WO 01/ 54068 PCT/ CA01/00042 1 TITLE OF THE | NVENTI ON METHOD AND SYSTEM FOR
DETECTI NG DEFECTS ON A PRINTED CIRCU T BOARD 5 FI ELD OF THE | NVENTI ON The
present iwoents4es rel ates to i nspection systens and to n@dTodsrifoors2
detecting defects on electronic circuits such as printed 10 circuit

boards. More specifically, the present invention is concerned with such
systens and net hods based on edge detection. BACKGROUND OF THE | NVENTI ON 15
El ectronic circuits nmay take many forns, such as PCB (Printed G rcuit
Boards), |ead frames, and hybrid circuyts. These circuits wusually include
a plurality of conponents, for exanple conductors, holes, pads,
dielectrics, photopolyner resist film etc. These conponents nay be
assenbl ed on layers that are nounted on top of each other. An 20 exanpl e of
such nmulti-layer assenbly is the well-known conductors-holes- glaze circuit
structure. In ﬁﬂi.éﬁiﬁﬁﬁhﬂﬁxﬂﬁﬁﬁﬁé@b;on we wll refer to printed circuit
boards (PCB) o L ver, it is to be understood that the
present invention is not limted to that enbodi ment of electronic

circuits. 25 In the past, inspection of PCBs has been perforned visually
by a person who woul d have MioK¢@DaANB SYBTEM FOIsDRJ EC T DEFECTSryi ng

ON A PRINTED CIRCUIT BOARD

FIELD OF THE INVENTION

The present invention relates to inspection systems and
to methods for detecting defects on electronic circuits such as printed
10  circuit boards. More specifically, the present invention is concerned with

such systems and methods based on edge detection.

BACKGROUND OF THE INVENTION

15 Electronic circuits may take many forms, such as PCB
(Printed Circuit Boards), lead frames, and hybrid circuits. These circuits
usually include a plurality of components, for example conductors, holes,
pads, dielectrics, photopolymer resist film, etc. These components may
be assembled on layers that are mounted on top of each other. An

20  example of such multi-layer assembly is the well-known conductors-holes-
glaze circuit structure. In the following description we will refer to printed
circuit boards (PCB) only as an example. However, it is to be understood
that the present invention is not limited to that embodiment of electronic
circuits.

25

In the past, inspection of PCBs has been performed visually

by a person who would have looked at a circuit, using a magnifier, trying



WO 01/54068 PCT/ CA01/00042 2 to find differences with an acceptable
circuit nodel. Drawbacks of visual inspections are nunmerous: subjectivity,
sl owness, wdi fif4assl ty to collect quantitative information raT/defimedsg, etc.
5 Aut omat ed net hods of inspection have recently emerged follow ng the

i ncrease of conputer processing speed. Mdst of those automated nethods
consist in taking a digital inage of the PCB to be inspected and anal yzing
this digital image to determ ne the presence of defects. Exanples of such
aut omat ed net hods are those based on t?e 10 detection of edges. An edge is
a segnent of a conponent's contour. It“can be visually distinguished on a
digital image as variations of hue fromone conponent to the next,
assum ng that transitions between conponents (or 15 regions) have optically
different characteristics. Edge based detection nethods consist in

characterizing ,and anal yzi ng edges on CB.i e nd by, cqonpari.ng,such
edges to known Q 'Ingégﬁeo\'%‘%ﬂ‘c‘ég gl r?fbé‘cﬁpgaﬁs qrcgfﬁ%%%%&ag@%%%soq éﬂ\?l%és
illustrates ex ; 0 : : ot her
types of el ect ?o |é(::\&'gﬁrgcﬁri%t ggﬂﬁﬁgéd%%%%m%@%\xéﬁ%%r&g@#gﬁg lelébﬁgd

overl ap 10 bet vapemtitativel infoemationfont defeBtSBetca mi sal i gnnent of two | ayers 12,

a gap too snall 14 between two adjacent tracks, a bridge 16 between two
conponents, a track too narrow 18 or a broken track 19. 25 An exanpl e of

an edge-basgd nmethod for AghREELOMAREES P inspection have recently emerged

following the increase of computer processing speed. Most of those
automated methods consist in taking a digital image of the PCB to be
inspected and analyzing this digital image to determine the presence of
defects. Examples of such automated methods are those based on the

10  detection of edges.

An edge is a segment of a component’s contour. It can be
visually distinguished on a digital image as variations of hue from one
component to the next, assuming that transitions between components (or

15  regions) have optically different characteristics. Edge based detection
methods consist in characterizing and analyzing edges on a PCB image

and by comparing such edges to known values and criteria.

Figure 1 of the appended drawings illustrates examples of
20  defects that can be found on a PCB or on other types of electronic circuits.
The defects may be, for example, a bad overlap 10 between two layers
of the PCB, a misalignment of two layers 12, a gap too small 14 between
two adjacent tracks, a bridge 16 between two components, a track too
narrow 18 or a broken track 19.
25
An example of an edge-based method for detecting defects

on an electronic circuit is described in United States Patent No. 4,570,180,



on an electronic circuit is described in United States Patent No.

4,570, 180, WD 01/54068 PCT/ CA01/00042 3 untitled "Method For Automatic
Optical |wepEEHoasn”, |1ssued on February 11, 1986 and nampuy/Gsli@noset al .
as inventors. This patent relates to a nethod and an apparatus for
automatic optical inspection of a substantially two-di nmensional pattern
using digital image processing 5 techniques. The nethod includes a first
step in which grey level digital imges are scanned for edges or lines and
mar ki ng those edges in inmage storage.oThen all non-marked regions in the

i mge storage are scanned and tested for permssible grey levels. 10 Since
anonal i es are tested only by conparing non-nmarked regions to permssible
grey levels, a drawback of Baler's nmethod is that the quality of the
detection is too dependent on the quality of the digital = inmages. |ndeed,

and |ocat i ons A Mgt hdSkedRte SRS ThepsRibRistbetdn e dRbHh LS on'
di fferences, etmgeABRE ImMRGORARM ' a/Bakehvéentdrs. horhis dtEaAt relateRr oxamat el y

the same conputing power isrequired to test all pixel's on the digital
pi cture that doneihiodc@ndesporapparatidgder, awadiatig opticalstirspsctiont BT 20

conputi ng resource tinme.. Still another drawb f Baler's nethod is
that it can be su&s?q:q%gﬂytm{oédlgp%}sm. rREETY H@chg@ﬁa@gpag?.p@ﬁgﬂsmg
characteri zgti qacmguég TheShithddOinkiuds .a BREBSHEPH RAIArgRFtERsItRgit) t he
el ectronic circult’ 25 manuf acturing process.
images are scanned for edges or lines and marking those edges in image
storage. Then all non-marked regions in the image storage are scanned

and tested for permissible grey levels.

10 Since anomalies are tested only by comparing hon-marked
regions to permissible grey levels, a drawback of Baier's method is that
the quality of the detection is too dependent on the quality of the digital
images. Indeed, the digitized image of an object may present variation in
feature sizes and locations depending on the digitizing algorithms,

15  magnification differences, etc.

Another problem of Baier's method is that, approximately
the same computing power is required to test all pixels on the digital
picture that do not correspond to edges, leading to waste of both

20  computing resources and time.

Still another drawback of Baier's method is that it can be
difficult to characterize a detected defect. Such characterization can be
useful to find emerging error patterns in the electronic circuit's

25 manufacturing process.



WO 01/ 54068 PCT/ CA01/00042 4 In United States Patent No. 5,452,368 issued
on Septenber 19, 1995 and entitled "Method of Detecting Defects In

Sem conduwtoori/s4ékackage Leads"”, LeBeau teaches a nethod f orpcdetanatoneg
defects in objects by conparing a first grey level inmage of a first object
to a second 5 grey |level inmage of a second object. Mire precisely, the edge
features of the first imge are skel etonized and conpared to the dil ated
edge features of the second inmage and vice versa. Contrary to Baler's

met hod, LeBeau's does not test non-edge-related regions on the digital

i mage. 10 However, a drawback of LeBeau's nethod is that defects are
searched by conparing two i mages of objects that can be inflected by very
simlar defects positioned at about the same place. LeBeau's nethod does
not allow for detection of such defects. This is a major drawback since a

faul ty manufacturing process.. cause .su r . e

Accordingly, it is desi rgﬂﬁ‘%"fear‘%@&é 'gatﬁﬂfﬂ?;dg’gﬁg’t%%s'g{qeéﬁéﬁ?ﬁaee?%tﬁrows for
the detection ofg dgfer hid UhtABd eMVREh6@Hf Détetfing DdfBels IR08Emidtducelry on
the quality and resolution of the digitized imge of the electronic

circuit and thdPadege heads'nteBsaet tapchps| @vvethogr fait defesting defectddnect s.
make uee of | deSRPRRVRORRRINY # Orstarenvehintion e e ISR e g REthods
ggg Systemss horby RERY irfSgd ¥Pa 'sBYSHE oBfect. NFIBRS bicibelPMe bl g féatGtesastomal i es
the first image are skeletonized and compared to the dilated edge features
of the second image and vice versa. Contrary to Baier's method,

LeBeau’s does not test non-edge-related regions on the digital image.

10 However, a drawback of LeBeau’s method is that defects
are searched by comparing two images of objects that can be inflected by
very similar defects positioned at about the same place. LeBeau's method
does not allow for detection of such defects. This is a major drawback
since a faulty manufacturing process can cause such repeated defects.

15

Accordingly, it is desirable to have a method and a system
that allows for the detection of defects on an electronic circuit that does
not rely on the quality and resolution of the digitized image of the
electronic circuit and that does not interpret grey level variations as

20 defects.

It is also desirable to have a method and a system to detect

defects that make use of design data.

25 It is further desirable to have such methods and systems

that provide two levels of inspection, one to detect anomalies and another



WO 01/54068 PCT/ CA01/00042 5 to inspect these anonalies for defects,
hel pi ng maxi m ze the processing speed. SUMWARY OF THE | NVENTION 5 More
speci f i caMop/s4essaccor dance with the present invention, tHaEaveAdisoprovi ded
a nethod for detecting surface defects on a Printed Circuit Board (PCB)
having at | east one | ayer including conponents, the nethod conprising: 10
providing a digital image of the PCB; identifying edges on the PCB i nage;
provi ding a correspondi ng conput er nodel for each conponent on at | east
one | ayer of the PCB; detecting anomal res on the PCB i nage by conparing
said 15 identified edges to the conputer nodel; and for each detected
anonmalies, determning if the detected anonmaly corresponds to a surface
defect. According to another aspect of the present invention, there 20 is
provi ded a system for detecting surface defects on a PCB; the system
conprising: a conputer including.a podel of the PCB and bein configured
to identify edd@g&ﬂ?(‘étw @mgge,s ﬁ@é@&ﬁd‘%ﬂ'&ﬂéﬂ@é@%%ﬁ'lehgrocﬁﬁﬁnggnge by
conparing the Qgﬁgﬁlfied edges to the conputer nodel, and 25 for each
detected anonaly, determning if the detected anomaly

SUMMARY OF THE INVENTION

5
More specifically, in accordance with the present invention,
there is provided a method for detecting surface defects on a Printed
Circuit Board (PCB) having at least one layer including components, the
method comprising:
10 providing a digital image of the PCB;

identifying edges on the PCB image;
. providing a corresponding computer model for each
component on at least one layer of the PCB;
detecting anomalies on the PCB image by comparing said
15 identified edges to the computer model; and
for each detected anomalies, determining if the detected

anomaly corresponds fo a surface defect.

According to another aspect of the present invention, there

20 is provided a system for detecting surface defects on a PCB; the system
comprising: '

a computer including a model of the PCB and being

configured to identify edges on a PCB images, detecting anomalies on the

PCB image by comparing the identified edges to the computer model, and

25 for each detected anomaly, determining if the detected anomaly

corresponds to a surface defect;



corresponds to a surface defect; WO 01/54068 PCT/ CA0O1/ 00042 6 an

illum nation assenbly connected to the conputer to provide illum nation on
t he PCB; wOmzmaesgr abber connected to the conputer; a canea/canmeested to
the frame grabber to take an inage 5 of the PCB; and a positioning system
connected to the frame grabber. It is to be noted that the term "PCB"
shoul d be construed herein as any electronic circuit that may include
visual |y distinguishable 10 surface defects. O her objects, advantages and
features of the present invention wl}k become nore apparent upon reading
of the following non restrictive description of preferred enbodi nents

t hereof, given by way of 15 exanple only with reference to the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS In the appended
drawings: 20 Figure 1, is schematic view illustrating exanples of defects

For “detect i ng surface  ogyblighaten spaiiuteararg 1 50 CRUGIPReRT of |
the present invyggtiianiiuia8dh 2HAA8 PSB! CA0L/ 00042 7
a frame grabber connected to the computer;
a camera connected to the frame grabber to take an image
5 ofthe PCB; and

a positioning system connected to the frame grabber.

