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This_invention relates to an apparatus for inspecting a printed circuit
board (hereinafter referred to as a "PC board") or the like, and to a
met hod of operating the apparatus. Mre particularly, the invention rel ates
to an apparatus which inspects the 10 properties of a curved surface and
is applied in detecting the orientation of curved-surface el enments of a
curved-surface body conprising a set of DESGREBR®IONf curved-surface el enents
t he surfaces whereof are oriented in different directions; an apparatus
which 15 inspects the pr rties of a curved surface and is ideal for

ope
i nspecting the shape oflPRan&ﬂ%&rI@@UEEr BOBRDL AINSPEGTINGOARPARATYS a PC boar d;

a PC board inspecting apparatus for extracting hue patterns in the three
primary colors frogman, orjgi.nal.inmage obtained by imaging a part 20

nmounted on a PC b§%¥H%M¥%L§§é§ﬁb the extracted results with taught data and
judgi ng the agceptabil] of the mounted state of the part uch as the

sol dered statgf a teach$¥§ HYFYE T & |ﬁ£ aBrFBPaEBQPﬁs 8Etion of the

PC board, the m“?ﬁgﬁ?{é’fﬁiiag;bﬁ%{?é:%dp%ri%cutﬂleb%'a?ﬁs (BbréPnartlf FOHOELS

part and feature Gu _
to as a "PC board") or the like, and to a method of

operating the apparatus. More particularly, the
invention relates to an apparatus which inspects the

10 oproperties of a curved surface and is appl;ed in

| detecting the orientation of curved-surfacé'éieménts of
a curved-surface body comprising a set.of.a'humber of
curved-surface elements the surfaces whefeof are
oriented in different directiéns; an apparatus which

[5 inspects the-properties of a curved surface and is ideal
for inspecting the shape of a soldered poréién of a part
mounted on a PC board; a PC board inspecting apparatus |
for extracting hue patterns in the three primary colors
from an original image obtained by imaging a part

20 mounted on a PC boargd, comparihg the extraéted results
with taught data and judging the acceptability of the
mounted state of the part, such.as the soldéred state; a
teaching method forzieaching{ prior to inspection.of the
PC board, the mounted position of a part, thelclass of

25 the mounted part and feature gquantities of the
mounted state of the part in the abovementioned.
inspecting apparatus; a method of setting an inspection

zone for setting, prior to inspection of the PC board, a



inDunfed state of the part in the abovenentioned inspecting apparatus; a

met hod of setting an inspection zone for setting, prior to inspection of
"the PC board, a 2 nount ed- part inspectiénzzbne in the abovenentioned

I nspecting apparatus; a nethod of displaying inspection results for

di spkaying the results of part inspection on the screen of a display unit

I n the abovenentioned 5 inspecting apparatus; and a display nethod in a PC
board i nspecti ng mppatedusartemisgerticy ionendnt theasbepembntioypedf t he
extracted state of hue patterns. Background Art The shape of the surface of
~a sol dered regi oniBfracting meranpinaed GetdicdCcofodigréaring hpapeohdonas a
. typical exanple of a curved-surface body having_a nultiple- oriented
.surface. Convent F8RRLES, fondisplaiing &dhe dGsda t8sof nBREEL &BSRPSEAPR YO and

157 S0l der - the SOBNECEPSRGTRET HRPIAL WO (5, SOTUPRCREIRHPES and
. Tmproper condycti on arged S9SSDANEE Ll 431l hA2RSE' 18" pe voara
inspectiné'apparétus idéal for verifying the
acceptébiiity of the extracted state of hue patterns.
Background Art
The shape of the surface of a soldefed region of a
10 part mounted on a PC board can be mentioned as a typical

example of a curved-surface body having a multiple-

oriented surface. Conventionally, such a soldered
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region is.inspected visually, and the acceptability of

; the soldered state, namely the absence or presence of

15 solder, the amount of solder and its solubility, short
circuits and improper conduction are judged based on

é this visual inspection.

with this methbd using such visual inspection,

PRy

howeve:, the occurrence of inspection error cannot be
20 évoidéd, judgment differs widely depending upon the
individuallperforming the inspection, and there are
limits'upon inspection processing capability.
In_récent years, a variety of automatic inspection
apparétus-capable of performing an insbection of this
25 kind automatically have been prdposed.

'The shape of the surface of a soldered region is a

cubic shape of three dimensions, and the ability to

detect three-dimensional shape information is essential



Wth'this nmethod using such visual inspection, t however, the occurrence of
;inspection error cannot be 20 avoi ded, judgnent differs w dely dependi ng
‘upon the individual performng the inspectich,- and there are linits upon
‘inspection processing capability. In recent years, a variety of automatic

I nspecti on apparatus capable of perform ng an inspection of this 25 kind
automatically have been proposed. The shape of the surface of a sol dered

region is a cubiqJﬁh&@@ro&othhggegtngﬁéhoassh@@g,the ability to detect
.t hree-di nensi onal shape information is essenti al -3- in order to inspect
isuch a shape. Fig. 1 irigistlr dlausaraesanpheerimple aoff cmtawwonzspect i on
i apparatus capabl e of detecting three- dinmensional shape information. The
tapparat us irradi dnspestionohipardtnegtapabhe oP@dtartiny witidees| it | ght 1.
iAreflected-1ight image of an optical cutting-plane line 3, whichis
‘produced on the $imensioppli ghape pafpamatiert usThe agpanatus|igarsdates on
:by irradiation with the . . . .
- 51 a soldered region on a PC board 2 with slit light 1. A
reflected-light image of an optical cutting-plane line
3, which is produced on the surface of the PC board 2
: inclusive of the soldered region by irradiation with the
slit light 1; is pidﬁed up by an image pickup device 4,
10 and the three-dimensional shape of the soldered portion
is detected by investigating the imaged pattern.

