%sﬂg ?H%ﬁ?cfsgg%? P%%Ovhﬂfh%ﬁﬁﬁi ?ﬂoﬁ ét% Cloth&l.

debug | ear n| ng ocess ste a new no or a rrponent has
been | ear nedhennspactigrsdepnid arhmdﬂi spiehﬁcaﬂeplaﬂdmmctmlﬁadtmdetfadrm osrguricioh kéth
i nspection I an. a‘ngervm se, | ear st egs for a particul ar nodel are

repeat et on ’@S s pé\and%%(t ‘b?teplsr%g} %ln PR EPRHEPIRE A0 tethdate §%tan updat e
i nspection ﬁ‘Hﬁa‘%lt f.ah EMG

repl aced w tahﬁé;alrf?ﬁé&/&'ggg ug ed 2;Ip%cgdtjg The %?em ?%%agglhto mqg?%gt?ﬂtoﬁ 1élebug
process st ePhe fifsoisl hrd)ehd webmiida pastnd bedee anqbﬂ&cthlrdms #&plbetboafd. Fopeashys. | n
one approach, the i ns;[)ectl on systemitself geentl fie probl em_ i nspecti ng

a parti cul abPpafpar op thethoard v wand iigip fhe mpdels F%%%ﬁ? trdedses pagm thegwrtss
I dentifies %Qén?%c? %Mtfis BoRff U 8&1 yatﬁerg;.:i’sdl% re thﬁlj 8ne iBENER, ﬁﬁ Bl ePoor

results in I nspec a sp eCI S case, spectl on

systemigs ebcﬁardlSW pahit bmfak 315 ehdlhebﬂagces ireatno pHups,abie karc and &&kes’t p@up SBacha
series of questlons such as part in question has, a very different

appear ance £194R shaydd Bevedabeled P%Sl%‘fe @aﬁt greremiand regaiys (P4rtRepeRhl cxo@plest i on?;
and (2) t heTﬁé( %{gf\eﬁl {Nﬁl hay tﬂgm%'dgl% Wt IXth?&ﬁ) at.nd%rltf?{h% B?er\glorldnﬁ Ir erlg d

damaged? The d and subs earn n ocess resitts Th &

specific rmdlethecwst saO(Isetpoeélblmfdledhs tdsDdndtlbarh spabthavbelemehizen smﬁmem)
identified as a problem part. After the new nodel or set of npdels is
generated, the iASsecamplating the inspectioneof ghedssteliacshifoTian? . insocessing proceeds

20  to step 60 in which decision is made as to whether a debug mode should be initiated. The
decision is substantially based upon the results of the inspection of the test data set 58. In
particular, if the results of step 58 indicate that the models yield good results for all more
components entire PCB, then decision is made in step 60 to proceed directly to step 62
where a determination is made as to whether any more boards should be inspected. If, on

25  the other hand, the results of step 58 indicate that the models do not yield good results for
one or more components or for an entire PCB, then decision is made in step 60 to proceed
to step 64 where another learn step is implemented. This learn step will take the new false
positives and false negative, along with other training data, and revise the models. In
addition to retraining on the false positives and negatives, the user or the system may

30 change the snapshot in the image model, change the dimensions of the part to better fit
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updated. In a second approach, the system does not recognize that it has a
problem correctly inspecting a part (i.e. the system does not realize that
a nodel 1WOI03/088B%1g is 25 resulting in incorrect inspecti ®OTASOUI418). For

exanpl e the system does not recognize that it is providing false positives
(i.e. labeling a bad part as a good part, or labeling an enpty |ocation as
having a part) and fal se negative (i.e. |labeling a good part as a bad part,

or incorrectly laheling t part absent). In this case, externa
i nterventi ofS iﬂt%éaﬁm%%meggl@ 9?313&1&’%]@ B%f)es‘%’ﬁﬁgar#‘ﬁée%’fe%‘é? ‘ét);@@gmﬂé e pgdelpe

Syst em nust g@?‘éﬁ’ﬂ@a fife debalo tﬁ]ﬁctﬁ%ﬁfb?ﬁét@ﬁﬁnﬁg}%ﬁ%%@?ﬁ%ria@?éhtc%.f ying a part).

Once the pr emiIs i1dentitied, the system Ied and 0 WO 02/ 088688

PCT/ US02/ 14195  inshbulddeextetdadhatithegeer chesarticbedystem to edbieemblie arrungriviene. dt

fal se positives and fals negatives.. I n respopse to the manual instruction
and i n or deFiadd Al e BoEf & drpismee ismagialy ysesiorgopest Rpkiems el ry pitheves,

the system %gtig%ggg%ge@g%@aﬁvﬁede@fsmﬁ Fuadb ERlfler o &g pRRRRGREPD P! an

updat e. ring the subsequent |earn process, e user,

exanpl e, capr@essmgifowdie therdeles leaningersoest effstepicdn66. eKalneadmodel tfhen f al se
positives and false negative results. It should be noted that the_ debug
process can CHEPPHHL E?ﬁgti?g’éi’zea&%eddﬂ agkgypundgmede, 1tgpp ?S‘i"ﬁé‘BJé?fi fosangm thesi ngl e

conponent o ﬁrg?@&fo% Sﬁ?én. @ctl?]e%viélep&lg & % .si(ﬁ? 5 gs gﬂ%.‘ﬂ%l{&‘dfa? %od%ﬁﬂg ?gﬁgfe&o‘ﬂr a

boards). 10 ocessi ng then proce eci'sion step ecision is
made as to' diffietitect offimagesb Pac@ssing thenflove tban ppdmesspettiobplam stapiplvdiiclon of

the learn step 64, the igspecti on plan is updated for the problem
conponer?  oitheprpdel fora prpbleny gpaneagntyis grplacgd matha ney Tdebpgged @adsl st ep 64 i s
associated with t : R [ .0t le d i
results. Thus, t@gfgé%éﬁt%ttoiVﬁe&dt‘%at{wg%@ﬁé%‘%gsr&%basrsp Sylg%lgnfg%@g?{%%@%e new
model or nogeics imeithen sfitvo Wastshdn ohd sEosidho thefinspea s, sybtemsikweif iderhigicnat ed
that all inspection plans areuiq(;ard specific. Processing. then again

proceeds t o PEYREPT ETPHHIERE RAERTUSA BRI (8F ﬂ%.t_ﬁ% diffprently p@étm%‘ft@%m%ﬁplfmr e
PCBs remai n;{ofsp¢ Qg@g%ﬁﬂ‘gghk?pt%g}oﬂ{iag%ﬁl -r‘Q.gPtBQ AdSyiLAs E&?tgrgﬁﬁts‘f@er e the

next board i's 1 nspe e next Board Is ‘1 nspec ; processing
pr oceedss t 0 ispeqingQ spheifie padt). laphis oasel thedndpgetivangsemdedelflagiphf optheckbag St ep

t akes pl ace.1 Thus, during rke%ul ar inspection, a background npodel |earning
step can be l§sEpingprpseps can ask the user a series of questions such as: (1) the part in question has
a very different appearance than the other parts of this kind. Is this a normal variation?;
and (2) the system is having difficulty inspecting this part. Is it damaged?
The debug and subsequent learning process results in a revised specific model or
20  set of models for that part which the system identified as a problem part. After the new
model or set of models is generated, the inspection plan for the problem component is
updated.
In a second approach, the system does not recognize that it has a problem
correctly inspecting a part (i.e. the system does not realize that a model it is using is
25  resulting in incorrect inspection results). For example the system does not recognize that
it is providing false positives (i.e. labeling a bad part as a good part, or labeling an empty
location as having a part) and false negative (i.e. labeling a good part as a bad part, or
incorrectly labeling the part absent). In this case, external intervention is required (e.g. a

user or something else external to the system must recognize that the system has a

30  problem identifying a part). Once the problem is identified, the system is notified and
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The steps for perform ng a background nodel learn are the sane as the steps
for the |learn. Background nodel |earning can process data over nmany boards
and t hus &b o2fgdesgles an anount of data which is rel ativel pCrasgeigaehpar ed
with the amount of data wused in the initial |earn process of step 56. As
menti oned above, if a decision is nade not to debug, then processing
directly proceeds to the decision step where decision is nade as to

whet her nore boar remain to e processed.. 21 02/ 088688 / US02/ 14195
Thus, 1t T ninsiee® e orrede RulbREns S0 S E0as o AR 0 be
processed, LOeRveS A8eSHLAG BIESmahfal ARtrhAROIAGH CRRRAh rAREEhORRNES: Jremai n

to be processed, then a loop is entered in which the next board to be
i nspect ed i flsedmnitives entl falnd nepgpes ttealsysteth ¢tpeutes e debag notle peceds, lrankgr ound

del build d deb i | t It shquld be 5 iated that i
some. enbod! MEPSPIRORAP R o tbiE i debupged SRBeTEEr ORI b ABKGeb .
model | ear ningn9e A8 PHAFINGe ithheed BOHledyREMRRLiE rdshREd ifnhlﬁe ﬁ?s.feg)o ltii’rFst &R be

saved and used later If the board assoCiated wth the plan i ul agai n.
Figs. 3, 3Afalsnsgdtivdassulisbe el enents of a | earning process. The nodel s may

need to be trainpe boar ecific imges. For, one part type, the nodels
need to see 10 eﬁéﬂ%‘iﬁgé’e@ﬂe%(tﬁ tihe %fib&ﬁﬂ”ﬂ}’%ﬁsr‘&ﬁ&?dmpr?é‘b%t%lfat 638 ($-8wi t hout
any S”rroungﬁél'QE%E@L@orf@f atﬁﬁgleg%ﬁa ht OF bfd 81 AR ir s%)gétic;nhﬁo @-'hﬁmc%r@@ paste,
with its surround (known as the "place" 1 nage), 2 ) exanpl es of pasted
pads and t heorsporeotsna baatdsput the part ( known as the "paste" image), (4)
exanpl es of bare_pads.and the surround .wi thout the part (known as the
"bare” 14 mage) . PSP on Piecs t(paﬁw%}avaﬁepéffb&&@wws%eﬁmwfﬁﬂi?funber

of exanple 1h.d @ssrehﬁﬁ{toa({ee%f)&%gdr ed to train the nodels for a part is
four. In sonme applications, owever, the m ni mum nunber of exanples can be
| ess than four. Bponexapietion of theseanme steppp) the ddspection flan ig upsaeakiopthent ed
circuit board inspection applic %i qQns, the bare board has . been found to be
uni mpor t ant Probies} E3rRBPRED ﬂ!a@é‘é ? yuip.4he BB Rodst generalith inflee lsamestopdrids ence
desi gnat or (] . . At P

imge 20 ( :")S"?%tewoﬁna %lealf%?’ g? g%fb(r }IP% %aers Elﬁel gg%p %ﬁg?sg}re &Et?n.qg?ﬂtts'r (G)f@l%’ﬁgéjsane
part atlm dhdéftemenhal meddulampartdsinkspetddChetieanmede rp neslels2)e used )in) thel mage (1)
may al so be captured i ndependently by a non-board_ specific technique (e.g.
it can be i HEBEHOBPEHESH d‘ae%ﬁ@rﬁtaﬂ Hspecdicniplas gespogs! spseifct a part,

there exi st seve I @b bbb 65 ¥ Lisid
col or/ 1 um nance \I;gdrcf%%li% t?l'?l;l/ : pa?t C&s%agtéo %ﬁgn%gsh:gbﬁ%nlslljdrﬁﬁgtlr)#h%gﬁoﬁlééﬁcﬁé Olr%n,
| ess . PCBs. If more PCBs remain for processing, then processing proceeds to step 68 where

the next board is inspected.

20 After the next board is inspected, processing proceeds to step 70 where an
optional background model build process step takes place. Thus, during regular
inspection, a background model learning step can be performed.

The steps for performing a background model learn are the same as the steps for
the learn. Background model learning can process data over many boards and thus

25  includes an amount of data which is relatively large compared with the amount of data
used in the initial learn process of step 56.

As mentioned above, if a decision is made not to debug, then processing directly
proceeds to the decision step where decision is made as to whether more boards remain to

be processed.
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25 or nore oxidized netal, different types of paste, and a variety of bare
board features. The bare board features include different colors on the
same boarwp oa/ossass ety of thicknesses and finishes, vias, PCTASe%14195d

sil kscreen. By constraining the bare, paste and place inmages to cone from
the sane reference designator, we at |east can elimnate the board
variabilities during the learn. It is inportant that the snapshot cone from

a different 30 reference designator. or even a different board because of
ow Lhe Trges TR S S B g b 80 BB SR Bbe P ER: The

i mage nodel geheeksdit SRR, If orf thE ek Bafl, RfYrE b&HaCTaid 16 I%rB@es%VﬁQna
snapshot in the region of interest. If the snapshot came Tromthe sane
ref erence démipgnattercd aiswhivh thphegdoamiegbe inshectehizpddntifiedant thspadtethartditke par t

fectl i th di ff 0),., ,Par.t t ual | it it
Dopear ante. PP HepHRB RE oo Rt e fPut g brergpdaigt vt hoihen £y
that varg abibidtsated tHabB d0BR InBIBGERS it oy RARSRALITR R Sy Péﬂf&%{f does

not tell the  system anything about the anount of part appearance

vari at i ons. badkgremdemidehlshmingormdebegging Eypbtwdbbeotab thet the et phmatcachd | v
crop the snapshots fr.om anpl e when needed, The alternative is to have
the user inﬁegvrepa %ufﬁasf%M8§P&ate§mMﬁP% 1§ ﬁ%‘ﬁﬁgﬁlﬁlor an i mage of
the part on a bagkgroyndand '4Q@?d’riﬁ%%ﬁ@nén&eofpﬁéﬁmin‘ggﬂgce%g PAIMBASL fral REedPar t
to a new i nage, rotate the cropped inmage to the propriate orientatlon

and save it to Bhiranedsar boand epecefimt intigey elf s onaiptue typethe mswiwks ndeé o ddeer e are
many part types. In Fig. 3, a process for autonmtically obtainin

snapshat? of ggan&}ﬁﬁsp% leaq%gﬁf”éﬁ’%eg gmpgs ofithe past %nﬁ%laf‘y B‘X‘F@H]ldéf’ﬁaﬁﬁq%ﬁ'@ shown
and thus the sTeTe criobed Jaft Kt ol I.€

obtain a cr o%lgé;cgl irrgég*gﬁléf( gﬁlpglra{} ; 1%1%%}37&2@ ?ﬁﬁgﬁ ﬁgm&?%o%?gag%e?%%cg@s%\é?ﬁg
begi ns wi t h(Ptegpmiples bfipastidgiads atid feautrbundswalpsi dic' paof ( larovabysehd “pastete

i nspected is obtained. The best y et a real snapshot of a part is to
use the i nsgBd¥ 53?9 Wi@&@m%@n@%&mﬂ@@w@%% P%&@H@F&‘ég}er &#epar t
ina regi Oﬁnége?.'ﬂfef‘erf&%tin drk paRRuRREbb it thd SeAEEAmbASrbLRGge Of the
part can be easily rotated o the default orientation and cropped.
Currently, boidesthaeaienmageredddahirathd niddelssor anpdrtias fbu2 On some lapplegtionse a

snapshot in _order o inspect. Jgn (%rder to break the circular nature of the
pr obl em wehe\émve&&wer}laﬁnm@n Rt &P ien cap R lRtsiBen ©ousn APsHEMPle 4t SHIS t he

sane geone :0f 1.h i G :

char actor | StTALPgtki(R £ St BinfER TRRUE Bhord M pE TR, ARG The P PBid s
may al so bebesddundiorbeiimshpntant. Plefoveblydmdgea (2 5@ pbhvat aroffrom BOQAAS of part
nunber 123-000-000, we may use a:previously captured, 25 snapshot_ which
shares the E%?Fén‘i?él?ﬁlgﬁ%to’é éﬁe,'owgé@}?eﬁﬂfatitge %?Fnepler’P 8@2911 e

o Mpef

20 (1) is from a different reference designator (i.e. from the same part at a different location
on the PCB than examples (2) —(4)). Image (1) may also be captured independently by a
non-board specific technique (e.g. it can be imaged alone without a board).

In learning how to inspect a part, there exist several variabilities that occur. These
include part color/luminance variability, part size changes, non-uniform illumination, less

25  or more oxidized metal, different types of paste, and a variety of bare board features. The
bare board features include different colors on the same board, a variety of thicknesses
and finishes, vias, traces, and silkscreen. By constraining the bare, paste and place images
to come from the same reference designator, we at least can eliminate the board
variabilities during the learn. It is important that the snapshot come from a different

30  reference designator or even a different board because of how the image model performs
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001. These default snapshots may be stored in database 12 or in the

i nspection plan itself. Regardless of how the default snapshot is

provi ded,wproowsssss ng t he proceeds to step 74 where t he snZpFhsv2/ig9used to
build a default inmage nodel and a default structural nodel. The inmage and
structural nodels generated in step 74 are referred to as "default™ 30
nodel s since the nodel s do not yet any board specific information. 23 WO

02/ 088688 PCT/ US02/ 14195 cessing then proceeds tq re . the
geonetry nodepichs T %H%%g&tnéw[ 89 heg ttqsestﬁtgﬁg? 1@%8%%40&1.‘/?%? ﬁﬁﬁ&t%%;waatft%e
(e.g. the geqneld r%&l aﬂL@tétftftﬂ@ sﬁ’a?@hét%gtn% fidhn tﬂtesfamte%ﬂééﬂ@e !iésmﬁ{&f)aﬁth@e can

thus build a georetry nod direc fromthe 1 nformation bout the part
in the packplge: inidgeathy sn@shﬁxtqulchmamhdhmparnpaf@ﬂy'(@;thadtf&;mma of0).iRatter est

(RAO) on the PCB to be ins ected|S| entified, The ROV%%S chontalnthe
obj ect undefctedsiameauits aoli’ll [ePPyCatpife fgﬁ?t‘n%’&ﬁt"a’é’sm’t’“ﬁe Eltd ikgdoPsient to
be i nspect eﬁ%a ut}gmaf %ﬁ%ﬁwgl s fegnﬁﬂocés@eA@ﬁ &%H&Imhtmeco?t@gf SR\ R kil the

struct ural e are applied to the RO to cide if the part is present
wi thin the syR@im mﬁnlungabmmghddlmunpoﬁp&reatmemn&twtaﬂanswhere a determ nation

is made as to wheth art is esent in the elmae
and structural 5%51%\91@ E@%tﬁ%s Eé‘%?ﬂ]i’ﬁé"&ﬂ@]’tnﬂ%‘ia éopptgﬁﬁn%pé Fé@g’m in
the RO . &a é%’h@ﬁ' n&lR§ krh%%tteﬂﬁ {598 nhve @i@%@er e Brtfaﬂ‘?mQQer df thé poal
present, then ocessi ng proceeds to step 7 re a new RO 1s input
for appli cat:ommlnmg thépart omagenaga df ﬂ)brpantomraebachgldmhds rubbesbmpi tBOparthiopy| oop

is repeated unti l he |ma e and 15 structural nodels jndicate that the part
i s preséht i RasHEDRRH H?W {pagg; fotgip t Liten“éopitﬁdémaﬁ%t eth%éléﬂt()%@@é? BHEdMd t he

part is deeghd 00t PhY &1 tetvent € hSit@OutN §dﬁ1e8s%h Ofhat hat
the part is pr gggtﬁt t?\lgn mreogrelsl(gllgg hpr ocee s to steergtﬁgﬂi%l nasfg%@gﬁ),eg't he
structural nodel Irp]ﬁgvfs JdagotReforaughlayichlbcabtainag gmapshoposd ¢dnponent fotedCB
in the RO to the geagnetry nodel. The output fromthe structural 20 nodel

i ncl udes t ht® Regtlasy dedigult preeniadiop atwhowm thugfle mpfhod dggqribgd ptiet Bon from
expect ed '8&3{1‘;&@0@&%@0&8&@?& %&’{]IH’% Bf‘?pé}ﬁ” is rotated. The

structural ver <dx, dy> and theta to the
positi arss of eacRe&dg%thdtbgpamtodebtang nglnmﬂEBKéﬁﬂ@dlgihmhI&lt‘?dyfamﬁdel The
geonetric nodel |ocalizes gi. he boundaries and any_rotation

angle 25 (&apgiott planelectigb %WS%&%@EW dallgbesprvaeto g5t garal stansaghiteude

(e.g. with Bar[ £\ tu?@fh@?ns?)@ctﬂm p%@%gé ﬁrewously defined to localize the desired part in a

region of interest. If the part is well localized, the image of the part can be easily rotated

to the default orientation and cropped. Currently, both the image model and the structural
20  model require a snapshot in order to inspect. In order to break the circular nature of the
problem, we can bootstrap the system with a synthetic snapshot that has the same
geometry of the desired component and some of the key visual characteristics of the part.
Also, a snapshot of a similar looking part may also be used. For instance, if we need a
snapshot of a CC0805 of part number 123-000-000, we may use a previously captured
25  snapshot which shares the same package type, CC0805, but is of part number 123-000-
001. These default snapshots may be stored in database 12 or in the inspection plan itself.
Regardless of how the default snapshot is provided, processing the proceeds to
step 74 where the snapshot is used to build a default image model and a default structural
model. The image and structural models generated in step 74 are referred to as “default”

30 models since the models do not yet any board specific information.
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As shown in step 86, once the exact boundaries of the part and its rotation
are known, it can be rotated to the default orientation. The part is

rot at ed woan/osssegint equal to the minus of the rotati on ROFIES0Z/14093 to
obtain a "nom nal angle"” which is defined in the 30 part library (i.e. the
part library holds a definition of what zero degrees rotation is and this
24 WO 02/ 088688 PCT/ US02/ 14195 can be related to what is found on a
particular printed circuit board.) For instance, if the systemfind the
part to be rot atBdcdsying titpmgrreessde Busieref6 where ki geometey more! ghedenerpied or

i i h i.S. 90. d kwi : )
Che part + nag Py s el iol BnE Eoe hE By PO EBRs e ©
correct origikaleMaryp OREEart thbs BHAPS BVmdbFmERE Birt AW oA ik GfRRRESHh as

shown in step 83, a reference designator nmay be chosen at randomto
provi de t heahoutibegart patheackass livaary. exanpl es.  Figure 3A discusses one way

to train the nodels on,the.sn ot _and hoard s fi | es. Thj
corres p(r)%nds to gﬁ%’%’ %Séhf“ﬁmlﬂl 5'%5?@2? feﬁé%"?r‘ﬁ?fﬁfés‘hm g™ %e?@]g%’ @eelgﬁl?elct?gs t he
| earn procegsddn@ified."€hé RBYEhdUId boEaihAh S ete i@ conBidedatiolP (L BfShandubR 84 NS
in step 90 in which the structural and i nage nodels are inported and

appl i ed to &esppatcompoest todledamgctat I arasessiegyiere8Rahe defpylt wrpgalend be

noted that in t ocess, f| ow of;. Fi.g. he im are randont.y. '
0ol et e e B RS R G  aBhidkld ety foecl AR 1B AL Mo e | e

best set of ROXaPPL&siNFRBESPI06eddS to HEEER IRerlehald@iihtidhes 8 8e asIb Gvhether
technique wll be described belowin conjunction with 15 Fig. 4.