It is to be noted that the term “PCB” should be construed
herein as any electronic circuit that may include visually distinguishable

10  surface defects.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the following non
restrictive description of preferred embodiments thereof, given by way of

16 example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:
20
Figure 1, is schematic view illustrating examples of defects

on a printed circuit board (PCB);

Figure 2 is a block diagram of a system for detecting surface

25 defects on a PCB according to an embodiment of the present invention;



Figure 3 is a flowchart of a nethod for detecting surface defects on a
PCB according to an enbodi nent of the present invention; Figure 4 is a

fl ow charwoofi/sstw8 cont our-identifying step of 5 Figure 3;PCAVCAN®IGI2I S a
schematic view of both inmages of the PCB and of a conmputer nobde

therefrom illustrating the selection of reference points for their
alignnment; 10 Figure 6a is a schematic view of superinposed polygons from
a three layer nodel of a PCB; Figure 6b is a schematic view of the pol ygons
of Figure 6a 15 after subtraction of the followng |ayers; Figure 6¢c is a
schematic view of the intersections of the polygons of Figure 6a; 20
Figure 7a is a schematic view of the polygons of Figure 6a, illustrating a
narrow region; Figure 7b is a schematic view of the polygons of P1 and P3
fromFigure 7a, after dilatation; 25 Figure 7c is a schematic view of the

results of the superinpagsition.of the polygon Fi.qure. 7a: /.54068
PCT/ CAOL/ 00042 & Fi gur 6 OV 3 et char ahmthod PhifiesToa Sdbec:  on
of  m ssing confAsks difa PCEELESdHy B &EBmbodiment of the present invention;

Figure 4 is a flow chart of the contour-identifying step of

5 Figure 3;

Figure 5 is a schematic view of both images of the PCB and
of a computer mode! therefrom, illustrating the selection of reference
points for their alignment;

10
Figure 6a is a schematic view of superimposed polygons

from a three layer model of a PCB;

Figure 6b is a schematic view of the polygons of Figure 6a

15  after subtraction of the following layers;

Figure 6¢ is a schematic view of the intersections of the

polygons of Figure 6a;

20 Figure 7a is a schematic view of the polygons of Figure 6a,

illustrating a narrow region;

Figure 7b is a schematic view of the polygons of P1 and P3
from Figure 7a, after dilatation;
25
Figure 7c is a schematic view of the results of the

superimposition of the polygons of Figure 7a;



5 Figure 9 is a schematic view illustrating the definition of two active
hal f-plans in the step of detecting a defect anong anonalies of Figure 3;
Fi gure 10wiosoig4ehematic view illustrating the nmeasur enmentPCTi@amfootdde

di stance between two segnents when the segnments are not parallel; Figure
11 is a schematic view illustrating the neasurenent of a cunulative

i nterval between two parallel segnents; 15 Figure 12 is a schematic view
illustrating the determ nation of an Anomaly Anal ysis Region (AAR);
Figures 13a, 13b and 13c are a flow chart of a nmethod to 20 determine if
an anomaly violates the allowed wi dth or spacing; Figure 14 is a schematic
view illustrating defects in a narrow space region; 25 Figure 15 is a
decision tree to detect defects in a narrow space region; W 01/54068
PCT/ CA0O1/ 00042 9 Figure 16 is a schematic view of a polygon froma
vectorial nodel, illustrating the erosion process; and Figure 17 is a
schematic view of the polygon of Figure 16 5 after the erosion process.

DESCRI PTI ON OF THE PREFEFFR%Q&NBQ%& NEREmEaB ial | iNustiingtiheaderichied dfor

detecting surface defects _
missing contours on a region of a PCB;

5 Figure 9 is a schematic view illustrating the definition of two
active half-plans in the step of detecting a defect among anomalies of

Figure 3;

Figure 10 is a schematic view illustrating the measurement
10  of the distance between two segments when the segments are not

parallel;

Figure 11 is a schematic view illustrating the measurement
of a cumulative interval between two parallel segments;
15
Figure 12 is a schematic view illustrating the determination

of an Anomaly Analysis Region (AAR);

Figures 13a, 13b and 13c are a flow chart of a method to

20 determine if an anomaly violates the allowed width or spacing;

Figure 14 is a schematic view illustrating defects in a narrow

space region;

25 Figure 15 is a decision tree to detect defects in a narrow

space region;



10 a PCB according to enbodi ments of the present invention includes 1)
identifying the edges on a digital image of the PCB, 2) detecting

anonal i eswoyiesamgsari ng the identified edges to a conput er raadedolmboszhe PCB
and 3) determining if the detected anomalies correspond to a surface
defect by a characterization of each anomaly. 15 A nethod according to the
present invention therefore presents two |evels of inspection: a first

| evel that allows to rapidly identify anonalies and which requires
relatively little conputing tinme, and second |l evel, nore refined, that
conpares identified anonmalies to design 20 specifications so as to
characterize detected defects. To inplenent the nethod, a digital inage of
the inspected PCB and a conputer nodel of a simlar PCB nust be provided.
25 Referring to Figure 2 of the appended draw ngs, a system 20 for
detecting surface defects..on a, PCB, according to. an . enbqodi ment of .the
present invention, will aﬂgﬁ@s%éol%%a? ‘Wbagcl)’%%%%a B@Vﬂeﬁgwﬁé‘o‘ﬁ?‘”&%
General ly stat h ; r an image of a PCB under

i nspection andqﬁ%d%é?ggyéﬁgggﬁg?gkggrgﬁ%gsﬁgyﬁg a nmethod according to the
present invention, as will be described hereinbelowin 5 nore detail. The

system 20 conprises a conputer 22, a fra rabpber 24 and .11l ym nation
assenbly 26, both connec{?éﬂu'f%'l%f?eaSEB%SE%P’%Q‘QS’P@‘GM% 9@?'%‘6‘%35& ed to
the frame gsabhgfe e 8R%kiGn process.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Generally stated, a method for detecting surface defects on
10 a PCB according to embodiments of the present invention includes 1)
identifying the edges on a digital image of the PCB, 2) detecting
anomalies by comparing the identified edges to a computer model of the
PCB and 3) determining if the detected anomalies correspond to a surface
defect by a characterization of each anomaly.
15
A method according to the present invention therefore
presents two levels of inspection: a first level that allows to rapidly identify
anomalies and which requires relatively little computing time, and a
second level, more refined, that compares identified anomalies to design

20  specifications so as to characterize detected defects.

To implement the method, a digital image of the inspected

PCB and a computer model of a similar PCB must be provided.

25 Referring to Figure 2 of the appended drawings, a
system 20 for detecting surface defects on a PCB, according to an

embodiment of the present invention, will be described.



10 positioning system 30, connected to the frane grabber 24 via an axis
controller 32 and a servo controller 34. The conputer 22 is advantageously
in the foweafs4es personal conputer that is so configured rag/cAv1I9v®IZE bot h
the image taken 15 by the canmera 28 of the PCB to be inspected and a
computer nodel of a simlar PCB. The conputer 22 is al so advantageously
programmed so as to control the illum nation assenbly 26 and to do the
conputations required to analyze the i mge and, using a method according
to the present invention, assess whetjher the PCB under inspection includes
20 surface defects. The illum nation assenbly 26 allows the regul ati on of
the light intensity on the PCB under inspection. 25 The frane grabber 24
isinthe formof a card that interfaces the canmera 28 and the conputer
22. The frame grabber 24 can advantageously operate in either one of two
nodes. According to a first WO 01/54068 PCT/ CA01/ 00042 11 node, the frame
grabber 24 captures an inmage line by line, and sends each line to the

conputer 22. In a second opssally BRitéd aRB sysRIPROD AbwstaRiathesairhdbé | mage
of the PCB at once before sending the image to the conputer 22. 5 An

opti onal convenfiadn@B undeyéngpestien ahddo detast pessibitvdaieeigaming § methedf aces

: Eg T :ngrrg ? ;ﬁg%%{ggyrz(ffﬂ& r%(g é‘ﬁ%%ég%? lfg}twéﬁer %%h%rs]dwill%el gglsscr}cb%%t Rerefiperéw 1h 9 of

5  more detail.

The system 20 comprises a computer 22, a frame
grabber 24 and an illumination assembly 26, both connected to the
computer 22, a camera 28, connected to the frame grabber 24 and a

10  positioning system 30, connected to the frame grabber 24 via an axis

controller 32 and a servo controller 34.

The computer 22 is advantageously in the form of a

personal computer that is so configured as to store both the image taken

15 by the camera 28 of the PCB to be inspected and a computer model of a
similar PCB. The computer 22 is also édvantageously programmed so as

to control the illumination assembly 26 and to do the computations
required to analyze the image and, using a method according to the
present invention, assess whether the PCB under inspection includes

20  surface defects.

The illumination assembly 26 allows the regulation of the

light intensity on the PCB under inspection.

25 The frame grabber 24 is in the form of a card that interfaces
the camera 28 and the computer 22. The frame grabber 24 can

advantageously operate in either one of two modes. According to a first



card 36 is not included, the conmputer 22 is configured to process the 10
i mge. The canera 28 allows digital inages of PCBs to be taken. The canera
28 i s advet@ageassly in the formof a CCD (Charge- Coupl ed pddevAm@podeaner a
that may operate in linear or in matrix node. The 15 resolution of the
canera 28 may vary according to the nature of the PCB to be inspected and
the precision required. The use of a linear CCD canera requires that the
positioning system 30 scan the PCB in the direction perpendicular to its
20 pixels. However the resolution obtained in the perpendicul ar direction
may be practically infinite. Its line resolution is about 8000 pixels.
Matrix CCD caneras have a resolution of about 4000 x 4000 pixels. The use
of such caneras is advantageous in sparse regions 25 of a PCB. In this
case, the positioning system 30 nay be configured so as to nove from

region to regian, 01/ 54068 PCT/ CA0Ll/ 00042 .12 Th si,tionj tem 30
i ncl udes axl es rﬁﬂ@e’s Pa@m?(ﬂ@gb?rn C&R ?aPHERa% ﬁﬁ?ﬁ”’ben%og%@mﬁof
supports on whigchntihe BGRel ddtfputel 28. aXiaSsE@IHd @bkl the2frahleoy¥abber 24
synchroni zing the notion of the 5 positioning system 30 with the

requi rement s ofcapheesmsiol dimage of {fst BEB2. onceHzefersr sanding theimage ®4heont rol s
the positioning s sten‘b 0O and the retroactive |loop that regul ates the
anpl i tude of ti@"%‘b‘%@F urrent required to energize the electric notors
(not shown) gof the positioning 10 system 20.

An optional conventional image-processing card 36
advantageously interfaces the frame grabber 24 and the computer 22 and
allows faster processing of the image taken by the camera 28. When the
card 36 is not included, the computer 22 is configured to process the

10 image.

The camera 28 allows digital images of PCBs to be taken.

The camera 28 is advantageously in the form of a CCD (Charge-Coupled
Device) camera that may operate in linear or in matrix mode. The

15  resolution of the camera 28 may vary according to the nature of the PCB

to be inspected and the precision required.

The use of a linear CCD camera requires that the
positioning system 30 scan the PCB in the direction perpendicular to its
20 pixels. However the resolution obtained in the perpendicular direction may

be practically infinite. Its line resolution is about 8000 pixels.

Matrix CCD cameras have a resolution of about 4000 x
4000 pixels. The use of such cameras is advantageous in sparse regions
25 of a PCB. In this case, the positioning system 30 may be configured so as

to move from region to region.



Since franme grabbers, servo controllers, positioning systens and CCD
caneras are believed to be well known in the art, they will not be
descri bedwoeriguessi n further detail. 15 OF course, the systrEmAimag2have
ot her configurations wthout departing fromthe spirit and nature of the
present invention. The system 20 may obviously be part of a production
line. 20 Turning nowto Figure 3, a nethod 200 for detecting surface
defects on a PCB or on another electronic circuit, according to an

enbodi ment of the present invention, wdIl now be described in nore detail
25 In step 202, a digital inage of the PCB is provided to the conputer 22.
The inmage is advantageously in the formof a bitmap having grey |evels.
The nunber of levels of grey may vary according to the WO 01/54068

PCT/ CA01/ 00042 13 precision required. According to a nost preferred

Gortal Tmges having. oo PESTRNORisy S BUTHAMMER AP HER o RRMgRIR YoCS
may have ot her (nbPSHENS) B2€ aRow IR Bicdieriticf BUPBYrts barwiveh atsl et negr ovi de

a bitmap 5 inmage. In step 204, contours are identified on the PCB i mage.
Step 204 produces an Actual Contour Chart (ACC) which is a representation

f he PCB i . As wi | | | ai ned h . nbel
posi (ions of the cont our o1 X Gaptivias 2o SHEEPRIEETORN o8, e

5 positioning system 30 with the requirements of the inspection system 20.

The servo controller 34 controls the positioning system 30
and the retroactive loop that regulates the amplitude of the power current
required to energize the electric motors (not shown) of the positioning

10  system 20.

Since frame grabbers, servo controllers, positioning systems
and CCD cameras are believed to be well known in the art, they will not
be described herein in further detail.

15
Of course, the system 20 may have other configurations

without departing from the spirit and nature of the present invention.

The system 20 may obviously be patrt of a production line.

20
Turning now to Figure 3, a method 200 for detecting surface
defects on a PCB or on another electronic circuit, according to an
embodiment of the present invention, will now be described in more detail.
25 In step 202, a digital image of the PCB is provided to the

computer 22. The image is advantageously in the form of a bitmap having

grey levels. The number of levels of grey may vary according to the



resolution of the PCB i mage as taken by the system 20. Step 204 is

summari zed in Figure 4. In sub-step 204a (Figure 4), the lumnosity of the
PCB 15 i wagd/ses8corrected. More specifically, the | um noidiycAqionek
intensity) of the inmage is advantageously normalized using the follow ng
equation: lum= 256x (lum-LUM _ MN/(LUM-MAX -LUM _ MN) (1) where |lum
is the lumnosity at each pixel of the inage; 20 LUMMN is the average
lum nosity in the darkest region of the inmage; and LUM MAX is the average
luminosity in the brightness region ofs the i mage. WO 01/54068

PCT/ CA0O1/ 00042 14 The above equation a:ﬁ | ows for distribution of the pixel
intensity between LUM M N and LUM MAX so as to cover all the 256 grey

| evel s. 5 Qbviously, the above equation may be corrected according to the
nunber of grey |evels of the image O her nornmalization equations may aI SO

b d. Alth h b- |
advant ageous ¢ TBGRPE fectiet uApglll 8 Triet bit@feleT oo fiion el BF b
t hreshol di ng Slﬂ?e§ér‘i’cﬂn(/819l@ thé%yét%nb?b'p%@dcé@ah@ abizly¥es dl@lﬁalﬁﬁégbs(ﬁ a

person skilled'in the art to conceive an al gorithmto determ ne
darkest and brikgving:266 grsy dexglen Alternatively, the initial image may have other

formats and a conversion step may then be added to provide a bitmap

5 image.

In step 204, contours are identified on the PCB image. Step

204 produces an Actual Contour Chart (ACC) which is a representation of
contours on the PCB image. As will be explained hereinbelow, the

10  positions of the contours are computed at a greater resolution than the
resolution of the PCB image as taken by the system 20. Step 204 is

summarized in Figure 4.