With this inspection method, however, all that is
obtained is shape information indicative of the portion
irradiated with the slit light 1, and it is difficult to

15 ascertain the three-dimensional shape of other portions.
Moreover, the surface of the soldered region is such
that the orientétion thereof is not uniform with respect
to the surface direction of the PC board. Consequently,

i at least four combinations of light source and image

20 pickup device 4 are necessary. For this reason, the
apparatus is complicated and a highly precise assembling
operation is required. A problem is that this invites
higher cost.

Accordingly, in order to solve this problem, a

25 method is available in which the surface of a curved-

é surface bédy undergoing inspection is irradiated with
light from a plurality of directions having different

angles of incidence, each reflected-light image from the



i _
islit'light 1, is picked up by an inmage pickup device 4, 10 and the

t hr ee- di nensi onal shape of the soldered portion is detected by

i nvestigating the imaged pattern. Wth this idhspection nethod, however, al
that is obtained is shape information indicative of the portion irradiated
withsthe slit light 1, and it is difficult to 15 ascertain the

t hr ee- di nensi onal shape of other portions. Mreover, the surface of the
sol dered regi on | suntfeled bEt theecariveat shi facs Nesdpfid simrjed)niara rehs t h
respect to the surface direction of the PC board. Consequently, at |east

four conbi nati ons afidntgitiionoofcehandurvedes2if aqge ckigmalmhs posbessed by
:necessary. For this reason, the apparatus is conplicated and a highly

preci se assenbl i ngchepeaviedn sug facgubedy. 1A @edttad framhdthe hiespentiives

i higher cost. Accordingly, in order to solve this problem a 25 nethod is
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avai | abl e i n whi climaged petiesnst aThis\agthed i grodip Uik ddissy of
I nspection is %rradiaped with light froma pluraljty of directions havin

different angles oRSHHVEIEFREINGBALRREFEctWHLFR gt InmRF rihenmetdiods of

detecting three-dimensional image information.

Speéifically, this method takes note of the fact that
when light flux having a uniform pattern is projected
upon'the:object undergoing inspection, the pattern of

10 the feflected light flux obtained from the cbject
undergoes deformation in accordance with the three-
dimensional shape of the object. . The method is such
that“the shape of the object under inspection is
estimated from the deformed pattern.

15 Fig. 2 is a diagram for describing the principle of
thié methdd and shows the positional relationship
between a detecting system, which comprises a iight projecting
device.S'énd an image pickup device 6, and a curved-
surface body 7, which is the object undergoing

20 inspection.

When light flux 8 is projected toward the surface
of the curved-surface body (e.g., a soldered region) 7
froﬁ the projecting device 5 disposed as a certain
position, reflected light flux 9 impinges ﬁpon and is
25  detected by the image pickup device 6 placed immediately
overhead. . When this is done, it is detected that a
curved-surface element of the portion of the curved-

surface body 7 irradiated with the light flux 8 is



surface of the curved-surface body is inmaged, and the orientation of the
curved-surface el enents possessed by the curved-surface body is detected
fromthe respective i maged patterns. This et hod belongs to the class of 5
"active sensing methods”, which is one of the nethods of detecting

t hree- di nensional inmage information. Specifically, this nethod takes note
of the fact that when light flux having a uniformpattern is projected upon
t he obj ect under gxigptes pdcEinoanoi kel pdi tler respeatp tcha herizend@ll i ght
flux obtained fromthe object undergoes deformation in accordance with the
three- di mensi ondlefargnceorlape 38j 4Bt is Thee RNRI 9k ingdifenesy) -t he shape
of the object under inspection is estimted fromthe deformed pattern. 15
Fig. 2 is a di agrdaaarsiingdsor iifi Adohkeipr PRl preediuran theeshgdased othows
t he positional relationsh%g bet ween_a _defecting system_which conprises a

| i ght projecting QﬂﬁHQﬁ?W? ﬁ&rgﬁcﬁnﬁﬁgyp7cRﬁbn%e®iR%PQE1¥£¥19§ curved-
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surface body 7 is such that the curved surface comprises
a number of curved-surface elements oriented in
different directions[ as is the case with a soldered
10 surface, a group 6f curved-surface elements
corresponding to respective ones of these angles of
incidence can be detected, whereby it is possible to
detect how each curved-surface element of the surface of
the curved-surface body 7 is oriented, namely what the
15 surface property of the soldered region is.

If the projecting device.S is one which projects a
light flux 8 having a width A0, reflected light flux 9
'having a width corresponding to this width will be
detected by the image pickup device 6. In other words,

20 in this case curved-surface elements.having the width A6
for an angle can be detected.