Processlithg thheart prveseatin the R)leghop theimgse end stiecterel morels gieaised #t i ve and
guantitati ve t‘$ro eer](taitﬁs fr.a tSri.lgut lsntﬁé‘R??e structural nodel are replaced
wi th val ues“YERFHERBT %Bﬁ%fr\% ¥Re'"st¥ tictural nodel to the inmmges. In one
enbodi ment, fourifi@&eSon blokk 82, dRRidH19RREE thapastart iPhaGRescanthelar e i mages
are used. It is recognized, however, that 20 the invention need not be

limted to preestingprocsedsdmckitnstep 78 ivheren rewROY isgaperiorappigation dfithey.  The
attributes of the,structural .nodel ype,nodifie t several leyels. At a
Cop  Tever , 16 284 et orag: Sy ot [ Bdsracnioh odihe bhessBiry i
performed ofrdchRalRASIcEs indReteRhAGRe p4FPE PPesertIf sHBE ROITRAGA] AR REROIPT €d as
a set of scores with at | east one score for the paste inage and one score

for the pl abaeibregexpl@sd The thetpatids decatedmotipteserdy be nodified at a | ower
el TR | Bt DB ASVELUER], el b ShENOR LS Suan st ve and
di stingui shpot&al fo §t982 .t Rest®P$d, @hd RGRIral model provides the roughly localized part
position on the PCB in the ROI to the geometry model. The output from the structural
20  model includes the center of the part in the ROI <dx, dy> (delta position from expected
location) and a rough estimate of how the part is rotated. The structural model may go a
step further convert <dx, dy> and theta to the positions of each edge of the part that is
considered geometry model.
The geometric model localizes (i.e. finds) the boundaries and any rotation angle
25  (0) of the part to an accuracy of a sub-pixel order of magnitude (e.g. with a few tenths of a
pixel).
As shown in step 86, once the exact boundaries of the part and its rotation are
known, it can be rotated to the default orientation. The part is rotated by an amount equal
to the minus of the rotation angle (-0 ) to obtain a “nominal angle” which is defined in the

30  partlibrary (i.e. the part library holds a definition of what zero degrees rotation is and this
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Processing then proceeds to step 94 in which the default attributes of the
i mge nodel are replaced with values |earned by applying the i mage nodel
to the fowoomssyes 30 (the cropped, paste, placed and baP€Tiusayeays 25 WO
02/ 088688 PCT/ US02/14195 Simlar to the structural nodel, the inmage nodel
may be nodified at several different levels. First, the snapshot is
associated with the nodel. Second, The inmage nodel scores on the paste and
pl ace i nage roattribut withint

t d. ddi t th i
odel rmy  bEAETeo U ebis o 4 § e Rhlaght it E P osdqiatge, e | MO°
di stingui shy eysie%%hhd Eﬁe%ttaﬁe p&a&&@yur&gﬁees EQntdr R RAER anll thd@fali€ar n t hat

in the paste€ 1mage at locations (xI, yl) and (x2,y2) the inmage nodel
provi des a gx@ﬂﬂatlmtccﬂ‘(he fdri s atr%dsgreetsaﬂocmhm; theaystehean votes thaparhandgarby
board t hat

oqQk ver ch Ilke art an generate a score function
such that tﬂ%g?gﬂ:ﬁ?fé“}i §© Wﬂs F}FéHlalgBHHOﬁ?\ﬁ %&Eﬁ%’ﬁn %8s a | ow
confidence mat chocofR 3h£ pshdt Hab Bgéll foliRd Qﬁ'@&rof)%éd a'%tsh&%h in ¥ikp 89V feXdentd) - 10

Processing then proceeds 'to step 95 in which defaul t atrlbutes of -t he
geonetry mickignagirenaydypl chosea atvra;ddomatb peevitiethe rp@ubecﬁ;)padpqu lmge errenmgesonet ry

model to the four, i s. For instance, mod asure the
true di mensi ons Eigguﬁngg‘a?f"fss%sn‘&w Wavsto é{ﬂb‘bﬁﬂﬁﬁg&ﬁ tiigénaﬂsg‘?:té’ﬁg%ﬁg@e and the
snapshot . 5& g‘%ﬁ%zﬁhﬁg ?%I?&Pbﬁﬂsttggte?g%qﬁlﬁ gur@gometry nodel are the nean

of the expect di nmensi hat part type across all 15 vendors. The
geonetry nodel mRyfeatisondvesrFigt i dstoribagthk ladm preeegriadibe imsgein thhie part and

board boundari es and_ al so between. subpart hound The anet r
Ty &l 00| SciefBods Broesrint SR REP P 8RBT bgarocdtigl S GeEe FHGEs! o
to conpute aﬂaqglgbﬁeu il a?ppheffo%@ﬁp%‘d”ﬁastté" SIicNERt bard edanBORIOIS R*sﬁ&hl% bat

choosing a random set of bare, paste, place inmages to train on
descri bed i noted ¢hat aﬁmewemﬂovbef FllgeSApﬁaﬁmahgqsram:mddmaly settetl] Y sathe syst em

should look at all reference d na s the di.fferent t s, of
boards (e, gAPIRRonpAOVE R ParE)iapE 6 RUGUanT ! Sk AhBIEnA eSS e
provide the, %0515 uge%%arp?@eegse Su-EHléstec}ﬁq?(Id%rvl}ﬂlr& JROM K8 bEToY mﬂcoﬁfaﬁc@a@wahml ch

coul d be per ne it were desired "to select the best cropped, paste,
pl aced lad By d.images to use in the |earn process 25 descrlbed above in

conjunction with_Fig. 3A are shown. Process step 96 by
i mporting: (1) tﬁwcs%&rh%w@%e edg &g siep ggé‘ﬂ? lcgltg"c%fa‘ﬁt uRlitatiye apdispect i on
plan. The CHam Ika%wg RGRRARE ARrifiEs &ﬂﬁ@@@ﬁ&mfaﬁfnsaae&hﬂegmeéd wihQAREy boards”

because t he n errors or omssions In [ acement of the
parts on  learned by applying the structural model to the images. In one embodlment four images

—i.e. the cropped, paste, placed and bare images are used. It is recognized, however, that

20 the invention need not be limited to the four images since this is a very generic learn
flow. The attributes of the structural model may be modified at several levels. At a top
level, the structural model may just record how well or poorly it performed on the paste
and place images. The performance can be stored as a set of scores with at least one score
for the paste image and one score for the place image.

25 The structural model may be modified at a lower level. We may instruct the
structural model to change its quantitative and qualitative relationships to best fit the
placed image and to best distinguish itself from the paste image.

Processing then proceeds to step 94 in which the default attributes of the image
model are replaced with values learned by applying the image model to the four images

30 (the cropped, paste, placed and bare images).
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the boards. 30 In processing step 98 default nodels associated with each
part type are generated 26 WD 02/088688 PCT/ US02/ 14195 and in step 100,
for a parwbDoelosgespart type, the default nodel s are trai ne®Carusones10or e
reference designators and applied to every other reference designator that
is associated wth the part type. It should be noted that each | ocation
(or board position) on a printed circuit board at which a corrponent isto

be placed is ass d a ce 5 desi.ghat

i nspection plan %ﬁfgﬁ: Foeﬁl’@rst'ﬁ%graii ﬁ @Fd’inagep@(?fi%%%yo% ?3‘8?1]?5@61] Sg?’eraFunl que
l'ocation ongifb@nPliat &trdi the gﬂa%SM%gs@ﬁatw{whthaﬁe MoBA! Séorll AheRAfage Wi Ch i's
to be located that board position. In step 102, for a particul ar reference

desi gnat or , mbded scetaon thelpmigemémtcstmagss ovagilbe S‘rmi@ldalls a@iltlan,pndrer ptubwes par t
type are use first c t he rt.is pres i.n the "bronze" 10
board and a‘Bg]@H «’flﬁna[gﬁén%c% F’é‘y ﬁ&loﬁF%(afléol? grtﬁéhea]? a‘fei‘i‘alfnag%%dr@r]i’@@ desi gnat or
Processing §iReurh&eR%ont ﬂle%ﬁe?o@d %Qé’%e' PoMfRbtaRced RGRay 1B SRt iPThe FASEHHLANS
fromstep 102 are verified, the nodels are trained on the threé i mages

derived fr osnledagor@ipy® andék%ybﬁhelm@mgm@d providdstaggovt atatiht This nmeains thagui r e
totrain on all three ina SO enbodi nen e ba board i s, not
found t o AP AT oot AT hoo B 1506 Yor R ik ABats TR I & hen
be used to éceﬁ%ﬁéu&nkk%cﬁ ask t&fm{ag& ﬁfoaa%e@lea%g&%oi SevRRpRGl V&G Wikt h the
part’ type both on the "bronze ace board and on the paste and bare

boards. As ehidendematlepotOH it ﬁlhtB theobkest 8t atr Gilngl) @n(&,y@arti cul ar reference
desi gnat or can e rated, in ter

posi ti Ve exanpl rocessing theq propeeds B’(r)%% mV%lFllPI&B%h e‘#ﬁ‘ﬁfﬁé%&é&?ﬁ\?z&gﬁﬁ%l es,

' the part j,5iaB8eR lacecF With%ﬁ'@s [eafRl 8P p1¢odRS bR mb'e?e@% @8 f&ut r @i ni ng
exanpl e, one can rate how effective it is at providing th separation. As

shown in stiemgdd Gor hismneegahepg@nmty noddel cmgasasum thh tqoe dundemns hﬁthbq&tt and
separation should b sen the trainin l.e to. be us d

ot buct | on GoRPBATS FpAB PBRe RAEE A ferspeieh g HG SimerBiotasione 1 SUir il
one set of {d,31eRlRGhdelBRGHe haf BF the %?pe%’téhfdlﬁlbﬁsn&nsf BF tHahgariBPeLS o & ajone part

type to separate’the true positives and the true negatives. For instance,
f or one partentlypeThd gmmtryaylocﬂm rﬂnytaltsobeamnﬂmamdngﬁm dfehd gradiants esthe parttahé

board. Rat her an having, to choose or a white exanple, we
can train l?%écs Q‘E{l@a%?s ?Os DELYRRD 6‘?3’ mﬁ’PH\?\%r Qﬂ% g madelognalee part .
A sinple ClLgtfL b%@cé‘lb%‘idnh@l”lﬁﬂe ﬂq?a‘age%ﬁvfdéd%{ cOIbE té BBEFuE R pAdiyaL ur al

nodel s scores can
Processing then ends.

It is appreciated that choosing a random set of bare, paste, place images to train on
20  (as described in Fig. 3A) may not be the optimal procedure. Ideally, the system should
look at all reference designators across the different types of boards (e.g. bare, paste and
place) to choose the example images that provide the best performance.
Thus, referring now to Fig. 4 the steps which could be performed if it were desired
to select the best cropped, paste, placed and bare images to use in the learn process
25  described above in conjunction with Fig. 3A are shown.
Processing begins in step 96 by importing: (1) the board types (bare, paste, place),
(2) the inspection plan. The example place boards are commonly referred to as "bronze
boards" because there may have been errors or omissions in the placement of the parts on
the boards.
30 In processing step 98 default models associated with each part type are generated
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30 to determine if nore than one reference designator is required. The
clustering algorithm 27 WO 02/088688 PCT/ US02/ 14195 w || determ ne how
many ref eWOreesssesi gnat or exanpl es are required. In step PCF/USDL4188Ch
cluster a reference designator set of imges is chosen. Default inmge and
structural nodels are generated for each cluster. Alearn is then
performed for each set of <nodels, reference designator> 5 Processing then

proceeds to ste 6 re the | ear ned s are_then saved back into the
i nspecti on ﬁP‘i 5@22@ %%péﬁdgperﬁffqﬁeﬁﬁrm S HR RIS PEMRICFi g. 4,
describes a SeRABE §didn ys%fam Héd/tc?ev%lcy'&h@rrtef k&ce AbsiEMRAGRat e of
a bare, pastre and pl }ag:r:leo |magtla) are uséed for teralc?u %Sgl; he tlgﬁ% qp

i mges are wdthdhé part typstli sipuldbeieoted thameaahrloc@amgéoﬂhnmd/\msmdrbenratqﬂmltal wor K.

It 10 shoul d. be preci ated, however, in.some applicati ons nore than
one refer en&gculﬁg‘garr% ARVYFD 8 somgongnt ﬁ%@d} Fgficeg llsaarsﬁ‘igﬁif[)i? RrigPe peiargaceangd
thereforeg i eskiahlect

ref erence dtggé/ig%getl%oqugmgm? c}L giL)}\seg 18Itll g&f re&“é?ﬁnc@%%&;gﬁﬁ%t ﬁ:?lﬁ‘r%hg% fQL{tlglrlllar
ability oveluniqhe ldcaton erethe (printed citvattdoend dssvelledfsta)partramiar gaetrmiieh isitd be wo
reference d 5| ors are avail able, one can be used to 15 provide a
snapshot an t%‘ill?ofar PR&a%t o train the nodels in the paste and pl aced

i mages. As anoth Or S

reference desi g%tﬁ@@égﬁda%ﬂ{ﬁgg%ﬁ&%%g napéﬁ%f(ﬁ%% eﬁlgdrr%#l{r??%%jl t wo
ref erences deskrolapatidulabeant sgd at©usedhe fitst aheukrifithe Paitss px&@erbm tt'brodes to

the case where N reference desig are allable and M (where Mis

tors
| ess thath NPoafendshynt ihe P%ﬁt%ﬁgplP“é‘al?ﬂaH& treef?rén@rfk@g@etoaem gnat or s
avai lable for th ess can
be wused to choo?e&t% ﬁs&ﬂ%}gg{% b@%%"ééﬁ&s{egzt}%%hgg Otlﬁ Eéeﬁﬁgé?@éﬁsg%%ﬁ@ﬁg% (glgt of
RO's It shoulegltarapprifsi, deadoddinbreitmidddeondhs thréeniages gerived deth tle@xampleo

distinction i s made, bet ween sel ecti ng@t he snapshot from sel ecting the
paste, pl ac&sfeishee drsfenator A ofe Hhpt 16 g qulr%twtr?én o A4 thre ypageclpesopicr of er ence

desi gnat or ghaukshA& HXBIE %SgrdQ§ n@t feﬁﬂcg{o%lﬁe?rﬁ?) f&sr shto% 1ﬁ@%§%@8tt‘he llé}rn

practice, however, this Is too tinme consum ng. I's "t or
part type amc@lsman dtcade ainet] ‘Eﬁ)rlﬂS}IeC'aﬂhB echt ofireferset demgnaimmpkcmatem\gﬁls thet he

t d b d Fi 5 il lustrat th t f
Thepect] on %%zsé@s" olrERS qo%?édiawﬁq%rw b P R B PRI to Fig. S,
processing begin E(())\glﬁgp %%%@Xhé ddis ﬂ'gfngﬂ Bh anﬂﬁu aﬂr?é}gren?é)%eg F¥n§t0E gfgﬂ on

of interest on t ghoul d conta ecl
Processi ng be 1'ated in terms of how well they separate the true positive examples "the part is

present", from the true negative examples, " the part is absent". For each reference

20  designator used as a training example, one can rate how effective it is at providing this
separation. As shown in step 110, the example set of images which provides the best
separation should be chosen as the training example to be used in full production board
inspection.

As shown in step 112, it may be found that one set of training images is not

25  sufficient for the models of one part type to separate the true positives and the true
negatives. For instance, for one part type, there may be both brown and white instances
on the board. Rather than having to choose between a brown or a white example, we can
train two sets of models, one on a brown part and one on a white part. A simple
clustering algorithm on the outputs of the image and structural models scores can be used

30  to determine if more than one reference designator is required. The clustering algorithm
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28 WO 02/ 088688 PCT/ US02/ 14195 then proceeds to step 120 nodel s associ at ed
with that part type are obtained. Next, as shown in step 122, the i mge
nodel i s WpPpkiogsdss o t he captured i mage. Wth any nodel i PCTaSdysiipabl e
that we apply the nodel to all possible center |ocations at all possible
rotations to determne the part center and rotation. This is known as an 5
exhaustive search approach and ensures that if there is a part in the that

| ooks simlar the. snapshot .in t e nod t he .i mage nodel wl|
find it. FoWﬂéé@@a‘“ﬂ@QB‘é( Wéefeﬁe@@% rrg eéﬁlﬁ‘pﬁeéﬁfﬂréqlflﬁgiﬂset of centers

and possi bl e 1ot g L41ON$] MIENeRR ISR} A BB Hdsigndide set W GRERE id ds&ANP! 1 Ng

t he qui cker the operation. However, as sanple size increases, the

pr obabi | i t yDefautthmageeis stfucndalngoctelsearpgcner@ied; fezsdsclufer. th ieannlsmhm mze
both speed an ffec |ve ess rse to fine strategy; first

sampl i ng coﬁ‘?rg(gp’f g%lea\c &ft © Wsn’&?ﬁ%ﬁé@sj&?%ﬁﬁd the regions that are the

best cangi dates bpiceldits ﬂh@ﬁlbrdéééd% t&88p €16 %@re thelcte@Mnodbll e fHch 34RQY can
be used by any nodel, not just the inmage nodel. Processing then proceeds to
deci si on bl bmklmmhemspemosum iBsocrasiog dentendmhet her  t he i mage nodel
indicates that a IS esen eC| ion is made.that .the, i e
mdel bl i eves alPaPHdE BHESERT thef Ris 4 TRube g it st v Ecigleide
where the Shfclou ?dner@:lgﬁble'o‘f alb%{%dpésQe éﬁ?ﬁlﬁ&d@ﬁf&@%é‘u&%‘f@fﬂre\iﬁh& gpel | area

where the inmage nodel found the p decision’is made that 1t is not
known if t béhephirk 1m@epaeszsn¢l forttd:sangmwmnﬂgr gauge hed’szvedkths n@ﬁemmm&r e
t he structural del is ed to rformaf search _of the . \Wen the
struct ur&l %%@I‘E‘H%@ SVefo N8t IoHI§EPP F"’ltloi’?ﬁ?loé‘?‘rg’lafﬁfl’n? ﬁ’éerﬁ%cgrse to

fine searc hH rﬁ%rr&%gld%sed I8t t2BRe 13 %p ﬁﬁﬁﬁﬁi tH&@ﬂ)ré H%vcfu?éb’é dsufbetbe

structural Inal decision “is nmade as to whether a part is present
(Note in d@mtcﬂled@sv\kmbhmts bihefepmlce deggpters evitich gietheghodety the bestnodel  may

use the im e nodel. re as par ts decision_function) If the part is
deened not %‘%‘%‘H{a“o{l W%?‘(F&@&Fﬂje Bevhagver is 13@51 the other hand the part

is deemed presengg, Lhs ?ﬁ)l@ PSRRI cE 9@§1$ﬂ5‘t'@1§ al'coavaﬁﬁlﬁg o]ng%afl Be Wagh the

geonetry nodel is use | ocate the part precisel also to provide
nore det@i | pobvidetaadniapshot ahdomeadan ba uad:rbtottralmﬁlepaodels ﬁrtb@p&sm ag pldved ends.
Figures 6 and 6A illustrate in npre detail the stegs of .an i nspection

process f or TA2eHaf S 2R0TheT CXag Rl SR thiee tPiyanes daglenpiorss Erstirieentssi gnat or .
Steps ot her gt handRGufd p[%l Use@Fdr IRk sn%Bs b atd e r@rﬁ%lr{%t%lréfe?ernges' Seihiddgd:

Deci sion procedures to determ ne | elrrage and
be used for the training. This can be extended to the case where N reference designators
are available and M (where M is less than N) are used for training leaving N-M reference
20  designators available for the testing. Lastly, it should be noted that this process can be
used to choose the best snapshot as well as the best training set of ROIs
It should be appreciated that in the description provided above, no distinction is
made between selecting the snapshot from selecting the paste, place, and bare training
images. In the worst case, every reference designator should be examined as a candidate
25  for the snapshot. In practice, however, this is too time consuming.
Once the models for each part type are generated and are trained on a set of
example images, the system is ready to inspect boards. Figure 5 illustrates the steps of an
inspection process which utilizes multiple models.

Referring now to Fig. 5, processing begins in step 118 by first obtaining an image

30 ofaregion of interest on the board that should contain a specific part type. Processing
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WO 02/ 088688 PCT/ US02/ 14195 structural nodel indicate the part is present
are al so described. In step 134, for a part type, the nodels are | oaded

i nto the WogpesasBHNn pl an. Next as shown in step 136, thePsydaisem4agijui res a
picture of the part and its surround for a particular reference
designator. This image is |labeled the "region of interest” or RO. 5 The
RO may be cropped froma larger picture of the board that has already been
acquired or pieced together fromseveral canmera frames Determning the

si ze of RO thes pd@p@tsdentep 18p oo detseaspapiated vplethalt pert Sipzare obieinpdsi ti on

o tho model o ANEr &Y shgshili ¥ 123 ihe 1o b & ansBl 10 MR SRRt ont ur o
that appear vam atnlgben&ﬁr R is dQiaPR tRASHEHPROAE thodBlio a3YdLidIcR8nRE McaiRg avvhen

the part is present. These features include vias, traces, and pads (pasted
or bare) thalf paﬁSéﬂwﬁﬁmnB i/o @ﬁt@melne thegert Cleatﬁlg@mmtls)ns”ﬁhlh lalslo“mms@gr at ed
circuit ts wt nnectl uch. as_bal

it errert at PRReChirg: Spa b E ARG BREi RS s e o bR B e
features of t@%nap%ﬁ&q{ifﬂ%im%gé@nod‘éﬂ%@ﬁﬁagb MRIdeIRL Ahd RNFrSspb& iGRRP Ble8mags I ent
RO to the sane RO on 15 the |earned paste board. If decision is nmade in

step 140 t hawdelven saeplgdhoset pémnmregn@mss@&eer@@aﬁmnw&mn meagthingihe Rd¥nthe t hen
processing en nce thl mearf{g .f deci @10n is

e o B e a ol e TRRAR: b Bpekltf BB eve® oo AT bigs ilorf2RS

assuned t hagro%%lﬂiy"ﬁffﬂlﬁh 18 dél- fidde 40 HhaR dbcrBRES. TN trPRBAHIE WHIS§heedbd i N the
i mage. The 20 systemthen perfornms a second optional step 142 to process

the ROTG o Pliestivensss,denanping coapgyiol fme stret@gmfest sampéingreodroely ped dhont his is to
conput e the t direction and .ma t ch nt in the inage
Based on t netiEes sEEl 48 iRt wrele v eRbei SRR Heinel ke R o
the obj eCtSrdté‘anh?hl's@ﬁ% &atnﬁéﬂeeaeytanyﬁloaetn&rjeﬁeﬁelm enRekground of the
board traces and pads V\nﬁ/ produce dom nant angles of O, 90, 180 or 25 360

degrees. This i stemugehcrhmeeddeaQ decasiomblecly$2/hlal deciglangmetdoas orwlstigonal
to the cangra frane 1 t% @la{t %ﬁ present its features will contribute
to the set g% madt m‘yﬁ Pelat y AT SRl nant angle, theta, other than
0, 90, 180, or 3ﬁf21e&1§1oﬁe§ﬁeéeﬂlat e ﬂne%@ﬁloda%ehe%la Iaﬁ)aelly BRestansy sl
estimte of how the part is rotated ut not where'the part 1s ocate
Next as shoproceads & gpp 126l wheteghé stageurahdedlel issusagpd seaccht ayourivien REtIVEIyAgE. Th_e
30 Vo 02/ Osgrggfarlze)ac\ghg'seotﬁé il'néllél'gge:Smodel found the part. If decision is made that it is not known
if the part is present, then processing proceeds to step 128 where the structural model is
used to perform a full search of the ROI. When the structural model searches the whole
20 RO, it may employ the coarse to fine searching method
Next, in step 130, based upon the results of the structural model, a final decision
is made as to whether a part is present . (Note in deciding whether the part is present, the
structural model may use the image model score as part of its decision function) If the
part is deemed not present, then processing ends.
25 If, on the other hand the part is deemed present, then processing continues to
step132 in which the geometry model is used to locate the part precisely and also to
provide more detailed rotation information about the part. Processing then ends.
Figures 6 and 6A illustrate in more detail the steps of an inspection process for a

particular component at a particular reference designator. Steps other than the application

30  of'the three models are identified. Decision procedures to determine if the image and
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i mge nodel essentially |Iooks to see if the RO contains a pattern that

| ooks very simlar to the cropped snapshot and very different fromthe
bare or paotoe/ossssgies. It uses the |earned data to conput @Ca/ysovbabs ity or
a confidence that the correct part is present. The inmage nodel searches
over the entire RO. The imge nodel should match the snapshot 5 at
multiple rotations at nultiple locations in the imge in case the part

itself is translated, framthe expected position and is rotated beyond the
expect ed ro?tﬁ%qt‘{‘i'ﬁl.m?‘éelil@@?aé%%m’é%%@@?er{tﬁ@ arl%‘g“é"@?fgel may not check for

the part at ever i i I : ) t
currently deter mYnnéé@? ﬁ%ﬁ/?(%oda‘% ge e’ﬁ?emlogn’%é%reﬁ%%%fl nztgghpeit %@%{Cﬂén ?gn%l'gg eXtspace.
| n addi t i onas shownnarsepsis6sihe sghtent hequinageicmdelf tlenjayt anliéslsarrbutd fona

rotations, the 10 expected rotation and theta  After a coparse search, the
i mage nodel ParHgulgbreierenceslesignaton, Thay Bagg it leclsd dhe “aegion rgspr ot Iz@L par t

center. Thej I J

hypot he55| S, Tb‘%gt%; , forcr%ﬁgltgﬁJlﬁg#%?%%fﬁﬁ%éf%%l%atséhr?asﬁgggﬁggtﬁefli ty,
phi, that t bepipesdtogahgrfasesdveraNexeraiffansdsdpetdrdtining thbestiesifoROL & depeiedeas t 0
whet her the inmage nodel jndicates that 15 a part | resent. This is based
upon a fir sEPYHIE PAT Py KT ties: the pesiHem tlerangss mpufted E}ﬁg\ﬁllﬁ%énd 'Lﬁﬁ%zé at ed

t hat althou%{ﬁers&lr .dV1% ‘%n§f1ﬂﬂéﬁmﬁ@l@.€5h°| d value is here used, in sone

applications it nay be advantageous or desirable to utilize a relatively
conmpl ex functi onA fist gtowaldkert 138 it by mspeekt the HOT for fisthaecthat @ppoaron the bjakeex
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| ear ned, then processi ng flows to step 148 and the structural nodel is used
to verify implemeniation pf thisstepistelpok for cipquiaggregtangyherog Agearfeatunes 51 zat i on

resol ution rehni . i i mge
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step sizes #iedbarasd pastd bodrdilKddeBionaik ande ih slepll 0 thatitle ocyluzion fdnasghe

theta2. If the inmage nodel is not confident that a part is present, then
processi ng Preseir with high epnfidsnce, fhoptpreqssting erdssinee thismeppsdpt thepart 5 f ul |
search of t e . Again for speed, the 30 structural nodel does not check
for the par? at "every location and rotation in the RO. 31 WO 02/ 088688
PCT/ US02/ 14195 BadetisiinZe m@adé frestdép y4rdhethalobe ssibnatudes £oa6isety¢ngitict-ur al
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assumed that something (e.g. the correct part or something else), is in the image. The
20  system then performs a second optional step 142 to process the ROI to look for dominant
angular features. One method to do this is to compute the gradient direction and
magnitude at each point in the image. Based on the angular features, the system
computes the dominant angle of the objects in the image. If the part is not present, the
background of the board traces and pads will produce dominant angles of 0, 90, 180 or
25 360 degrees. This is because these features are usually aligned or orthogonal to the
camera frame. If the part is present, its features will contribute to the set of dominant
angles. The best dominant angle, theta, other than 0, 90, 180, or 360 is recorded for later
use. This gives the system an estimate of how the part is rotated, but not where the part is
located.

30 Next as shown in step 144, the image model is applied to the ROl image. The

30



addition, for further speed increase, the structural nodel only checks for
two possible part rotations, the expected rotation and theta. The
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to provide the threshold. For instance, a more complex function could take the computed
probability phi, the actual match score between the image snapshot and the candidate
20  location for the part, the candidate location, and the probability that the image is not paste
to determine whether the part is really present.
If the image model is confident that the part is present and looks exactly like what
it has learned, then processing flows to step 148 and the structural model is used to verify
that the part is present. It tries to increase the localization resolution by searching around
25 arelatively small area where the image model found the part. In this case, it only checks
for the part, in small step sizes such as 1 or 2 pixels, around location <x1, y1> and angle
theta2.
If the image model is not confident that a part is present, then processing flows to

step 150 in which the structural model dues a full search of the ROIL. Again for speed, the

30  structural model does not check for the part at every location and rotation in the ROL
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recognition, person recognition, and i nage database search for instance.
Referring nowto Figs. 7 and 7A, an i mge nodel 160, a structural nobdel
162, and wb o/oggsesret ry nodel 164 shown in nom nal orientalPCORsAt493 rai ned
on captured image regions 166, 168. The inmage regions 166, 168 correspond
to portions of a PCB. The inage region 166 is a so-called "paste" inmge
nmeani ng that the PCB has paste (e.g. solder paste) disposed in areas in
which a cirguit co onen unted. Thus

IrCUI co nt |s
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are usual ly |ntegrat circuits that usually have a black 25 rectangul ar
body with netal MTeaflswtdesdribpd i Figdet fmdér tisheptinnidsd fobepnédd’ﬁhmoptmnahe Z axis,

and then straighten out. In each c even though the sjize of the whqle
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02/ 088688 PRt emwm@ng@apm@ég@aﬁw THEY% QR Feay %&E%f?laﬂtogﬂan@%@ IY#tiqfodel s

t hat cover Eﬁ?c&#?estﬁfﬁte ngual stimuli for that application. One exanple
isin the area of face etectl on. Faces under different illumnation
condi tions, w thlids pésibdntia ehepleassindrisbupthat pedfeletannidge dic frwstanat mgdeider s
and

has been specified. If this is the case, at the appropriate time, both would be applied. If

20  either matched, the process would continue as specified in Figure 4.