In sub-step 204a (Figure 4), the luminosity of the PCB
15  image is corrected. More specifically, the luminosity (pixel intensity) of the

image is advantageously normalized using the following equation:

Tum = 256 % (lum — LUM _MIN)/(LUM _MAX - LUM _MIN) (1)

where lum is the luminosity at each pixel of the image;
20 LUM_MIN is the average luminosity in the darkest region
of the image; and
LUM_MAX is the average luminosity in the brightness

region of the image.



In the optional sub-step 204b, the PCB image is filtered so as to reduce
noi se caused by the nunerization of the image. The follow ng gaussian
filter iswaduzmaeageously applied on a 3 by 3 pixel 20 w rrdawA01/00042
(eight-connected wi ndow): 121 242 121 25 The gaussian filter may be
applied on a pi xel w ndow havi ng anot her di nension. Qher types of filter
may al so be used. WO 01/54068 PCT/ CA01/ 00042 15 In sub-step 204c, the
nunerical gradient is conputed on the eight-connected w ndow using a
conventional Prewitt nethod. Alternayjvely, another method may also be
used. The intensity of the gradient is saved in a new inmge. Since the
Prewitt method is believed 5 to be well knowin the art, it will not be
described herein in nore detail. The gradient imge is then conpared to a
predetermned threshold to identify pixels in regions of the i mage where

the lum nosity changes rapidly (sub-step 204d)..These,redio u |1y
correspond to 10 pi xel trajgﬁg éﬁl%ﬁ'ﬁa %P@osc@ﬁp(ﬁéflguﬁ%'toﬁzh? f?ﬁ%é I n
sub-step 204e, jachbiy beRPREPX UNRIVIN afb LN SHDESOl &5 o 6FVH APtHRY 256
skel eti zation of the pixel tracks identified in sub-step 204d. | ndeed,
every edge on tgreyiavetge corresponds to a chain of connected 15 pixels, each

havi ng at | east one nei ghbour in an 8-connected wi ndow. The skeletization
process allows rendering of the pixel chain to a track

5 Obviously, the above equation may be corrected
according to the number of grey levels of the image. Other normalization

equations may also be used.

Although sub-step 204a is optional, it has been found to be
10  advantageous to correct the luminosity to increase the efficiency of the
thresholding sub-step (204d).

It is believed to be within the reach of a person skilled in the
art to conceive an algorithm to determine the darkest and brightness

15 region.

In the optional sub-step 204b, the PCB image is filtered so
as to reduce noise caused by the numerization of the image. The
following gaussian filter is advantageously applied on a 3 by 3 pixel

20  window (eight-connected window):
121
242
121

25 The gaussian filter may be applied on a pixel window having

another dimension. Other types of filter may also be used.



havi ng one pi xel wide. The results are advantageously saved in an inmage
file (ACC mage) having the sane dinension as the initial image but having
only binarwovabaes i.e. | for pixels belonging to an edge matCAof/an41 he
other 20 pixels. In the sub-step 204f, every chain of pixels of the
ACCimage is |isted as co-ordinates of pixels that formthe ACC. These
co-ordinates are only first estimates of the real co-ordinates, as wll be
expl ai ned 25 herei nbel ow. WO 01/ 54068 PCT/ CA01/ 00042 16 More precisely,

the chain is followed in counter-clockuwkse direction and the co-ordi nates
of every consecutive pixel are saved ina file: the ACC. Therefore the ACC
contains a series of vector, each representing the co-ordinates of one of
the contours of the inmage. 5 Each contour is then analyzed pixel by pixel
so as to estinmate the position of the passage by zero on the second

derivative, which has been_ found be a relj.abl e i.ndi.cation.o
co-ordinates of an infle ?Ld)t?fsf?& %@4%&6{ 'ﬂ‘é'%}eﬂ%@i@:i“?gd’f. 'S'Fﬂ@pélcg?(i 8@3@%& ng
pi xel s are suppgppflcdAnbatebe WRidowof uSIABL 04N TohvBALorM] | PYehiet irRBtheal nt i n
the lumnosity profile is an indication of a transition between two

mat eri al s. Mr eAliewmaitivelyy anotierpmetiexss magnglsethe tised: The intaasityyothe

tinate of the directi pendi cul ar tq.th h pixel . Thi
15 1 < achi eved PIdEy SANPAGT & 19 Ranape: sin e Eietth o B,

'Tﬂg ! :J?inggf o the BETRIHUWP I thichit, 3t RilPIRIt D EEBedtbreiftndnbicx@dtailaf ter .

The gradient image is then compared to a predetermined
threshold to identify pixels in regions of the image where the luminosity
changes rapidly (sub-step 204d). These regions usually correspond to

10  pixel tracks overlapping the contours in the image.

In sub-step 204e, a first approximation of the edges is
computed by skeletization of the pixel tracks identified in sub-step 204d.
Indeed, every edge on the image corresponds to a chain of connected

15  pixels, each having at least one neighbour in an 8-connected window.
The skeletization process allows rendering of the pixel chain to a track
having one pixel wide. The results are advantageously saved in an image

- file (ACCimage) having the same dimension as the initial image but having
only binary value, i.e. 1 for pixels belonging to an edge and O for the other

20 pixels.

In the sub-step 204f, every chain of pixels of the ACCimage is
listed as co-ordinates of pixels that form the ACC. These co-ordinates are
only first estimates of the real co-ordinates, as will be explained

25  hereinbelow.



i ndi cates the angle of the contour tangent at the pixel position. The
perpendi cul ar direction is obtai ned by adding 90 degrees. Then the

| um nosi t woprigsedse whi ch |lies along that direction and whird/caogse t he 20
current pixel is extracted in the initial PCB inmage, as originally taken by
the system 20. The second derivative is conputed on the lum nosity
profile. The passage by zero of the second derivative corresponds to the
inflection point of the lumnosity profile. The co-ordinate of this point
is saved in the ACC, replacing the fifgt estimate of the co-ordinate. 25
WO 01/54068 PCT/ CA01/00042 17 O course, other nunerical nmethod may al so
be used to find the estimate of the direction perpendicular to the contour
at each pixel. 51t is believed to be within the reach of a person skilled
in the art to conceive other nethods of extracting contours formthe

digital inmge of PCB uynd tion, :As. w |l
detail i nI st gp 208a anona\wf)'g‘%prenﬁ%geic thgg:[hgg} és\é\%ogﬂwgﬁ )3@?\5%6@?‘5‘%‘%@%%“ on
by conparing t hfree@BhAHd theQs- éid?rﬁ@te§®f%@efy"'cc§ﬂh%oﬁ@¢e dRG| iafe shged\(HCaMRgE

with the contour positions as designed. Indeed, a contour or part of a
contour is susfietthenAGR Al®refdreithe PGS cooiRing adseries oftveciasmeach

mdel of "the PoBRRALPO e FBA Bt St inopr Bt iah fndes: “rodel -
advant ageougl y i ncludes a vectorial nodel, in the formof polygons, of
Each contour is then analyzed pixel by pixel so as to
estimate the position of the passage by zero on the second derivative,
which has been found to be a reliable indication of the co-ordinates of an
inflection point of the luminosity. The corresponding pixels are supposed
10  to be part of contours since an inflection point in the luminosity profile is

an indication of a transition between two materials.

More precisely, the process consists first in finding an
estimate of the direction perpendicular to the contour at each pixel. This
15 s achieved first by doing a line fit at the current pixel position, ihcluding on
the same contour the 2 pixels before and the 2 pixels after. The line fit
indicates the angle of the contour tangent at the pixel position. The
perpendicular direction is obtained by adding 90 degrees. Then the
luminosity profile which lies along that direction and which crosses the
20  current pixel is extracted in the initial PCB image, as originally taken by the
system 20. The second derivative is computed on the luminosity profile.
The passage by zero of the second derivative corresponds to the
inflection point of the luminosity profile. The co-ordinate of this point is
saved in the ACC, replacing the first estimate of the co-ordinate.
25



every layer with contours of conmponents. In addition to being an adequate
representation of contours, polygons have been found to be an 20 efficient
nodel forwoomzaedsson with the ACC, as will be described mMPaTeCtah®ber. A
conventional Cerber nodel of the PCB is advantageously converted in a
vectorial nodel where every conponent on each layer is 25 represented as a
pol ygon. | ndeed, even an elenent including circle arcs may be represented
as an adequate vectorial nodel if arc edges are represented by short
vertexes. Alternatively, of if a Gerbey, nodel of the WO 01/54068

PCT/ CA0O1/ 00042 18 PCB is not available, other nmulti-layer nodels of the
PCB may al so be wused to extract the relevant information. Before conparing
the vectorial nodel of the PCB with the 5 ACC and the ACC mage,
transformati ons may be perfornmed on the vectorial nodel so as to align the

are. conventi onal Iy appl i ea- 2 e P Toidlcelheyfod kBF kb tBids Sna

the alignment afzdtipR btHRER Hﬁthesﬂlrﬁﬁtdrb’{)éﬁﬂefn@foulértto' fhe theBupkekatabl e to
have a nmulti-layer nodel of the PCB and to realign the 10 |ayers of the

model accordi ngixal. t he PCB under inspection thus yielding a better nodel
of the PCB. For every |layer, predeterm ned points are selected as a
reference for the alignnment process. As can be better seen from Figure 5,

15 showi ng the model of a 'ﬁM@beﬁ@veﬂ‘t@tﬁe\ﬁFﬂ%n'tﬁ@%&ﬂoféFe%ﬁ dxiRa ihound
advant ageous to select intersection 40 between horizontal 36 and

the art to conceive other methods of extracting contours form the digital

image of a PCB under inspection.

As will be explained in more detail in step 208, anomalies

10 are detected on the PCB under inspection by comparing the contour
positions saved in the ACC and in the ACCimage With the contour positions

as designed. Indeed, a contour or part of a contour is suspect on the ACC

if its position is different from its designed position.

15 In step 206 of the method 200 (Figure 3) a computer model
of the PCB under inspection is then provided. The computer model
advantageously includes a vectorial model, in the form of polygons, of
every layer with contours of components. In addition to being an
adequate representation of contours, polygons have been found to be an

20 efficient model for comparison with the ACC, as will be described

hereinbelow.

A conventional Gerber model of the PCB is advantageously

converted in a vectorial model where every component on each layer is

25 represented as a polygon. Indeed, even an element including circle arcs
may be represented as an adequate vectorial model if arc edges are

represented by short vertexes. Alternatively, of if a Gerber model of the



vertical 38 segnents as reference points. Cbviously, regions of a |ayer

not covered by elenents from another |ayer provide nore reliable reference
poi nts. |wa®/s4wsbe noted that the PCB i nage 34 incl udes Z@Toeaponent s,
such as conponents 42 that are not present on the single [|ayer nodel 32
since the PCB imge 34 includes all the layers. Once the list of reference
points is established, the following transformation can be applied on
every point of a layer to align it 25 according to the reference points on
the PCB i mge: WD 01/54068 PCT/ CAO1/00@42 19 U a,, xx+buxy+cu (2) =
ddxx+eexy+l vav xx+bv xy+cV (3) ddxx+eexy+l 5 where (u,v) are the
co-ordinates in the PCB i mage, (x,y) are the co-ordinates in the nodel of
the layer, and at,, b,,, cu, dd and ee are coefficients that allowto
conpensate for rotation, translation, scale, and perspective between the

Fayer . The ref SREAG B axa@aebieeC@%ﬁc%@ﬁ&%&im@“oéﬂb%&%@?rﬁ?%%hoﬁég "
: gspect [ ?nt ﬁf I?_gggltg%)@pagt mez,%ééigrﬁy,ﬁohﬁam{mut ation. 15 Once all the
yers o e nodel are aligne they are all superinposed.
Before comparing the vectorial model of the PCB with the
5 ACC and the ACCimage, transformations may be performed on the vectorial
model so as to align the model with the image. Indeed, during fabrication
of the PCB, the layers are conventionaliy applied at different moments by
different machines and the alignment of the layers may slightly differ. It is
then preferable to have a multi-layer model of the PCB and to realign the
10 layers of the model according to the PCB under inspection thus yielding
a better model of the PCB.

For every layer, predetermined points are selected as a

reference for the alignment process. As can be better seen from Figure 5,

15  showing the model of a layer 32 and a PCB image 34, it has been found
advantageous to select intersection 40 between horizontal 36 and
vertical 38 segments as reference points. Obviously, regions of a layer

not covered by elements from another layer provide more reliable
reference points. It is to be noted that the PCB image 34 includes

20 components, such as components 42 that are not present on the single

layer model 32 since the PCB image 34 includes all the layers.

Once the list of reference points is established, the following
transformation can be applied on every point of a layer to align it

25 according to the reference points on the PCB image:



Since all layers of the nodel include a plurality of polygons, the
superinposition of 2 layers consists in superinposing each polygon of 20
the firstwoayenoasi th all the polygons fromthe second | ayecT/d4o1toh@2nodel

i ncludes, for exanple, a third |ayer, the polygons fromthe third |ayer are
superinposed with the new polygons resulting fromthe superinposition of
the first two |ayers. WO 01/ 54068 PCT/ CA01/ 00042 20 This superinposition
process is illustrated in Figures 6a to 6c¢c. Figure 6a shows a three-|ayer
nodel including three polygons P1, P2gnd P3, one on each layer. The
superinposition consists 5 in superinposing the polygon P3 (Pv3) on the
results of the superinposition of the polygon P1 and P2. The
superinposition of P2 over Pl yield: 10 Pvl=P1-P2 (4) Pv2=P2. (5) After

t he superinposition of P2 over Pl, P2 is intact while P1 nust subtract the
part of P2 that overlaps. The superinposﬁtion of P3 15 on the
superinposition of P2 and Pl yig]dSu 6@%: Pvl =P1- P2- P3 (6)
Pv2=P2-P3 (7) Pv3=P3. (8) 20 In sddexcases;+the Subtraction of 2 polygons
produces

+b. xy+c
v=aLv><X y XYTO 3

ddxx+eexy+1

5 where (u,v) are the co-ordinates in the PCB image,
(x,y) are the co-ordinates in the model of the layer,
and ay, by, €4 dd and ee are coefficients that allow to
compensate for rotation, translation, scale, and perspective between the
PCB image and the model. These coefficients may be different for each

10  layer.