Further, if the projecting device 5 includes ring-
shaped light-emitting elements 11, 12 and 13 érranged
horizontally with respect to the reference plane 10, as

25 shown in.Fig. 3, the distance between the projecting
device 5 and the curved-surface body 7 will be constant

regardless of the rotational angle of the curved-surface

body 7 with respect to an axis perpendicular to the



;25 detected by the inmage pickup device 6 placed i nmedi ately overhead. Wen
‘this_is done, it is detected that .a curved-surface elenent of the portion
-of the curved- surface body 7 irradiated wth the light flux 8 is - 5-
oriented at an angle [err] with respect to a horizontal reference plane 10
‘([ere] is the angle of incidence). Accordingly, if light is projected upon
the surface of the curved-surface body 7 using a plurality of 5 projecting
devi ces havi ng di téfereicamllase df0, racidlahec orieatatsenshef ethéecuvédce
property of the curved- surface body 7 is such that the curved surface
‘conprises a nunbesuvfacerelkementis dee tdee ddmectirnent etheénanipleepfnt
.directions, as is the case with a soldered 10 _surface, a group of
‘curved-surface el BaERtiordhergaindiidd b¢ caggedipdeCBhes dF @heg8ubhgl es of

i nci dence can be detected, wherehy it .i,s pqssible o detect how eac
curved-surface el @Rtht tRF ﬁqﬁ}%nﬂﬁgﬁﬂ§¥ﬁnaFﬁgncHﬁvéggsﬁV?ﬁﬁ - Borhace Redy

oriented. natgy gled adeod Ul A HbiebteCbyble 261 deLEhLcuon 1
- detected. _
If the projecting device 5 is constituted by the
plurality of ring-shaped light-emitting elements 11, 12 and 13
having different angles of incidence relative to the
2 10 curved-surface body 7, as shown in Fig. 3, curved-
surfaée elements having orientations corresponding to

the angles of incidence of light fluxes 14, 15 and 16

from the lighﬁ-emitting elements can be detected in
detail, as set forth above. .

é 15 Assume that the three ring-shaped light-emitting

; elements 11, 12 and 13 of radii r, (m =1, 2, 3) are

. disposed horizontally at positions having heights h, (m
: =1, 2, 3) from the reference surface 10, aﬁd that the

. angles of incidence of the light fluxes 14, 15, 16 from
i 20 these light-emitting elements 11, 12, 13 relative to the
- curved-surface body 7 are 6y (m =1, 2, 3). Under these
assumptioné, curved-surface elements whose angles of

i inclination at the curved-surface body 7 respectiyely'

are O, can be detected by the image pickup device 6. 1In

25 comparison with total optical paths from the light-

; ~ emitting elements 11, 12, 13 to the image pickup device
6 via the surface of the curved-surface body 7, the

sizes of the curved-surface elements are sufficiently



.Iighf flux 8 having a wdth [err], reflected Iight flux 9 having a width

corresponding to this wdth will be detected by the inmage pickup device 6.
In other words, 20 in this case curved-suiface el enents having the width
[err] for an angle can be detected. Further, if the projecting device 5

i ncl udes ring- shaped light-emtting elenents 11, 12 and 13 arranged

hori zontally with respect to the reference plane 10, as 25 shown in Fig.

3, the distance =malden tThereforect ithg degilee 6f aimcidenaew wednesly ftdee body
7 will be constant regardless of the rotational angle of the curved-surface
body 7 with respangkes &f ducd ipatjendeéuthe curved-surfape qamaidee 49 ane

-10, and the orientatjions of the curved- surface,elenments in the _ direction
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the angle of incljnatian of the.curved-surface body 5 7 with respect to
the reference plé#g' Y PWEFEPEcted. If the projecting device 5 is

constituted by the pluralit o pavshaped Lizghyzem tting el nts 11, 12
and 13 3 _ dodtl, < BY7I83 2y 9. 8 pE

A method employing sources of white light as the
light-emitting elements 11, 12, 13 has been proposed as
a method of inspecting the external appearance of a
soldered region on the basis of the foregoing principle
10 [Japanese Patent Application Laid-Open (KOKAT) No. 61-
293657)}. 1In this method of inspection, the light-
emitting elements 11, 12, 13 are lit and extinguished at
respectively different timings in order distinguish
among the reflected-light images produced by the three
I5 1light-emitting elements 11, 12, 13 having different
angles of incidence with respect to the soldered
surface.
However, with this method of controliing the
lighting of the light-emitting elements, there is need
20 of a memory for the purpose of storing each image
obtained at each of the different projection timings, an
arithmetic unit for processing these images as an image
of an identical visual field, and a firing device for
lighting each light-emitting element instantaneously.
25 This entails great technical complexity and the method
involves problems in terms of cost and reliability.
Accordingly, in an effort to solve all of these

problems encountered in such a time-sharing system, a



havi ng different angles of

body- 7, as shown in Fig. 3,
correspondi ng to the angl es
the light-emtting el enents

nci dence relative to the 10 curved-surface
curved- surface elenents having orientations
of i ncidence of Pight fluxes 14, 15 and 16 from

can be detected in detail,

as set forth above.
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three light-emitting elements having different angles of
incidenée with respect to the object undergoing
inspection. Reflected-light images in the colors red,

green and blue from.the object are imaged at the same
10 timing by a hue-sénsing-type image pickup'device such as
a color television camera, and the images are deteéted
upon undergoing color separation.