It should be noted that the decision functions in Figures 6 and 6A can be base on
other factor or expressions more complicated than “is the probability > phi”. This is just
an example. Also, a mixed combination of model scores may be used in the decision
function, such as in the structural model decision function.

25 It should also be noted that although Figures 6 and 6A only show outputs of
"present" and "absent". There is an intermediate scenario, where something is in the
image, however, it is not the correct part. In this case, at the structural model stage, using
the second decision function, if the probability is medium that the part is present, the
system could branch to another analysis procedure which performs a diagnosis and comes

30  out with a result of "part damaged", "wrong part", "smudged paste", "part tombstoned"...
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ages can be clustered into groups based on visual simlarity. For instance,
in prior art 5 work related to i mage processing of faces, it was found that
frontal fwoe3/088888 d be clustered into six visual classesPCAUshyughsthe

vi sual cl asses had no nanme or semantic nmeaning to humans, the clusters
greatly aided the problemif face detection. If a new inage, when
processed, fell into one of the visual clusters, it was identified as a
face. If it fell outsjide the clusters, jt. was identified_as_a non-face. A
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met hod (1) occlusion features;: (2) theta estinmator regqions;, (3) imag

model pr opelmqgsé?glm}@sm@mﬂlaé PAStRe MAgHERRING that tls%’cg?e@f?mfﬁ (rggolder

properties; %%s{%} ﬁ%B%ée%ﬁi iff A2 L PN IR %‘&i&%i? Gahgécr(eht @il 6 Hl%hﬁtgﬁp@ﬁ&ss no Qﬁ}ui{ earn

par amet er s( cision function he o usion attribute 1 dentifies
occl usi on f@aiiponest iexheet adiniaye 166.pThsmirgeiregivh @68 BA so-ddtled t'pleded” embgerat or
attribute identifies the region(s), _over g/g%ch the theta estimator _ . shoul d
be used.d THECHRGBALR SFCHbeERPoReR] | D henlddedpy g eetiqulagilesstion Pathinthe
properties eg{gﬂ 1rggl ations fromwhich the nodel is conprised. The geonetry
model attribate “describes the conposition of high gradient or edge

attributes. The Bidhestithad iheee typesofl madeBtard pevideddot y pedetbrmmaekvienpetkad to
be present on the part body, The alternate nodels attribute identifies
al ternat e rRgEemCclagsitrpesed Beongguigtadgircul heprddasnection emodimentiaggliged ¢l ass

part wnen i 1 £ o Fonit B ETE, TARIeUENL, R HG-AG hIRRR Bt 11°

i nf or mats oncamrasedhmthetpastivuth atabéradfickiss epes howkld abthelckrs Hpek dbhsaayed
for each nodel 34 W) 02/088688 PCT/US02/ 14195 in each class type. Finally
the |ast propkbe selestastipiaseardance vadidhe pesds ofia Pestishlar appliggBemer the part is

present of abecno bt a0 DSL SRR Sl IPHL ot Pt of
the visual enassenttypdssor slirGke usor@lt printed circuit boards. We essentially clustered the
components based common visual characteristics of the parts. Our goal was to generate
20  the smallest number of visual classes that spanned all the types of typical parts. In the
case of PCB components, we discovered the component lead type dictated the visual
appearance of the components. For instance, components with endcaps are generally
resisters and capacitors, all which have two metal endcaps and a colored body.
Components with gull wing leads are usually integrated circuits that usually have a black
25  rectangular body with metal leads that protrude from the body, bend down in the z axis,
and then straighten out. In each case, even though the size of the whole package and its
subparts can change, the overall configuration of the component stays the same. This is
why the structural model is well-suited to represent these classes.

This technique of clustering visual stimuli into visual classes is not unique to the

30  printed circuit board inspection application. It is applied to most computer vision
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5 a printed circuit board application is showm in Table 1 below. TABLE 1

Vi sual O ass: DI SCRETES Cccl usion Theta Inage Struct. Geom Oientation
Al't. LearwoNewsssss Esti mat or Model Model Model ©Mark Model s PROtUSe2/pa%t ed Use
over Use Full 3 Body Multiline In nost Could Geom Structur pads the whole
| mrage Regions Order of cases no have Mbdel al Mbdel RO or the with 2
Paste operation orientation nodels will tell is the Error potential

Regions s: mark for . true decision boundi enphasi, 2 1)theta In a few

f1i pped ovearpé’that’r?&Ré}or%P?e@tggﬁﬁla? asht ﬁaéagr%np%%@e@a%éeg g5 sppRlidpr e and
on endcaps @%@1}, : ' s@visi on mark
Is a Save a@% %%E{%?fogt Qiﬁ%e st rlsﬁlgﬁg‘g%‘gggf;}%gé g%ﬁ%{go?lhg%%%hﬂg‘%gﬁ ée%uzt Al of
nodel  endcidjpmindioagenditibng; stithl differendexdtpesssions, olpeoleodythealiffatintqgenbaanaer s
between to verif éndca result an(a past e Change,and dinensio

. . -, Bod
backgro ns®&°F 6 USt?TFEQ‘?tﬂﬁFO‘?ﬁQE%e. opgvisughsiniigrb; ¥°‘f nstagge, inprqr art

5  work related to image processing of faces, it was found that frontal faces could be
clustered into six visual classes. Although the visual classes had no name or semantic
meaning to humans, the clusters greatly aided the problem if face detection. If a new
image, when processed, fell into one of the visual clusters, it was identified as a face. If it
fell outside the clusters, it was identified as a non-face. A measure of confidence in the

10 diagnosis, was how close the new image was to a face cluster.

Visual class clustering is common in other applications such as medical imaging
(e.g. characterizing and clustering the appearance of tumors through a sensor), military
applications (e.g. classifying patterns for detecting objects from synthetic aperture radar),
and even applications such as traffic flow monitoring (e.g. classifying different patterns of

15  traffic flow).

In this particular example, the models 160-164 each belong to the visual class type
called DISCRETES. Each of the eleven visual class types includes nine elements to the
overall matching method (1) occlusion features; (2) theta estimator regions; (3) image
model properties; (4) structural model properties; (5) geometry model properties; (6)

20  orientation mark types; (7) alternate models; (8) learn parameters(9) the decision function

The occlusion attribute identifies occlusion features expected to be present in the
ROI. The theta estimator aﬁribute identifies the region(s) over which the theta estimator
should be used. The structural model attribute describes the regions, region properties
and relations from which the model is comprised. The geometry model attribute -

25  describes the composition of high gradient or edge attributes. The orientation mark
identifies the type of mark expected to be present on the part body.

The alternate models attribute identifies alternate models which can be used for
each part in the particular class type. For instance, an alternate model might include an
image model of the part when it is place upside-down. The learn properties include

30 information concerning which characteristics should be learned and saved for each model
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different possible variations to generate a few nodels that span each
variation space. 36 WO 02/088688 PCT/ US02/ 14195 1In this particul ar
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angl e. The sanpling of each space, such as the space of possible rotations,
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20  are shown at nominal & 90°. Fig. 7A again shows a paste and placed portions of a
PCB. The models are intended to match and identify in a real-time process portions
of the PCB being inspected within the regions 166, 166’ 168 168°. The above
description views these as instances of ROIs of true positives and true negatives at the
two/four different orientations.

25 Referring now to Fig. 8, the image, structural, and geometry models 160-164
are inflated from the expected angle of 0 degrees. The term inflation of a model
corresponds to the process of generating different but possible variations of the
original model. For instance, in a region of interest the part may actually be rotated
beyond its designated rotation. Also, the part in reality may be a slightly different size

30 from the default sizes in the database. We can anticipate these variations by creating
different instances of the model. Practically, we cannot generate, store, and match a
model at every possible rotation or size. In the inflation step we can sample the

different possible variations to generate a few models that span each variation space.
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around a relatively small area which includes the values (x,y). Such an
approach is requited for two reasons: (1) the imge nodel was run in

coarse nowe,02/8re88 Ng it checked every N th pixel in the iPeagsp2/ane (2)
even if the inmage nodel was run in 37 WO 02/088688 PCT/ US02/ 14195 fine

node, the i e .nmodel is extrenely sensjtive to high contrast regions such
as the wi Fﬁﬁéhléﬁa‘glcb% ‘t"}?an}p.f[eﬂt‘?f%%ﬁhz"ir{l‘?‘i‘?éf RS gﬁ‘%ﬁ”@‘i&’@?ﬁf“‘? ﬁfqor?é’(’l?ﬁ thel e of
the part, thedJiRASnsAOESL sihplind B ol BRce LQCH h\egﬁc};ﬁ)ggﬁﬁable Rithidg the

f
center of the witing. Once the structural” node e corrf)onent is
present in theayRPlange anendlingtolthe type ofipdrx, pajt stmedandethe keswh part tdarhdes.

position, the geonetry. nodel 166 js.a ted, As described above in

conj unction with ﬁ‘ﬁr Ting ngw tp égsgde'gq:ré‘f%”cﬁﬁh@mqgﬁ St}"’ﬁu’é%lsérﬁﬁ%e}m&try
sophi sti cat ed,sfae1dd- : L Sfi : ag&g,]ﬁl he fine
dx, -dy ang Slrl\eta {/(gjl Bﬁgf?ggﬂ%ﬁgggg%%%fgﬁm%ﬁé éﬁ%g&gg%’ﬁ)sy t 1§t}g§s\e./g ues

represent thédiespanedy. Aotk thaghe ithagewhoddh 1660 eomtain o seapshdt #Rat beblagk with
i nspected in the i nfggge devi at es fr?m 10, expected or ideal posjitional values

for that co EnimiHEe et Aot It e TSt e indiigAA. thereRgrogdbe not ed
that the dx, fy.epdwebeia iﬁﬁééeﬁgég Llﬁ?%h% a‘%{?ﬁ%ﬁ%ﬁgf%é 1%%‘3{?%5&&09 the

center of the conponent 172. e appreci ated that” the center of

t he conponertpiusedds theimpentiodicffiprment. | Thef it idiifbgr EMtis jspdfackfwittowpianent s.
For circuit conponents classified as discretes, this is center of the
circuit compdHEHte ﬂ&gﬂayawcem e bR guggrmo rloRimaihes 2 sBbEs&IAR Hass
classified a : t I erm.nj . het a
(the body i  uRGaR PREY LA o R oFBie Bbreglon, (A “h el Do i odifitt el
nodel 160 i s thapahedsaved anthe imape pra&B8siag systannPorethbt w82arc@frus d by an

i nspection systemdurin gﬁ i nspection Slor cess, As described above, in
this particulSHPregeRiprany difrs S, FHERRS PEBING togESAER lefbhagdiorragr)ayhendc aps
and the inmageg tdg tor i 0 Wi s ' ted
endcaps) . Thas rhe e SOMP AR proRSshg SRR h! LT P beinest SBMIREL 4, 1
conponent 5 182orrket pattiislocasd arard poditors (x,y)dh image 10deThe 56Actumal usldl 162 sear ch

a region of jnterest (RO) 184 to | ocate the circuit conponent 182. If the
circuit comgglrgeﬁllsilg?f ysgd ‘(?ﬁ@,’ﬂ{ahgﬁ CORPOBRIE HéL Fs;latrﬁ]if‘d@?té? locatiqn (mesked: o

cal cul ate th%yfaihd?l%fegénd%@eﬂ o B9odneLa values for that particular circuit

conponent . It -should agai'n be noted that the dx, dy and theta values are
al | conputed wit h Inespeabodimenththeatmtral afodeh®s? wpifies tHerdxid@ide of thet he third
exanpl e s hovwcloin%m'l:én at t%g’matrl? ﬁ)ciatrirc?n ey gllajlgiggg itis %ol(l)erz:%ign% g:iginonrs] ?IE a ¥\1§1|d| spatial
20  configuration around a location (x, y). If the region and region relation properties are
satisfied., the structural model indicates the part is present. In applications with time
constraints, it may be desirable to utilize the this embodiment.
In another embodiment, the structural model may actually deform its
component parts 162a — 162g and spatial positions to align with regions of the
25  component. If the structural model is able to align its regions 162a-162g without
deforming any of the regions 162a-162g beyond acceptable limits, then an indication
is provided that the part is present. If, on the other hand, the structural model is not
able to align its regions 162a-162g without deforming any of the regions 162a-162g
beyond acceptable limits, then an indication is provided that the part is not present.
30 It should be appreciated that the structural model is needed to perform a search
around a relatively small area which includes the values (x,y). Such an approach is

. Trequited for two reasons: (1) the image model was run in coarse mode, meaning it

checked every N’th pixel in the image; and (2) even if the image model was run in
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mat ched to the imge captured by the imge inspection equipnment. In this
case, the 30 image nodel is not well matched because the circuit conponent
is m ssi goanustske pasted pads and circuit board backgr ouRdTiusoz/rage 186
are significantly different in color and | um nance formthe inage nodel.
This indicates to the systemthat either the caonponent is mssing or a
conponent whilehmodebe ghageapedal iy sxismelysensiiyetoksal porimsifozions owbas ghe

PCT/ US02/ 14195 .i r nt : 0 LEL Q. t al nodel
162 is agai nsagofs AL U RnaAE AR o fiadiFor biBpel UERMET TP
conponent . | motikiiilipastch aol wrihepatpner, buthetiwtcenet of tk writtlgl 162 does not
find the circuit conponent within the region of interest 188 and thus the
i nspection syst enfaes tedtyetral pradel yraifigs re qompopertis presivhin Hie RONageundi on. on

the printed ¢jireui i i J [ 1 bg.not ed
that 1 somesafitl oo IaRA Refls il JosRiom ok el Btnel Feo A s " e

conmponent i sdabfbed abolva i borfuane witheFiga 4t & dhpgadenearydn bdet kg frodsgsheemy | ook
very much |ike the i mage podel snapshot. The same praqcessing_ as_ described

with Fig 9B sraisicaied gdge fpdershe aeqmedty is wesd e calenlate desfinaixadpandl t he
nost 10 |i ke I ! , i I del. It
is unlikely P%Bat t1 eg fof%%ééhﬁgﬁ%gl?r%ﬁ:lﬁea{%%gyglﬁe?%(k%ggstIgérgtg%ﬁg}}ecagﬁég in the
structural nastednglelbewhichubé omponenddRl beirighiuspectwduh thedi@eigadevidtbefrpar t

absent. Referri n% now to Figs. 10-10D, a plot of the structural nodel

scores ohd i msresivd & idspl pesdtienalwajugs facibat sonrpment ascomnyadrda te msppetioni cul ar
package type (e L was
i dentified agla}%g/{?sﬁgulfi #% n-(g)ge%n%o%ltg&ﬁ? &’ggggﬁeqﬁﬁﬁﬁ%ggﬁé%ﬁt?d g}g@ tergﬁ)%& In
the plot, twp theoeemnefihd O8mpdiRat 012. | Hehduld be appreciafdithit Shedeates bOWE .

G oupi ng 190 indicates the part was absent and grouping 192 indicates the
part was pr es&pponephisicalcylated differgntly fos diffgsend tynasof sempanenise lfousirgwkt ances

| ndi cates thay %&%n&%ﬁjﬁlsﬁi&}é’%g ﬁisglt%keﬁ, e} i?géiﬂér%tlfg%é' cigduﬁtéoﬁg)%ha{? b@h@&&d 20
parts from pas’fl I mages. I pornt’s’1n group are true negatives and all
points i16 gthewnddfHe. abecitduitecop®htity elassifiel asilQ3d Gilg the leadsimger i 10A and |
OB i mage 196 and . irmage 198 were anal yzed by the systemcorrectly | abel ed
as havi ng théetﬁ%mﬂm@ﬁgfeﬁfan‘bﬁ@ﬁ?t@@hoﬁé}‘s%@n@@%ﬂdés in group 190. In Figs. |
OC and 10D, i mage an 21
correctly | abel gdfnaég%é‘\il ng%gﬁ‘ém%{glrsﬁ' %@,@géﬁﬁ%g}{%%%38@%&%&@@6{@3‘@1@% %s in
the group 19280 é6a ehi18) giptieed By arl inepetian Systéhd dpasd &n inspstiamces and

788 pl ace instances that were anal %/zed. _The wi de separation 194
process. As described above, in this particular example, the image model 160 is black

20  with gray endcaps and the image of the component 182 is green with very bright
(saturated endcaps).Thus: the image model 160 is not well matched to the image of
the component 182. In this instance, the structural model 162 is used to search a
region of interest (ROI) 184 to locate the circuit component 182. If the circuit
component 182 is found, then the geometry model is utilized to calculate the fine dx,

25  dy and theta values for that particular circuit component. It should again be noted that
the dx, dy and theta values are all computed with respect to the center of the
component 182.

In the third example shown in Fig. 9C, the image model is once again not well

matched to the image captured by the image inspection equipment. In this case, the

30 image model is not well matched because the circuit component is missing and the
pasted pads and circuit board background in image 186 are significantly different in
color and luminance form the image model. This indicates to the system that either

the component is missing or a component which looks different than the image model
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bet ween the paste and pl aced instances 190, 192 respectively indicates that
the system is able to confidently distinguish between these two groups.
Ref erri ngwo®/088s84i gs. 11 and 11A, a plot of structural mPAEIUSSZOHES ver Sus
30 instance is shown for a series of placed parts and paste parts of

package type RC 1206, As can be seen fron1F . one pl aced parts ~
groupi ng 204 i Breggnghilhuss apshiosieig He - dhe pae%alpaqdeé 5[.?{3?}(@39‘86) sepfedt her
pl aced parts V&0 | n ave
ood separ at i pisn bRl bt g Msuo e Ak SOLRY Inﬁ‘“ RadSREReRRing Vg

02/ 088688 PC'EhéJﬁﬁRhilrdlhﬁ&del PaR tisesgion ipd nige Qfhit Ehaponsn ovithiv ﬂle\lhbgl&lil of
resulted,in the gro 208 are those conponents which the structural

coul d not coﬁF‘ieEFéhmgga ]é‘f‘ﬁtPFVlSB%C%’Fléﬁﬂﬁmlqr%é@@eSﬁ%ﬂ}eééﬂﬁllﬁ§ bsgat Eamdbeur in
the region 2 , 206 correspond to
conponentg mﬁ?% bhe sté%ﬁ%%u Et&%#q cou hﬁ%ﬂ%ﬂgg y as 5 either a
paste or a pl aced Ipgiotld Bemotd thapiarsohetasds t@(ﬁ[ﬁgbmodbhmapmk@geellm is a
so- called RC1206; a resistor of sjze 120 by 60 mls. Thus, the particular
structural noB@Ee Wheierks %@@m@rwpbmhéethwweﬁeme Reds anskb agkergred el y

wer o andl yzed Do by Pk il i ol TR RSP MU, Cln

that all i nmagesh Fig®B gbmdpca%Thmtmcftmlmabm woald dealbarch atreﬁlﬁrtaeeﬁ)st
designator R29 on the different instances of the printed circuit board.

Si nce t h&Ost rikebigenter perdiegn %%ﬂiﬁga%ewﬁ@# by thermgee myéel mgdaehfrtéawbe
accuratel Y 1 48abl WG AaPRe W BR Rk s 08 GG A AR 0Ly et 2 MOV
structural no genera ced |cu hIS pa |cular
| ocation on tﬂm@qmgaﬂameie&ﬁlémepaﬁ%m@lel for package type RC 1206 and
reference designatorR29 is used, as can be seen in Fig. 11A good
separation is ach|R~ﬁf@6n&§?‘0(/é@ﬁlﬁsheo'pp@c%ﬁloaﬁﬁthpé’@@‘éu@aﬁloée]ﬁoreﬁ adi cat ed by
t he position .o ener at t he
new St ruct ar A HaerTaR i dtecel BB P UG bR Rl BRapE BB ChOR nar or
R29.  Thus, Filg.pldtlfsoshdivared Wﬁ&th&l’flﬁe ighemte hiad RlehORed&MOm g BE chpdhenhe R29
nodel (group 20 210) and the non-R29 nodel gwroup 206 for paste 1 mages and
group 204 forpf?ﬁeaBedheWW@}ﬁf}bé@Tﬂl tInjthe pleb eepalpatanﬁO 2¢den the paste
and placed p I | usters
of exanpl e I%én%rﬁcgﬂl on‘hg'a%SSI %’P %irob}!) géﬁ?@gn%hcapeg’kh n%arfwg%bselrh}gag é quire

speci al i zed o@ﬂ@g?l@l 1h&10§té§tlﬁqﬁrtrmﬂﬁirésenf o tlﬁki‘pa@ﬁéulﬁfbxam@lé @feq@oiet i on.  For
exanpl e, steps 100-108 descri bed above in
versus instances indicates that the models were able to accurately distinguish placed

20  parts from paste images. All points in group 190 are true negatives and all points in
group 192 are true positives. For instance, in figure 10A and 10B image 196 and
image 198 were analyzed by the system correctly labeled as having the part absent
because they had scores in group 190. In Figs. 10C and 10D, images 200 and 202
were analyzed by the system and were correctly labeled as having the part present

25  because they had scores in the group 192. As shown in figure 10, there are 197 paste
instances and 788 place instances that were analyzed. The wide separation 194
between the paste and placed instances 190, 192 respectively indicates that the system
is able to confidently distinguish between these two groups.

Referring now to Figs. 11 and 11A, a plot of structural model score versus
30 instance is shown for a series of placed parts and paste parts of package type RC1206.
As can be seen from Fig. 11, one placed parts grouping 204 is highly separated from a
paste parts grouping 206. Another placed parts grouping 208, however, is in a region
which does not have good separation from the paste parts grouping 206 and the placed
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25 conjunction with Fig. 4 illustrate a technique of generating a
separation plot, which is a neasure of how well the nodels can

di scri m nEDe2jogedeen positive and negative exanples, for PaTASD2/0f19past e
and placed i nages. Figure 4 discusses howto choose the best set of nodels

t hat gi d ti bet d npl d i Not e t hat at
the end of ¢ RENRPORBEGINY The PIEoDREls REnTipa e B AU S G S Er R al
model for paﬁBﬂﬁ)Xﬂ&ﬂB@hﬂCﬁQﬁe strhfdbual BB ATk e_@%fli&e‘{’ﬁy $ddntiff %rgﬂcemg e, are

associated wwth'this part type. It is possible to uset sanme process to
determne if we \Vithatresubts ovhécht @car ingle Tegaye (8rbegeamethe lowonded upree fegisrisng

now to Fig. ., an i mge del match to conponent identified_ as.. 40 WD
02/ 088688 PC%%@@?/CP&II’ nddg Cpmparsats whig 8%?%&5‘5? ﬁl,mq% cqui¢ Botidentify as ar
exanpl e, ther.esl L,ON 1t

gr oupi ngsB Zlf?ch%%é%? %Sog%ﬁﬁ%{e??‘taﬁhén ?‘Eﬁta})t%? é\hééljiﬂ@rrigg@g’ %D%Pkagg?ﬁ%g? rgg(?:t |y

di stingui sh kellstelR@120Gastastand sizepl28dbgdOpails.. THUs, theguasicyhr structinalmotiélat
for this part type, . the tchin thod will nost likely follow the flow as
5 descri bed }bﬁ“éi”j?ﬁ r@ﬂ%&é?@@ﬁ’r@&?@{&%@ﬁ?ﬁ E’e‘ﬁe tﬁyﬁl}géla: FbrEPaisin
verificationghgpogoart detection and location identification. Figure 13

shows the inmage nodel scores for the paste and place images of the type RC
1206. The paste sdbeemagesalenbioim group 208 preBd adyrdd tok farcay somnmemakiye

denoted by dashes in Figure 13. In contrast to the results achieved in
accor dan%é Wit r‘is(ﬁ‘itfqgeal B’éﬁr{%ﬂf@e‘gm limagesiramaioun HRwereStoming nartionlar
reference to bhgneddosiddatct 129l tH@Tiiﬁ%PeRﬁ ﬁi‘skﬁlkssdofgﬂgbrim& Birflfit Gard" ¢
techni ques are used (i1~ e. using only an 1 nage nodel “to |(§ent|fa§/ and

di stingui sh pl aced®imedhpstsicturnlagodeh beiaf vaedfor phelchge itype RA12W6aredjot | ittl e or
no separation occur,a bet ween t he paste a?Fg pl aced i mages as shown in Fig.
13. Note t hafcCHEly AeniH¥as aderichise Ratt At iefracragdesighatPh Ehainsh Siaiclisile t o

conpensat e f n LB tcatd i ! . US]
ctractaral o s bORS il of TROBIRAS! 1obHichTh I bl Ongs
bet ween past eheunov plodelefor padgase gpe BICH 2@ yndiedaenderdebiggatodR 2Dl duselhasscan

anal ysis shows that for this part type, the matching nethod wll nost
likely foll oWetHE 1 gy e\ geadsarawon & Fnifyre beimyesh thequacrm @pdpasiparts as

tructural i ] tept | i I i fi i on.
20 Rof or 11 ng ity s of gkl 8, Rl R b e 8l 0
provi des goodheheys stirddtaal model dbr therineses bbplaaeperts dt yeferehSe debignator RD@.

]E) : gfnezs S te)? gi()][’]ﬁ%\é%éh]tl%gg%wzsﬁgatitﬂe i\ygét%tl]ca%orrlns)goeiles o(r) rBot% tgg Ir{t29 En%‘c)lgl (igrsou%)eI ected
20  210) and the non-R29 model (group 206 for paste images and group 204 for placed
images) result in good separation between the paste and placed parts.