The reference points are advantageously selected before

the inspection of PCBs to minimize delays in computation.

15 Once all the layers of the model are aligned, they are all

superimposed.

Since all layers of the model include a plurality of polygons,

the superimposition of 2 layers consists in superimposing each polygon of

20 the first layer with all the polygons from the second layer. If the model
includes, for example, a third layer, the polygons from the third layer are
superimposed with the new polygons resulting from the superimposition

of the first two layers.



i ndependent polygons. Pvl and Pvl can be seen as lists of polygons. Wen
there is nore then one polygon by layer, P1, P2 and P3 can al so be seen as
lists of paogems. 25 WO 01/ 54068 PCT/ CA01/ 00042 21 The qmecAammosizti on
process allows pointing out overl apping regions. A polygon on an
over |l appi ng region nust be updated after the superinposition of a new

| ayer. 5 As can be better seen on Figure 6¢, 021 is the resulting polygon
resulting fromthe intersection of P1 and P2 after the superinposition
with the P3. Again, since the interseg%jon of two polygons or the 10

di fference between two pol ygons may yi‘eld nore than one polygon, 021 nust
be interpreted here as a |ist of polygons. This list may include no

pol ygon if no pol ygon overl aps between layers 1 and 2. The superinposition
process described above al so allows 15 keeping track of narrow regions, as

wi || be described hereinhel.ow. An ex | e of a narrow region is_region T31
in Figure 7a. Region T31Qﬁ§5 SH??F'@@P@@ggé’rPB?ﬁsoﬁéﬁlusﬂ?t%%Hg E@%@%ﬁaﬁaom
Figure 7b, the golygons P1 and P3 are 20 dilated to yield D(Pvl) and
D(P3). The intersection therebetween is then found to yield the polygon

D31 that obviously incl udéigutehéba eshomrs tehdhreaeslayeo rhedelxincdaediad. three

olygon 031 is dilated . to yield 031) that is ubtracted from D31 to
5i e?/g t he narrdwly%sd?ﬂ,-fg’%{ar(@gg, L @agg;a_yer. Tl?\e supenmpos&lon consists

5 in superimposing the polygon P3 (Pv3) on the results of the
superimposition of the polygon P1 and P2.

The superimposition of P2 over P1 yield:

10 Pv1=P1-P2 4)
Pv2=P2. (5)

After the superimposition of P2 over P1, P2 is intact while
P1 must subtract the part of P2 that overlaps. The superimposition of P3
15  on the superimposition of P2 and P1 yields (see Figure 6b):

Pv1=P1-P2-P3 6)
Pv2=P2-P3 (7)
Pv3=P3. (8)
20
In some cases, the subtraction of 2 polygons produces
independent polygons. Pv1 and Pv1 can be seen as lists of polygons.
When there is more then one polygon by layer, P1, P2 and P3 can also be
seen as lists of polygons.
25



25 The operation illustrated in Figures 7a to 7c is summari zed by the
follow ng equation: T31= (D(P3) A D(Pvl)) - D031) (9). WO 01/54068

PCT/ CAOLl/ 9@mMB40682 Here again, T31 can be seen as a |ist a@acmpoioigon: f or
the following two reasons: the intersection of two polygons nmay yield nore
t han one pol ygon and D(031) nmay also yield nore than one polygon. 5 To
summari ze, the superinposition of the |ayers produces the followng three
results: Pvk+l = (Pvk - Pk+1) v Pk+1 (10) the list of visible polygons; 10
A+l = (k - P4- +1) u (Pk+1l n Pvk) (Bl), the list of polygons from

overl apping regions; and T4+1 = (Tk - "Pk+1) u ((D (P,-,,) n D (Pvk )) _. D
(Pk+l n PV k )) (12), the list of polygons fromthe narrow regions, wth,
15 T1 = D(P1) n D(P1) (13) ;and 01 is nul (enpty). The process is
iterative, i.e. each new | ayer is superinposed to Pvk, Ck and Tk obtai ned

by th i f.th 20 d
by e super L Tbos 1O Ol e AR alon b AR 2t oo
on the lists Ofreﬁﬁwgﬂr}?ol%c% BRI MoverdPpiid RSib® Pnust WY (584te0 R4 the

di l atation. The Union (u)"Consists I n grouping
superimposition of a new layer.

5 As can be better seen on Figure 6¢, 021 is the resulting
polygon resulting from the intersection of P1 and P2 after the

superimposition with the P3.

Again, since the intersection of two polygons or the
10  difference between two polygons may yield more than one polygon, 021
must be interpreted here as a list of polygons. This list may include no

polygon if no polygon overlaps between layers 1 and 2.

The superimposition process described above also allows
15  keeping track of narrow regions, as will be described hereinbelow. An
example of a narrow region is region T31 in Figure 7a. Region T31 is

extracted as follows.

As can be seen from Figure 7b, the polygons P1 and P3 are

20 dilated to yield D(Pv1) and D(P3). The intersection therebetween is then
found to yield the polygon D31 that obviously includes the region that is

to be extracted. The polygon 031 is dilated to yield D(031) that is

subtracted from D31 to yield the narrow region T31 (see Figure 7c).

25 The operation illustrated in Figures 7a to 7¢ is summarized
by the following equation:
T31=(D(P3) A D(P1))—D(031) (9).



inasingle list two lists of polygons. The intersection (n) between two
lists 25 consists in the intersections of every polygon froma first |ist

Wi t h ever womMyad#854068 PCT/ CA01/ 00042 23 pol ygon from a sEaooabilone.
Simlarly, when two |ists are subtrated, every polygon of the first |ist
are subtracted to all polygons in the second list. The list of visible

pol ygons Pvk describes all contours that 5 should appear on the PCB i nage.
However, the list Pvk, as described hereinabove, is not in a fornmat
appropriate to be rapidly conpared w t-3 the ACC. |ndeed, every point in
the ACC should correspond with at | east one polygon segnent from Pvkto
ensure rapid conparison. 10 Transformng the list Pvk so as to repl ace
every polygon's vertex with the segnent that it forns with the next vertex
yields the Characteristic Contour Chart (CCC). The segnents of the CCC are
thus divided into a list of polygons, including the description of al

their segnents instead of the entire vertexes, as in the Pvk list. Mre 15

specifically, every segmmreiébé.ﬁer%h%ecgéé@%% ligtesk My &1 RAUAST on of
a line, the co-ordinates of the end points of the |ine, a di stance

t hreshol d al | oviefbwingriwohreasensiethe. intevseadiosr of Mmp«zt@gnnamaww@ld mereal |

pol ygons, a chayacteriz t|on recta hat sel ncl oses the
pol ygon. This 3@%@ SRGIRLYY Q\Qns%n(sjplt(ggd“% a?%’ ﬂﬁ@iﬁ“&r% Q{/%P9®88Pnt in the
20 ACC thatgis not enclosed in the rectangle does not correspond to a

pol ygon's segnent. Detection of Anomalies 25 Once the CCC is created, step
208 of the nethod 200 To summarize, the superimposition of the layers produces

the following three results:
Py = (Pvg =P )UB, (10),
the list of visible polygons;
10 Op = (0, = Po) U (By N Pv,) (1),
‘the list of polygons from overlapping regions; and
T = (@ ~ P W (D(Py) N D(Py ) = D(B,, 0 Py,)) - (12),
the list of polygons from the narrow regions,
with,
15 T, =D(R)ND() (13);and
" Oy is nul (empty).

The process is iterative, i.e. each new layer is superimposed
to Pvi, Ok and Ty obtained by the superimposition of the previous layers.

20 The kindicia indicates the number of layers that has been superimposed.

The operations performed on the lists of polygons are union,
intersection, subtration and dilatation. The union (U) consists in grouping
in a single list two lists of polygons. The intersection (n) between two lists

25 consists in the intersections of every polygon from a first list with every



(see Figure 3) consists in detecting anonmalies on the PCB by conparing
e ACC with the conputer nodel that is nowin the form W)
01/ 54068 WOl1GAKE/ 00042 24 of the CCC. More specifically,paiheadnonal i es

contours in th

t he

are advant ageously indexed and characterized in the following two charts:
s Contour Chart, and MCC, the Mssing Contour Chart. 5 The

ECC, the Exces
first step in

the CCC that c
sufficiently n
Is saved in th
pr e- det erm ned
is alist of c
connected poin
scanned unti |

correspondi ng

correspond the
anot her pol yg
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25

the detection of contours in excess is to find a segnent

orresponds to each point in the ACC. If a point is not

in

ear any segment of the 3C, it is considered in excess and

e ECC. The conputed distance is conpared to 10 a

threshold. The format of the ECC is the same as the ACC

ontours, with each contour characterized by a list of

It

ts. More precisely, for each point in the ACCC 15 the CCCis

BB b L peeuf s RN s oY sRO R ol oy

RN d8n of thel LNt afd subfracted1e ydors ingherdsond listhe poi nt,

on s scanned; if a segnent is detected, the process

The list of visible polygons Pvi describes all contours that
should appear on the PCB image. However, the list Pvy, as described
hereinabove, is not in a format appropriate to be rapidly compared with the
ACC. Indeed, every point in the ACC should correspond with at least one

polygon segment from Pv,to ensure rapid comparison.

Transforming the list Pvk so as to replace every polygon’s
vertex with the segment that it forms with the next vertex yields the
Characteristic Contour Chart (CCC). The segments of the CCC are thus
divided into a list of polygons, including the description of all their
segments instead of the entire vertexes, as in the Py list. More
specifically, every segment in the CCC is characterized by the equation of
a line, the co-ordinates of the end points of the line, and a distance
threshold allowed from the segment. Moreover, the CCC includes, for all
polygons, a characterization of the rectangle that closely encloses the
polygon. This rectangle is so dilated as to ensure that every point in the
ACC that is not enclosed in the rectangle does not correspond to a

polygon’s segment.

Detection of Anomalies

i
Once the CCC is created, step 208 of the method 200
(see Figure 3) consists in detecting anomalies on the PCB by comparing

the contours in the ACC with the computer model that is now in the form



t he next point, but beginning advantageously with the sane segnent.

| ndeed, since the points form ng a 25 pol ygon are consecutive, the

pr obabi | i W d1fsat6st he next point corresponds to the sane SeEgneArl/onsi2good;
WD 01/ 54068 PCT/ CA01/ 00042 25 a point not corresponding to any segnment is
indexed in the ECC. If the point is part of a consecutive series of
points, it is recorded in the ECC as being part of this series. 5 For each
contour of the ACC, the points are advantageously scanned in the sane
direction in the ACC and in the CCC. 4 course, other methods may be used
to detect contours in 10 excess in the ACC. The detection of m ssing
contours will now be described in nore detail. 15 The detection of m ssing
contours also inplies the detection of contours that deviate too nuch from
the positions of contours in the CCC. For high-density electronic

he all f ‘ .
But 51 noe e 1 18 oG ol PP aufBsEh PalBoBbII it eREhcg ",
the resol ution Hy éﬁ@-ab@ﬁgd ifPLHE falbluing {W@Cﬁg& 20 has a resolution 7 to 8

times the resolution of the inmage since the ACC has been conpiled after
t he detection of contours V\EQC&tthEXQ@SSQOVlt@@'S@h@ﬂJW This is

advant ageous since it all O\Nﬁ/léiét eMP i égnf’iour%hart
5

The first step in the detection of contours in excess is to

find a segment in the CCC that corresponds to each point in the ACC. If

a point is not sufficiently near any segment of the CCC, it is considered in
excess and is saved in the ECC. The computed distance is compared to

10  a pre-determined threshold. The format of the ECC is the same as the
ACC:; it is a list of contours, with each contour characterized by a list of

connected points.

More precisely, for each point in the ACC:

15 e the CCC is scanned until one of its listed rectangles
encloses the point;

e the corresponding polygon is scanned until a
segment to which the point may correspond the point
is found;

20 e if no segment corresponds to the point, another
polygon is scanned;

o if a segment is detected, the process continues with
the next point, but beginning advantageously with the

" same segment. Indeed, since the points forming a
25 polygon are consecutive, the probability that the next

point corresponds to the same segment is good;



contours even when the maxi mal allowed deviation is narrow. 25 It is to be
noted that the detection of mssing contours is relatively not binding in
ternms of woemissbéan. The objective of the detection of theaweaiimegosont our
process is only to verify if a contour on the CCC is WO 01/ 54068

PCT/ CA01/ 00042 26 absent on the inmage of the PCB. |ndeed, the contours
that are present on the PCB i mage, but m splaced relative to the conputer
nodel, will be detected by the detection of the exceedi ng contour process
and i ndexed on the ECC. Therefore, t detection of the m ssing contours
can be' 5 achieved at the resolution of the inage and can thus be done by
conparing i mages. To obtain the MCC, the contours on the CCC are first
drawn on a binary imge, the CCC nage, having the sanme resolution than the
10 ACGC mage. The conparison between the CCC nage and t he ACC nmage,

ielding the MOC, i i zed by the follow tion: = D(ACG
{1} oG mge_n Gaci mage. (157 vnapt pptcarresplie E 4 Rbertiouaared,

dilatation. The process of copmHbi BGCVCH ihe pORP i$ WAL Zefondbdutiger e 8.
15 The MCC and the ECC conprise region descriptions corresponding to

anomal ies in the PCB i mage. Tresiesrafgiaimts, Hrig re¢ardeedn ¢k BCGEspeing of the
nmet hod 200 (see Figure 3) to det cft defects. 20 Inspection of Anonalies
Since an anonaly can generate & iR$PT % contour in

5
For each contour of the ACC, the points are advantageously

scanned in the same direction in the ACC and in the CCC.

Of course, other methods may be used to detect contours in
10  excess in the ACC.

The detection of missing contours will now be described in

more detail.