when this method is applied to an automatic
inspection apparatus for inspecting soldered regions, it
15 is theoretically possible to detect the curved-surface
property of a soldered region in a short périod of time.
However, since this apparatus is not contrived to detect
peripheral information essential for automatic
inspection of parts mounted on a PC board, such as
20 information relating to each region on the PC board
(e.g., part number, polarity, color code, etc) and
circuit-board pattern information (various marks on the
circuit board), it is extremely difficult to put the
-apparatus to practical use as is.
25 When an apparatus for inspecting a PC board is
used, a teaching operation is required in which various

data relating to a PC board (referred to as a "“reference

PC board"”) having prescribed parts correctly mounted at



smal . Therefore, the angles of incidence, nanmely the angles of i nclination
of the curved-surface elenments to be detected, can be determ ned in
accordance with the foll owi ng equation: [errP A nmet hod enpl oyi ng sources of
white light as the light-emtting elenments 11, 12, 13 has been proposed as
a nmethod of inspecting the external appearance of a soldered region on the
basis of the foregoing principle 10 [Japanese Patent Application Laid-Open
(KOKAI) No. 61- 293é8@rermimed hpasiteidmal axfe iemberedi dwomt Bekkyhbardenitti ng
elements 11, 12, 13 are lit and extinguished at respectively different
timngs in order #eformagbhenP@nerrrd his rigispeated.| | ghisi tegebipsoduced by
the three 15 light-emtting elenments 11, 12, 13 having different angles of
i nci dence with reSpeeationt ke sofemred L rgimRdyY BsnereAchinsfi 8Rfs net hod
of controlling the lighting of the light-emtting elenments, there is need
20 of a nmenory fGPtP%éspﬁgﬁog%ﬁ?Hl¥ﬂ rﬂ?ﬁﬁuﬂ?lgﬁéﬁg &8t &PReBOREtiQRE! of
the different projection timngs, an arithnmetic unit for processing these
i mages as an iﬁgg%ygﬁsaﬁnﬁ_&d%ﬂ?g%%’fl?ﬁ SN &’,aré:ﬁdmguf’f:gfinﬁndgvi ce for
lighting each 11 gbtrEPLhLE B ObGHED! UMY YL WYY relating to
feature quantities of the mounted state (e.g, the
soldered state) within the inspection zone of each part.
with this teaching method using data entry by key,
10 however, the amount of data to be keyed in is éxtremely
large. As a conseguence, an exorbitant amount of time
and labor are necessary for the input operation, and
operation is a great burden.
A teaching method for solving these problems has
15 ©been proposed [Japanese Patent Application Laid-Open
(KOKAI) No. 62-180251] and entails fabricating
beforehand a positioning PC board (reference PC board)
obtained by coloring the surface of a PC board with
black paint and coloring mounted parts with white paint,
20 and imaging the positioning PC board by a PC board
inspecting apparatus, thereby teaching data (part
position, etc.) serving as criteria for the purpose of
inspecting the PC boarad.
However, according to this teaching method, not
25 only does fabricating the positioning PC board require
the painting operation, but the method is also

uneconomical in that it is impossible to reutilize a

painted PC board. In addition, part position cannot be



25 This entalls great technical conplexity and the nethod invol ves
iproblems in terms of .cost and reliability. Accordingly, in an effort to
‘solve all of these problens encountered in H a tinme-sharing system a
'-8- nethod has been proposed for use in an apparatus which inspects |inear
‘bodi es such as wires (Japanese Patent Application Laid-Open (KOKAI) No.
'62-127617)]. According to this nethod, |ight sources for the three 5
‘primary col ors oftaughtgpanmecmiylunlessr@auaedng51shperfmﬁmed|§ﬂn emtting
el ements having different angles of incidence with respect to the object
:under goi ng i nspeca¢@wratrRefiamition.| |gwmtb@mgegehnapner@nm@rtprthnsgreen and
:blue fromthe object. are i.ma ed at, the same 10 timn

‘hue- sensi ng-t ype m%ﬁ&ﬁ9¢nﬁh§1 eRshiing afcHtadisgothesrt %meﬁﬁ%ﬁcﬂpﬁﬁﬁﬂéﬂe, and
‘t he i mges are detected upon under col or separation. Wien this nethod
e applied o an SbRE [ FHRETTGh S0 PR St G¥PPor CRIGRECTS ML RIS

iregions, it 1 heoretlcally possible to detect the curved surface

‘property of a sol'ﬁ:'etf'}e e‘g‘ion in a short period of tine.
' On the other hand, in a case where a feature

quantities of soldered state are taught, the conventional
practice is to prepare in advance a singie reference PC
board on which each :part has been socldered normally, .

10 extract feature guantities of the soldered state
of each part using this reference PC board} and
thereafter provide the extracted quantities with a fixed
width to decide the range of feature guantities
that defines the normal soldered state.