Figs. 11 and 11A illustrate that by examining clusters of example images, it is
possible to identify components which require specialized or specially trained models
for detection and recognition. For example, steps 100-108 described above in

25  conjunction with Fig. 4 illustrate a technique of generating a separation plot, which is
a measure of how well the models can discriminate between positive and negative
examples, for a set of paste and placed images. Figure 4 discusses how to choose the
best set of models that gives a good separation between paste and placed images.

Note that at the end of the processing in Figl 1A, we have added a new

30  structural model for part type RC1206. This means that two structural models are
associated with this part type. It is possible to use the same process to determine if we
what to create a new image or geometry model.

Referring now to Fig. 12, an image model match to a component identified as
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The nodel can be an inmage nodel, a structural nodel or a geonmetry nodel .
Wiile each of these nodels may be | earned i ndependently, we currently
| earn an Worgmessssgl a 25 structural nodel toget her. As sh®@Tiusoz14ps 232,
the nodel is applied to all "pl aced images of the same part type. A

"pl aced i mage mage mh ch the o ct beln i nspected is
in one of a P’éﬁ&@%g lseiilBgBt éAd;an 1?%”?5@“?%&@’5”@5@88 PAGRBx t
proceeds to i en the
PR b e o e l.ﬁ%lﬁﬂg@%%ﬁzfgé%@%( i

Each " pl acednadelgansonealy dlstlrgummmvem mbkterreg agdend pamdr Thmdtnaﬂamaas t he
goodness of the etween th and. a rt| | aced
Processi ng tﬁ]é??"’sgtﬁﬁtcfg% P%t??%ﬁge?%c é%dwﬁ MRS Llif?%f oy, ﬂ

41 WO 02/§883§§n€g n4RR2é 34 1R re ARRLEHr Trodbl is Iaé‘&it Iﬁoferf%geéaﬁbfau&bﬁlaﬁ ams

part type and a "paste inmge score” is conputed between the selected nodel
and each " pagte deteetiyer'anidio¢ation idmitifinatofn. i nterest  (RO). Once the placed

i rage scores and paste e scores t hey are. 5, saved.for use
in Igat er processi @ur‘?\ﬂe%?%sﬁﬁ%%?ﬁ% eés n%ét&r g’&rpas%ﬁfl?lp@ce bpageasbthe oy
nore sinply Egiétﬁdl‘%'bé "Phd ﬁasféesrcf)fé"s EF‘edshoM%stgﬁfu 21‘8%H'tlﬁérl§lacer &bRE afe0 those

pl aced and te 1 mage scores which appear t out side the typical
range of val dem)técbby ddshes iplfaged lBrﬂng:en‘smbtceﬁxeaemuts bdn@e:sltm acammce;wuhes | f

an outlier ntifie t hen the reas or.the o be
det er m neY. %ﬁ’ Juey Pgihﬁé’rﬁﬁwl ipgentiop 3p W%&WF%e =tlbs HJ omal ous

situation or p@l@%ﬁt@& &ak Shkef ?n\@péﬂ; Rechsi gﬂé&tar@ﬁs%af(f &t ol?lﬁr’y 5@?{%% S&xdef fgen

the outlier shoul'd not be included in a conmputation o tribution
of the scor édentifyfandalistingeisbipheerd hahphstet tegionsidf 4 printsd oireuivbeand); Bdleduaot o a

situation or characteristics ichis e pected to he re,p ted, .then the
outlier poi nfCRAFBIGRQCHES betseen Hispasts aqd o {néa(gegﬁsgyo gblﬁqt‘bﬂl%f t he

scores. For ishadededflPRIAL Surkdy GARRANPRLLNI Bof \Agts,ﬁs%te%r R SspdsAPS

will provide a‘'score that 1s an outlier. W woul to eliTmnate this
score froin t bétheemagd mgdeldbypisapetie strartesl xhedrauﬁm stltuctmalano@d:ﬂmlproxdéé &ct .

Also, if a placed image_is inaccurately |abel ed ani ng eex ected
object is nBPO‘f??PPIH‘EOIP en st ]e}aggalmag§soasrag%n&@r}m@ oci at ed

AN At A s
i nstance of fikelypelidw ietflovaasiistébdaloid iglior 9Baand 9C where the structural model is
used for part detection and location identification.

20 Referring now to Figs. 14 — 14B, a technique for learning a model which
provides good classification of images for a part type is shown. The process begins
with step 230 in which a model for a part type is selected from a set of model types.
The model can be an image model, a structural model or a geometry model. While
each of these models may be learned independently, we currently learn an image and a

25  structural model together.

As show in step 232, the model is applied to all “placed images” of the same
part type. A “placed image” refers to an image in which the object being inspected is
in one of a range of expected locations in the image Processing next proceeds to step
234 where a “placed image score” is computed between the selected model and each

30  “placed image” in the region of interest (ROI). Each “placed image score” is a value
which represents or indicates the goodness of the match between the model and a
particular placed image.

Processing then proceeds to steps 236 and 238, in which the same model is
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drastically different appearance), we would want to include this valid
instance in the distribution of good placed scores Referring briefly to
Fig. 14B Wornzesssspl e, two hi stogranms of nunber of occurr @eTasovi418Tores i s
shown. Each elenent on the X axis denotes a range of scores. 25 The Y axis

denotes the nu ear anc of that sco range of sgores.. Curve
254 correspo?ﬂgbeﬁéoa Qéﬁgg?%ﬁ’?sPf&‘etsﬁmﬁlpélftcgé?ezﬂ‘i‘ﬁé‘fql’?ﬁ%l g&é@%relgf?age scores
and curve P@&E& Sét%@ﬁlﬁle sQle@te@%Hﬁi%lﬁﬁléa'cﬁ ==¢£tet1 §9* RBII M JHGnRARE ©

i mage scores represents an outl on the placed I nage score.
That is, poi (ROB58 corresponds to a point V\:hl ch was not included in the

conput ati on used to prodyce curve 254. 30 Simlarly, point 260Q represents
an outlier on theOpssths Lf?‘Fﬁ@En%&cgreéﬁﬁgpm%lweﬁorﬁﬁﬂfe COBPHEE et 0 a

poi nt which was, ot eﬂﬁiavé}}%aaegjelﬁ@%am%@mm UREL 1 CoRliBFG R folf Vv 256.

Referring again to T4A, processing proceeds to step 41in
whi ch 42 WOnd2¢ Q&W%lﬂ@ﬂ VB0 o4dh8s. The semdioatlieasT réfaniotthose placedamput ed.

The manner in whjch the se aratl on f nctjon | conmput ed depends upon a
variety of fBREOHEIECREPISE VA hisipedide be by 1t°é‘€flcfe&h? h@ieyisagop V%l&ﬁaépr |ch

was sel ect ed hg@ﬁﬁ%e%ﬁ s&ﬁlﬁh@@@s& ls%x!egslf‘%]hoh %r%lltaﬁﬂﬁieﬁgﬂl] R be| ng

i mges and t Re particular type app cation in

used. For, breax@nfolr ¢hd suther shgudl ibe dbtenmmdc Ahaiss,df fheiontled saire cedutreldae d

i nspecti on process where, the rmg cqrresp gtgs to an |gag§ nodel , the
separ at ildh f IRt FSEARHp Sitdatps i Chptagteristih Wil isaet gpegted & eTeReatgsh then
function. Th r hod. For
i nst ance, thglersr%ggﬁlﬁ)omx%&ﬁdg&g% flg@g&l%f%l ﬁdnaa ta{{{%g?f %gmﬁ:lﬁgﬁ Efﬁetcu on. The
resul ting scedoess. dﬁ,wmth@uﬂher Inind, thh @udrecqre ocr&msedtdue gensituatien ar separ ation
10 function as descrjbed.in step 244, The sgéﬁratl on function in this case

tries to fi tc@rga@ré%icawh&hmwﬁesteéﬁ% be, srntepted Shenths oufliss Painkishonlst bror .
TS 2 U YR RASRE BRIALNEEK ARG fon b i 308 S liidals BlGe0aUSS! an

may not be su |C|en ieve s ent curve fittin ever a

gaussi anss NMaympbremit Béthrpaseion ek é:ndcaj%pmd)prﬁﬁﬂeats&t&edﬁtﬁallrbLﬂMhW@lv@(ﬁﬁd For
i nstance, the paste 15 exanpl es_nmay produce a bi-nodal distrjibution if the
PCB has two Wepitod mmﬁéihls w&%?@l}hﬁseé@f 8pd plpprslssongp Beaauelt i anacidl er i ng

glr ?0{ L;P”gr o sup& %gsl 1?53? %UII’S nge{ggmfr?p hggé qné)aﬁnr%rtﬂé Qﬁ%@%&eﬁ%‘b ejct jsn the

separ ation f yscCihitBhinhapel we wonm Wwie tbashoveuthy @otrmgsochates withehid &hage ffons
the set of place scores. On the other hand, if a discrete component generally has a
20  black body and there occurs a valid instance of the part with a white body (or a
drastically different appeafance), we would want to include this valid instance in the
distribution of good placed scores
Referring briefly to Fig. 14B for example, two histograms of number of
occurrences of scores is shown. Each element on the X axis denotes a range of scores.
25  The Y axis denotes the number of appearances of that score or range of scores.. Curve
254 corresponds to a gaussian fit to histogram of the placed image scores and curve
256 corresponds to a gaussian fit to the histogram the paste image scores. Point 258
represénts an outlier on the placed image score. That is, point 258 corresponds to a
point which was not included in the computation used to produce curve 254.
30  Similarly, point 260 represents an outlier on the paste image score and thus point 258
corresponds to a point which was not included in the computation used to produce
curve 256.

Referring again to Figs. 14 and 14A, processing proceeds to step 244 in which
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assunes that we do not know or we are not inposing the distribution
function. 20 G ven a new data point, one can |ookup the value of the curve
at that pwpr/osseBased on t he cal cul ated val ue and the nat mce&/ush2/14105

di stribution, one can conpute the probability or likelihood that the data
poi nt belongs to that class. In sone_cases the int may fall i.n fhe

i nt er sect i ona&$PAaRENFHNGHoNdS H‘PIQP‘FF%UT]P%‘F@?HGFHW"HFC@ tﬁ%%"é’,a%/ n Bgtior Brput e

how likely t i b bistsihAHERO But A&t HhieedSh MRl ase, we
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confidence. After the separation func{iqgn (s computed, processing flows to
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of things. Feaodexmifekgnds to aninzgelnmaiel, tlersepamatibn Amctopmantiegenetateddrdm boar d
i nspection process, where the nodel correspongiz to an__inage nodel and the
separ at i on F SFY0R ik SORE I8 SORSOP &R BHFS ishgated fomyaRi @ed  as to
whet her the i o L t 3 1pg the
45V 02/ 05 RS Htr) Blad el R AR & (T e A o SRR
correl ati on Yalcties Thedewbigpascorey nidyenpudiifith elicesane pratase td generapr ecbptuatioh ned

t hreshol d val ue. her applications, however, the separation function

I n ot
coul d bel howlHstion phdesciiqdniste® 2481 at i ons of the regions and the region
properties match : is Qe tr2sh i fern
mat ches an edge ngggf%f#ﬁéﬁgﬁtﬁgggﬁg%prs eecr:f_é(it (ggt tﬁﬁgéssgﬁghﬁgggg%ﬁ ?itstltvg
essenti al | y thensenmd aottengausapplcinoato the negatiMeiexhmales clo isspdssblgeainegoat ed f or
positive and negative exgrrpl ?s_. It is posf i.ble, hopwever  to have multiple
score out put 82uspian pydof b aufligieghioechiswe Briicion); cyrvs Hitge SR gavsiang qui r ed
to approxi na o Lf 0 S bl 6k Fool i.ned t hat
the separati %%y?@%cb%?%ﬁml%% g&%ﬂggltngeg%eh?% dt9 edr?l e%%}(;cc%sé's iFﬁg}nSta%%ééjg{cf?a?? S st ep
248 wher g5t hexamsled mbg psidacea bi-aodildistiiartionis the PGB hastwioherpdibigict hand, it
is determned in decisjion block 246 that the separation function i s not

accept abl e, PH&8IINgceloss- nhhese asevdakcdustarivg adaswithnesuch peKripsgas, wall
identified t JI . . i npl ked
ns h model 5SS Bl ScligRR A REH RS MO R (BRBUBIP Xn@igROKC

benchmar k f utay €0 coagglts a sefrativ@sfahdtipntih@nfint e dedut e thitefts &b Aataniikise

decision is nade as to whet her any ) ) o )
assumes that we do not know ot we are not imposing the distribution function.

20 Given a new data point, one can lookup the value of the curve at that point.
Based on the calculated value and the nature of the distribution, one can compute the
probability or likelihood that the data point belongs to that class. In some cases the
point may fall in the intersection of two or more distributions. In this case, we can
compute how likely the point belongs to each distribution. In the simplest case, we

25  would label the point as belonging to the distribution with the highest likelihood. We
can however, report this diagnostic with a low level of confidence.

After the separation function is computed, processing flows to decision block
246 in which decision is made as to whether the separation function is acceptable.
Again, the manner in which this decision is made and the factors considered in

30 making the decision depends upon a variety of things. For example, in an application
such as a printed circuit board inspection process where the model corresponds to an
image model and the separation function includes correlation functions, the decision

as to whether the separation function is acceptable may be made by computing the
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ot her nodels of the sane type to evaluate exist. If there are no nore such
nodel s, then processing ends. |If, on the other hand, it is determned in
deci si on Whweksse8®2 t hat other nodels of the sane type toPeTAlSoaI€AITIO

exi st, then processing flows to step 253 20 in which the next nodel type is
sel ected and then processing flows back to step 232. At step 232,the
processi ng stdsperepeedetvesadniaiava 2af saxgain Cloérﬁgﬁt)’é Yalugandreameariag thehet her
there are any, -1 nt everal ways. In the nost
limted scopé?ﬂ% g&ﬁﬁggﬁb%ﬁﬂgﬁta@f#ﬁéﬁﬁﬁgﬁﬁggughere are any other nodels

of the sane type. IffQther bpsicaias, howetdhahemgatativn Benctisn asuld B gewwelethe t hen
the 25 question is are there any other correlation inages to be tried

agai nst al | trplativeelatiops of the regiensnd dhe Tegiongpppsticsipatple thersiaptarad modghgr
ot her nod ls}IoWwEﬁ'?%ra%?ernE ﬁ{er‘?ﬁ{a{ LYREed quo ext nodel type could be a
y moder - e(PEarnlﬁ% né%

structural or ‘geone iod or decision function

generator as descrit fiedld te dppgacians] thét thd $fbcess ia esrehtholy thhisdmdioesnpl | true
positives and true negatives that are available. This 30 decision function
may be refi né@picationdy whicha sqeis 18 geneprted fofpesifre and mugativyeesammlesntlt 6 t he
nodel may oc a I | n I : ule 70
' F gur e 2 Porbis heylde. A0S Re IR scir SEDRNT S R, HeeRiEh asy

figures 3A antiménsidiissequirdd WR608368%Bc BER/ US02/ 14195 net hod uses al |
data available to g_ener_ate t he nodel s. Fiqures 3A and 4 are focused on
getting the nost dEprdesisindlocke249aitds defermpedthehile gengeation fppctiondsl d be
noted that i | 9S. i i dto
be. avai | abl oepble okt g Blobeqdill WEBR3s B AORASLS Hofco ATTHIRY ¢

cl asses that use Wpon thelothee hinnl, iidp desanined Uchectsorilbék Deohgetle syyagidnpart ,
paste snudged. W can either conpute a distribution of scores for each of

t hese | abel edungtipadeBotdccepiahls, hea PIogRsiag Pepdsito signafP sheredhe medsiisy a new
i , if th j i . h
| mage, 17 1 Ei%ée}ﬁﬁﬁed @%&Wﬁﬂ\yggﬁgﬁgh%i ﬁ)ﬁ S Bgaﬁﬁpgygﬁel%&gxfk@?%gg%oad@fj the

true pl aced. ore descri iques an he present

i nventions saha willbeididpoadud). Ohiy “badrcapdd canbe Ll baldbaariafiturexdisned.
The term "unpopul ated,” is wused hereafter to describe a circuit board to
which no circuit dangstesthsn preesedsdestepsg|wheae depirdon is pensiglas tewhetheicanyt

board, as U ShGLELN oA BIUIRL o ELIISA0 RAASL: AARLE Bl poADGI ol ude

sol der paste. er e understood by one “of ordi Kill in
the art to behén procrskitg sadsdar, onhBé othsr Badl it @lddt@nOmddyin @eEikidh bl RRDS2qRat

regions of a
other models of the same type to evaluate do exist, then processing flows to step 253
20  in which the next model type is selected and then processing flows back to step 232.
At step 232,the processing steps described above are again repeated.

The question whether there are any other models may be interpreted several
ways. In the most limited scope, the question is asking whether there are any other
models of the same type. Forinstance, if the model type is an image model, then the

25  question is are there any other correlation images to be tried against all the data. If the
question is asking whether there are any other models for that part or part type, the
next model type could be a structural or geometry model.

The learning method or decision function generator as described in figures 14~
14B is a method that uses all true positives and true negatives that are available. This

30  decision function may be refined over time as new examples are seen. The refinement
of the model may occur, for instance, in the background learning step of module 70 in

Figure 2.
This learning method is different from that described in figures 3A and 4. This
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15 printed circuit board. The sol der paste is often applied using a

sil kscreen process. The pasted regions correspond to |ocations at which
circuit cwomensssss will be first placed and then sol der egCatussubgesjuent
manuf acturing steps. Wiile surface nount <circuit boards to which sol der
paste is applied wll be described in the following discussions, it should
be appreci at 8¥thaddises alé data augitadbiso ganerple thgympdels faguss 84 andfarg Hevtsdt hr ough
hole circuit i t i ng process. Conversely,
the terns "p8§§?%@§é&@gﬁﬁﬂgég%%%§?F95%%§ﬁ?§f3§ﬁk§§%'used hereafter to
descri be a circui ft shoaldthetrtashthattin Figsc Lnihd toapahemiostybavws digassiamel i ed. The
dynam c color identification process nmakes use_of a recognition that an
unpopul at ed @FsHEgAHo beayailahles part thers: part Aefibee. Bie mushrweyerchive pther

di stributed ' ' rd. I'n many.
cases, th% f?%g#%ﬂﬁﬁﬁgggaggﬂggg?%ﬁ%%eco %ﬂ%&%@ﬂ%ﬁ%@%&ﬁ%@ggb&%EQ%F nunber of
di stinct col efmadgddsiWe cheeiiinskompute dripapbihtihed scorics CtichctboBhess 14beted

fabricated with a variety of materjals and a variety of processes. For
exanpl e, unpHPLYCAE EeRGIATE BiNorB SaMBlSX EEncting 19 alapsityn ey Fnags i Higarew

conposi tes, [ | , - TFE) . A dom nant
col or of the%ﬁ%%%%‘@%%&a%ﬁcq%%%%n?ﬁ%@%M?%do%;d? g%&ggg{gg?d;t ed with a sol der

mask | ayer that i Beftepdescki®thgahe ttohtiquesiingsysetnhs atts padsetitigventipoohrt ed
circuit board during its nmanufacture. The sol der mask |ayer is provided in
a vari et ¥0 of indedyetery ¢anepris prterpinologyarg ¢xplaiaey.  Bhe termycuiegulaigdedn. The

W0 02 08Bo5s LT NS on b f oot bfidths BERCod R RIRAREE]

unpopul at ed gppliadi (Theambopuliad cilcuiltard, @ @sodeheréin) @hareith@sheudeiiesdigdrder
mask is not applied to areas_ of the unpopulated circuit board that do
recei ve the Pafteler cwytc&detSﬁ@eémStferSO&fg%mstw%beyn@ﬁrst@@@by enerltaadinaei r cui t

comenents. TR A5 Ty 0,005 BRI o) ARSRUALSEH G L

board areas hat mus

In additign Eﬁnﬁeb%ir@@i@%@ardﬁ%@l’s@lde@a&ﬂe|ié<6ﬁérﬁeq1pliie& uSthp @RilRRdeh @ebdess. t he
surface of the unpopulated circuit board on the surface of the solder

mask, the si [Tkspreehragions sgrresnondiolapations af whishetrewt coapongniatvgH dedhst
S sbren SRsRPHYL M) AR 4SPEERRIN bRy U, RIPGPER! g

silkscreen i 8 € a vari of colors.

colors on a pitt Bshréd fooMhith Bslagrhagialls dpplied a5 bk idegtribed th e fdllivtigg nunber  of
col or categories. Thus, regardless of the material of the circuit board,

the col or of disgessions] ifslrouldh bk apnrerdatedihet thefinvention canke apdied pqually weellthe
sol der pagte ’thrE)Q& 190% 1rr01?1]; béarr]gs that undergo a different soldering process.
Conversely, the terms “populated” and “partially populated” are used hereafter
to describe a circuit board to which circuit components have been applied.
The dynamic color identification process makes use of a recognition that an
unpopulated circuit board has a finite number of distinct colors distributed about the
25  surface of the unpopulated circuit board. In many cases, the finite number of distinct
colors is a relatively small number of distinct colors. Using technology, unpopulated
circuit boards are fabricated with a variety of materials and a variety of processes. For
example, unpopulated circuit boards can be fabricated from paper composites,
fiberglass, and poly-tetrafluoroethylene (PTFE). A dominant color of the unpopulated
30 circuit board is often associated with a solder mask layer that is deposited on both
outer surfaces of the unpopulated circuit board during its manufacture. The solder
mask layer is provided in a variety of colors, including, but not limited to, blue and

green. The solder mask layer is applied to most of the surface of the unpopulated
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ot herw se exposed areas, and the color of the silkscreen, the colors
associated with the surface of a particular unpopulated circuit board can
be groupeaoioawngsess rel ati vely small 15 nunber of col or cl aPS#FaISOsi10F) a
fiberglass unpopul ated circuit board having a green solder mask and a

white silkscreen as an ex | e, the_.ynpopul ated cir.cuit_ hoard is enerally
green over tﬁgcglhg?aé‘ién“g?g]?’géﬁ@ﬁaéQiflt‘het}wgf)@ﬁ?/\sﬁ‘gFlécqlhléo%%ﬁﬁgiio H‘étsrﬁcq%ées been
appl i ed. SomgoRENGEW TheRYRRSRAsIA GRS afiad RE e 2PPE e SRV BHed GRISERRRNAI NY
to copper conductors or layer, silver, corresponding to solder plated

conduct or s orhdtdyegceiv2@hesoldryipdstecibe seld propadicrageas praidetdotattactpactsitor t he
like. O the areas to i ch, solder .mask has been applied, there are
general |y 1 wSOBRAREL eGP Beh R 5 45 Tl AERIPGP SpgIBbHed ErHUSHOHAFRY to
l'ight boagd ¢oli@kust bifieisiosd &hpeskdMidrix8mbRAUoARecIGRls Wh heMitian (@R BBGveT

sol der plated conductor or layer is either at or near the surface of the

unpopul at ed ecblocuatilkooeged is oftei dppdicdéd tw sttfacesdltitleunpopslatedAirseit boatdshade of
green, 25 correspondi tg.a dark board color, is associated with a region
under whi ch tﬂ?fe?lgpa?%op‘ﬂ% S@Sﬁrﬁﬁ?SkpFhessglhcé?enr}}aa{né&?mr&regfe“&? near the
surface of t g iBRRORYhAEdRetfhéscalid bo@%gl%es lxbﬁésgbﬁdiﬁgk&wr&g&tog@pgﬁ% mask.

The variety of unpopulated circuit bodoard colors corfespon r

cat egori es. " The silkdctechés gamendiniviats, bhiatan be pantiety wff aolocol or cat egory
corresponding to 30 particular individual circuit. hgard can vary oyer the
surface @? the ci @Ei"?l_oﬁo(&’r %iP”‘%S?l Clr‘é‘%ﬁt’t‘iﬂl@?ar}l??éwegﬂ%@@s & nuier 8b) der
mask is appl gy bategoriRs! KRGS, SLRAAEQCR IR mhibrial oY &ﬁ%ﬁ HRAkE thel o of fHeS

sol der mask silk screen process Is different than t Screen process
descri bed abevidei magkothiewnbiriof thewireds thatawiedverthe balderpaste, thegolond&the46 WO

02/ 088688 PCT/.US02/ 14195 circuit, board for .reference designators qr
circuit conpOHERYS® exRosed,areas. ppd Hhesed rs"élﬂ%ﬁlﬁ(’“%?kt escogcﬁﬁlagséﬂlﬁteflﬁﬂabthEan be
variations iyt JrhighRERs lfted Sk AR bdiRPdn t ' |

vari ations. However, pt hese co %;r v%r i&ati ons are geggﬁgurﬂgpﬁgmsarrlg]laﬁf?&%rgau
exenpl ary5f i hempbassolon ppsdsailsthga fibarghsdamopylated cimygjt Bogrdevingalgten 5
mask and a white sil ksgreen c have different colors froqmcircuit board to
Circuit  boarBlieEeski R 3aP CRRaTon AR BB B REPPBHAta eyt Bt ifor

production | %Enerﬁgf gret Sk sub-faee §Pl%1g elrcliPSlard MheRnSsdlbld rﬁﬁs{:ﬁgxhs ghigde of

green from one unpopul ated circuit ard to anot her unpopul a clrcuit
board wi t hi napplpdo dootei clerivide eapotedersanen baoppputdoed, @irrespordingoar ds.

Whil e the unpopul ated circuit board material, here 10 fiberglass, is often
speci fied by CPPRET quEjugioEs o Pye{rh%ﬁ’ﬁﬁﬁSHﬁﬁpé?Pgé‘gé‘? Fqég?rtp?%%f:@}dgufw or layer,

20  or gold, corresponding to connector pads or the like. Of the areas to which solder
mask has been applied, there are generally two shades of green. A first shade of
green, corresponding to a light board color, is associated with a region under which a
copper or solder plated conductor or layer is either at or near the surface of the
unpopulated circuit board, visible below the solder mask. A second shade of green,

25  corresponding to a dark board color, is associated with a region under which there is
no copper or solder plated conductor at or near the surface of the unpopulated circuit
board, visible below the solder mask. The variety of unpopulated circuit board colors
correspond to “color categories.”