15 The detection of missing contours also implies the detection
of contours that deviate too much from the positions of contours in the
CCC. For high-density electronic circuits, the allowed deviation zone of
a contour is relatively narrow. But since CCC is in a vectorial format, its
resolution is not limited by the resolution of the image. Similarly, the ACC

20 has a resolution 7 to 8 times the resolution of the image since the ACC
has been compiled after the detection of contours with a sub-pixel
resolution. This is advantageous since it allows detecting misplaced

contours even when the maximal allowed deviation is narrow.

25 It is to be noted that the detection of missing contours is
relatively not binding in terms of precision. The objective of the detection

of the missing contour process is only to verify if a contour on the CCC is



the ECC, but each contour of the ECC corresponds to only one anomaly, each
contour of the ECC is advantageously considered as an i ndependent 25
anonmal y awd diriggsct ed separately. The inspection process eudscAadi@nodal
contours in the ECC have been inspected. The contours in the ECG WD

01/ 54068 PCT/ CAO1/ 00042 27 which are found beyond predeterm ned

manuf acturing standards are advantageously indexed and characterized in a
file. This file may take many forms w thout departing fromthe 5 spirit
and nature of the present invention ag% i ncludes, for exanple, defect
position and di nension, as well as a description of the PCB inflected with
such a defect. The mpjority of defects that can be found on a PCB 10
correspond to wong width of elenents printed on the PCB or incorrect
spaci ng bet ween these elenents O her anonalies, such as contam nants,

grooves, and feathe can be n th of an Ierrent or
the di stance beéRER 0'? Qﬁéegﬁa@ep\é\/{]’tﬁ ?O%r?g?ﬂq&éé%%?e”

speci fications éﬁfﬁratg% PRNGIsABLER bRty S thEUbriisites eeherenl Bkt her
one of the foll o%\nfpn t'wo 'S beyoﬁgI rranurf acturing staﬂ@gr ds: the wdth of

an el enent hawdmgeca‘edaxydhaldptmhantoftha@xceedtdgs:batmns precesseand inolexed

nei ghbouring el e f_the_anomaly, is notq)fo an.el.enent, These two 20

conditions are Qe i hoRisorge the éegasctw| BUSHIRG GORIHR CaNTHE
verificatioBs Qfghf é%%iea{ MRe CRARBILHOANS F& iRige Shd ééﬁ thus be done by

comparing images.

To obtain the MCC, the contours on the CCC are first drawn

on a binary image, the CCCimage, having the same resolution than the

10  ACCimage. The comparison between the CCCimage and the ACCimage,
yielding the MCC, is summarized by the following equation:
MCC=D(4AcCc,, )®Ccc,,,., NCCC, (15)

imge image image

where D(ACCinage) is the ACCimage after dilatation. The process of
computing MCC is also summarized in Figure 8.
15
The MCC and the ECC comprise region descriptions
corresponding to anomalies in the PCB image. These regions are

inspected in step 210 of the method 200 (see Figure 3) to detect defects.

20 Inspection of Anomalies

Since an anomaly can generate more than one contour in
the ECC, but each contour of the ECC corresponds to only one anomaly,
each contour of the ECC is advantageously considered as an independent

25 anomaly and inspected separately. The inspection process ends when all

contours in the ECC have been inspected. The contours in the ECC



Generally stated, in both cases, all the segnents of the CCC that can be
found in the nei ghbourhood of the anomaly are stored in a conputer file 25
in the fowomfs4eesl i st that will be referred to herein as trga/®iighduUr
Segnent List (NSL). For every segnment near the anomaly, every other
segnent of the NSL that are opposed to the first segnent are found. The WO
01/ 54068 PCT/ CA01/ 00042 28 distance between the first segnent and all of
t hese opposed segnents is verified to assess if the distance is within
design or nanufacturing standards. Thgse standards are obviously
predeterm ned and pre-stored in a conputer file so as to be accessible by
the conmputer 32. 5 The verification of the distance between two segnents
and the verification of the width therebetween only differs by the
definition of what are considered the two opposed segnents, as will be

expl ai ned hereinhel ow 1 an 1n_ Fj . of a
cont our . such USSR Dol SR BlediEiplPa Bl R SRRk n 2
hal f planes 4§gaftAfouliEinBbRES afl chardibized Mea fife. t he segnent 44
opposite the contour 50, 'is on the "exterior" side of the segnent 44. The

pl ane 48, 15 on the sane side of the segnent 44 as the contour 50, is
called the "material" side of the ment 44. The material. si i,s.set as
"active" when the dist anﬂé‘s g'iﬁ \r/(kaé/ntsaggdﬁaw équm%W@hPHtgeB%Wgéetﬁgemstganent 52
i's verifieds gpirit and nature of the present invention and includes, for example, defect

position and dimension, as well as a description of the PCB inflected with

such a defect.

The majority of defects that can be found on a PCB
10  correspond to wrong width of elements printed on the PCB or incorrect
spacing between these elements. Other anomalies, such as
contaminants, grooves, and feathering can be problematic when the width
of an element or the distance between two elements diverge too much
from design specifications.
15
Defects among anomalies are thus detected when either
one of the following two is beyond manufacturing standards: the width of
an element having an anomaly on it, and the distance between two
neighbouring elements, if the anomaly is not on an element. These two

20 conditions are verified independently as will be explained next.

The verifications of these two conditions are very similar.

Generally stated, in both cases, all the segments of the CCC that can be
found in the neighbourhood of the anomaly are stored in a computer file

25 in the form of a list that will be referred to herein as the Neighbour
Segment List (NSL). For every segment near the anomaly, every other

segment of the NSL that are opposed to the first segment are found. The



20 The exterior side is active when the wwdth of the track 54 between
segnent 44 and 56 is verified.: Two segnents are paired for analysis if

t hey facewsamlsd4@isher and if they are in the sane active plramecAoilonoszhe
exanple of Figure 9,- segnents 52, 58 and 60 are alternatively paired with
segnent 44. 25 The detection process used threshol ds, advantageously
expressed in percentages, thus providing a universal nethod that does WO
01/ 54068 PCT/ CA01/ 00042 29 not require that new thresholds for the width
and distances be programed for everygnew type of circuit. O course the
percentages are expressed according to the design values. For exanple, the
threshold is set to 50% when the distance between two segnents is
problematic if it 5 is less than two tines what has been desi gned.

Obvi ousl y, threshol ds based on absolute values can also be wused to verify

the wi dth betwe ffe D t:
determ ne the C@ ae %g‘a&%‘?%éﬁf{? sdé'g?@rﬁ?@ élﬁﬁﬁﬁﬁg%gﬁﬁogg%gﬁ%ﬁg St'ge
orientation of yekiflgd SROBBEESs 3N ehaMipsthrce tibanighiar @esige OF naiuFactoangl i es
between the two segnents. 15 If an anonaly is detected between two

par al | el segnerstandardae Thpae istandeedsaerohvirusiypresieigrsiined pgd Sirenstaredef i ned

Zfet Egt d:{):ﬁ er& a?cso‘gget Wgu er |pa scg ‘é’é’tc?%%%%%%smle b;F {Puee éé’?ﬂpat%%'if“ s 62 and 64

5
The verification of the distance between two segments and
the verification of the width therebetween only differs by the definition of
what are considered the two opposed segments, as will be explained
hereinbelow.
10

As can be seen in Figure 9, every segment of a contour,
such as segment 44, can be interpreted as a frontier between 2 half
planes 46 and 48. The plane 46, on the side of the segment 44 opposite
the contour 50, is on the “exterior” side of the segment 44. The plane 48,

15  on the same side of the segment 44 as the contour 50, is called the
“material” side of the segment 44. The material side is set as “active”
when the distance between segment 44 and the “opposed” segment 52

is verified.

20 The exterior side is active when the width of the track 54
‘between segment 44 and 56 is verified. : Two segments are paired for
analysis if they face each other and if they are in the same active plane.
In the example of Figure 9, segments 52, 58 and 60 are alternatively
paired with segment 44.
25 '
The detection process used thresholds, advantageously

expressed in percentages, thus providing a universal method that does



20 Figure 10) the spacing is arbitrarily defined as the angl e between them
In such case the distance of a point to the reference segnent 62 is
nmeasur ed w® koW, the |ine 66 intersecting the intersecticanCAmiont4268

bet ween the two segnents and the point is neasured. The distance between
the point and the reference segnent is defined as the angle 72 25 between
the Tine 66 and the reference segnent 62. WO 01/54068 PCT/ CA01/ 00042 30 In
bot h cases, the distance between each point of the anonmaly and the
reference segnent (the opposed segnen is also conputed. The maxi nrum and
m ni rum di stance recorded define an interval that includes the anomaly. In
the presence of an anomaly, the 5 effective spacing between two segnents is
t he spaci ng between the two segnents minus the interval. The nornalized
spacing is the ratio betmeen the effective spacing and the spaci ng between

Spaci ng S‘i‘%”ﬁﬂ%fw arases gt g ShiRRis Yo ARV ARCRILEbbEL, G
bet ween two @@Wé@f@%&@nemyﬁ@bﬁcmme Of dBLR5¢ HSpaicengenred for

each anonal y. interval® of nore than one anonal overl aps (see, for
exanpl e, anorralexesesswl atzmmhdg‘l@)he desige viahtas: Far examy &éb@@u@@ﬂOlddSas to

forma single cu ve i nt The, cunul at i

non- cunul ati ve 5@ ?b!’/ sda %{cpéced@&g%eqrbtvw g@gmpﬂgs léfﬂrgﬁqefn@g'céw\ci ng.
Again, the gor rr@léséqﬁan%@aqmﬁ&mamgs b8 AchRjhegen the effective spacing
and the actual spacing etween the two segnents.

Obviously, thresholds based on absolute values can also be

used to verify the width between segments.

10 Different approaches may be chosen to determine the
spacing between two segments, which will depend on the orientation of
the segments and whether there are one or more anomalies between the

two segments.

15 If an anomaly is detected between two parallel segments,
the spacing between the two segments is simply defined as the distance

between the two segments.

If the two segments 62 and 64 are not paraliel (see

20  Figure 10) the spacing is arbitrarily defined as the angle between them.
In such case the distance of a point to the reference segment 62 is
measured as follow: the line 66 intersecting the intersection point 68
between the two segments and the point is measured. The distance
between the point and the reference segment is defined as the angle 72

25  between the line 66 and the reference segment 62.



20 The verification of the spacing and of the widths are only perforned in
regions of the PCB i mage near an anonaly. The follow ng description

expl ai ns wWowitshese regi ons are determ ned. These regi ons wdCAtmoosef err ed
to herein as Anomaly Analysis Regions (AAR). 25 Turning now to Figure 12,
the AARis first determned as the rectangle 84 that encloses the anomaly
86. Well known al gorithns can WO 01/ 54068 PCT/ CA01/ 00042 31 be used to
determ ne such rectangle, knowi ng the co-ordinates of points formng the
contour of the anomaly 86. The rectangle 84 is then dilated by a Dilatation
Factor (DF) 5 defined by: DF _ 1 + %es (14), 1- %es where %es is a
predeterm ned threshold on the nornalized spacing or on the nornalized
width to yield the effective AAR 88. 10 Elenments that are out of the region
enclosed in the rectangle 88 are advantageously not considered for further

S et ™ BT SR b, eSS oEER, Bl S8t o1
are Tnopect ad a0 B R e e S e o
each computed. The maximum and minimum distance recorded define an
interval that includes the anomaly. In the presence of an anomaly, the
5 effective spacing between two segments is the spacing between the two
segments minus the interval. The normalized spacing is the ratio between

the effective spacing and the spacing between the two segments.

Figure 11 illustrates an example of computation of spacing
10 when a plurality of anomalies 74, 76 and 78 are detected between two

segments 80 and 82.

In this case, intervals are computed for each anomaly. If the

interval of more than one anomaly overlaps (see, for example, anomalies

15 74 and 76), these intervals are regrouped so as to form a single
cumulative interval (a-c). The cumulative (a-c) and non-cumulative (d-e)
intervals are added to yield the effective spacing. Again, the normalized
spacing is the ratio between the effective spacing and the actual spacing

between the two segments.

20
u The verification of the spacing and of the widths are only
performed in regions of the PCB image neér an anomaly. The following
description explains how these regions are determined. These regions will
be referred to herein as Anomaly Analysis Regions (AAR).
25

Turning now to Figure 12, the AAR is first determined as the

rectangle 84 that encloses the anomaly 86. Well known algorithms can



anomaly when an anomaly is detected in step 208 (see Figure 3) and is

saved in the ECC. 20 If the AAR of a second anonmaly is overl apping the AAR
of a firsoarseeal y, then it is assuned that the conbi nat iraT/@f0110b@I2E t WO
anonmal i es can cause a defect. Wen an anomaly is inspected for defects,
verification is thus done as if its AAR does not overlap the AAR of other
25 anomalies. If it does, a newrectangle is created that encloses all the
anonal i es involved. The new rectangle is dilated to yield a new AAR and WO
01/ 54068 PCT/ CA01/00042 32 this |last pfocess is repeated until the new AAR
does not overlap any other AAR Again, in this AAR all pairs of segnents
are verified for defects. Since an AAR may include nore then one anomaly
or may 5 be relatively inportant in size, a test nay be perforned to verify
if each anomaly is located in the inter-space between two segnents. The

followi ng two rul es e advant agequsl| y 1 npl ; dest. The
First condit ot fard EOSRYPMEERA Betais™® GRS e PRBRGIRABIET o
overlap the tmqoﬁﬁh?v[ﬁerwnto@l@mﬁé apbnidnegbwo paired segnents. The second
condition inplies that the two segnents should be sufficiently close. Mre
specifically, the followng criterion is used: the sumof the distances of
the anomaly between the first and segan 15, se nt ~shoul e.le t han
hal f the maxi mum di st ance-l-l?%Eercg%réqlﬁégH.SqH%g%g?g@rﬁ @g%ﬁ'ﬁ’@fé}%‘%ﬂ,@}a t he
two segnment § i gisipedhyand will be referred to herein as dsegmax. Al though

such criterion has been found
_ 1+ %res

1-%res

DF

14,

where %res is a predetermined threshold on the normalized spacing or on
the normalized width to yield the effective AAR 88.