15 However, there is absolutely no guarantee that a
reference PC board prepared for teaching will be
suitable for representing the correctly soldered state
of each part. If such happens to be the case, a taught
feature quantity will represent a biased value

20 and not an'average, and a situation will frequently
occur in soldered state inspection in which mounting
defects are overlocked or a soldered state within
toleranee is judged td be defective understrict standards.

| In order to obtain the feature quantities of

25 the soldered state of a part in teaching or inspection,
hue patte;ns composed 6f the three primary colors are
extraetedefrom an original image obtained by imaging the

part mounted of the PC board. In order to realize



iHowever, since this apparatus is not contrived to detect peripheral
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informati on essential for automatic inspection of parts nounted on a PC
board, such as 20 information relating to ¥ach regi on on the PC board
(e.g., part nunber, polarity, color code, etc) and circuit-board pattern

I nformati on (various marks on the circuit board), it is extrenmely difficult
to put the apparatus to practical use as is. 25 When an appar at us
for inspecting a PEopenrinspeatsitsh of tedthibogrdperthei dnspectéqni ied in

whi ch various data relating to a PC board (referred to as a "reference PC
board") having prpsemibed qmrtlye daatediiat pantesd axtrac8iopr édet er mi ned
positions are entered froma keyboard before the PC board is inspected.
Thi s teachi ng opeparforned aetwurataly.o Sioperify theaspraptabayitutafis the

teaching of data relating to the positions, 5 types and inspection zones of
parts nounted on R2FEPERcREErIREIRTyr Fonyentdionals mgkhgdecthatnhave PesRure

quantities of & he nounted state (£. 0., the soldered stat within the
i nspection zorme oPTBBRA® a???afi disblaying obtaine featurd

quantities in the form of numerical values on a display

unit, or displaying an image, which is based on the

results of extraction, at the position of the original

image of the inspection zone obtained by imaging the
10 part mounted on the PC board.

With the former of these methods, however, it is
difficult to grasp the extracted state concretely since
the display is based upon a numerical value. With the
latter method, it is difficult to contrast the results

15 of extraction with the original image since the originél
image vanishes from the display screen. A problem with
both methods is that the acceptability of the extracted
state cannot be verified with ease.

With regard to setting the inspection zone,

20 conventionally the zone is fixedly determined by fixed
coordinates. When a zone on the PC board which includes
an inspection location is imaged during inspection, a
zone of a portion of the image is extracted as an
inspection zone using the fixed coordinates, and only

25 the interior of the inspection zone extracted is
processed. In order to shorten processing time, the
inspection zone is set to be as small as possible.

However, a problem encountered is that the location to
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'Wth'this teaching nethod using data entry by key, 10 however, the anount

of data to be keyed in is extrenely large. As a consequence, an exor bitant
amount of tine and | abor are necessary for- t¥e 1 nput operation, and
operation is a great burden. A teaching nmethod for solving these probl ens
has 15 been proposed [Japanese Patent Application Laid-Open (KOKAI) No.

62- 180251] and entails fabricating beforehand a positioning PC board
(reference PC boabhd)indpedtadl wiyliIc @ratiridie e thef ageepion & tivarsewi t h

bl ack paint and coloring nounted parts with white paint, 20 and imaging the
positioning PC boanslpeqtmIP&dmaanmlleﬁpe:dta preappacnt o, théedebyingachi ng
.data (part position, etc.) serving as criteria for the purpose of

i nspecting the F(mecbﬂnusmtﬁaﬁugonwgmym@damg posikiioninachhegPéeedatd, not 25
‘only does fabricating the positioning PC board require the painting
operation, but thEheePhdRPIZd HashinddgoRERCd8ionnapfathePRSEEFossible to

reutilize a i nt ed, PC, board. . addi ti on, part i tion, cannat be -10-
p% printing precmélon, etc.,’ a%e su?gicgently {b

In Qrder to solve this problem, the conventional
approach is to set a reference pattern on the PC board,
calculate_the amount of offset between the position of
this reference pattern cobtained at the time of

10 inspection and the position of a reference pattern
obtained at the time of teaching, and then correct the
position of the inspection zone.

According to this method, however, the fact that
the reference pattern is required necessitates the

15 printing of an extra pattern on all PC boards.
Moreover, if an error occurs in the processing which
detects the position of the reference pattern, this will
have an influence upon the positions of all inspection
zones. |

20 In a case where a PC board undergoing inspection is
imaged by the above-described PC board inspection
apparatus and an inspection is performed to determine
the acceptability of the mounted state of each part,
namely whéther parts are missing or the soldered state

25 is acceptable, the results of inspection of each part
are displayed on the screen of a CRT display unif and,
when necessary, are printed out by means of a printer.

Conventional methods employed for displaying the



it aught correctly unless painting is perfornmed in accurate fashion.
Furthernore, according to-this -nethod, the teaching of itens other than
:part position, such as the teaching of part %?pé, cannot be perfornmed 5
with ease. On the other hand, in a case where a feature quantities of

sol dered state are taught, the conventional practice is to prepare in
‘advance a single reference PC board on which each part has been sol dered
normal |y, 10 extr astsuléast ofeigspettiomsimfa tPE kxalrdeiedpecatienohppachtpar t
using this reference PC board, and thereafter provide the extracted
quantities with amwe\/\/ﬁdmﬁtboddmlml@heth%ngm Péaeude fpative iRaFt,
t hat defines the normal sol dered state. However, there is

absol utely no guartdi® d@cpkapnaof ctie e‘?ﬁf@cF’@%m ;ﬂaéﬁétcé‘aaffér of e RBRi ng
b e RSB TRA B hh5 08, L
froquent |y oochr IR StER; ggggg%{;,ggﬁn B o e sﬁ"ﬁ% APPogRHePEcts are
over | ooked or a sgl %«}rde? sh?’éé%%(‘%o o rﬁ{;ﬁgﬁfogaetsg a yigednbe Q?ed‘?i@fééé’%e

understrict standar n or quantitres o
are_dlsplayed in a dlfferent color..