It will be recognized that a particular color category corresponding to a

30  particular individual circuit board can vary over the surface of the circuit board. For
example, in some processes, the solder mask is applied in a silkscreen process. It
should be noted that this solder mask silk screen process is different than the

silkscreen process described above in conjunction with providing lines on a printed
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sol der mask is often not specified. Thus, in another exanple, the sol der
mask can change from one unpopul ated circuit board production |ot to
anot her uwpopwossssed circuit board production |lot. For ex®&eplusp2/14185 sol der
mask can be green in one production [ot, and unless otherw se specified,
the sol der mask for the sane 15 unpopul ated circuit board can be blue in
anot her pr odei&guiidppardor redstsaceifesinatorher ClipUHISERPERCIRD| 4% the sdkssrgertselfiei t h

any one unpo e j ' s j; . t]

Fegardl ess. of it dbafiesh it pRER Befai] B iR e IR R |
board. The phrestntvadrebnn! deyevef, thospeplot sdnetiods alichellipsdalimnuf act ur e
known to 20 one of ordinary skill in the art, .includes a variety of
process steps andThe gxempley igrrglessuepopplated phcyikbeaxd, daviag argresn seldetr e
advancement s .0 LS, Ghiio fiUARABAN AlEi Sl fitkdiors AR drdRMEAGH UGyt | |
result in circul oards al'so having a relatively small nunber of col ors.
The dynam c bedrofandda phitfcukatiicam o podsaidnslondtanbihiet predudtivndol: Rt

unpopul ated circuit board manufacturing nethods, or terials. 25 Referring
now to FI G ¢xpmplesthe peldefumasksan be 8 difdariphade i gieadrem pug pepapy ke
includes a g e I i nt.al i : | I

board, ref eré@%ﬁ%@éarg{so %g)f[%? t%l Iéls({ri)gg@éocﬁ@f&lgtrgg%se {et@tg ggﬂgc}]%ﬁgﬁgbﬁ gﬁ%%tei cs of

t he sel ect edufiggubi&d éifcit brarisuddle thaopbadlned ciduitrbobsiemabiial had. |t
shoul d be apggeci ated that in the description provided herein below the
r

circui t Hoar Hoemtsads eftenstnceifis by Hedesigner of by prporydiied ity bepigntee clarity
L0 he descrLhlflagd DSaRE RESBELAMN CPRET IPBGARE LML, the B NRAn TRK
0 palette color pa t

specific reference regi ons as e regions” and the

processi ng othdne fieni 61k ingopalatdd ehratiabded ipsdductivn 10t thamothephapspethted t he
context of a color characteristic. It should be understood, however, that
ot her ci rcui eirapeird profectiny log doegxmure g 2plisn Ygsk ednhieseainone cs,

i ncl udi b NUE . | i Sti f h
ci rou t Boar BrRbtcs B B oh@al SIS ol ISR GARBAENR L Col o 11

wi 'l be @ppr agpaulded siednit foardiias be $hieoin apetherprotibétontlbie Reghlsahea Circuit
board in the color palette regions can be later used by a variety of
circuit boar au@bf:rr@fwl kars Bsopraige Math; any|one uppemilatetheitcult boptdigmeaiistthose nodel s

For exanpl o gl RAThii6d, R SalbE uich ot e R el REpBERLSHETY o1
where a conpen&iitb&h@ul d be disposed on the circuit board and in sone
cases, to determine if the circuit

The present technology of unpopulated circuit board manufacture known to

20  one of ordinary skill in the art, includes a variety of process steps and a variety of
materials. It is expected that future advancements in the art of unpopulated circuit
board manufacture will result in circuit boards also having a relatively small number
of colors. The dynamic color identification process is not limited to current
unpopulated circuit board manufacturing methods or materials.

25 Referring now to FIG. 15, a technique for processing a printed circuit board
includes a group of steps 302 in which certain regions of the circuit board, referred to
as palette regions, are selected and characteristics of the selected regions are
measured, sampled or otherwise obtained. It should be appreciated that in the
description provided herein below, the circuit board characteristic of interest is color

30 and to promote clarity in the description, the processing described below will
sometimes make specific reference to palette regions as “color palette regions™ and the

processing of the circuit board characteristic will be explained in the context of a color

characteristic. It should be understood, however, that other circuit board
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conponents are properly disposed on the printed circuit board. The circuit
board 10 being processed can be either a paste, placed, unpopul ated, or

ref | owed woreosgssboard. At step 308, color palette regi oRETAIBL/MIITI r Cui t
board are identified. Each of the palette regions is preferably sel ected
such that each palette region corresponds to one of the plurality of

di fferent cofhsrast@isticndneliging but py dipted toexpue pndlymipence shypeeics ohe col or

pal ette 1 o0l 405k SANah DSBS Sl ARLOM o by b d BtwBpLdilce 1 here Lo

say, 15 however the co or egions can correspond to a

relatively smal |l Tiarildecippidoiutal fianilic cbsoasﬁon B’ele‘éveﬂ@bihy,comdsfaxﬁrchhe col or
palette regions is selected such that each region is a different color. In
this way, eabPprdfn thssolor palefte rsgiens capbefatesdised bra varely ohsirqisbogrd ol or whi ch

f
correspons LSRRyl AR Rl BB ELES |

20 sel ected tsnjletion WithlCRIGONS1 4 Buimendflthe motiels amgl foe ekample] det@@ifedfent s at
|l ater assembly  steps. One way to ensure this is to select the_ color
pal ette regi OHIUKIIOHERS AL @époss(r thfeehilogitionuyberp gspmponent shulpbe t i cul ar

enbodi ment r&sﬁés@ﬁ g(?héEgﬁcﬁl?tGr%dapcﬂan m%bxhgwll %ﬁ%@?rpﬂe'ﬁ&%%ﬁ{ pal ette

regl ons are selecte Ive CO e regli ons can correspond

to 25 one Oéorhﬂitﬁleht3|a|r@p1tolpgrl}2dispdisedahelwﬂrﬁéd c1(c11)t la)ahhr"ﬂlqoﬁﬁuﬂtbbﬁﬂ (2) a
dark board color; (3) a Irght board color; (4) a silkscreen color; and (5)
a paste &bl obelnwwsrsr.@cm either g mastamdaced. Unpopilptedper lﬁﬂ%‘ﬁ%@%ﬁ boak t he

bare pad col or COt GSPANAS.ig AIERSeAhnddidne LARPHLRE 5 iGLiAHL! pRgAL  hat

are ot herw se expo cover so be

under st ood t hatpalelte r@gamks i (p@éfdrabtyrsél%&p@m th@t caclg palese tﬁgdﬂlrcoﬁ@spbhd§fb there
is no copper or solder plated conductor at or near the surface of the
unpopul at ed engfithe phyeality of ditfrant éoleer andhe piscuihaned. Qe Rartivglaygxamplg 6o be

under st 00d 0361 he1 LAY RORC Aok Okc kBF R SAANAR, 4 RAT SHIBRS HOORL 1 ch 2

copper or SO or OI’ a er 1s el er at  or néear

surface pf t h@wmp aRatl catle of thie lcoloir roalb@efeglonéaaﬁ/@rfb%b&&ﬁ@&&elaﬁélsdﬁﬁan 14195
visible below the sol der mask. It will still further be under stood that the

sil kscreen @6 6f thesireeis b@@fés Preferahly. eash of thsfcolarealsitte R%ﬁ!@@elﬁ sclediell 3UsB past e
oL O 0L SRR o s St RS B3 S LG THL
above, it W jdgidd€ ha&s o6t md:htdwesﬁoeu@ro amlffeibhﬁoﬁé”l@ﬂ‘thé pu@alﬁpbpcromat egori es,
each aSSOCIated with a color palette region, can be used with this
i nventi on. Agaiegories described above. In a preferre embodiment, the color palette regions are
20  selected to be in locations that will not receive circuit components at later assembly
steps. One way to ensure this is to select the color palette regions on a populated
printed circuit board.
In one particular embodiment related to inspection of circuit boards, five color
palette regions are selected. Each of the five color palette regions can correspond to
25  one of the following color categories: (1) a bare pad color; (2) a dark board color; (3)
a light board color; (4) a silkscreen color; and (5) a paste color. From the discussion
above, it will be recognized that the bare pad color corresponds to areas of the
unpopulated circuit board that are otherwise exposed and not covered with solder
mask. It will also be understood that the dark board corresponds to regions under
30  which there is no copper or solder plated conductor at or near the surface of the
unpopulated circuit board, visible below the solder mask. It will also be understood

that the light board color corresponds to regions under which a copper or solder plated

conductor or layer is either at or near the surface of the unpopulated circuit board,
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while the color palette regions corresponding to the bare pad color, the
dark board color, the |light board color, the silkscreen color, and the
past e colwp oaissediescri bed, the color palette regi ons canPCoruseypasdl to any
col or categories that distinguish the variety 10 of colors associated with
the unpopul ated circuit board. |t should be appreciated that the nunber of
col or cat egovisidle beheiv theesotdarieask oft wistiB degher bgiuoderstood thee thersilksergsar t i cul ar
application depends upan, a.variety.of.factors .inclydi but not. ligited to
The hunber ofoigh Presatas b ms Rl ot Rk R g thg Buith e BetesPitis 0 el ot 1 on
(e.g. shade pabvereRe @ paiteand the significance of the 15 different colors
and shades of colors. At step 310, which can be provided as an opti onal
step, the col or pWhaletfive colgicatiegotgseoyespandiag by fise colonpdety vgoasamg syst em

whi ch f l e, .pe..simlar. tg, the inagi i tem 20 of
M ™ el Rot Ol B Fep@ire it iurt o i R S SRS 5
t hereby provighRgoeRedarithR teloPbXelte I?égioﬂeéan% 1388 A6thahRGnVintibn AR, Of the

color palette regions. Fromthe pixel values, the inage processing system
gener at es anwhilé thegblopahlstte eegienisiporgsponding e thetiardpashesthorp thetdark watdr

pal ette regions. .Each respective initial palet val ue n correspond to a
col or vector® ?Fatvb[eﬂb‘%h&é%ﬁf P fo&ntg? Slﬂgar,eelbfxg% ,an%ﬁl?éjaf%égfor\?ﬁq %é%rﬁ.’e% 1i%‘gr

col or coor di psbEpafeiiresBns ¥l dorkeBEUMa tb any (NG EcaRIgoRiESiHARA M iSdtidhlthé Dartdde art,
may of course, also be used. Step 310 5 thus provides the pal ette val ue

associ at’léd whidelasasssooiptediveitlc e anperullaed eirquétdioerds. It wi || be appreci at ed
that th I t i .n I | et t i i t hat

ol ude one or ot ahoiia bF bR ER Py B RRE RELFrEeP G el R g B 1
will be furtpaetarpibastalRdn bhabhrtRaGNalickths QPEndy ugRrSyaRieQIf Fadtds

associated with a pixel value corresponding to a color vector having
conventi on rdludmedah noblimided RABY n@Obsalf diferentrgolyne incthe piscabsingmbodi nent ,

each respective initial .palette valye is a ver age .of..t he pjixel val ues
over ¢ he' assiireatBatie ruRRtle sl g st Wesd 57 B et PbFons havi ng
initial ohar ggfepint 831b& BalsBide8 o¥abdRs are each assigned a col or category
correspondi ng, for exanple, to the |light board color, the 49 0 WD

02/ 088688 PCT/ US02f 2tep1 850, vekielk cayolzer proidedas, ant dpional ste theervlortpakettbar e pad
color, and the. %aste col qr._descri bed abov t he. sel ecrg?eg)ecol or

| . Al .of
pal ette regi 08 Frﬁ"ftsci’)‘g’%&é’ c?@ilg’tag%lp’iﬁc‘?sﬁmg S%%?‘BrWhlg‘é’fn%oﬁo§/e’E?é’? processi ng
continues. Tglﬁlilia{‘iotth@km@hl@bfo%eééﬁ{ Stem©BIT FASS PCTRE BHagM drbloes@ng system

correspondi ng col or category, should conprise a set such that oné could
recr eat e an optically scans the circuit board, thereby providing one or more pixel values
20  associated with each of the color palette regions. From the pixel values, the image
processing system generates an initial palette value associated with each of the color
palette regions. Each respective initial palette value can correspond to a color vector
having conventional red, green, blue (RGB) values. Other color coordinate systems
well known to those of ordinary skill in the art, may of course, also be used. Step 310
25  thus provides the palette value associated with each of the color palette regions.
It will be appreciated that the color palette region has a color palette region
size that can include one or more pixels associated with the image processing system.
It will be further appreciated that each of the one or more pixels is associated with a
pixel value corresponding to a color vector having convention red, green, blue (RGB)
30  values. In one exemplary embodiment, each respective initial palette value is an
average of the pixel values over the associated color palette region.

The color palette regions having initial characteristic palette values are each

assigned a color category corresponding, for example, to the light board color, the
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5 accurate inmage of the circuit board using only this set of colors. At
step 312, a "paste" circuit board, corresponding to an unpopul ated circuit
board hawog2sesdesier paste di sposed thereon, is scanned byPChRaAISOIBRGES
processing system The palette regions (in this exanple color palette

regions), having been_ selected at _step 308 are used to dynamcally
generate anofl ﬁ’i‘rgboﬁ%?%?%oro?heﬁﬁk%‘ﬁeé (hgﬁgg‘spadm?qrear@rthgﬁa%eoaﬁgrgpql@ paste

palette val Uﬁﬁ?\fe' A1 ofBk Sl &e (?(ﬂb'leﬁalﬁt;e I‘Sg"oﬁé R l:'fe%%éﬂc?at«f’cf‘%ﬁtﬁac%i cui t

board). It w be recogni ze ste pal ette values need not be the
same - val ues caggdrh®efond pnoaéssmglcehmmlewaﬂhemugﬁtpareah edluad, eatteps@ified HWithever ,
the |l ocation and size of the color lette regions identified at step 308
remai ns unchasgeesrordiag salet eategpay, éﬂ“?‘éﬁfﬁmﬁ’é’ée ape sagicthabenegopldigaregicdh t he

col or, cat $90L} &8 Sk Al WartiBind s LB s 2 paste ol roui

board s | E8F he toa circuit oard, the term

"| ear ned is usea\ttstbpdses,ca‘i‘ﬁaeteacmmtbmd typriebponting te ki un@dpubmeﬂdrdua
exanm ned by an i_mage proce55| mto establish the circuit board
colors at ~pRerddarae spldg Cg FROPntg SEEmed By Bmm@ge picesEg (RO s),

wher ei n theWRﬁtan GRE aélre ,I%glogg(l 11§ Wk him acrgo 'pgfeﬁM Ste%%%rg' reuit

conponent s subse uent pl ace roce 2 and

314, col |l ect sslettyd agiesgt 308 Mu&ﬂ&@dy@ﬂmaﬂy génebwe arfother gﬁfupdjf@ale&s ealluky)
association wth FIG 17. Let it suffice here to say that at step 314 the

ROI s ar el @xanrsipaed todepan 8y pastePal¢ite whres (g patete Vﬂ@ﬁ%as biped ompraglel s have
circuit Rg%&gg@{'{i)s T @‘hﬁgelﬂggog:‘rﬁfe[a] tﬁ&t"tgq B%sl%ér ;‘galafé x%hi’eé UEPnot eGhdSHpc! at ed

WI t h each ace Board 1's scanne y the

i mage processhiigs ass fdtial p&lelfl‘b aakds gmeeaxed atlyospr 3 0( doseeves tierloeddionands a
popul at ed CIrCUIt board) is one on, which circuit conponents are placed in
their respectiz® a&qo{qr@ﬁ@tt%rpgew identifigdat pem A8 rempins unchanged. dBapetient s

can be held :pglﬁa% @Qlﬁesbéée 'égb% a%?dc?aet‘éd ‘Qf?[ﬁttﬁ“e PJI&V%a%g%é(s £58 aécfé’a slie 1bhe sol der

pads upon wh he "Ci ion held in

30 pl acer by epoxy Aa;rswplﬁd et}ﬁast&teroultlb@utct isfaerakddt Aznpplicaictl pas&tdﬁpmtThe
placed circuit board has not yet reached a nanufacturing step in which the

sol der past e bpardnthgtters “learpre; e’@yls%tod‘iqsc%léﬁﬁ]’rﬁ@esﬁ bi viigheypircuiidioghisnt s t o
e UL B8y SRSt 00 08RG GO BBl
PCT/ US02/ 141 %&nctﬂae rdo@aR RbhIELPOndas &b telgﬁdls o€ irgérastROI) ewh@pin tRe ROIs a
refloved cir %gll’rgsptc))gc? ‘Eod01?c]11}t%£>a;dqgcatlsc)(r)1|s gte \Evinrég circuit components will subsequently be
20  placed. The process of steps 312 and 314, collectively denoted as steps 304, will be
further discussed in association with FIG. 17. Let it suffice here to say that at step 314
the ROIs are examined to determine the color at the ROIs, wherein the ROIs have no
circuit components. Also in step 314 “paste grid values” are associated with each
ROL
25 At step 316, a.“placed” circuit board is scanned by the image processing
system. A placed circuit board (also referred to as a populated circuit board) is one on
which circuit components are placed in their respective positions on the circuit board.
The circuit components can be held in place by the solder paste previously applied to
the solder pads upon which the circuit component is mounted, or additionally held in
30  place by epoxy applied to the circuit board at an assembly step. The placed circuit
board has not yet reached a manufacturing step in which the solder paste is heated,

thereby solder bonding the circuit components to the circuit board. While the paste

and the placed circuit board are described below, it will, however, be understood that
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The col or palette regions, having been selected at step 308 are again used
to 5 dynam cally generate yet another group of palette values, referred to
her ei n aswploaogssss pal ette values. It will be recognized t rat/aShz14baced

pal ette val ues need not be the sane values as the initial palette val ues

generated at _step 310, .nor. the sanme as the ast | ett e val ues generated
at step 312 thgbyisnes a?caeﬁbqrﬁe&a%ﬁm@?leéﬁgaF%@%V??doﬂrcug&awéiaft@r%ﬁ t he

col or pal ett&m&gigpns identified at step 308 remai ns unchanged. The 10
pl aced pal ette values are each associated with the col or categories
assigned at step 310. At step 318, the placed circuit board is | earned. As
applied to the pl rd, the term"learned," d to describe a

ﬁed bo% is %

process by which i HeYaT RIS ioay; ’@VIHS&S?IHSql%Ct@(%ﬁ%’g@ 13 RIIBRR&h t he
circuit ar : ' j p 314.
S Step 10 SpRAHEIS fholltRBloh SR bRtk 2 hics 1ot PRANE 8 plesE
conponent s hpalettdreduesp llawdbbe Ehognizednbdtelie @add pahateRAlEs arel e daitheed t 0
determ ne the col (fr val ues. a e wherein the ROs have circuit

th S,
conponents. SISHRIPGT aétﬂéepmﬁa% palefi¢ ?&%ﬁ gRpgtedat sis 3 18ynor thaswmeas &f wit h

each RO . At ngeﬁ@al ; Oval@esf%et &g{eh apﬁéﬁ ghat %9@3&6@5&?&%&%6&5@5@ he&lhhed to

as an inspecP| circ oard I's scanne I mage pfocessi ng
system An i aspednd ofithe coloc paltttdegiots ideatifiedatrsegp08dretnain upealsinged. alid aced,
unpopul ated ore reflowed circuit board. The_.color palette regions, having
beon sel Kbt eplegd Rl @3@8%@%9@1&8%‘&?69 Vﬂgé@eFBloélWé&‘?rteélaF%}gnegéh%t%t e yet
anot her groug)lq?f pal ette values, referred to herein as inspection palette
values." It wll be recognized that the inspection palette val ues need not
be the sane 25 valuespadi8ttheplaned ¢cimhitpabeltit avmddues ganrpphddd tiad pladedp 310,

nor the same as the paste palette values generated at step 312, nor the
sane as the poaddle pameieanssh| jaised gseriveadragess by phiche panylagsderirculis

descri bed ab : . i a8tnS L& I i
dont 1 ed areg S ORpHRTR AR AR B PEoI5R e 100! fhiont BN
are eachlassanivatestepBih Abhetep 8l §rthecROBgItessorEstb @hluis heatd ddcaddemt 310. 30

At step 322, the palette values generated are used in an inspection process
and in partW@lffné’Pmpea?PtBEa‘(?g@SniP]ﬁc Thspster 9 S fhe KOs atgisxemingd 9 | zes one

or nore of t i q .t ric
nodel s descr?ﬁ%ﬁﬁlgggge&?%ﬁaglgﬁ%ﬂﬁg? H%%%v%#tg %h lt—lf%éksihaﬁm‘i’lﬁg&ﬁgﬁ g%’ val ues
can al so be Aldolihztg W8] fplaced peidatiues’ dvd adMOci@AGSIBEERHh RCIY. US02/ 14195

nodel " FI G which uses the palette values explicitly to determne if
conmponents are  Atstep 320, a Circuit board to be mspected, herein referred to as an inspection

20  circuit board is scanned by the image processing system. An inspection circuit board
can correspond to a paste, a placed, unpopulated ore reflowed circuit board. The color
palette regions, having been selected at step 308 are yet again used to dynamically
generate yet another group of palette values, referred to herein as inspection palette
values.” It will be recognized that the inspection palette values need not be the same

25  values as the initial palette values generated at step 310, nor the same as the paste
palette values generated at step 312, nor the same as the placed palette values
generated at step 316. However, as described above, the location and size of the color
palette regions identified at step 308 remains unchanged. The inspection palette
values are each associated with the color categories established at step 310.

30 At step 322, the palette values generated are used in an inspection process and
in particular, can be used in an inspection process which utilizes one or more of the
image models, the structural models, and the geometric models described above in

conjunction with FIGS. 1-14. The palette values can also be utilized with a “negative
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absent and which is described belowin conjunction wwth FIG 17A. Deci sion
bl ock 324 inplenents a loop in which steps 320 and 322 are repeated until
all circuwDoossss are i nspected. 5 Referring now to Fl GSPCTAISa2tH19BA i n
whi ch |ike eIenents are provided having |i ke reference designations a
conventi onal C, crrc ard 320 ncl udes. a bare, ion 322
having a bar 89 g]d%ggi tichisgn e Rgbeg ‘@@F’Sﬁ1°§ky4°r€§ 23 oRoneBsar _
col or, a |i ghbschOfadutti is%ségﬁdhﬁl’dv@ﬂi&ndn%n@ﬁﬁ'iﬁ%cpﬂ&r a paste region

328 havrng a paste co a circult conmponent 330, having a circuit
conponent col or. Decikionmldek 308 AmpéensinitkesopenwBiBh steps 3B@end B2taraded f or
illustrative purp Col or ,palette re 350a- 350e corresponds to

ses P ns
sel ect ed regFQPﬁ%e‘gfmtﬂli?el Cé’icPEL}r’Pf‘rdSB‘éfa‘PEPe%% In one embodi ment, the color
palette &E?g' ons aR‘éreﬁ‘?iJrge&Jv@% F‘Wsjalklaﬁd%&j}n WIRET 1R SWhafs Qreﬁ%bxag&fi circuit

board and identifyi ocations on the printed circuirt boa Ich are
represent at i ieving hle«amﬁereﬁcetdomgnmimsa amvetengl plateeldicuit boatd I20andudekle 15

col or pal ette regions 350e re us sel ected rovr e an indjcation
oF a1 ool or Bare3d Grinen b TAVEHE 4 R o Eat Sfa pesbive qriﬁ%‘ﬂiaglr%f&%&ui ar
exanpl e, theﬁéﬁ%%lcﬁ%‘i iﬁoair@% 8n§§8’ ﬁ’gpé ﬁglﬁ%gﬁi dffort B astgf’er forPRR T egi on