10 Elements that are out of the region enclosed in the
rectangle 88 are advantageously not considered for further analysis since
it is presumed that they cannot cause a defect in combination with the
anomaly 86. However, all segments 89-91 and 89-91" which are paired
as described hereinabove, and which are in the AAR 88, are inspected for

15  defects.

The AAR is advantageously determined for each
anomaly when an anomaly is detected in step 208 (see Figure 3) and is
saved in the ECC.

20
If the AAR of a second anomaly is overiapping the AAR of
a first anomaly, then it is assumed that the combination of these two
anomalies can cause a defect. When an anomaly is inspected for defects,
verification is thus done as if its AAR does not overlap the AAR of other
25 anomalies. If it does, a new rectangle is created that encloses all the

anomalies involved. The new rectangie is dilated to yield a new AAR and



to yield good results, other criterion can also be used to determne if two
segnents are sufficiently close to be inspected. 20 Wien the first and
second cowdi diisams are satisfied, the anonmaly is consider et TeAdtilveo42

i nter-space between the two segnents and is considered when the pair of
opposed segnents are inspected for defects. 25 WO 01/54068 PCT/ CA01/ 00042
33 Turning to Figures 13a, 13b and 13c, a nethod 300 to determine if an
anonmal y causes a defect by violating the allowed width or spacing will now
be described. 5 As will be discussed ei nbel ow, two additional
inspections wll additionally be perforned in the case of regions of
narrow space and overl apping regions. The anomal i es are advant ageously
divided into two groups: 10 anonalies that are on an el ement which can
cause a width defect, and anomalies that are not on an el enent but which

can cause spaci defect. Anonmlies t are a | e r ivel
easily select JB% l?ﬁc?é@%e, Sé%?@}aaégiygﬁlﬁhgHewr{gﬂﬁ(%eg&%g%gﬁégny §][hgetrseri gs
of 15 consecutANR. PQidM Sin thisGRRR 05NN infrsbf‘@e@ﬁ@n%V%'\ﬁEWibﬂgoﬁdéf@ﬂ’@sﬂ?w of
the CCC woul d then be broken in two. In relation thereto, if any point of a

contour of the ECCis on an elenent, all the points of the contour are

considered on this el em%ihcéfanO/QA% n?g)(/air%?ddqet m%fre ﬂ]nenEgr% 588%%Vyror' r%a?/Ot on

5 be relatively important in size, a test may be performed to verify if each
anomaly is located in the inter-space between two segments. The

following two rules are advantageously implemented to perform the test.

The first condition implies that the rectangle defining the

10  AAR should overlap the two active half planes of the two paired segments.

The second condition implies that the two segments shouid
be sufficiently close. More specifically, the following criterion is used: the
sum of the distances of the anomaly between the first and second

15  segment should be less than half the maximum distance therebetween.
The maximum distance between the two segments is saved and will be
referred to herein as dsegmax. Although such criterion has been found
to yield good results, other criterion can also be used to determine if two
segments are sufficiently close to be inspected.

20

When the first and second conditions are satisfied, the
anomaly is considered in the inter-space between the two segments and
is considered when the pair of opposed segments are inspected for
defects.

25



an elenment, then the contour is not considered on the elenent. Verifying 20
only one point of every contour on the ECC therefore allows discrimnating

anonal i eswigy1iawgssgr oups that are referred to herein as ECGRAACATIHoAd
ECCwi dt h. The nmethod 300 is used i ndependently on the two groups. Since the

di fferences between the application of the 25 nethod 300 on each of the
two groups are very simlar, and for concision purposes, the nethod 300
will be described by referring to the overall ECC. WD 01/54068

PCT/ CA01/ 00042 34 The first step 302.,,s to take the next non-inspected
anomaly listed in the ECCW dt h. vaic%ily, the first time the step 302 is
performed, the next anomaly is the first one listed. This anomaly will now
be referred 5 to as the Current Anomaly (CA). Step 304 consists in finding
all anomalies in the ECC having its correspondi ng AAR overl apping the AAR

20C Tste and placed i o oustincata FABaRI T 1ok i e, 5 TEPRASEE tho. 0
eval uated (stepy3085ina% LN éﬁ?ﬁ%@%ﬂ%éﬁb’%ﬁ&%ﬁ]@gﬁﬁ% é%@m&% are

repeated until Nno non-inspec anomal i es hav ver| apping the new

AAR. 15 I n steppaihg \ﬂilllndvhbemmbleé. in the CCC enclosed in the AAR are
listed in a new NSL. In step 310, it is verified that all the segnents in
the NSL are

5 As will be discussed hereinbelow, two additional inspections
will additionally be performed in the case of regions of narrow space and

overlapping regions.

The anomalies are advantageously divided into two groups:
10 anomalies that are on an element which can cause a width defect, and

anomalies that are not on an element but which can cause spacing defect.

Anomalies that are on an element are relatively easily

selected. Indéed, every contour on the ECC corresponds to a series of

15  consecutive points. A contour of the ECC overlapping a contour of the
CCC would then be broken in two. In relation thereto, if any point of a
contour of the ECC is on an element, all the points of the contour are
considered on this element. If only one point of an ECC contour is not on

an element, then the contour is not considered on the element. Verifying

20 only one point of every contour on the ECC therefore allows discriminating
anomalies in two groups that are referred to herein as ECCgpacing and

ECCuiatr. The method 300 is used independently on the two groups.

Since the differences between the application of the

25 method 300 on each of the two groups are very similar, and for concision

purposes, the method 300 will be described by referring to the overall
ECC.



20 marked as anal yzed. If they are not, the next non-anal yzed segnent in
the NSL becones the Current Segnent (CS), the CS is nmarked as analyzed in

the NSL (@ien/s3deé), and the process continues to step 316.pdiic&liooédae
segnents in the NSL were nmarked as analyzed 25 then, in step 312,

verification is made that all anomalies in the ECC have been marked as
inspected. If not, step 302 is repeated with the next WO 01/ 54068

PCT/ CA01/ 00042 35 anonaly. If so, the inspection of anomalies ends and the
overall process is stopped (step 314)4 Step 316 consists in verifying if

t he next non-analyzed 5 segnent of the NSL is opposed to the CS using the
criteria described hereinabove. If such is the case, then the process
continues with step 320. If this is not the case, and the end of the NSL
has been reached (318), then step 310 is repeated. If not, step 316 is
repeated. 10 In step 320, dsegmax is conputed, as explained hereinabove,
considering the CS and the segnent opposed to the CS. In step 322,

verification is made as tfdfiet iep dddds thareinb iR nanfidiRIihdrianect ed

anomaly. If such is the case, next non-i nspected anonmaly 1 n"the CAL

is set as the (btddsineheFAQ,andObhipuslyy theefirst ioetthastep 802 s perégndaf. | f
not, the nethod proceeds with step 330. In_step 326 i_‘ t he ARI? of the CA
does not over | 4he NRXt aremaly is te fist one fisteds Thvs Beemalhuil Gewshe relaEedegment

opposed t heget I peated. If so, then the method
proceeds w ?h g?géqggﬂr?&t%alﬁdﬁ_

Step 304 consists in finding all anomalies in the ECC having

its corresponding AAR overlapping the AAR of the CA.

10 In step 3086, these anomalies are marked as inspected in the
ECC lists and placed in a Current Anomalies List (CAL). The AAR is re-
evaluated (step 3086) as discussed hereinabove and steps 304 and 306
are repeated until no non-inspected anomalies have its AAR overlapping
the new AAR.

15

In step 308, all the contours in the CCC enclosed in the AAR

are listed in a new NSL.

In step 310, it is verified that all the segments in the NSL are

20 marked as analyzed. If they are not, the next non-analyzed segment in
the NSL becomes the Current Segment (CS), the CS is marked as
analyzed in the NSL (step 311), and the process continues to step 316.

If all the segments in the NSL were marked as analyzed
25 then, in step 312, verification is made that all anomalies in the ECC have

been marked as inspected. If not, step 302 is repeated with the next



In step 328, the mnimal distance to the CS (MDl) and to the segnent
opposed (MD2), and the maximal and m ninmal spacing (MAS 25 and MS) are
conput ed wero1dMeggy poi nt of the CA. WD 01/ 54068 PCT/ CAO1l/ GRG4AcA018004AONG
all detected anonalies, the ones that are in the inter- space of the two
segnents are determned (step 330). The test is as follows: if MD 1 + MD2
> DSEGVAX * RES 5 then the anomaly is not considered in the inter-space
of the two segnents. The anonalies that are not in the inter-space are
removed fromthe CAL (step 332). 10 Q&Sthe CAL is enpty, then the process
returns to step 310 (step 334). In steép 336, the regions occupi ed by each
anomaly are saved in a list of Al Cccupied Regions (AOR) that is

advant ageously in 15 the formof intervals. The AOR list includes MAS and
MS for each anomaly. If two regions overlap, then their intervals are

added. In step 338, the normalized. spacing is conputed,as discussed
her ei nabove. | RNOERIY¢ é%#h%ﬁﬁp@%t@ﬁaﬁ%gﬂﬁ'm@g‘% @Wgtf&ovejaﬁgﬁc&pe[sg‘e
segnent oppose o ed. It is equal to the spacing between the
two segnents mqsn%g)dtp%g Befg)gﬂ’)t he intervals in the AOCR  The nornalized
spacing is equal to the ratio of the effective spacing to the actual
spaci ng between the two segnents. , , .
Step 316 consists in verifying if the next non-analyzed
5 segment of the NSL is opposed to the CS using the criteria described
hereinabove. If such is the case, then the process continues with step
320. If this is not the case, and the end of the NSL has been reached

(318), then step 310 is repeated. If not, step 316 is repeated.

10 In step 320, dsegmax is computed, as explained

hereinabove, considering the CS and the segment opposed to the CS.

In step 322, verification is made as to whether the CAL
includes another non-inspected anomaly. If such is the case, the next
15  non-inspected anomaly in the CAL is set as the CA (step 324) and the
process continues with step 326. If not, the method proceeds with step
330.

In step 326, if the ARR of the CA does not overlap the active
20 half planes of both the CS and the segment opposed thereto, then step
322 is repeated. If so, then the method proceeds with step 328.

In step 328, the minimal distance to the CS (MD1) and to
the segment opposed (MD2), and the maximal and minimal spacing (MAS

25 and MIS) are computed for every point of the CA.



25 A defect is detected in step 340 if the nomalized spacing is inferior
to the value YRES. WO 01/ 54068 PCT/ CA01/ 00042 37 In step 342, the detected
def ect | swoharsaesseri zed and saved in a defect |ist. Mre KmgecAdiiooail y, the
anonalies and the two segnents (CS and the segnent opposed to CS) are
saved. The process then returns to step 310. 5 Inspection of Regions of
Narr ow Space The pol.ygons Tk+1l fromthe narrow regions are al so

advant ageously inspected for the followi ng two reasons: 10 their dinension
on the multi-layer nodel may be too I1; and even if an inter-space
between two el enents on the nodel is correct, the corresponding region on
the imge nay be incorrect. 15 Generally stated, two opposite segnents in
the list of polygons Tk+1l yields an inter-space having a wi dth. Sone of
those inter- spaces correspond to a defect if the corresponding width is

The mul 111 ayer model & HAPORG o AEtecied nortiese MR dhos R4 R elor Cant
al i gnment gap Q‘E)ta\‘}@% theh@vd %@héntsTﬂédétérrﬂﬁie@C(ﬂs@é’p BB0Y.eStHeN@st e as

inter-spaces with pre
follows: if

MD1 + MD2 > DSEGMAX * %RES

5
then the anomaly is not considered in the inter-space of the
two segments. The anomalies that are not in the inter-space are removed
from the CAL (step 332). ’
10 If the CAL is empty, then the process returns to step 310

(step 334).

In step 336, the regions occupied by each anomaly are
saved in a list of All Occupied Regions (AOR) that is advantageously in
15  the form of intervals. The AOR list includes MAS and MIS for each

anomaly. !f two regions overlap, then their intervals are added.

In step 338, the normalized spacing is computed as

discussed hereinabove. Indeed, the effective spacing between the CS

20 and the segment opposed to it is computed. It is equal to the spacing
between the two segments minus the sum of the intervals in the AOR.

The normalized spacing is equal to the ratio of the effective spacing to the

actual spacing between the two segments.

25 A defect is detected in step 340 if the nomalized spacing is

inferior to the value %RES.



25 determned criteria. For exanple, the spacing between two different
materials may be verified to ensure that it is not inferior to a m ni num WO
01/ 54068 WOIl1GAKE/ 00042 38 spaci ng val ue as set, for exarpTeCAdipotdre

manuf acturers of the PCB. If it is less, then an alignnment problemis
detected between two | ayers. It is possible that the detection of anonalies
according to 5 the nethod 300 may fail to detect a wong spaci ng between
two elenments of a PCB. Indeed, as was di scussed herei nabove, the detection
of anonalies is done within a predetesn ned al |l owance between the contours
10 in the nodel and the contours as detected in the PCB i nage. However, the
m ni mal di mensi on of a defect allowed in an inter-space depends on the

di rension of the inter-space. For exanple, if the allowance on the contour
position is 25% of the width on the nodel, and the mininmal width of the

region is 50% of the nod t 15
detected by the al gorithﬁpfg%)%%qn?#&?‘%%%ﬁﬁgﬁe%? Haeréﬁe@n%?:éﬁétsggﬁ%nal y 90
can cause a deyispdéfent mit. N@@&Mfl&ﬁywﬁé"aﬁbmbﬁeé ah@rtas agonsg@hentand be
at 25% of the nominal width 92 and so'Is a second anonaly 94 near the

opposite 20 cor(Ct&JanéBthel\WBht phposat tarfePhrre saxed. déeepiasgssytheRe

met hod 300 si nc g(%/ %r? fd)th within the tolerance margins 92 and 96.

However, the P the two anomalies contributes to narrowi ng the

i nter-spacesg by 50% of its nomnal width. This however corresponds to a

defect. 25 The following criteria, illustrated in Figure 15, are set
Inspection of Regions of Narrow Space

The polygons Ty.s from the narrow regions are also
advantageously inspected for the following two reasons:
10 ¢ their dimension on the multi-layer model may be too
small; and
 even if an inter-space between two elements on the '
model is correct, the corresponding region on the
image may be incorrect.
15

Generally stated, two opposite segments in the list of
polygons Ty yields an inter-space having a width. Some of those inter-
spaces correspond to a defect if the corresponding width is not within a

20 predetermined threshold.