With the former method, however, it is difficult to
achieve_correspondenée between the number of a defective
10 part and the position of the part on the PC board.
According to the latter method, the position of a defective
part can be-verified but the particulars of the defect
are unclear. As a result, it is'required that an
inspector inspect the PC board and visually verify the
IS5 particulars of the defect. |
Disclosure of the Invention
An object of the present invention is to provide an
apparatus for inspecting the properties of a curved
surface in which, by arranging it so that white light is
20 obtained when irradiating light rays from a plurality of
light-emitting elements constituting a projecting device
are mixed; the properties of a curved surface of a
curved-surface body such as a soldered region can be
detected in a short period of time, and it becomes
25 possible also to detect peripheral information essential
for actual inspection.
Another object of the present invention is to

provide a teaching method in a PC board inspecting



25 tHe soldered state of a part in teaching or inspection, hue patterns
fconposed of the three primary colors are extracted froman original inmage
;obtai ned by imaging the part nmounted of the PE board. In order to realize
:proper i nspection of a PC board, the inspection is prem sed on the fact
gthat,pattern extraction is perforned accurately. To verify the
.acceptability of pattern extraction, conventional nethods that have been 5

‘proposed entail diasgpadnitng eht @hneH, Bt UsEngluanidvdietd tealkd fthem of
‘nunerical values on a display unit, or displaying an i mage, which is based

.on the results of meuntaat poBa.t&bnth aopattandftidayped gahe meyatel t he
;inspection zone obtained by imaging the 10 part nounted on the PC board.
iWth the forner ofpariteséabretibatisonhofieaerefétence RJ ficarid for ¢geashinge
‘extracted state concretely since the display is based upon a numeri cal
‘value. Wth the | dist facidibadedi andsreuse el the PG doardstist medeesul ts 15
;of extraction grtl1 t he orlglnal i mge since the original inmge vanishes
‘fromthe displdy POsSdRlea problen1wnth both nethods is that the

acceptability of the extract
P y urt%er object of the present invention is to

provide a teachlng method in a PC board inspecting
apparatus in which,.by obtaining feature (characteristic)
quantities of the mounted state of a part using a

10 plurality of reference PC boards, it becomes possible to
realize reliable and stable inspection of the mounted
state of a part.

Still another object of the present invention is to
provide an inspection zone setting method in a PC board

15 inspecting apparatus in which, by processing an image
obtained by imaging a PC board and setting an inspection
zone.of a mounted part, the inspection zone can be set
stably and at high speed without requiring correction

i " processing.

20 Yet another object of the present invention is to
provide a method of displaying the results of inspection
in a PC board inspecting apparatus in which, by adopting
a system wherein the position of a defective (faulty)
particulars of the defect (fault) are displayed simultaneously on

25 one screen, it becomes possible to verify the position
of the defeétive part and the particulars of the defect

without requiring visual inspection of the PC board.

A further object of the present invention is to



stateé cannot be verified with ease. Wth regard to setting the inspection
zone, 20 conventionally the zone is fixedly determ ned by fixed

coordi nates. Wen.a zone on the PC board whit® 1ncludes an i nspection

| ocation is inmaged during inspection, a zone of a portion of the image is
extracted as an inspection zone using the fixed coordi hates, and only 25
the interior of the inspection zone extracted is processed. In order to
shorten processi ngrovide ah@isphaueatethodcre a PGdoard Bespecsinbl as
possi bl e. However, a problemencountered is that the location to -12- be
i nspected wi || preppagatus inevkicksiky syeqipd lgercongspyénpon mehhodnPEss
the precision of the driving nmechanismfor conveying and positioning the PC
board, the PC boafdSRag¥iRg nEhererseloh ohPattermaekEracsippi nthig

precision, etc., are sufficientl igh. In order to solve this probl.em the
convent i onal apprBSEﬁpgggfilg%t°%.$hé2ﬁ¥ﬁﬁﬁ? F@FﬁeoﬁaPthPﬁeﬁggﬁﬁé

cal cul ate the ganount .of of fset bet n the position of this reference
pattern obtai rmed S?gfﬁg g?%Eg%ﬁu§%¥§f§.

An apparatus for inspecting properties of a curved
surface éccording to the present invention is
characterized by comprising projecting means which
includes three types of ring-shaped light-emitting

10 elements, which are for generating red light, green
light and blue light having light-emission energy
distributions with respect to wavelength that provide
white light upon being mixed, arranged at positions
to projéct this light, at angles of incidence that

15 _differ from one another, toward a surface of a curved-
surface body to be inspected, light-quantity adjusting
means for adjusting the guantity of light of each light-
emitting_element in such a manner that white light is
obtained when the.light emitted from the light-emitting

20 elements is mixed, image pickup means for imaging
reflected-light images from the surface of the curved-
surface body to obtain imaged patterns distinguished by
hue, and processing means for detecting properties of a
curved-éurface element of the curved-surface body from

25 the imaged patterns obtained from the image pickup
means.