322 having t are ‘pad col or, he co tte region corresponds
to the dark hadnglapege colo3add haircmgccbrhporrd:at 33 0bbawing e olrouit cdrhyporent anlorpal et t e
20 region 350c corresponds to ght bo rd region 326 having the |ight
board colr , I B L6fes e@rssreebé%‘éﬁ%treegrdﬁ es‘deoﬁle:léir%t%wme% o the

si |l kscreen 334 ha 4 1is
associated with a?o%s) %lgg? %%1#%%(’5@%%@08% firsgmiﬁg% gél%&&? 1Ei:gge agg{raeerb?:]icgli?ed
that alt hougbo:irbezeoIroasnermdl‘midﬁmerrtetjieoobrisa@ﬁe glms aresele2tedhasmially by ahown as

having a rectangul ar shape, the col or alet regi ons 350a- 350e can be
provi ded havPf§ VEWAS r@ilp‘feérclrgrliegaréﬁa ilepy rret19°%r0n§ Ragespriyted GEAW d al so

be appr eci at Qarh%}ﬁcl?a{r& M?%@nﬁaﬁ@e SPé h 0P Ble&holcfs Bl‘nge fhtetd iy clﬁﬁrb% homg i n

particul ar ocations 0 rinte crrcurt boar e col or ette

regi ons ran belot paatedgiahs ama 3 esirt thos selactedi® p:tomdéedm:dwamntof bld)aoldrsas

| ong as each color on_the printed circuit board 30 is represented by one of
t he col or paF‘@PPléteFié@ihd%Clr‘F‘%lt]%9?6@153 -al so be appreciated that although six

color Pal st oS, AR PUSSIOEL R Rl ERNET
nunber of 52b}0 A2 IQEEEER IRCTHgUE0 Bark4hEBolor, the color palette region 350b
corresponds to the dark board region 324 having the dark board color, the color palette
20  region 350c corresponds to the light board region 326 having the light board color,
and the color palette region 350d corresponds to the silkscreen 334 having the
silkscreen color. The circuit component 334 is associated with an unspecified “other”
color.
It should be appreciated that although the color palette regions 350a-350¢ are
25  here all shown as having a rectangular shape, the color palette regions 350a-350e can
be provided having a variety of sizes and a variety of shapes. It should also be
appreciated that although the color palette regions are here shown in particular
locations of the printed circuit board, the color palette regions can be located at any
position on the printed circuit board as long as each color on the printed circuit board
30  isrepresented by one of the color palette regions. It should also be appreciated that

although six color palette regions are shown in this example, the number of color

palette regions used in any particular application is selected based on the number of
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col ors which nust be represented. Thus, fewer or nore than six color
regions may be wused. In particular, the nunber of color palette regions
350a- 350N wWhaniossyss cor r espondi ng col or categories is sel ecP€d/tisn2/agedr dance
with a variety of factors, 5 including, but not limted to, the nunber of
di stinct col ors associ at ed wi th the unpopul ated circuit board, the
subsequent p P@‘@@s@hlﬁb mushbe reprrgenied | Haysetewer opmopmthan sigjcglor EpiQns e Byor y
across a parh%caul circuit board, such variation described above as being
general ly small. While in this particul ar enmbodi ment, five color palette

regi ons 550a- 350e I partieslpn gk mgnﬁe@ofcoderpaléttHreg@hegma-mbahaﬁu@om in
ot her 10 enbodi nents, nore than five or fewer than five col or paI ette
regi ons can KeeSREBHRE SPI0H CaiFgasics ésssﬁkf@fqd\}é apgsrdance Jitbgorerigy of factamioul d be

recogni zed tmge@i%%klﬁﬁ?tﬁg&tte%qgrﬁﬁe teg{of.cﬁ&ﬂlcf&goar B d-Ggpy col or that

IS not associa unpopu Fa circul e shape of the
col or pal et t enp@gilaedcidaicbodtd)Mel ﬁbsaelhemtpedcdsﬁn@hmd;dﬁlmﬁaudxﬁoﬁm th a
variety of factors, including, but not limted to, nmechanj cal

char act eri st PaRiculgF ce ﬁbcat%awﬁ@e@ﬁlwéarﬂ@% ??quﬁes%hé(%at@ﬁ dep@ibed| or
D poed AR et ienc 2Rl SEHEIWIRIAN L Barkilih; LHEGRIORNEAGHOS 2

single board colo ette reg ons a-50N i s

al so sel ect egaliette 2pE@1sb506-8 50t driespondiid tetﬁ/vem‘oldr&ategbﬁes ar\sHowah, igothbut not
limted to the S|ze of the circuit board 20 feature to which a col or

pal ett e F&gi 6mbpdimesi, mowe thep &ive py vt thapdiveqobr paletiereeaonsegn s 350a- 50N
nust be S Uf f ! géfoa'a{ed%lﬁﬂf%' ecﬁge @ﬁott &é%&)?i%gpﬂ%ﬁ?lﬁ& be r(%clagmg@cf T.Ihlaf:% lcng{ CI r CUI t

board feature col or red esira hat the

size of the ecatkgiry “phleldan cbﬁgspoﬁdﬁtﬁ&ayﬁsm et it iassoeiateld ywitlthge so t hat
some averaging of color occurs over the pixels associated with the color
pal ette regi @ﬁp%‘@ﬂedimmwﬂkl ze of the 25 palette regions can be sel ected

having a variety heShastridl ANGSLIHR ENSH SSchiBn Do Sel fokestgalor

pal ette regl on enc OSE sSin oar e an e CO

pal ette 1®gi &thi évdr@t}g@fﬁa@tsghlchﬁl@ebumt tiveitedge, thohethapical clﬁre&:@dﬂ%h@s of one
or nore pixels. The |locations of the color palette regions are selected in

accor dance wof fieiimage B@C%mgtﬁy gemol heshape pf thswakay pelske tagton shiruld kean
characteri ze @?&Qd of ensmfé R R 1 ERLERALES 2 1%#1’? 8%& DicEIR! nation can

describe a fd{ ran col'ors®associ a e unpopul ated circuit
board. 53 The size of the color palette regions 350a-50N is also selected in accordance

with a variety of factors, including, but not limited to the size of the circuit board
20  feature to which a color palette region is applied. The size of the color palette region
350a-50N must be sufficiently small so as to encompass only the particular circuit
board feature for which a color is desired. It is also desirable that the size of the color
palette region 350a-50N be sufficiently large so that some averaging of color occurs
over the pixels associated with the color palette region 350a-50N. The size of the
25  palette regions can be selected having a variety of sizes in order to ensure that the
selected color palette region encloses a single board color type and that the color
palette region is large enough to get an average color ever a sample of one or more
pixels.
The locations of the color palette regions are selected in accordance with the
30  position of circuit board features that can characterize each of the color categories,
which in combination can describe a full range of colors associated with the

unpopulated circuit board.
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WO 02/ 088688 PCT/ US02/ 14195 The col or palette regi ons 350a-350e are

processed in the way described in steps 304-308 of FIG 15. In particular,
at step WO 0e08468€5. 15, a color palette value is neasuredcCrarsoraabs of the
respective color palette regi ons 350a-350e. As described above, the color

pal ette value in each colgor palette reglon can be fxpressed as,_an RGB 5
col or vector. Thudh egﬂ@rg@p@mgwn@@tﬁa BhBrogeed B’S@@V@dr‘iﬁ&’ﬁé@lﬂlto

| ocations onf, ggsomg%@%cﬁgc arf8he oon el riE! P8 % JofA! AREILERleRY the
col or categori descr ar é expect &

unpopul at ed eidasuted fdpeaditof the r@pedﬂﬁp@plut palettt repivnk Bsmm(ie tAedesaihedat ed
circuit board 320. As described above, it shoul d be 10 appreciated_that
there are onlak?o‘%% ﬂ)élcakow@legﬁe YARE [0 pAsRHsalor aale%xe@rowpég&ﬁp&seéﬁameﬁ@
reIativeI? g@] yfber of color palette regions 350a-350e associated with
the populate CIrCUIt board 320. Also, it should be appreciated that, as
descri bed above, Thhe tl&pﬁﬂcbffpeﬂ:ette&bgbﬁs ®f0atIs@e colrespondteipoatiods oatlge not

i mportant for the purposes of _th invention. 15 Referring nowto FIG 17,
a process foPripied cHry b@%a‘wh@h cpgly%@preéw%%v thg¢plop Grtseaipspdesediedhoar d at
each RO usi S alette
colors) is sﬁg%g)f/%hl géa(%té(a%lfp g% F %}%@% l?llatse((\i'? 8ﬁ?h§&g (§Ijo()(r}lsun i ﬁ%t(e:{?l on as
descri bed ianthﬁ&P&E@opﬂh&dmnomﬂb&n&é@@nAsdawnbatd&angshhm@Ke406 in

whi ch neasurenents are dynam cally made at aI ette regions on the printed
circuit 29 baBpEciated e Hirsonappreativabsmalnambenel edenialespranind thisa used
herein to de?&@ﬁ\% srh RIS D MK ERABACSELE 608 s REALIN el Vi dually
characteri zed neasurin genera aracteris e val ues
associ at ed \Mpbjjulatbdac@@hoboaml%mtAIso[ﬁgh(ﬁﬂt‘,abe appdecited eian afs@lEsoalbgd sevet ype of
printed circuit board, the color palette regions are constant in size,

posi tion and thaseeifie golorshthe selar ?%68%15*? @re 1308 impoia diprthe pueppprs o€ it ed t hat
the size, sh nti d locations of the color palette regions can be

sel ected as described above in conjunction with Fig. 15. In a preferred
enbodi mens, an i MRGRTHAOAES b AUG.SIYS b proceysfanieamingtheresidt fsutdfehei I cui t

board characteristic (e.g. color) of an unpopul ated printed circuit board
in each of t HaPqpaased/ast §ea¥hR9ﬁBﬂn@dﬂ@Huﬁ%ib’rW nsdsiever , that

W.h' ! e in thi ghﬁgr&grg tl'ggf'e %g)gle%%%ﬂ)r ENs 68 @o@?la&g{?’c 19%16%5@(% 1%“ nt ed
circuit boar SI m asurerren S cou d ar so are circuit

board or evems@&t@nragﬁaéo@ﬂoe@ in Bigheuli 7A. bn&rpiocdsmb@giﬂs RrpeocssiBf blockn0é irge of
the printed circuit board is aobtained
which measurements are dynamically made at palette regions on the printed cir cu1t

20  board. It should be appreciated that the term “dynamic” is used herein to describe
techniques in which each circuit board is individually characterized by
measuring/generating the characteristic palette values associated with the color palette
regions, and wherein for a given type of printed circuit board, the color palette regions
are constant in size, position and quantity from board to board.

25 It should be appreciated that the size, shape, and locations of the color palette
regions can be selected as described above in conjunction with Fig. 15. In a preferred
embodiment, an image processing system dynamically measures the circuit board
characteristic (e.g. color) of an unpopulated printed circuit board in each of the palette
regions. It should be understood, however, that while in this embodiment

30 measurements are made on an unpopulated printed circuit board, similar

measurements could also be made on a bare circuit board or even on a populated

circuit board. In one embodiment, an image of the printed circuit board is obtained
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54 WD 02/ 088688 PCT/ US02/ 14195 (e.g. via an inmage processing system such
as i magi ng processing system 20 described above in conjunction with FIG
1) and t hwore@ssssenents are taken fromthe i mage. | n proc®€s3iusg2/biieck 410,
characteristic palette values are generated. In one enbodinent in which

color is the characterl stic of interest, the palette val ues are 5 generated
by representi (%r§ YRSD JP3es Pracessing sysien sy asmagige proesssingsyisme0 deprabsdal |y
obt ai ned col

arcon. bl ue CREEy Soaftnedi i £RP, Dl pR el AR B i
converti ng or tr aﬂspmcm';srirg blbcﬂ:e41|@ gledracledisticipatette values are[ganaat\zal lresne( €. g.

val ues in an color s e the palette valus determned a
RS pharscty

semantic | ab&f éméent %, @ ﬁa@r g Fharactqgstic of intergsfs vakues preght  boar d
col or, | I p 1 f t he
char act er Tt fEeiapie by sa8Enfng e pRT AhAEd obr P84, r%?r%% ihflc, Babilall’ |

the circuit bbambdm‘olcﬁlpglett&@ﬂues‘mnt&mmahmtedragioﬂvmﬁﬁﬁa récFl@eenlE]ﬁ): vvoul d be

assi gned the semanth‘g | abel a} :i\d col " reg |gn 350b (Fi 16A) woul d
be assi gned Rf&) yaivght Teus thepd etiqrglvesiian g ceuiraied Y PRYBIPEs @npiorging) 64)
woul d be 15 regi on 350d
(Fig. 16A V\o?%&gl%t&agg? gn %l‘lhegwglzegng%\fgl %ll?é} PRRGEI ﬁséﬁ o ¢> and region
350e (Fig. 16A) wddcd t]bﬁepala’&&{agwedrddeeemmmmsmhmhéhbel[mgt“éare pad cplopfess
bl ock 412 an i e r.eqi te,r,gs (ROT, the printed circuit
board i st ®bt aFlir‘TFgg’ aﬂf‘?oi gg{]b‘?aﬁ@% 5t ¢ ﬁ‘fé%fb%n%tetbw&?ﬁlg%&d%eé‘? a part
and 20 f[he ?ﬁ%ﬁe? W@%M&a@%ﬂ% 6f 1?1{13réslf'9/efy éo%r%ﬂd?}?er rﬁgésturetl)r%'isdwere .

Al ternativel can correspond to an of a locatiton on a printed
circuit boar dnatlkenehaciparitbonnl dfeFigi lrﬁs@p&”cﬁ@ﬂmpﬂse ecgecl ¥d (Fip. beApivackidbeand

th di I bl d dentified. Th
g1 0 ar cas caPNEEHORHSTEITE RET Faped il | e oP OF DEoREWNR Rea regi on
of interest %%%%ed tE@Qé?n&fﬁlcgab%f SRk Board RoRE 9¥%%q&93§1ﬁ‘(¥%9&8&?w%1d'%]e grid

regions as w i scussed bel ow I'n conjunc ce the

| ocat i ons5 of atdignedrthel saaniasis lafbmb“llglﬁbbarﬂlcetd);r,”tré@om BE(Fi. 4683 siondl sy st em
nmeasures the desired characteristic col or‘)5 of each of the grid
regi ons in t@esigpgdghe thaéab%oi%sqrﬁplbra@éé%mb HadFigr 66ATHenld hen process

bl ock 418 th%sﬁéﬁeﬁtf1§9én?£1t1§?%a‘é?‘§)a§8”are generated. In general, the grid

regi on val ues are genera nparing the grid region values obt ai ned
in block 416 to the pmbgtm@ckwﬂamsnﬁ@é af negionofihtekt (ROL) oh hetfitted

circuit board is obtained. - A region of interest corresponds to an image of a part and
20  the area surrounding the part on the printed circuit board. Alternatively, an ROI can
correspond to an image of a location on a printed circuit board where a part to be
inspected is expected to be placed and the surrounding area.
In process block 414, grid areas are identified. The grid areas correspond to
particular locations or regions within a region of interest (ROI). Each grid area is
25  provided having one or more grid regions as will be discussed below in conjunction
with Fig. 18. |
Once the locations of the grid areas are identified, the image processing system
measures the desired characteristic (e.g. color) of each of the grid regions in the grid
area as shown in process block 416. Then, in process block 418 the grid region values
30  are generated. In general, the grid region values are generated by comparing the grid
region values obtained in block 416 to the palette values obtained in block 410. In the
case of color, the semantic label is asigned by determining which color in the palette is

closest to the grid region color value. In one embodiment in which the desired
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case of color, the semantic | abel is asigned by determ ning which color in
the palette is closest to the grid region color value. In one enbodi nent

i n whi ch wbhe2dsssBs ed 55 WO 02/ 088688 PCT/ US02/ 14195 char ®CTASNZ14185 i S
color, the grid region values can be generated by representing the pixel
data as a color vector. For exanple, the dynam call bt ai ned .gri.d region
val ues can SHEWIGSF LA s egion SHIEH Ao d byrdprsentia e Rp)

val ues. Al tg&@ﬁ&dté’% colbPGeci N} E@lntle, AU HRARAC Iéridﬂ)taﬁﬁ&fé% r\%ﬁéﬂ%ﬁlu%ém be |

represented as a 5 color distribution which°an thén be analyz usi ng
st andar d t ecban qukbde répheseREB vivanvergtionalvet h@rerh lues®EGB)rvalues. conpari son.
Al ternatively still, now to. those of ordinary skill in

any .technique wel] . n
the art can Aemaiselidby dYWléﬂ?Ye‘gE?ﬂwdaﬁﬂr weifpareles han bgrqpaeswggcf Bt val ues.
Thus, 10 §Nec8esitfilich GM cohtnd 1R SORLACIE ShldarPlechilh@ieThe Rl OF1 d

regi on val ues can be generated by converting transtormng the pixel data
in the 10 grvauessgindixm bemised Gothercospadeny allteestivelygstilly atyuteshniqueamslRGB col or

space). Once the grid regi.on values are determned, a semantic | abel (e.qg.
"bare pad ckn¥ tothogep {OTH BRI oS artep giie bt sscto degrent andoppgts e,
"paste") is ;%;@p,,aq ) b ;R [ ; NEASIY &5 re made
on the RO 4%18&0 Fi g.]S)elsS,EBﬂljf%o’r1 %ltlaei%%r% é&grcggfégn&lﬁﬁggf% S aggﬁérﬁ%&fﬁ%

semant i ¢ | abetid fdgightaliesand be gbmeratéd be gororrtdfsdty tkhsfosmagshgpieel dakeingherant i ¢
| abel "sil kscreen," regions 452c - 452e are assigned the semantic | abel

"dark bobfd 88f EiRlensANy olyisBHS VABsF (<8 483igs & REE WIcPefe semanti ¢
I abel "silkscreengycd fhe‘@éidlreggn%ﬁﬂé sk ALRFnikAL, %et&%ﬁlﬁc%@l ?gég%?%géd fror €

grid areas on the printe circult board and each grid are ve one or
more grid regéolonsddrk boardlcolirSdlipkt bo2ll @ppy’ Eilktarebmt’ Ngtasted)cib aggigndd tegi on
has a grid region. size . thaj. can include one or nor i xel sociated with
the i mge prER8RleHs rg%}gxg.elff’]thq PegIUIMENE Were dppde o E‘? ga)ié‘?éa?flﬁafé}%ch of
the one or Mg, Ak Xekis i4§2§%%9§igﬁéd€i Wrhedhti@ 18K Slio BLMA R R r
vector whic m;e ’beélrrelpr esente usﬁ%g any1 cor?ven }?fonal te\é121 1?;%2%6.)9. RGB
val ues) .13 n iscisgmodethp sanynterntblod i“siatreed, Neegiprisd SRe gi4dRe ul asdgned thonput ed as

an average of the 25 pjxe| values qgver the grid region. It shoul d be
appr eci at ed, S%ﬁé‘\?i@,eﬂ%{‘ bggrg co ﬂ\?@ﬁf?%%sggfl‘lﬁg%ﬁ@ assigned| theysqangised t o

cooLan, 2 uel Mgk ane, i o0 o Decision block 420 Lipl et e Toop i
circuit board bei higvilléerapptbciafs] thetrthéro nadbabov@, me@ndairéas whntthdgratteld of a
particular c Iczlrrcculftl goa?c? gr{ddea%ﬁ?giri r;u'e%e}:gn have one or more grid regions. It will also be
20  appreciated that each grid region has a grid region size that can include one or more
pixels associated with the image processing system. It will be further appreciated that
each of the one or more pixels is associated with a pixel value having a color vector
which may be represented using any conventional technique (e.g. RGB values). In
one exemplary embodiment, the grid region value is computed as an average of the
25  pixel values over the grid region. It should be appreciated, however, that any
conventional technique can also be used to assign a value to a grid region.
Decision block 420 implements a loop in which blocks 412 — 418 are repeated
for all of the ROIs on the printed circuit board being learned.
As mentioned above, each circuit board of a particular circuit board design can
30  have colors that are slightly or greatly different. For example, if two circuit boards
have the same circuit board design and one circuit board is fabricated with a solder

mask having a first color and the other circuit board is fabricated with a solder mask

having a second color, the two circuit boards will have different colors. Both circuit
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30 have colors that are slightly or greatly different. For exanple, if two
circuit boards have the sane circuit board design and one circuit board is
fabri cat edlowR088688 sol der nmask having a first color and tIR€TAtSAEL4183 r cui t
board is fabricated with a sol der rrask having a second col or, the two
circuit boar have different rs 0 ui t 6 WO 02/088688
PCT/ US02/ 141 Saf\gl&&w o1, FRRA AP CESE QFQ?E%%‘Q 6307 S8 NG BOEEE of Fig. 17
since the prq 1 %'thé’f%%ﬁ@ﬂﬁ: EQrldB1dbf fsifk GGk gd sol der
mask col ors, gnd 18?25%// es resu1 I'ts thatS do not vary S|gr§|a1t‘1?1cpSr ?y bet ween
any parti cuI aesults thaudcb ndtoaryds g@fiemtiynmirgéen danfygarcticnlaucirciivhoadds ever tlafugh

di fferent colors ) scrlb s the process for inspecting a
popul at ed prllilﬁ“é’éFuttlbio @reﬁg“éﬂ elentl"tc’ Fhoul d be understood, however, that a

simlar ptocess a@p%llqggegc {Uas on af; i 11&9 to
i nspection of an unpopul at éd Ci rgﬁr oaltrlgspelt S OLEJ%E Cf% g%gr‘g%tptfo\égﬁpat ed
that the i nsmstMb@mmehoﬁem, th#tfg sitslar proeast applicarto ﬁ&pébtloﬁd)lf‘ﬂl dual
printed circ |t hoar |nspected 10 Referrin

now t o
process for tg@ar tﬁtl%%Peﬁﬁl‘i’qﬂ?feaﬂl ‘BWPPE‘E}?thC F'&O%‘égﬁﬁgoqlﬁ also
processing b o r it
board i s obt g?%é%eé%%d%g%ﬁggﬁléﬁ]gr ee y%rglg ifs r%gé%ge‘aa%f‘éa%ﬁé%c;ﬁ{gdﬁéélgl ons
on the pri nt gdintdroigiit bérmdbeingdndpectedhspect ed. I t shoul d be appreci.ated that

the size, shape, and |ocations of the palette rg\‘gl ons are selected as

descri bet0 above i RABTBHAPHARE iCoh’ 44 %RYOP?SQ foryigspegfinga peplatgd petied ciedt ons
o oh o7 oORERLIES ] AR, 42006005 HSER e ARl fyggpl et on
dynanmi cal I y mamubmd isl”tﬂ)taﬁﬂ)écbdnd(rﬁéasﬁtéﬁ&thS dyraducalljaﬁ@cwtaqaa&tté @e)guﬁfs a
popul ated printed CII‘CUIt hoard in each of _the palette regions. In
processi ng blogdke pryged @F%?tat@?@ﬁoélellﬁsﬂﬁa‘leét {téhﬁ)léfl@éﬁ’ler@c}@te tthas the sies. val ues
at 20 the p ot r board are
gener at ed. I%%eg%cgggitgv%gi:% tp%fyttg &jisda"q%oar ot Sa%reg%%b(e\eplagwei "bei ng used
i s col or15t heopahaidnevidaFigess. carsobthe pgkeneratiad abeylemenpdasecmbrdmgcé With phexel
data as a color vector. For exanple, .the gi;nam cal ly qbtaj ned

char act er i st PEOSss deserébed aboe ’@éﬁnﬂé“’?@b}”@ - dd- Hug PrederredomyRdineiadn r ed,
reen, blue ( ed b 25

Qonvert 1 ng. of TRpSRsHER syclh Bynd i MEELL i U5 BF uRPBREN S Ve &

val ues in anchikeBedsicpof ap@nﬁa)ted fricted chenipbdaed irccachbiitie patettedatiensm ned, a

semantic | abel is _assigned to_each
In processing block 426 characteristic palette values (e.g. the pixel values at

20  the palette region) for this particular printed circuit board are generated. In the case
where the printed board characteristic being used is color, the palette values can be
generated by representing the pixel data as a color vector. For example, the
dynamically obtained characteristic palette value can be represented having
conventional red, green, blue (RGB) values. Thus, the palette values are generated by

25  converting or transforming the pixel data into color space values (e.g. values in an
RGB color space).

Once the palette values are determined, a semantic label is assigned to each
palette region. Again, in the case where color is the characteristic being used, the
semantic labels can correspond to “bare pad color,” “dark board color,” “light board

9 ¢

30  color,” “silkscreen” and “paste.” If the measurements were made on Fig. 16A, for
example, region 350a is assigned the semantic label “bare pad color,” region 350b is

assigned the semantic label “dark board color,” region 350c is assigned the semantic
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pal ette region. Again, in the case where color is the characteristic being
used, the semantic |abels can correspond to "bare pad color,"” "dark board
col or," "WpDghwsssesar d 30 col or,” "sil kscreen" and "paste." PCI/ushz14195

measurenents were nmade on Fig. 16A, for exanple, region 350a is assigned

the semantic_ | apgl ."bare pad,color,” region 350b is .assigped the senantic

| abel "dark k&ﬁfﬁl%gaﬁfﬁm JirBHomEHId i S%%@%dh%%?“%%’éwz%%"rgrﬁe foreaqy

02/ 088688 Pqé&@pgg@qugggqea e't'ﬁahgglfabpp Lde@ol or, " region 350d is
emantic | abel sl g{ld

assigned the screen” regi on 350e is assigned the
semanti c | abel " pastrentioAsd Aeove] @k dirabbberrd efie paticnlaucircudidmad ddsiga can

particular circuiit board design ¢ have c acterjstics that are slightly
or greatly d Sfi;f‘;?hémcrerﬁgﬁs @ﬁhﬂf) Flégi‘_rt]]iyf‘;ﬁﬁ?ﬂéf @E\%?FE _EFIOBS’é?;S‘&é_@HgW ‘Elffé‘:zl ane
circui ar - G rgqi : : er
mask havi%g afi ?g?%ctg?oarlﬁgﬁlé&{tlﬂ%%%%e%%c#g gzliet(:ﬁbolgtr;gérigs %yg ér%lit(!:gla‘{@g with a

sol der mask stldwi mgskahav@rgonfirse cdlar andtthe otheocicduitcheoiatd isdabribatedivtith hsobder
di fferent col or Bot h cir.cuj i nspect e t he

t boards, however, can he b
process. of RSk EPRnE ?ﬁ&@l@ﬁ@i%’rtgﬁ%%Clrwﬁm@awwaa L e bgomme i st - and
the second seldaf bdRak n6RkodiSeaHndleOkh 8 thelfhob Ik 1 NALIHHO A YrokRE Y

significantly between any particular circ oard n t houg
circuit boar dgnaniealtyf adjudts erthafirst ahdihs.seddadtsolder prasik esdsrshhmigicovid8s an i mage

of a region of jnterest (RO). on th rinted circuit, board is obtained.
The regibhs gsulththat de POy @gﬂgﬁ@tﬁd@a‘ﬁew&g@aﬁfcu rﬁgﬁlfl?é%ds e thoug
surroundi ng e iRAlthoRls bR i gt ofdscuUi t board. Alternatively, the
region of 15 interest can correspong to an image of a location on a printed

circuit board whelNexain pracdss btochd28 as prageard ai regiex pé dterdstt(B Obeorptha pedtednd

the area of the printed circuit board surrounding that |ocatign. Then in
process bl ock'94y l?oagﬁi%ot&wa% {él?eéegla@m infeEest camespgRq tp Ay igege ebe PEEA¥Hd  to

particul ar | a&g%&&%&gg@%ggégﬁ%gaﬂ R oRinfd SLRBoQk. iﬂ{e‘?ﬂa‘ﬁ%lg,(t\',ﬁmglr%gi%rg@f:h

grid area is provi one"or nore grid regions a
di scusseds beliierebircaa @djrespond aman inhdgh oFh docafin ofageintddeciguit Boad eéhelexcat i ons
are identified, the imge processing s¥sten1 nmeasur es, col or of each of the

grid regi onsPaH tq heingpededis sxPecteddn Samlacad prdthe seeant shaprinadeircppidpard

process bl ocw%dth%eﬂlg{ Id.fe0i on val ues are generated. The grid region 25
val ues can be generdte 1by representing the pixel data as a color vector.