More specifically, a dimension on the multi-layer model
that is too small can be indicative of an important alignment gap between
the layers. This is detected by testing the inter-spaces with pre-

25 determined criteria. For example, the spacing between two different

materials may be verified to ensure that it is not inferior to a minimum



according to the nethod of the present invention to detect a defect in a
regi on of narrow space (inter-space). WO 01/54068 PCT/ CA0O1/ 00042 39 In

step 400, wigo1ishessconput ed wi dth of the inter-space is i nfpra©fotooodzhe
threshol d, as specified for exanple by the manufacturer, an alignnent
error of the layers is detected. 5 If not, and the width is inferior to
four times the tolerance nmargin on the contour position (step 402), then a
defect may be present and the width of the inter-space is nmeasured on the
PCB image. 10 If the neasured w dth i\s&gnferior to 50% of the width on the
nodel (step 404), then the region between the elenents (inter-space) is
incorrect and a defect is detected. As it is illustrated in Figures 16 and
17, the measurenent of 15 the inter-space 98 on the vectorial nodel is
advant ageously done by gradually narrow ng the pol ygon 100 (see arrows

101) until segnents of the polygon cros see 102 i.n Figure . IS
process is cal ISP@CET0HI6R asHeb fP'é?éa'BP'eeBMgfi‘%ﬁ‘qré‘%%ﬁf“f‘?’fﬁ%ggﬁ é&ofﬂ%he

o eone b s, AP BRGRaMen o AT LB el Py BAAPIVS BBL.S

advant ageously Se unt’i 0SSI ng occurs
| owered to dilate the polygon 100. Then the rate is |lowered again to
restart the erosion until another . crossing occurs. The process js repeated

until the erosion rate is eﬂdﬁposﬂbleitm"éhﬁgﬁm%‘of‘I?_éaF‘@H’l?i“?%GCQ@QE‘QJPi on.
The rate i s5ex§h§ ﬁ@g%gg@[@&? f\a‘ﬂﬁﬁlde?escé Qmﬁbﬁ%‘écmgxﬁétﬁ/eéh %6 eidHients

resolution i’s e order o
of a PCB.

Indeed, as was discussed hereinabove, the detection of
anomalies is done within a predetermined allowance between the contours
10  in the model and the contours as detected in the PCB image. However,
the minimal dimension of a defect allowed in an inter-space depends on
the dimension of the inter-space. For example, if the allowance on the
contour position is 25% of the width on the model, and the minimal width
of the region is 50% of the model’s width, then the anomalies will not be
15 detected by the algorithm 300.

Turning now to Figure 14, a first anomaly 90 can cause a
deviation of a contour 91 within the tolerance margin and be at 25% of the
nominal width 92 and so is a second anomaly 94 near the opposite

20 contour 93. None of the two anomalies are detected by the method 300
since they are both within the tolerance margins 92 and 96. However, the
combination of the fwo anomalies contributes to narrowing the inter-space

by 50% of its nominal width. This however corresponds to a defect.

25 The following criteria, illustrated in Figure 15, are set
according to the method of the present invention to detect a defect in a

region of narrow space (inter-space).



sub-pi xel as it has been di scussed herei nabove. WO 01/54068 PCT/ CA01/ 00042
40 The nmeasurenent of the inter-space on the inmage i s advantageously done
by the exwoants4es of the contours that mark of f the i nterrCapeam/o0ddf is to
be noted that these contours do not necessarily correspond to the sane

el ement or do not necessarily produce closed 5 contours. The contours are
then closed to formthe vertex of a polygon. The nethod discussed

her ei nabove for the erosion of the polygon in the vectorial nodel is used
to neasure the width of the contour. er nmethods can al so be used to
measure the inter-space 10 both on the vectorial nodel and on the inage,
W t hout departing fromthe spirit of the present invention. O course,

ot her thresholds or criteria nmay al so be set to detect defects in narrow
regions. 15 Inspection of Overlapping Regions The overl appi ng regi ons
obtained by equation (11) are inspected for the sane two reasons stated in
the prior section. 20 However, in the case of the overlapping regions,
another problem may ari §g:st@pe4®, FPHE OARPREA Swidth fltA¥ShteMmypale iBi dden
on the PCB image by an overlapping layer. In this case, two possibilities
exi st. 25 A poribfedor tf the theapholt, asepesdiedifer &xamplel hyothiermganufecturer, an

extrapol ati on Oe]:lig}lrr]neen Oernlrto?%rftlf?glatyg?s lssucf)e%ci;t%{i. | ayer. Ot herw ge, only visible
5
If not, and the width is inferior to four times the tolerance
margin on the contour position (step 402), then a defect may be present
and the width of the inter-space is measured on the PCB image.
10 If the measured width is inferior to 50% of the width on the

model (step 404), then the region between the elements (inter-space) is

incorrect and a defect is detected.

As it is illustrated in Figures 16 and 17, the measurement of
15 the inter-space 98 on the vectorial model is advantageously done by
gradually narrowing the polygon 100 (see arrows 101) until segments of

the polygon cross (see 102 in Figure 17). This process is called erosion.

The rate of erosion is an indication of the width of the inter-

20 space 98. For example, the erosion rate is advantageously set high until
a crossing occurs 102. Then, the rate is lowered to dilate the polygon

100. Then the rate is lowered again to restart the erosion until another
crossing occurs. The process is repeated until the erosion rate is equal

or inferior to the required resolution. The rate is expressed in fractional

25  number of pixels since the resolution is advantageously in the order of the

sub-pixel as it has been discussed hereinabove.



contours are detected. WO 01/54068 PCT/ CA01/ 00042 41 Since, the detection
of defects in overlapping regions is generally based on the sane criteria
descri bedwigyifsugygre 15, it will not be described herein iprm@i@dekail. 5
Def ects that are caused by narrow regi ons or by overlapping regions are
advant ageously characterized and saved in a file for further analysis.
This file may be the sane as the one used to store and characterize the
ot her detected defects. 10 Al though the present invention has been

descri bed hereinabove by way of prefgfred enbodi nents thereof, it can be
nodi fied, wthout departing fromthe ébirit and nature of the subject

I nvention as defined in the appended clains. WO 01/54068 PCT/ CA01/ 00042
42 WHAT IS CLAIMED IS: 1. A nmethod for detecting surface defects on a
Printed Circuit Board (PCB) having at |east one |ayer including
conponents, said 5 nethod conprising: providing a digital inage of. the
PCB; identifying edges oﬁhgaﬁr‘&aﬁ’é@nﬁ]‘?ﬁg@?\ﬁﬁ dv Tsrﬁ’é‘cg 2R rthes PR iy

conputer nmodel JRbn&dbusly done by the extraction of the contours that mark off the
inter-space. It is to be noted that these contours do not necessarily

correspond to the same element or do not necessarily produce closed

5 contours. The contours are then closed to form the vertex of a polygon.

The method discussed hereinabove for the erosion of the polygon in the

vectorial model is used to measure the width of the contour.

Other methods can also be used to measure the inter-space
10  both on the vectorial model and on the image, without departing from the

spirit of the present invention.

Of course, other thresholds or criteria may also be set to
detect defects in narrow regions.
15

Inspection of Overlapping Regions

The overlapping regions obtained by equation (11) are
inspected for the same two reasons stated in the prior section.
20
However, in the case of the overlapping regions, another
problem may arise: one or more contours of a layer may be hidden on the

PCB image by an overlapping layer. In this case, two possibilities exist.

25 A portion of a segment may be visible, allowing the
extrapolation of the contour on the superior layer. Otherwise, only visible

contours are detected.



conponent on said at | east one |layer of the PCB; 10 detecting anonalies on
the PCB i mage by conparing said identified edges to said conputer nodel
and for ea@uishocsai d detected anomalies, determning if sadd/caresaked
anomaly corresponds to a surface defect. 15 2. A nmethod for detecting
surface defects on a PCB as recited in claim1, wherein said conputer
nodel of each conponent on said at |east one |layer including segnents. 3.
A nmethod for detecting surface defects on a PCB as 20 recited in claiml,
wherein said edges identifying step iQﬁIudes: conputing the nunerical
gradient on said PCB image to yield a ‘gradient inmage; thresholding said
gradient inmage to yield a thresholded inmage; 25 skeletting said

t hreshol ded i mage; and finding edges on the skeletted i nage. WO 01/ 54068
PCT/ CA01/ 00042 43 4. A nethod for detecting surface defects on a PCB as
recited in claim3, wherein the edges finding step yields at |east one
chain of pixels and includes: saving each of said at |east one of said
chain of pixels of the 3iAks, el BEieciBY ARl Bleiphd Sbgions is
co-ordinates; using said pixel co-ordinates to estinmate the sectond
derivative of sgineraily basgstomtie sdrae ritdrigpdesdrivedadndigure 15, it will not be

described herein in more detail.

5
Defects that are caused by narrow regions or by overlapping
regions are advantageously characterized and saved in a file for further
analysis. This file may be the same as the one used to store and
characterize the other detected defects.
10

Although the present invention has been described
hereinabove by Way of preferred embodiments thereof, it can be modified,
without departing from the spirit and nature of the subject invention as

defined in the appended claims.



estimating the co-ordi nates of the passage by zero of said second
derivatives; 10 whereby, the passage by zero correspond to said edges. 5. A
met hod f owodaisaedsi ng surface defects on a PCB as recited ddr/CA@iognsd,
further conprising correcting the lumnosity of the PCB image. 15 6. A

met hod for detecting surface defects on a PCB as recited in claimb5,
further conprising filtering the corrected inmage; 7. A nethod for detecting
surface defects on a PCB as 20 recited in claim1l, wherein said provided
conmput er nodel includes a vectorial qﬁpel for each of said layer. 8. A

met hod for detecting surface defects off a PCB as recited in claim?7,
wherein said vectorial nodel includes a polygon 25 representation of every
conponents on each |ayer. WO 01/54068 PCT/ CA01/00042 44 9. A nmethod for
detecting surface defects on a PCB as recited in claim2, wherein each of

said at |east one Ia%er of said conputer nodel being aligned with said PCB
i mage before t ting step. 5 10.A nethod for detecting
surface defects on a PCB as recited in claim9, wherein at |east one

reference point is selected on the PCB image for each of said at |east one
layer of the conputer nodel A gwitibd for detecting surface defects on a Printed

Circuit Board (PCB) having at least one layer including components, said
5 method comprising:

providing a digital image of the PCB;

identifying edges on said PCB image;

providing a corresponding computer model for each
component on said at least one layer of the PCB;

10 detecting anomalies on the PCB image by comparing said

identified edges to said computer model; and

for each of said detected anomalies, determining if said

detected anomaly corresponds to a surface defect.

15 2. A method for detecting surface defects on a PCB as
recited in claim 1, wherein said computer model of each component on

said at least one layer including segments.

3. A method for detecting surface defects on a PCB as -
20 recited in claim 1, wherein said edges identifying step includes:
computing the numerical gradient on said PCB image to
yield a gradient image;
thresholding said gradient image to yield a thresholded
image;
25 skeletting said thresholded image; and

finding edges on the skeletted image.



reference point is used to align said corresponding |layer with said PCB 10
image. 11. A nethod for detecting surface defects on a PCB as recited in
claim?9, woeansussst ransfornmati ons are applied on every segmtcarfoo®@ch

| ayer of said conputer nodel to align said each of layer with said 15 PCB

i mge so as to conpensate for at |east one of rotation, translation,
scaling and bad perspective of said each layer. 12. A nethod for detecting
surface defects on a PCB as recited in claim9, wherein said aligned

| ayers are superinposed. 20 13. A net for detecting surface defects on a
PCB as recited in claim12, wherein said provided conputer nodel is a
vectorial nodel including a polygon representation of every conponents on
each layer; said polygon including' at |east one segnent; said | ayers of
said 25 conputer nodel are superinposed by superinposi ng each pol ygon from

h | ith
PCT/ ChOL/ 00042 45 14 A etnBithes Tiedeiecting Lipa Bradecin @ BRBaBcs as
recited in claiml3y; ¢ i |JERRRiAd i i
f ol | owi ng iterartg?l\g/ee% ! %ﬁ’%@%@a% #Ha‘%/l or ‘FR‘QK%FP_Y’%J%%%'G? §1P(F<‘?}e1§ﬁ%npr<+1 5
where Pk is a |dfpixelé anddncludas: representations of segments in the current

ayer; saving each of said at least one of said chain of pixels of the
5 skeletted image as a vector of pixel co-ordinates;
using said pixel co-ordinates to estimate the second
derivative of said at least one chain of pixels; and
estimating the co-ordinates of the passage by zero of said
second derivatives;

10  whereby, the passage by zero correspond to said edges.

5. A method for detecting surface defects on a PCB as
recited in claim 3, further comprising correcting the luminosity of the PCB
image.

15
6. A method for detecting surface defects on a PCB as

recited in claim 5, further comprising filtering the corrected image;

7. A method for detecting surface defects on a PCB as
20 recited in claim 1, wherein said provided computer model includes a

vectorial model for each of said layer.

8. A method for detecting surface defects on a PCB as
recited in claim 7, wherein said vectorial model includes a polygon

25  representation of every components on each layer.