Red light, green light and blue light from the

ring-shaped light-emitting elements irradiates the



10 i'nspection and the position of a reference pattern obtained at the time
of teaching, and then correct the position of the inspection zone.
According to this nethod, ‘however, the fact 26hat the reference pattern is
requi red necessitates the 15 printlng of an extra pattern on all PC
boards. Moreover, if an error occurs in the processing which detects the
position of the reference pattern, this will have an influence upon the
positions of all suwsfess ich ti@Ndaspddted curved- gurfese Wele &t PC board
under goi ng i nspection is imaged by the above-descri bed PC board inspection
apparatus and an difpemsrtomangl gsecfoimeddenceet esimee itelmopepmtangdd/ of
the nounted state of each part, nanely whether parts are mssing or the
sol dered st ate 25that sthe qgst.algireent hadr béuetgeglecpmekxglm itages e t
are displayed on the screen of a CRT display unit and, when necessary, are
printed out by nedhR HCIRGH ok é"?le %ﬁV@ﬁfFBﬁﬁ?cﬂﬁ?ﬁiﬂs&éﬁnﬂW%r

di spl ayi th - | t f t PC b d t
Gioplaying thg ool Sty 3od oiDERS5HLeh b R PORS SASRSSH Y

of the curved-surface body can be detected in a short
time using the hue patterns obtained. Moreover, since
it is set so that white light is obtained when the red,

| green and blue light rays emitted by the light-emitting

10 elements are mixed, it is possible to detect
essential peripheral information necessary in inspecting
the solder of mounted parts, e.g., information (part
number, polarity, color code, etc.) relating to each
part on the PC board, as well as PC board pattern

15 information (various marks and the like). .In this way
automation of soldered state inspection can be realized.

A teaching method of the invention for teaching the

meunted position of a part and the type of the mounted
part before a PC board is inspected to a PC board

20 inspecting apparatus for inspecting the mounted state of
a part meunted on the PC board includes supplying a PC
board having labels affixed at the respective mounting
positions of parﬁs to the abovementioned PC board
inspecting apparatus, andlimaging the labels, whereby

25 the mounted positions of the parts are taught by the
positions at which the labels are affixed and the type
of a part is taught by the color or shape of the label.

Before inspecting a PC board, a reference PC board



“include a nmethod in which the nunber of a defective part, the |ocation of
‘the defect and the particulars of the defect are displayed on a CRT display
unit; and a nethod 5 in which the nounted pddition of each part on the PC
board is displayed and only those parts that are defective are displayed in
a different color. Wth the former nethod, however, it is difficult to

achi eve correspondence between the nunmber of a defective 10 part and the
position of the phstfabrideddChyoafdixAngoadlabel owlidiee |@dler oretdhzpe t he
position of a defective part can be verified but the particulars of the

def ect are uncl eaconfAsrme rtes e, tiype ofr agpartdat htlte anountsipar toars i tispect
the PC board and visually verify the 15 particulars of the defect.

Di scl osure of theof ishaninagit AR dhee®C bparfle pThienrefenenne &F ibparg is
provide an apparatus for_inspecting the properties of a curved surface in
whi ch, by arrangi §iPRiied thihenkCt PorrghinFreobing RRPHALWhHENS i at i ng

brojecti g dedi cadhels aRsddageth“BREBLY: Fhe BIELCHYdtE SiHAbaTs o
curved-Surf ace DU R AYCLECNLSS 80 680, SR el e S
information esseniy@lyspe1s are read. The positions at which the parts
are mounted are taught from the positions at which the
labels are affixed, ‘and the type of a part is taught
10 from the color or shape of the label for that part.
According to this teaching method, the reference PC
board for teaching can be fabricated in simple fashion
merely by affixing the labels. If the labels are peeled
off, the PC board can be feutilized. This is
15 economical. According to this teaching method,
_ moreover, .it is easy to teach part type and not just
part-positionﬂ
One more teaching method according to the present
invention entails ;eaching of the feature
20 quantities of":"t‘he mounted state of a part before
inspecting a PC board to a PC board inspecting apparatus
for inspecting the mounted state of a part mounted on
the PC board. According to this teaching method, a
plurality of reference PC boards on which parts have
25 Dbeen correctly mounted are successively supplied to the
abovementioned PC board inspecting apparatus. The PC
board inspecting apparatus is operated in such a manner

that the plurality of reference PC boards supplied are



for éctual I nspect.i on. Anot her object of the present invention is to

provide a teaching method in a PC board inspecting - 14 - apparatus in
§mh|ch, by using a | abel to teach the nmounted poésition of a part and the
itype of the nmounted part, fabrication of a reference PC board for teaching
{is facilitated and reuse of the PC board is nmade 5 possible. "A further
iobject of the present invention is to provide a teaching nethod in a PC
“ board inspecting hmmpedt uhe rfedtiute DRBLILISH Mf i WA AAracteri stic)
;quantities of the nounted state of a part using a 10 plurality of

ireference PC boarsiatées afeddreparsssisee eksracked Erom| th)| eeSihER%bI e

;i nspection of the mounted state of a part. Still another object of the
i present inventionihages. p?ltﬁﬁ%ef%qlf%p%ﬁrf%t%eﬁ?et%‘ﬁﬁ?%od ina PC