For exanpl e, the Tighanpeaédsplahidadngill geasthre etpintified alhegicatasanelesgumd
represent ed \t/c|> Sar%i(c)l?l\éflrc])%;t(i)oqlesllor regions within a region of interest (ROI). Each grid area is
20  provided having one or more grid regions as will be discussed below in conjunction
with Fig. 18.
Once the grid area locations are identified, the image processing system
measures color of each of the grid regions in the grid area as shown in process block
432. Then, in process block 432 the grid region values are generated. The grid region
25  values can be generated by representing the pixel data as a color vector. For example,
the dynamically obtained grid region values can each be represented via conventional
red, green, blue (RGB) values. Alternatively, the dynamically obtained grid region
values can be represented as a color distribution which can then be analyzed using
standard techniques. Alternatively still, any technique well know to those of ordinary
30  skill in the art can also be used. Thus, the grid region values are generated by

converting or transforming the pixel data in the grid regions into color space values

(e.g. values in an RGB color space).
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red, green, blue (RGB) values. Alternatively, the dynamcally obtained grid
regi on values can be represented as a color distribution which can then be
anal yzed weiongs8s8688 andard techni ques. Alternatively still, PamUsSvEcINS que
wel | know to those of ordinary 30 skill in the art can al so be used. Thus,
the grid region values are generated by converting or transformng the

pi xel data in theOges thegaiditesionivatuss ais|dsterapgd.a seaiants labeb(eg “Darpad in an
RGB col or sp » a 86 ) c ri i on

val ues are d%@%’m’ cﬁa@%j@%ﬁ%&%ﬂjﬁ%hﬁ%é&éﬁ@ ::1:1-‘4S %ggcé?eg}pﬁjc?gga lgra és‘i'gr{eggé k board
color," "li gbichpridgionlagshown Bi didgs434edhithe mqaasitaichtsiveeraasidg o thet RO each
grid region as shown in step 434. the _neasurenents were nmade on the RO

|
450 of Fig. #80ofBie. Bk dpremplinabenisgion s dmpauiddsiagsisreddss sypanicdshs]
semanti ¢ Elfabﬁigbﬁ g;;)%fg%lor,m@gign%@b%ok'ﬂdﬁgegdgagneﬁgg s%%f.t%l o] A5fidsGRgg~ t he

semantic | abe screen, regions 4 e assigned the
semant i ¢ | abedgidmdaicke bdaRe woolddse, dssignell the eghanie 14k f‘dark 4bag cotut] dinlie
assi gned the semant | abel "sil kscre i ppreciated that there

i en." It will be.
can be (and F%?@ﬁﬁ?ﬁ“ﬁ? wehied Q?rasﬁﬁ?%iq@?ﬁﬂnm’é}tcé%e, %ﬁ‘éﬁeﬁ%vi ng one or nore
grid regions. It wdial ' j I has a
grid region size #ﬁ*g'!l %gﬁBfeggtﬁgaﬁgg%tﬁg%@Hpﬁé%@rdﬁ%s%%%éﬁggé %H%h t he
i mage pr ocesareag esgishaving dite axirhore lpeidfregividee It wiipalee batgstedibiad taadle id t he
one or nmpre pixels is associated with pi xel val ue havi ng, a col or vector
whi ch madP be19%Yt s ertidgesion strg thatypar ©ON® AEIMOFRIKEIS gsrocietedgyit
val ues). In : ogli ¥ , L i i uted an
average of ¢ AL ETRAG YRR RN funthetSp Bl ok o 8 M php EOR
appr eci at ed, pheisdy egspcitted twithny pixehwatind heviig a dodatveicty evitenmay bordpesseiged! t o
assign a value to a grid region., It should he recogni zed that, at step 434
a grid regi oNSINGAWY FRAVERIQNIk RS ae (e RGER VelHes) alnencreteamisty eabadimenbp 432,

can be assig o . t r ' .
associated w rgdnr'ég ﬁgg %11111% é%/gddﬂ @i‘ t?c%llj %‘%E%aerog %I’—Fgg&e‘églr?% :821& tb % %1%2) E)egéoen manti c
val ue "ot her It shaidlbe appediated, howiéveattRatang coentghad techiique cihalto bsukato

recogni zed to be anpng the characteristic palette values associated with
the unpopul 88%gh 2y3eq iora gihieglongef or e descri bi ng steps 436-440, it shoul d

oe 1oL Lhat e BAgoESeLIA 20905 o SELT5E LR IYRERL ERpBIAERRY 0 o
model does n@dgi@i tabugdetdrtinddoe Stdpyt 32 heanderassipliedeosgp@netvalue, or color
category, that is not associated with an unpopulated circuit board. For example, the
20  semantic value “other” can be used to indicate a grid region value that is not
recognized to be among the characteristic palette values associated with the
unpopulated circuit board.
Before describing steps 436-440, it should be noted that these processing steps
relate to an inspection process which utilizes a negative model. It should be
25  appreciated that the negative model does not attempt to classify the circuit component.
Rather the negative model merely classifies the grid area as having a characteristic
associated with a paste circuit board, or having obstructed color characteristics.
At step 436, the measured grid region values are compared to previously
stored grid region values obtained from an unpopulated circuit board. In the case
30  where the inspection process of Fig. 17A is performed on a populated circuit board,
comparing the grid region values from the populated printed circuit board to the grid
region values from the unpopulated printed circuit board can indicate a missing circuit

component on the populated printed circuit board.
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Rat her the negative nodel nerely classifies the grid area as having a
characteristic associated with a paste circuit board, or having obstructed
col or chaweawkesdess i cs. At step 436, the neasured grid regPCR/Gsa/LESS ar e
conpared to previously stored grid region val ues obtained from an

unpopul ated circuit board. In the case 30 where the inspection process of
Fig. 17Ais perforI#;rX*SIdi“v@%{i10351l bé‘éfﬂﬂﬂ?’étdéﬂlskﬁnrléma@e ﬁ@éﬂtﬂ’ m%wﬁggpﬁéegl%v Yresd
regi on val ue he ¥ egi on
val ues from t% ﬂltrésgjﬁ}%{l)gou a et}lerl n“ﬂrﬁagf@g@ géo{g% d‘%g%frlléal 1£rrl(()czmtctat gbﬁ%agegd
circuit conmpaoeinboad, theepioogsingtpestepds tlotpirdceeslngblobk b@@mﬂereﬁﬂls\ﬂﬂ16é’cé(l)88688
PCT/ US02/ 14195 |If in decision block 436 decision is nade that the neasured
grid region W}éﬁtﬁé@ﬁdoﬁbségfpﬁr@é}UPBOR%@C%%‘EH%‘E@F‘VSSRT%%%H grid region val ues
obtained fromthe p t It to
processi ng bl ock z{ﬁﬁl c\%ﬂ o bq Clﬁzfs;%l(fegisg n? Qg{aﬁ% ﬁ%“?% &éa?ﬁx%&?hﬁges%&ﬁ&lrﬁgss
unpopul at ed Qibl’lﬁ)tlbérré%paﬂicﬁtoltﬁe preemesit stobed frid fBgﬂBWafB&e@@bﬁlMlﬁoﬂrBﬁledeCI si on
is made that the nmeasured grid region values do not correspond to the
previously stspernleed airewighosi, ianreecesHpaPrRegeds o RTacRBnapdptisaveac & r cui t
board, then i L r

'ndi cat ed t hil TOSRRC I BbAEAEAT, bORRERE RIS RIGTL IS Tl A€ s,
if the grid griagegon valuteso oo niedch, aatiaticatn thzndheraﬁs sometiiag intheROTi s

sonet hi n%q)l n the RO 10 which causes the asted grid region val ues to be.

obscuredl?s priach epvges the passeskerisd egign V@b}eé& b g %@fi iy prREidgd.t hlae elsepERENt .

The negative i s " " RO
I't should be %@fe& (SS'E[ ie{ggl# ?]%[cto?rﬁoog%‘ét erlr]%rhg% R;r?tr?&getl lssr?ael%%@gfdgﬁﬁ@ﬂ?ﬁaﬁd
region val ugsgeN@ratheast Relep 432 for the circuit board being inspected

are conpared with 15 the grid region values generated at step 416 of FIG
17 for a paste ci fdedhonldfesaapareciaiedshatiaoag ﬁ@@og‘ﬁ%ﬁlaﬁﬁﬁm 43Grthegridregss, the

semantic pal etie | abe d t 4 i

board are conﬁ%ﬁe ggener%tﬁgﬁ\ééps%?rafﬁ{ e cjt lL})lélﬁoarh(r%ov stg) #tg& th% Ohl%Qrae(sdtvgl oar d
at step 448 ahe fidegioh vaﬂlibs%eﬁéﬂaté&iaﬁﬂmm@ﬂﬂl(} ay fet st ot B@arﬂr Mlar egi on
val ues generated at step 432 for the inspection circuit board are conpared

with the 20 eefraed epb un@mpaﬂ séqpt%%@arelﬁémagb%éalaﬁwb@ltpr@ﬂé?ﬁ #3Bpriad fohe
i nspectl on cifycuit

f
semantic pal éi% 2 1?%?%811 Slrc%ov?aﬁ%ge%fu) H%’ngg Vzvllg}léhfqg?ﬁla'%t ¥ label < %"8{ ﬁmrc} |Efr: cui t

board are corask®daridiak Btef) hes SEFMNTTC IPakiatd enbatigkst, g%r@r@tsedle@hd 18gieR 410
for the paste circuit board.
values generated at step 432 for the inspection circuit board are compared with the

20  characteristic palette values generated at step 426 for the inspection circuit board. In a
fourth embodiment, at step 436, the semantic palette labels provided at step 434 for
the inspection circuit board are compared with the semantic palette labels generated at
step 410 for the paste circuit board.

It should be recognized that the semantic palette labels, or color categories,

25  assigned to the color palette regions of the paste circuit board are the same semantic

labels assigned to the color palette regions of the inspection circuit board, although

characteristic palette values associated with respective color palette regions can be

different for the paste and for the inspection boards. In this way, for example, a

semantic value, corresponding to a color category “dark circuit board” can be blue on

30  one circuit board and green on another circuit board, corresponding to two different
characteristic palette values. The absolute color does not effect the negative model.

Decision block 442 implements a loop in which blocks 428 — 422 are repeated

for all of the ROIs on the printed circuit board being inspected. Once there are no
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It should be recognized that the semantic palette |abels, or color

categories, 25 assigned to the color palette regions of the paste circuit

board ar ewDle/0sss®e semantic | abels assigned to the col or ppaltsn2/et192gi ons

of the inspection ci rcui t board, although char act eri sti c palette val ues

associated with res ilve col or %(g ilte re ferent. far the
er, t

i f
past e and formotr‘ﬁﬁegf CEFTSH 1B &SP P PRF SW% or pré‘% (ﬂﬁ‘f%‘tbg ardechidsint i ¢

val ue, corr e%ﬁ&ﬁ%@@lﬂg%aaﬁ&h&rpr&eéd%@ﬁyb &8 ckn séglﬁugémlapﬁfoeessﬁg@mﬁ bl ue
on 30 one circuit board and gréen on another circuit board, corresponding

to two diffed@ht characteristic pal ette val ues. The absol ute coI or does
not effect the ne ve nod cis | ock 442 | oop in
Whi ch bt ocks. 428 Relpsangh e Bl Gant BPY af p Bie S Rat SR odaden it e

ci rcui tboar dybeling dsResh Sl MEE hiNEE Sovah Sril feaib YBa0Rh 8%@@1%

PCT/ US02/ 14195aﬁlbrm&rgle 1r egi ons %]%0 i nter es% gns?gler tﬁen rocesssle\rllegrl for

that printed gddregioms anc)shcmlemld\mll lwmbpmpmlmisthatrgﬂfzmca Mfmdmenclpda amyed circuit
board can begin ag(gl pro SI n &Ek(fé Cgieferrl ng now ta FIG 18,
an RO of a g‘ﬁ@?@r gnéldie%loﬁ% HIegIOBR IR GRY §%r ea 452
provi ded haV'sH%ﬂ)e%?Ycﬁﬁ‘tng:rﬁdgl‘[fo%g'T%@%aélt@%ﬁd@&1nMBéresé@\éﬁdbe Al hesifi&Ih@ns are
shown, it will "be appreciated that grid area 452 can include any nunber of
grid regi ons s¢lovied mracmﬂel)lcmxﬂh & Natiety h&fagiors) mCélgilmg]sbutacpt lhaieel tathe size e,

shape or ela Y asi.tion. d re n nu si ze, shape and
posi tion g éS‘?tgﬁal RIROEGT d’ﬁﬁE‘éﬁﬁﬁ ngf ?%f&q &g s el udi ng,
but not |im {Qeah& hﬁlﬁ%fﬁéc?eﬁtabﬂeoplégenféﬁt ﬁisﬁﬁﬂdf‘%ﬁé ele&ﬁeém%ﬁ{poﬂunft %H e RO
corresponding to the gr area, the tolerance Iimt of acceptable

pl acement posumbquﬁxedhwﬂbinea:gmd rglonghatsambauyeraged to peovidriib pastogripi xel s
within agrid r(ggYa?n that can be averaged to provide the paste grid region
val ues. The &7& Y%¥oard 450 al so includes two sol der pads 454a, 454b and

two trace 15 regqﬁ@%lrélﬁgﬁoaréfrl%alsg hR 1S S $o18Q8als 456, 8580,1dGh @é
board region 456 having a color previously categorized by a second dynanic

pal ette Val ueegimsaSbaghitsbbblae drandl b@m,d 458 abwandudey orard BFideddiomgviageol or
ol or . and SPYREGIEGHSY ARSI kg oAE: emﬁetm@a'wﬂ%a bR e aed by
categori oo | B L ReTHEPR oY BhARe FRRY *3??’3?%%%* SR R e PRl o
grid regi on 482basadaddparttelon atdalkserbdscic0anto0blhaving grdotbr peayicunly452c
categorized by a forth dynamic palette value as having a silkscreen color.
20 The color categories in the grid region 452a corresponds to the light board
color, grid region 452b corresponds to the silkscreen color, grid region 452¢
corresponds to the dark board color, grid region 452d corresponds to the dark board
color, grid region 452e corresponds to the dark board color, grid region 452f
corresponds to the silkscreen color, and grid region 452¢g corresponds to the silkscreen
25  color. . Asdescribed above, the color categories are selected by the image processing
system from among the color categories associated with the color palette regions
identified at step 308 of FIG. 15. The particular color categories associated with the
paste grid regions 452 are generated at step 414 of FIG. 17.
It will be appreciated that one or more of the grid region 452a-452g can
30  overlap circuit board features having different color characteristics. For example, the
grid region 452f overlaps the light board region 456, the dark board region 458, and
the silkscreen 460b. However, a processing algorithm associated with the image

processing system can provide a determination as to the most likely color category to
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corresponds to the dark board color, grid region 452d corresponds to the
dark board color, grid region 452e corresponds to the dark board col or,
grid regiwo 0488688 corresponds to the sil kscreen col or, ana@Cgrisd2/t4gs on 4529
corresponds to the silkscreen 25 color. . As described above, the color

categories are selected b he i e processin system from anong t he
col or cat egoMhéd the gy Fe&ﬂ%’cf{%gtbﬁfggg% RTPCfi?énglal(gethéﬁF%‘ﬁg‘}te? a‘ént! fied at
step 308 of ﬁisﬁibﬁ%ﬂggbﬁoﬂ%&ﬁecéﬂ@lregfb‘ﬂl. Phe 518LGE0! ¢ Sdllzsﬁ)%%ﬁ’%%l% fb?oﬁ“ th the

paste grid reglons are generated at step 414 o will be
appr eci at ed thdttiosnike areamandvaianch én theigtidrregjomnTHSG2 aoldb oppedies 3k over | ap
circuit board feat urecfﬁhavi ng.different color ch erjistics. For exanple,

[13 22 Jnt 2% ar a t
the grid re§P@RuEs2nd gowr fopmbe prsty 7 ghpoBYEEd 91@6}%%9 Fheererired Boar d
region 458, « d=pt1 8 awuk&%%al%@@uﬁﬁgﬁspmmwsamﬁmaé A58 Sl foth 0! AR,

associated wit e image processrng system can provide a determ nation as
to the nost |Theadoynpadbarofcategpoopertics dah béBoALHNBBH 88 1T WHRALA 4SS whi ch

the grid region 452f bel ongs. The processing al gorithm conputes the

di stri buti onmsfricsglegy *fﬂmtq %Cé?li @Sﬁr@g‘%?ﬁ %ﬁ@» %F@Hﬁirﬁgiﬁ?gg# L asepciaefbut e

color stati s} y iance in the grid region. These col or
SR W e e AT

properties are ¢ d for the "paste"/"unpopul ated" circuit
board and are conRafeeting novbtd RES. "18heRIO] of 4 plated dveait dsardiSOrigeludespact i on
to determine if the conmponent is. present. The, conparison_ of color .

propert iy c&RCBRAYCHE 45ed g BIQY ayingfse¥qnagifieaions f ofa->3ag: riteSitgeit i ved

fromthe col IZh L i i i L i d
woh the o1 Lo s3YRBAARS nrbEERer bl SATa DA AAPRIARR IRASILIRPC ¢
pl aced ci rcuiall hhdiapgd bbb prevtdusyeategorizdd) Iexkinpisar the golider pade 8555354 paad/i ded
havi ng seven grid regi ons 552a-552g. The circuit board 550 al so.inc| udes
two sol der pH@sessB4a, S58B4 CaERgOHE PSP G dge sueyt bepsd 550 glsp inglydesg a

col or previ 09@@@%2@189955 ﬁ%gé@%ﬂbgg&vft% ’cafeggr[iz%rﬁl_ag$gi 99&&5@63 2>04b_and

traces 555a, e categorTze a paste clrcul oard 550
al so i nclmde$oard rbgian d58 epima &A6r Praviongly @ategdrived ps e datkiislayd cdbegad | zed as
a light board _color, _a 15 board region 458 having a col or_previously
categori zed &dkssregas ROUso20Up heyimgra colpigprewippsly e3tedorized apa sillsgrsgn galorng a

col or previo t i - r . SO

i ncl udes t helﬁ%}véf/ (1:{3?1 tS%g %%Béh%%@%%&%‘%%ﬂ%@%? g‘[ g agér_?(ggr ?aﬁoﬁl%%g@% d

regi on 552a gfdreaoRsk doresgr@ds togthe lightlicdrd adloy, gridkdgion £3AOddrbENds to
corresponds to _the silkscreen color, grid region 552¢c corresponds to the
dark board C&wlﬁsgg@rtpoﬂgggrghregmn 552c corresponds to the dark board color, grid region

20  552d corresponds to the “other” color, grid region 552e corresponds to the “other”
color, grid region 552f corresponds to the silkscreen color, and grid region 552g
corresponds to the silkscreen color.

As described above, the color categories are selected by the image processing
system from 'among the color categories associated with the color palette regions

25  identified at step 308 of FIG. 15. Here, the grid positions 552d, 552e correspond to no
circuit board color from among the dynamic characteristic palette values associated
with the color palette regions and measured at step 420 of FIG. 17. Thus, the grid
regions 552d, 552e are associated with color category “other.” The particular color
categories associated with the grid regions 552 are generated at step 414 of FIG. 17.

30 It should be appreciated that as mentioned above, the inspection process can
use a so-called “negative model.” The “negative model” models the bare board in
between the component pads, the component pads, and also the surrounding regions

of the board using a fixed grid as described above in Figures 18 and 18A. The
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20 552d corresponds to the "other" color, grid region 552e corresponds to
the "other” color, grid region 552f corresponds to the silkscreen col or,
and grid wogrosse8H62g corresponds to the sil kscreen col or PCAESdBs0193 bed

above, the color categories are selected by the inmage processing system

fromanong the col or categaries associated with t ol qr | ette regions
25 1 denti T eae%%lvgt@&egwgme fafi ot 1 1) oo £d Tegien @ﬁﬁa%% M{? @%gessebﬁfgss_sze_
correspond tg.pay G JrCli s&%ﬁ%ﬂ)oﬁ 18%o F’&E%QMQSH&%? HofaG GHalREAE! i stic

pal ette val ues associ ate e cofor palette regronsd and neasured at
step 420 of mhdilkkdreedh (), the stencgne df the egloord sp&Afic 1debRen aff epcademofthted wit h

Che Gr i ¢ ogPbReEES b ier DAY Ao IEIPIOR SEIT schpay dgoes AGREUI d be
appr eci ated gk .49 (SRARAGS ARONS e LAEhd BSRRGTHANIRIBRL A% SARSE 2

so-cal l ed "negative negat 1 ve node I's the bare board in

bet ween t he deipondantuitiadse] eehéf the tpmperntsypeds in @pdarahcmctdse beartds.otlinidi ng

regions of the board. usi a fixed grid_as descri?&@ ﬁgove in Figures 18
; &

and 18A. Thet®sehipussinbagiotmmprng pissPIce 219 gompenpat FempaRy dpeengtact
that (1) eacﬂaxgsr di%ir{c‘?géaﬁgoﬂhetﬂa@s Qfﬂa&/ﬂenclagbggy gf“ﬁgrcbﬂﬁgne@'canaoesm” set of
colors (corresponding to pad, ‘paste, nmask on copper, sk on substrate,

and si | kscr eéis}inguighedtfivan gherwipbpuletedbodrde Iir gérid, @t dsteaninkiien dfahat i on of a
portion of the PCB, remains the same even though the absolute colqrs of the
set may thang®seres YsECILul SARPORF 1S SFFetiBHY BREPIeSRytetamenng Hibgeolefisst i nct

fromthe col 8§so@iﬁgd%ﬁﬁlﬁ1@%}i§ é@%onstin%h%%lg : Eggé Eﬁe'“goliorp B glla?c‘lﬁﬂe ddiof e

conponents vary I n appear Cross hi's nng I's useful in
det er mi ni ng pategeies ®f ah vapsipandritwoerd. t he conponent does not have
di stinct | eads on_the pads and when the body of the conponent can be

. y or 1
di sti ngui shed fr oRcEmEng R iuligscld Bddod. an Rrtie dpage QO agertianslifat i on of
the 10 absen . A Gl j : hss (1 y
deterni ning. P HActiChdaftnoy BOTRPARRE pbRIETRTh s BRI BREeY o 11 o
area arelL¥ol tdeally,mlderphstl id grepeiyl applietdtdigmiriiess affthaciranityboptd Aidebe ci r cui t

board. Referring nowto Figs. 19 and 19A, an optical jimage 600 of a portion
of a paste EXisEnFaoljgResPPTion H2 shusmevealsghatselder pasteshrs besn anlier thenlyast e

5 present. Iohfladldle odiRJa1aRAR Ry bd PR ARCHAN BRRIAE P i3 duwdBE L1 ONS Of

the circuit X1 stence i mage porti us Teveal s that
sol der past ed&sgblasmaifyl thethige tealeytrordcaiigriill tie wipdstee inagd RepenEdNg

sol der pad. L;iorht?)spegf%?rginrgqtﬁg grr(])icezses:\gs c'iters]éargbeidtabg\x/(/)eEJ ilndcotrjljeunction with FIGS. 15-18.
20  The un-pasted image portion 602 could otherwise be categorized as the wrong color
category if processed. Thus, in FIG. 19A, the un-pasted image portion 602 has been
electronically filled to provide a uniform solder pad image 606.
Referring now to FIGS. 20 and 20A, an of an ROI image 610 of a portion of a
paste circuit board includes an un-pasted image portion 612 showing that solder paste
25  hasnot been applied to any of the corresponding solder pad. For this invention, it
would be desirable to electronically fill the un-pasted solder pad image 612 prior to
performing the processes described above in association with FIGS. 15-18. The un-
pasted solder pad image 612 could otherwise be categorized as the wrong color
category if processed. Thus, in FIG. 19A, the un-pasted solder pad image 612 has
30  been electronically filled to provide a solder pad image 616 having solder paste.
Referring now to FIG. 21, an ROI a placed circuit board 650 includes an
exemplary grid area 652 provided having twenty one grid regions 652aa-652gc. The

grid regions are denoted 652xy, where x corresponds to a row, and y corresponds to a
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desirable to nodify the inmage to electronically fill the un-pasted inmage
portion 602 prior to performng the processes described above in

conj unct iwo oafosdsss-1 GS. 15-18. 20 The un-pasted i mage port PCA/UG0R1481l d

ot herwi se be categorized as the wong color category if processed. Thus,
in FIG 19A, the un-pasted. inmg ortion 602 has bee el ectronjcally
filled to pr&oures vathimhegid Fed 4 P ExrRRlgest ciopdpiden FRRCSAORESI®2FT GS. 20
and 20A, an gfiq an; ROl ihdBILALAnAha PRt o Ble AreuBBhA BI0T4iholhar d
i ncl udes an i[r%q%%éte lillmagec porti on@%e%%rss OOWi nge t Cgt s%ﬁ%d@r ag%sl%lcel&?é%S has
not been apptwesbld@ padyosha, 65 anlrtmedpon dgionsSobaerSSpadhe kolor bhths trace

i nvention, it would ge desi,ralfl e to e|lectronically fill the un-pasted

sol der pad i FREARNSBIPDEIIREFViPRsly Beprdaigiaradan? S dgeamigaalerts sade-abbve in
associ ation 5 5 ' 2 uld
othermﬁsé9beﬂ%%?g %ﬁ?@ﬁiﬁﬁéﬁPﬁéﬂ%Pgﬁai%ﬂﬁ%fgxﬁgkggg?géng%?%ﬁ?g e .QThus,
in FIG 19A, cirhgt hoardo@st asb swludes a paatdiremges Bilizaviiasa Stlobpenioaslgct r oni cal | y
filled to provide a,sol der pad inage 616 havi ol.der paste., Referring
now to FIG Qat,egoaﬁe%agglﬁlb&&@dc{f?rpeﬁwgﬁﬁ%wagg% ViIRE P GoleE PsKioug¥ enpl ary
grid area 65 L i s GlE } ¢ . - he
grid regiOnsg%B%Q%g%%?%g§%§§g$%&ﬁﬂ%¥%9%§%%§?gg%gg@gﬂfgggg?@ﬁf&%ﬂ%uvy
corresponds taegorzdd WhD21HDBBiESBrePLCTOHIOB0PHlHI@S in el guidnrepiohibFRantes2gr i d
area 652. For exanple, grid region 652aa correspgonds tQ a . grid region at
the fi 1 k0 coltiAOBMIONHE TerRestive s oFe wlrcaleeoBasicclss ialtablei Iletantes
two sol der pgdg.6§54a, 654b and two trace regions 655a, 655b. The col or of
the trace regions has been previously measured and stored as a first

dynam ¢ pal ':tt.rfi valHe—Hhe—5S5—tracefeg ““sl afe—typtegH ycategorizedas
|'ight board| &6or GAIK over cop P‘% THEOlOk | rcui t be Ié‘j!650 095" | ncl udes
a board regi B62ieB6| KAGEHY a col oRegIBy| GHAPEPTY cat egaor|iBeohs | Sa1eBYNt hoar
col or, a boabdRaaeq| bghtd®8rdeplomg 682@vl oflight boardwsloy |Eegor | kgt tegrdecodiar |
board col or | 682td r pgilsaee®n60a, 6GOPbhav| dilfs@eanl or priesd2bus! ysillgatcegor i zed
as having a| g52d4SC B8k €260 . ThE586h Or Sdakbbie cBldrd [rEREONS | hakdaio29c 10
thus corres g5kl O F@sPecti Ve ongsrgf ThgnGol of cat eqQidas desgkf bed i
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poc ot oot e Bs2ear b ol T SRt T GBLOT O O e ot e SHOCT
LI LILY Y LY