Pvk is a list of vectorial representations of segnents produced by the
superinposition of the previous |ayers; 10 Pvk+l is a |list of vectorial

repr esent @ig @nlogef segnents produced by the superinpositim@T/@diayer W th
t he superinposition of the previous |layers; and Pvl_ Pl 15 15. A nethod

for detecting surface defects on a PCB as recited in claim1, wherein said
conput er nodel includes contours of each conponent. 16. A nethod for
detecting surface defects on a PCB as 20 recited in claim15, wherein said
conmput er nodel further includes, for %%ph contour, a nodel of a rectangle
encl osing said contour. 17. A nethod for detecting surface defects on a PCB
as recited in claim16, wherein said anomalies detecting step includes: a)
for 25 each pixel of the PCB image, verifying if a contour anong said
contours of each conponent has its correspondi ng rectangl e enclosing said

pi xel; if not, considering,sai | xel part of an an ly; if b
verifying if said WD 01/ @4068%%4%1#%@6@ SH%%? daests Wh A PGP Qgi d
cont our havi ng L. €Ar i 0g; i i i nutdy not,
consi der i ng sare S HIAEIRE VA EXERAR e TRaySutsl Kanpule
surface def ect snodel del{gRalamedowitresaiti RCB imagabefdre thdanemalisaiddtemtiogal i es
detecting step includes using said conputer nodel to create an i mge of
sai d conputer #RRI and conparing said PCB image with said i nage of said
conput er m)gel.

10.A method for detecting surface defects on a PCB as
recited in claim 9, wherein at least one reference point is selected on the
PCB image for each of said at least one layer of the computer model; said
reference point is used to align said corresponding layer with said PCB

10 image.

11. A method for detecting surface defects on a PCB as
recited in claim 9, wherein transformations are applied on every segment
of each layer of said computer model to align said each of layer with said

15 PCB image so as to compensate for at least one of rotation, translation,

scaling and bad perspective of said each layer.

12.A method for detecting surface defects on a PCB as
recited in claim 9, wherein said aligned layers are superimposed.
20
13. A method for detecting surface defects on a PCB as
recited in claim 12, wherein said provided computer model is a vectorial
model including a polygon representation of every components on each
layer; said polygon including at least one segment; said layers of said
25 computer mbdel are superimposed by superimposing each polygon from

each layer with each polygon from the other layer.



19. A method for detecting surface defects on a PCB as 10 recited in claim
2, wherein the determ nation of defects includes conparing said detected
anonal i eswign1@86dsgn speci fications. 20. A nmethod for det e@digarwosace
defects on a PCB as recited in claim19, wherein the step of detecting
anomalies on the PCB 15 image further including detecting edges in the PCB
image that are in excess relative to said segnents in said conputer nodel;
for each of said detected anonalies, determ ning defects by a) determ ning
a first segnent in said conputer rmdgi5that is positioned within a
predeterm ned di stance of one of said“detected anonalies; b) for each
segnent opposed to said 20 opposed segnent, determining if the distance
between said first segnent and said segnent opposed to said first segment
is wthin a predetermined threshold. 21.A nethod for detecting defects on
a PCB as recited in 25 c]aim 20 erein said distanc et wee id first
segment and said segnent*%p@d@%@(’m;foﬁéiiet)ec;‘ingsﬁu A C%OEﬁ%&ﬁésas t he

effective WO 0168, ReIinfAQL \IO4H «Aid $ obfiBHCRCHYRELYAG DT €

t han one anonalires 1s |ocCat e%l’bet ween  sai gaglhr t segnment and sard opposed
segnent. 22. A rfeldwidgfiteratives frmutmpfotelaehtisyern a PCB as recited in 5 claim

21, wherein said anomalies include overl appi ng and non-overl appi ng
anonal i es; said effective spaci nd%s =dé’meP@d§,‘a’sPKmhe sum of intervals
bet ween al | nor:/\-lr(])evrgrl appi ng anonal i es and regrouped overl apping anomalies.
Py is a list of vectorial representations of segments in the
current layer;
Pv, is a list of vectorial representations of segments
produced by the superimposition of the previous layers;

10 Pvi.; is a list of vectorial representations of segments
produced by the superimposition a layer with the superimposition of the
previous layers; and

Pvi=P1,

15 15. A method for detecting surface defects on a PCB as
recited in claim 1, wherein said computer model includes contours of each

component.

16.A method for detecting surface defects on a PCB as
20 recited in claim 15, wherein said computer model further includes, for each

contour, a model of a rectangle enclosing said contour.

17.A method for detecting surface defects on a PCB as

recited in claim 16, wherein said anomalies detecting step includes: a) for

25 each pixel of the PCB image, verifying if a contour among said contours
of each component has its corresponding rectangle enclosing said pixel;

if not, considering said pixel part of an anomaly; if so, b) verifying if said



10 23. A nethod for detecting defects on a PCB as recited in claim 20,
wherein said predeterm ned distance is defined by a rectangle that

encl oses @@ @/sdgjsect ed anomaly. 24. A nethod for detecti ngpdafgnisoen a PCB
as recited in 15 claim 23, wherein said enclosing rectangl es being
dilated. 25. A nethod for detecting defects on a PCB as recited in claim
23, further including verifying if said enclosing rectangl e encl oses

anot her anomaly and, if so, redefining a rectangle that encloses said 20
anot her anomaly. 26. A nethod for det ing defects on a PCB as recited in
claim 25, wherein said rectangle redefining step is iterative. 25 27. A

nmet hod for detecting defects on a PCB as recited in claim20, wherein said
threshold is in the formof a ratio. WO 01/54068 PCT/ CAO1/ 00042 48 28. A
nmet hod for detecting surface defects on a PCB as recited in claim13,
wherein said anqmalies detecting step .ingludes ggéerniningw'for each | ayer

k of said conpi’& isBagIOf sgid ¢aftodr haing #s corregpondigg {eel@nole fRFPYAIr egi ons

of said |ayer L Usiong QW NG Lierati ; Tk+, _ (TI, -
Py v (b P S BOBRARSY, beneiftifsaluidipert ofa RSN, [T 1 4T o
vectorial representations of polygons in the previous layer; 10 Pvk is a
list of vectorial representations of polygons
18.A method for detecting surface defects on a PCB as
5 recited in claim 1, wherein said anomalies detecting step includes using
said computer model to create an image of said computer model and

comparing said PCB image with said image of said computer model.

19. A method for detecting surface defects on a PCB as
10 recited in claim 2, wherein the determination of defects includes

comparing said detected anomalies to design specifications.

20. A method for detecting surface defects on a PCB as
recited in claim 19, wherein the step of detecting anomalies on the PCB
15  image further inciuding detecting edges in the PCB image that are in
excess relative to said segments in said computer model; for each of said
detected anomalies, determining defects by a) determining a first segment
in said computer model that is positioned within a predetermined distance
of one of said detected anomalies; b) for each segment opposed to said
20 opposed segment, determining if the distance between said first segment
and said segment opposed to said first segment is within a predetermined
threshold.

21.A method for detecting defects on a PCB as recited in
25 claim 20, wherein said distance between said first segment and said

segment opposed to said first segment is computed as the effective



produced by the superinposition of the previous |layers; Pvk+l is a list of
vectorial representations of polygons produced by the superinposition a

| ayer w tWwdhsasegperi nposition of the current layer; 15 Pdrecsgvifossti on
t hat causes the dilatation of all polygons in a 1list of polygons; and T

=D(P,)nD(P); two opposite segnents in said |list of polygons yielding an 20
i nter-space having a wdth; each of said inter-space corresponding to a
defect is said corresponding width is not within a predeterm ned threshol d.
29. A nethod for detecting surface defgcts on a PCB as recited in claim
28, wherein said wdth of said inter-ﬁggce is determned 25 by erosion of
each of said polygons. WO 01/54068 PCT/ CA01/ 00042 49 30. A nethod for
detecting surface defects on a PCB as recited in claim13, wherein said
anonal i es detecting step includes deternining, for each of said at |east

one layer k, alist o ons verla n I 0 n the PCB s
conput er nodel SPECHG t ["ﬁ%%@ ﬁén naorey E‘?%Pf‘g npg}erl,jﬁgés%@ egweenpkﬂ) U
(Pk+l n PV k  whef firstB gilneln% aﬁd's‘aﬁf ofbosRrsQyrhaht. T epr esent ations of
pol ygons in the previots
22.A method for detecting defects on a PCB as recited in
5 claim 21, wherein said anomalies include overlapping and non-overlapping
anomalies; said effective spacing is computed as the sum of intervals
between all non-overlapping anomalies and regrouped overlapping

anomalies.

10 23. A method for detecting defects on a PCB as recited in
claim 20, wherein said predetermined distance is defined by a rectangle

that encloses said detected anomaly.

24. A method for detecting defects on a PCB as recited in

15  claim 23, wherein said enclosing rectangles being dilated.

25.A method for detecting defects on a PCB as recited in
claim 23, further including verifying if said enclosing rectangle encloses
another anomaly and, if so, redefining a rectangle that encloses said

20 another anomaly.

26. A method for detecting defects on a PCB as recited in

, claim 25, wherein said rectangle redefining step is iterative.

25 27. A method for detecting defects on a PCB as recited in

claim 20, wherein said threshold is in the form of a ratio.



10 Pvk is a list of vectorial representations of polygons produced by the
superinposition of the previous layers; and 01 is nul; two opposite

segnent s wp Eaucksl | st of pol ygons yielding an inter-space pciacAawoig a
wi dt h; each of said inter-space corresponding to a defect is said
corresponding width is not within a predeterm ned threshold. 31. A nethod
for detecting surface defects on a PCB as recited in claim30, wherein
said |ist of polygons includes visible and 20 hidden contours; said hidden
contours bei ng extrapol ated using sai%S visible contours. 32. A nethod for
detecting surface defects on a PCB as "recited in claim1l, further
conprising indexing said detected anonmalies in 25 a conputer file. WO

01/ 54068 PCT/ CA01/ 00042 50 33.A nethod for detecting surface defects on a
PCB as recited in claiml1, wherein said inage is in the formof a bitnmap.

33, wher oi n sai d bi frmp. (2l AdBSGHd)" REIRSES SIaRecJeeBR PBA HCELER ng |
oo e bEEh S 5, B SRR apceanp e el "o @
i mages, det ect ideterarining| foegaoh ldylee k dPEBIdi comgeutby moaleh @rlish of palygonsiént i fi ed
edges to said (igég?tgéeig nrtaorgo%!/ regions of said layer k, using the following iterative
5 formula:
Ty = T = P) W (D(Py) N D(Pv)) = D(Pyyy N Py )
where

P+ is a list of vectorial representations of polygons in the
previous layer;

10 Pv, is a list of vectorial representations of polygons
produced by the superimposition of the previous layers;

Pvi.1 is a list of vectorial representations of polygons
produced by the superimposition a layer with the superimposition of the
current layer;

15 D is a function that causes the dilatation of all polygons in a
list of polygons;

and

T, = D(B)"D(B);

two opposite segments in said list of polygons yielding an

20 inter-space having a width; each of said inter-space corresponding to a

defect is said corresponding width is not within a predetermined threshold.

29. A method for detecting surface defects on a PCB as
recited in claim 28, wherein said width of said inter-space is determined

25 by erosion of each of said polygons.



and for each detected anomaly, determining if said detected anomaly
corresponds to a surface defect; an illum nation assenbly connected to said
conput er we o1k2048rovi de illum nation on the PCB; a frane gi@ahbgweennect ed
to said conputer; a canera connected to said frane grabber to take an inmage
of the PCB; and a positioning systemconnected to said franme grabber. 20
36. A systemas recited in claim35, wherein said conputer is further
configured so as to control, the illum nation assenbly. 37.A system as
recited in claim35, wherein said posi é oning 25 systemis connected to
said frame grabbed via an axis controll“er and a servo controller. WO

01/ 54068 PCT/ CA01/ 00042 51 38. A systemas recited in claim35, further
conprising an inage processing card for interfacing said frame grabber and
said conputer. 5 39.A systemas recited in claim35, wherein said canera
is a Charge-Coupled Device (CCD). 40.A systemas recited in claim 39,
wherein said CCD is conf3dyér @gthas Bife?%tleétm% surfaegrdefgels. on @ E%BAa§yst em

as recited in clakm 39 o ue @ Nyidleth G5 'shomalies detecting step includes

determining, for each of said at least one layer k, a list of polygons O in
overlapping regions on the PCB’s computer model using the following
5 iterative formula:
Op = (0 = B) Y (B N PY,)
where:
Py is a list of vectorial representations of polygons in the
previous layer;
10 Pv, is a list of vectorial representations of polygons
produced by the superimposition of the previous layers;
and
O, is nul;
two opposite segments in said list of polygons yielding an inter-space
15  having a width; each of said inter-space corresponding to a defect is said

corresponding width is not within a predetermined threshold.

31. A method for detecting surface defects on a PCB as

recited in claim 30, wherein said list of polygons includes visible and

20 hidden contours; said hidden contours being extrapolated using said
!

visible contours.

32. A method for detecting surface defects on a PCB as
recited in claim 1, further comprising indexing said detected anomalies in

25 acomputer file.



configured to operate in natrix node. 42. A systemas recited in claim 35,
wherein said positioning 15 systemincludes at | east one servonotor.

WO 01/54068 PCT/CA01/00042

50

33.A method for detecting surface defects on a PCB as

recited in claim 1, wherein said image is in the form of a bitmap.

34.A method for detecting surface defects on a PCB as

5 recited in claim 33, wherein said bitmap includes grey levels.

35.A system for detecting surface defects on a PCB; said
system comprising:
a computer including a model of the PCB and being
10  configured to identify edges on a PCB images, detecting anomalies on the
PCB image by comparing said identified edges to said computer model,
and for each detected anomaly, determining if said detected anomaly
corresponds to a surface defect;
an illumination assembly connected to said computer to
15  provide illumination on the PCB,;
a frame grabber connected to said computer;
a camera connected to said frame grabber to take an image
of the PCB; and 4 '
a positioning syétem connected to said frame grabber.
20
36.A system as recited in claim 35, wherein said computer

is further configured so as to control the illumination assembly.

37.A system as recited in claim 35, wherein said positioning
25 system is connected to said frame grabbed via an axis controller and a

servo controller.



WO 01/54068 PCT/CA01/00042
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38.A system as recited in claim 35, further comprising an
image processing card for interfacing said frame grabber and said

computer.

5 39.A system as recited in claim 35, wherein said camera is
a Charge-Coupled Device (CCD).

40.A system as recited in claim 39, wherein said CCD is
configured to operate in linear mode.
10
4ﬁ.A system as recited in claim 39, wherein said CCD is

configured to operate in matrix mode.

42.A system as recited En claim 35, wherein said positioning

15 system includes at least one servomotor.