Regi On Cat e T\C N LI Al CTYoil aa T oAl d T UJL N, T VAW
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As described above, the color categories are selected by the image processing
15  system from among the color categories associated with the color palette regions
identified at step 302 of FIG. 15. The particular color categories associated with the
placed grid regions 652 are measured/generated at step 414 of FIG. 17.
It should be appreciated that the circuit component 670 is properly placed so as
to be substantially symmetrically oriented with respect to the pads 654a, 654b. Thus,
20  when heat is applied to the circuit board to melt the solder paste disposed on the pads
654a, 654b, the circuit component has a high likelihood of being properly soldered to
the pads 654a, 654b.
It will be recognized that since in this particular example the circuit
component 670 is symmetrical placed, the color categories in each of the columns a,
25 b, c, of the grid area 652 are symmetrically oriented about the center column (i.e.

column b of grid area 652).
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652ca paste col or 652cb dark board col or 652cc paste color 652da ot her
652db ot her 652dc ot her 652ea paste col or 652eb ot her 652ec paste col or
652f a si IWOmresrssH52f b si | kscreen 652fc sil kscreen 652gaPsiriussyvrgen 652gb
si |l kscreen 652gc sil kscreen As descri bed above, the color categories are
selected by the image processing 15 system from anong the col or categories
associ ated wi th t%g%wmypme@r cglans brea-65denur shawn. dt wilt epremgtedthal) G

15. The parti i e SQGI: i h ri

regi ons 652 B Handh Bl Rk ARG LB E Gl rd, o P ARE pfleens
appreci at ed bhede drdleregionsatt seleasd aneabrdarké Wih prvap&y by faetaas ettledin@dsut t 0 be
substantially symetrically oriented with respect to the pads 654a, 654b.
Thus, 20 whaft lated fosthe pigp pEdrerciopihsomponent andyiba placergentdpleranpe okbe der
ast e di spos h S 654a, 654b, the circuit conmponent has a high
Fikelihodg o§98§P%%n§¥%§gr|y soldered to the pads 6522, 654b. It mﬁl? be
recogni zed that siRRE&rihgnéNitE FERAMLIAG ah ROI&famMdced theuithdedi750 inchidpoaent 670
is synmetrical placed, the_color categories in each of the colums a, 25
b, c, of thecyFTelag By BB/ X RORRABEYING HVen)y ors gif wgloapdataa hikgeeRber
colum (i.e. . i . P 195
Wi | e t\(/vent yggggé%% ?gégl}og{]ds’%gggg‘g@%g%cg Ha?'dpé) s%g)\i{hg%?tgg %y |C§;rrés§§$§5{:¢gi ed

t hat nore thaoluam Wikwarthd frivhartagsl. yF@rexagipled gii@ gioiis7 0an cheesysrdh to hhe si ze

and pl acenent . of,theﬁgrid regions are _selected in accordance with a
variety o fgefaegion ptibe fest pofummiand dlg first v e Hhe groupdogid, &0stsa eludes cui t

conponent an t f L raddd t . erring
now 1o Fi G SR BT TR 158 SIANTR rhelbnTisBl T’ TREHREE s it
exenpl ary gr irébiciseas boeh frevivugde ehehquredgnd wweiatl vis 8 figst dihadhice@ie@dSalue. The
752aa-752gc. The grid regions are denoted 752xy, where x corresponds to a
row, and y c6iPEERRHdISQ alseinckusies akogudirpgian pe hejringa selenpspuslyor exanpl e,
grid region . cqr : id .regi h i.rst colum and
Phe firat rogteanzedes SHRENR 16y g ol e lathe bl bedlouiue T da.
754b andi 4 Wo chegeitzet Qg b @ik bbakbcoldihbid rebltiis 760917606 hiigs & edlefpravRaIkIgNS has
been previously neasured and stored as a first dynam c palette value. The
circuit boar gateswizgtes hpvieg adescicensalog Thyrdarsisthereid ragions ¢d3asr752gc

previously thus correspond to respective ones of the color categories as shown in Table 2 below.

Table 2
Grid Color Grid Color Grid Color
Region | Category Region | Category Region | Category
752aa light board color | 752ab | light board color | 752ac light board color
752ba | silkscreen 752bb | silkscreen 752bc silkscreen
752ca__ | paste color 752cb | other 752¢cc paste color
752da | paste color 752db | other 752dc paste color
752ea other 752eb | other 752ec paste color
752fa silkscreen 7521b silkscreen 752fc silkscreen
752ga | silkscreen 752gb | silkscreen 752gc silkscreen
20
As described above, the color categories are selected by the image processing
system from among the color categories associated with the color palette regions
identified at step 302 of FIG. 15. The particular color categories associated with the
placed grid regions 752 are measured/generated at step 414 of FIG. 17.
25 It should be appreciated that the circuit component 770 is improperly placed so

as to be not symmetrically oriented with respect to the pads 754a, 754b. Thus, when
heat is applied to the circuit board to melt the solder paste disposed on the pads 754a,
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categorized as a light board color, a board region 758 having a col or
previously 15 categorized as a dark board color, and regions 760a, 760b
havi ng a woloansgssevi ously categorized as having a sil kscregrusoui4ps The
colors in the grid regions 752aa-752gc thus correspond to respective ones

of the col or orles as sho i el.ow. Table d lor Gid
ol or o o ot B BEGERS cORbRg gt Mgt B ERrRgh S heetpay it 752as

| i ght board g%o;r%g% . 1ight board col or 752ac |ight board color 752ba
sil kscreen 7 b si’lkscreen 752bc sil kscreen 752ca paste color 752cb ot her
752cc paste col or W}ﬁmnpfaategrmabgmnsmi%b%ﬂgmﬂm ipsa’dl@pmiamfd th#ab2ea
ot her 752eb ot her 752ec paste_col 752fa sil.kscreen 752fb si] kscreen

752f ¢ sil kscn@éwha%‘z@&ygp? REEMeER 1@@%@5@?? R Fesdqns£aD %ug% KSR eEn 20 As
descri bed; aleYc?}%laE orft 8 file gqmtﬁgeﬁéﬁésaeaeéﬁi%@qn \ﬁfﬂ'ﬂﬁ B¢ BR £ssi ng
system from ano e col or  catégori es assocl at e co pal étte

regions | demchfcﬁu@thatslzstoéﬂleaﬂﬁumhoﬁpﬁenﬂ,ﬁ‘or étamgbaﬁablcﬂuhmcompﬂmntm egori es

associated with t aced grid_regions 752 are nmeasured/ generated at step
414 of FIG ¥ th?@i}cf’g@ P 805@,5&5&%9%1994?&{ the circuit conponent 770

i's inproperly pl a%“s‘@ie§&1beé%b6x%wﬁé 1&9% g%@@é%ﬁ{ g&kllny afbephid Wittty § espect
to the pads 754a, 754Db hus to the ci rcwt board to
nelt the sol danppmst B mhtamskﬁl ocnrdijmdmgmutﬁﬁieagnd z&Ea V2. 02/2088688having

PCT/ US02/ 14195 ,754b, h lj kel.ih f b
proper | yL&ol therady ared ? ﬁ’a?d%%"%ﬁéo %&ﬁgﬁf\m%?%g ¥ g}{ddg%‘lo’@;ﬁ%ag egi glngg
752aa- 752gc gk Sﬁl@"&é‘mcélt éﬁekﬂolgs?{g{eﬁlcdaﬂtcﬁféznhﬁﬁtthatrﬁo E@mfé(g{égt, gdg%&%%ﬁgférfﬁe or

fewer than twen grl regi can be used. The si cenment of
the grid regtionst cwnqa(mehteﬁmett imprapedy pthaed epau thh pads/ArdagT3dbof f act ors,

component. 770, - afavAHE ToraBERIaL BRGRATES 3 T e SSPECE EbBBREY.  As
descri bed abgyRreleohiFage B0SESS) A RBHEM AP PhELOI AR UIELIEL né

conponent is not at cor’respon grl area
addi ti om,5 hayyrﬁmetrlcally oriented about the center column (i.e. column b). From this

information alone, the optical system can determine that the circuit component is
skewed upon the pads 754a, 754b.

In addition to examination of the color categories, the optical system can also
use the color categories, that were measured and saved for another placed circuit

20  board of the same design, to more accurately determine an improperly placed circuit
component.

Referring now to FIG. 22, in block 780 an unpopulated printed circuit board
having electrical circuit lines etched, deposited or otherwise provided thereon is provided
to a solder paste station as shown in block 782. The solder paste application station may

25  be provided for example as a screen printer or any other device well known to those of
ordinary skill in the art to apply solder paste to a printed circuit board. In some
embodiments, the solder paste may be applied by hand. Regardless of the particular
manner or technique used to apply solder paste to the printed circuit board, the solder
paste is applied to predetermined regions of the printed circuit board. The solder paste

30  should be applied in a predetermined amount within a given range. Processing then flows
to block 784 in which a solder paste inspection system inspects the solder paste applied
at the predetermined regions of the printed circuit board. Figs. To determine can be made

as to whether the solder paste applied in block 782 was properly applied in each of the
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10 the gird area 752, with a sufficient nunber and spacing of the grid
regi ons 752aa 752gc, the optical inspection systemcan determne that a
conmponentwofoeqssssanpl e the circuit conponent 770, is inpPepashyi4baced
upon the pads 754a, 754b. It will be recognized that, in accordance with
the asymmetrical placenent .of the circuit c onent. 67Q, .t he col or

cat egor i o5 | ADBRBHABTEHE O Jre RS oyt bpard, B Gegpionsis magihat fhe salipypaste
ori ented aboufshBenresdHyRpRE HBher nfore SRh&/EThnthed R, HnSthé PiREBEdLA"
al one, the optical systemcan determne that the cifcui't conponent 1s
skewed upon theerdpaickduAsdie, blgGdT2 Whera tinti soldenpaste isxeappiled inosachdf th esgiaisor

categories, the optical stem can al so . use.the col or_categories, that
were measur ed” Rhif éf:}%ﬁgdm? %qenéqqg?q%]é{@pblpegdg edirslagstancsg Tth‘B%tﬁ’EO"g? l7§3n%1ds7§ﬂ'e
desi gn, 19 MOr&ACEAH @iflide ﬁﬁfeghgﬂzegﬁo?ﬂrsieﬂmég&%%éfs tHLﬁﬁ@Q'ol&%r;{)t%g%ﬁlas been

conponent. Referting nowto F bl oc an unpopu printed

circuit boar gropedy iapglicel iectch giromiatecegionl i nes et ched, deposited or
ot herwi se provided thereon is, provide tQ a_sqlder paste statiaon as_shown
in bl ock 782. The%é‘Eﬁeasé?g Qt@%&ﬁlbﬁj%gﬁsédné’%hé% g’ﬁﬂwdzﬂsmrﬂ@ﬁ?réw@éﬁwf or
exanple as a i lan Bl i

s§19§1ﬁ1fa?tﬁ%é§5r&l§ apﬁhedatlﬂé‘reQﬁ {%?éoﬁ@éﬂ 5% WRIpbnéh %Mtagrg&t.tsﬁﬁﬁﬁtﬂ%oar d

ordinary skill i e t"to apply so r paste to a pr circul
I n some enbednperdns plademesdIstition pastieclndy abe agpddi pidkbandhplack nfehiae dress

of the particuyl ar, ner or techni que . used to apply sol der, paste to the
pri nt ed L7 r c ANE iSRG eRs e @ERERAon e el Bladarernp pEeisb e crAREns
regions of thg {pg gﬁh‘c‘éﬁ Gichift Wdard 0848 dedititn 16 1R auRASHE .%Pnfaﬁﬁa' &F@%n@rﬂp' I ed
In a predet erm ne anount within a glrven range. Pr ocessi ng t hen OWs to
bl ock 784 i n pldtembntaechniqies ispasdeeinianspéatcs ovithsyedrizty ofipecs inclufieg Hot ger

paste applied .at the predeterm geﬁl regi.ons of the printed circuit board.
Figs. To det eltocths eRpgly ofdhe SUGHE CABPORGE. e sRasityENf BsptiTed i n
bl ock 782 wag,prHoRek k | Al - i ; %E&%

PCT/ US02/ 1419(5)1% appr O&’p??@?a!e ?g‘é‘ Flgﬁgﬁ%{m@ %’etggﬁlcr?? ggl\{%l?%{u t oarteéi. Syﬂems
deci si onlbs rmabmdichatcuttliiompohaes ofymsticalar vizss st shppesad lie @ppdifcetivenssswte or

nore of the exam ned regions, thef the printed circuit board is returned
to bl ock 782 U§iRgAEOIRESITSMpal ystedsy eappi | ed in each of the regions in

which it had not r I j LNt | b i . . bl ocks
782 and 784 5 ar e@ggﬁ%@ﬁﬁgg@%@%&%ﬁ% O?ﬁg%)iélgftﬁ%% ﬁﬂ%gﬁ%?ﬁiﬁ%‘%%%ﬁﬁ es
that the sol devepthsterhlidsckiE8Snin witicipe playeragup inspection sestivh peplormpdd at e

region. Processing then flows to, block 786.in_which the printed circuit
board with t Respection of the placed circuit component. Figs. In response to the instructions from

20  placement inspection station at block 788, processing can return to processing block
782 or processing block 786 depending upon the results of the placement inspection
station in block 788.

Once determination is made in block 788 that the circuit component is
properly placed and no other defects are detected, processing flows to block 790 in

25  which a solder reflow station reflows the solder thus coupling the circuit component
to the printed circuit board. Solder reflow station may be provided as an automated
station or as a manual station. After solder reflow in block 790, processing flows to
block 800 where a placement and solder joint inspection station inspects each circuit
component and solder joint of interest. If no defects are detected, then processing

30  flows to block 802 where a populated printed circuit board is provided.

It should be noted that in the above description, the inspection processes
described herein above including those which use the palette regions can be used at

any or all of the above-mentioned inspection processes 784, 788, 780.
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sol der paste properly applied thereon is provided to a conponent placenent

station. The conponent placenent station can include a so called pick and

pl ace macWDre/osrs88l0 al t ernatively, the placenment station maf/useroilv® nanual
pl acement of circuit conponents on the printed circuit board. The deci sion
to use automated or manual conponent placenent techniques is made in

accordance with a variety of factors including but not limted to the
conpl exity of the ARANGORALD oBEAFRAR ki in¥eron
conponent to nmanua lﬁﬂﬁac In E%nd?fng,ltec ﬁ&calll?n$%é?s%ﬁgbgﬁkgo omat ed

systens 15 tQmpammheoneoﬁmmmumpﬂ@bmeﬂmaﬂahmmﬂﬁteﬁﬁbéﬂn@ﬁiﬁ&m@ﬁﬂhﬁ@&ﬁ&s and
t he cost effectlveness of . usin e nual systens. Once the
circuit conp&RBFfPt 821 15 Beussd- ﬂﬁ Feﬁfﬁf%?@éie‘}é? Eﬁeteq@??éﬂfﬂemﬁ?l%%‘&%?trbﬁ nmoves
through bbock;, (88 Hls g%erﬁb&dlﬁl%ﬁﬁ%ﬂi rafes Qﬁ&ﬂd Bé‘hﬁﬁt@&' lﬁﬁh@ ?;51 ﬁf’ﬂ”

i nspection of the placed circuit conmponent. nres se to the

i nstructions ﬁmpunﬁﬂ&ugmanénmﬂmnmnspect|on statlon at bl ock 788, processing
can return to processing block 782 or proceSS|ng bl ock 786 dependlng upon
the results of t hélgP%@ﬁ%W gnddpferanpesrited heiemose PRPIBSSY: Kicorpgratqg aegein

det erm nati on, 88 that the circuit conponent is properly
pl aced and no otegﬁggnygg?éﬁggt "detected, processing flows to block 790 in
25 whi ch a sdWVidaris clefmedvis:st ati on refl ows the sol der thus coupling the
circuit conponent to the printed circuit board. Solder reflow station may
be provided as an automated station or as a manual station. After sol der
reflowin block 790, processing flows to block 800 where a pl acenent and
sol der joint inspection station inspects each circuit conmponent and sol der
joint of interest. If no defects are detected, then processing 30 flows to
bl ock 802 where a populated printed circuit board is provided. It should be
noted that in the above description, the inspection processes described
herei n above including those which use the palette regions can be used at
any or all of the above-nentioned inspection processes 784, 788, 780. 67 WD
02/ 088688 PCT/ US02/ 14195 Having described preferred enbodi nents of the
invention, it will now becone apparent to one of ordinary skill in the art
t hat ot her enbodi nents incorporating their concepts may al so be used. It
is felt therefore that these enbodi nents should not be 5 limted to

di scl osed enbodi ments but rather should be limted only by the spirit and
scope of the appended cl ai ns.
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Al'l publications and references cited herein are expressly incorporated
herein by reference in their entirety. Wiat is clainmed is: 68 WO 02/ 088688
PCT/ US02/Wwo128886&% Al M5 1 1. A nethod for generating a chaPaTitsoel/st1pE

pal ette for a circuit board for use in a 2 circuit board inspection
system the nethod conprising: 3 identifying a value range of a first
characteristic on the circuit board; 4 establishing a plurality of
characteristic categories for the cirgcuit board; and 5 selecting a first
plurality of |ocations on the circui ClBIMY with each of the plurality 6
of locations having a characteristic value which is representative of at

| east one of the 7 characteristic categories with the first plurality of

| ocat Lons].cor r&spanst fog gérerdtingst chpaicadristc pAettefpr avicliobodrtidoraise ¢t boar d.

1 2. The nethod of, Claim1 further conprising inspecting a first printed
circuft R boordgpsnegiegvelen: (hefpeidad cogprisiigeach of the pal ette regions,
a valye of th ' i St I pSt - nord .circuit board.
1 3. The net hgggllgk?%lgg{%ug%%%e}t%rﬁé%%paﬁcgeﬁﬁgc yﬁ%rﬁl Ilg{eﬂtl%ﬁﬂ’éasuri ng a val ue
of the 2 firsdstablishiiagh ehiraity of elfaranerivic carperisdoothd cirogiaboardsandl t he first
circuit board with th r.. nor.e secgnd,lqcations bei ng_different than

) e on 30 €
the pbPurality ®fecting %ﬂﬁrﬁsaﬁ@%ltt@ of lngations onthg cirqebasgd Wit cash o the plusalifiier ei n

each of t : [ : pon of

ot or ot o PREnEahf £oREaRRtel QG A% icrpRQEHPRRE Ay Bt O

conpr i7si nfaeRtepRtic bgeddnes wathuksfint pluidity of RicatZors barrasgpoading té Girdyalatte cal |y
measured at each of the one or nore second | ocations of the 3 first

ci rcuft Héalloﬁsf%ﬂﬁ%@fcd‘}ﬁr?&ﬁ‘idcal'l y neasured characteristic values at each of
the first 4 palette regions on the first circuit board. 1 6. The nethod of
Claim5 further conprising identifying a category for each of the 2 values
of the fixst chiaraethed bSClatmatfushedcopiprishigy iasRciig afifse pitedrichiobadrd ons
based on the 3 conparison. 69 WD 02/088688 PCT/ US02/ 14195 1 7. The net hod
of O &i mty GEapigallygneapeingatisegeh 9f themaleie regions; pxalyg pfithe fust ghawcerisie 2

char agt erc%fscﬁéﬁrs@hriﬁt%ﬁ@ir?&itﬁ&?done or nore second | ocations to an expected
category fTor eac '

'_\

3. The method of Claim 2 further comprising dynamically measuring a value of the
2 first characteristic at one or more second locations of the first circuit board with the one

3 ormore second locations being different than the plurality of first palette regions.

1 4. The method of Claim 3 wherein each of the one or more second locations

2 corresponds to a region of interest on the circuit board.

5. The method of Claim 3 further comprising comparing the values of the first
characteristic dynamically measured at each of the one or more second locations of the

first circuit board to the dynamically measured characteristic values at each of the first

=W N

palette regions on the first circuit board.
1 6. The method of Claim 5 further comprising identifying a category for each of the

2 values of the first characteristic at each of the one or more second locations based on the

3 comparison.
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3 of the values of the first characteristic at each of the one or nore
second |l ocations. 1 8. The nethod of Claim2 further conprising inspecting
a second woiweR#sEi rcuit 2 board by dynam cal | y neasuri ngCa/vsat/vg9df t he
first characteristic at each of the first 3 palette regions on the second
printed circuit board. 1 9. The nethod of Claim8 further conprising

dynam cally neasuring a value of the 2 first characteristic at one or nore
second | qcatigpns of the cond printed circuit_board 3 with the ope or nore
second | deat i oHe BEPAE Off B AT RERAR i RaieeP PSR! Fapba tae Y%@S&?éhe 6t 10. The
met hod Ofchgilaetemgéc BULERSE thE OFD b SRS AMPREARAS b5 %aletRd cAbabiy ol LRt 2
characteristic dynamcally neasured at each of the one or m)ge secon

| ocat Bonsofolfie vdleesdofabe Hrstchmractdristic at eachiof theaaredr ert keeody tmaiicsl | y measur ed
characteristic values at each of 4 the first palette regions on the second
printed circuit board. 1 1 11. The nethod of C aim 10 further conprising
identifyiqng a . . FRZNAY. i P

char a%t erglnsti cﬂge%ﬁg%é Oé?[a%rﬁgcﬂgﬁg&oéro rlrsglgslecﬂdéﬁlgn%)%%éac? ?%&fslﬁ% c;[r uelt second 3
printed doaslby dyymarichllyaseduronrg 4 aue ofithafirs@haractérigR. at Theh ofahédfickt of C ai m
11 further_ conpr.ising_conparing the category for each of 2 the val ues of

t he f?rstpa@ﬁf&rrﬁ%lf”é??%’é}ﬁeég‘g’{ldé’ F?dﬁrcllﬁﬁ?o%ﬁe or nmore second | ocations to an
3 expected category for each of the values of the first characteristic at
each of the one or 4 nore second |locations. 1 13. The nmethod of Caiml
wher eiln st abl Tishmeitod of Chiirh & forthtrerongdristigadyaamenlly tieasurihgeatabgosfitks f or

the first_printed circuit board includes estaplishing.a finite nupber of 3
char aét erfitstgharacigrishe af e of grore rreopd lorpliansofithe sacondprigied siat bard he val ue

oara 70 Up" 67 E g ate’ BERRTIEETh 15l Tl €hn AR AR G, 1 “ner i

the first characteristic corresponds to color. 1 15. The nethod of daiml

wherein the first characteri stcéqé corresponds to texture. 1 _16._ The net hod
of O &i mP- whekls methd of ¢lagm dpgherosmristngcoamaring Pisriatucs 8f thefitsance. 1

17. The . ' wherel f] r I ShhC. I L[ st one
of a %I u@%{&?&rﬁgc %&wa&/ren%&g g{r%?thé}rf:ﬂzehﬁégﬁgﬁg&g\i]égrﬁ%?dr%agé?%etﬁ %fyi ng a
val ue3r angeordf printéd cisduittvardaotiles daiahtdcaly hémued ichiractetidticouites hoedct of
includes identifying a value range for each of the plurality of

: ge T, acn
char aét erthairs alsie fegaonsonthespcond printed circybbgagd.
1

1 11 The method of Claim 10 further comprising identifying a category for each of the
2 values of the first characteristic at each of the one or more second locations of the second
3

printed circuit board based on the comparison..

12. The method of Claim 11 further comprising comparing the category for each of
the values of the first characteristic at each of the one or more second locations to an

expected category for each of the values of the first characteristic at each of the one or

S W N e

more second locations.

13. The method of Claim 1 wherein establishing a finite number of characteristic
categories for the first printed circuit board includes establishing a finite number of

characteristic categories for the printed circuit board based on the value range of the first

S 0w N R

characteristic identified on the printed circuit board.
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6 establishing a plurality of characteristic categories for the printed
circuit board 7 includes establishing a plurality of characteristic

cat egor i ewofoensssseh of the characteristics 8 on the printed/usoz/eupi board;
and 9 selecting a first plurality of |ocations corresponds to sel ecting
first palette regions 10 includes selecting a plurality of palette regions
on the printed circuit board with each of 11 the plurality of palette

regi ons having a characteristic value which is representative of at 12
| east Lond4ef tHe pethedpt ¢lpimil vieasta dicshirstehagacteistig 6rresgondsig color.

1 15.  The method of Claim 1 wherein the first characteristic corresponds to texture.

1 16 The method of Claim 1 wherein the first characteristic corresponds to luminance.

1 17.  The method of Claim 1 wherein the first characteristic is a first one of a plurality

2 of different characteristics and wherein

3 identifying a value range of a first characteristic on the printed circuit board

4  includes identifying a value range for each of the plurality of characteristics on the printed

5  circuit board;

6 establishing a plurality of characteristic categories for the printed circuit board

7  includes establishing a plurality of characteristic categories for each of the characteristics

8  on the printed circuit board; and

9 selecting a first plurality of locations corresponds to selecting first palette regions
10  includes selecting a plurality of palette regions on the printed circuit board with each of
11 the plurality of palette regions having a characteristic value which is representative of at
12  least one of the plurality of characteristic categories

1
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