§board 15 I nspecting, apparat us i ich,.b ocessing an | obt.gi ned
‘by imaging a PC b%‘é‘?%l% 3 @%%%%&8%?8%9 oﬁ%i‘égs aa%tr}ﬁ?c]‘gaa%a%%] t he
%lnspectlon ZO%? ngapgrgeauantities.-_

Thus, in accordancé with the teaching method of the

UV

present invention, the feature quantities of the
mgunted states of the parts are extracted from the
imagés of the plurality of reference PC boards, and the
10 statistically processed values are taught to the PC
board inspecting apparatus as feature quantities.
Therefore, even if there is a statistical dispersion
among the mounted states'of a part frbm.oné'PC_board to

another, the feature'quantities are averaged by

15 the statistical processing. As a result, incidents of

O PR

‘overlooked improperly mounted parts or of normal parts
being erroneously judged to be defective are reduced in

inspecting the mounted states of parts, and PC boards

N e

can be inspected in reliable and stable fashion.

20 Furthermore, the present invention provides an

PPV

inspection-zone setting method for setting an inspection

i ' zone of a mounted part pfior.to PC board inspection in a
PC board inspection apparatus for inspecting a mounted
part on a PC board. The method is characterized by

25 imaging a supplied PC board to produce an image of the
part mounting position, initially setting, with respect
to the image, a processing zone which includes a land

region on the PC board, extracting the land region by



!stabry and at high speed without requiring correction processing. 20

; Yet another object of the present invention is to provide a nethod of

. di splaying the results of inspection in a-P8board i nspecting apparatus in
. whi ch, by adopting a system wherein the position of a defective (faulty)

_particulars of the defect (fault) are displayed simltaneously on 25 one
screen, it becomes possible to verify the position of the defective part
and the particul ahtecftihe pdefeetivht ppoteseing rvithid shal priegesstingn of
the PC board. A further object of the present invention is to - 15 -
provide a displ ayzome,hatd segtPgbanr linspepeién nzprep e dhes momnkiedc pariy
specially contriving a nethod of displaying the results of pattern
extraction, the anceptflaligiingy bff ahpredetermbuedtwidtivammbaned ified 5.

~easily and accurately. An apparatus for inspecting properties of a curved
surface accor di ng:ltm!wmrpbegethEneéﬁFﬁ6hegsl%¢%r%ﬁﬁlé?q-zed by conpri sing

- projecting neans ' ' ' I ng- ' -emtti
pr oj g 2 whi ch includes threée tyges of rlqgtfhapedIléggtfgattlng

In accordance with this inspection zone
method of the present invention, a PC board is supplied
to a PC board inspecting apparatus to image a part
mounting position, and the resulting image is subjected

to predetermined image processing to set an inspection

10 zone of the mounted part, all before the PC board is

PO

inspected. Therefore, even if there is a deviation in
the printed pattern on the PC board, an inspection zone
which includes an inspection location can be set
reliably and it is possible to set an inspection zone
15 stably and at high speed. In addition, setting a
‘reference pattern on a PC board and performing
; : correction processing using such a reference pattern are
i unnecessary. Even if a deviation occurs in extraction
of the inspection zone, there is no danger of this
20 having an adverse influence upon the setting of all.
inspection zones.

2 method of displaying the résults of inspection
according to the present invention in a PC board
inspecting apparatus for imaging a plurglity of parts

25 mounted on a PC board, inspecting the mounted state of
each part and displaying the results of inspecting each
part on a screen of a display unit is characterized by

displaying, in one area of the screen of the display



210 el enents, which are for generating red light, green light and bl ue
| i ght having |ight-em ssion energy distribu%bons with respect to wavel ength
that” provide white |ight upon being m xed, arranged at positions to
project this light, at angles of incidence that 15 differ from one
anot her, toward a surface of a curved- surface body to be inspected,
l'ight-quantity adjusting means for adjusting the quantity of 1ight of each
light- emitting eleitenta mouagel Rosahhen efaeachiBart ightthe Rbadtdl ihen
the light emtted fromthe Light-enitting 20 el enents is mxed, | mage
pi ckup neans for & reggdeFeranined: ealerghan iﬁa@%%lﬁ?ﬂn?iea sl?ﬂ“?tacé"cﬁg%e

curved- surface body to obtain i e tt | St ] | shed h d

ESoorpi f?:“‘%:ﬁfggﬁgﬁﬁgy‘ggn§°??’?%‘ﬁf;ﬁ“%ﬁfgf

. ved- 3:{{:5 SthdBIE8-PE! L &hdSs £ 1} the

i mage pi ckup nmearRE RISt O1gr & °Fb At ﬁg bl e | ﬁ% Erh

ri ng-shaped | Loht enifling el el catbfcurar ]&rfrglrég}gé f okhe

i nspected cur ed-%ﬁﬁq%ﬁygngbdﬁ'g?' _ - pALticuiars cr o
the defective part.

In accordance with this method of displaying the
results of inspection 6f the present invention, the
mounted position of .each part on the PC board is

{0 displayed in a predetermined color on the screen of the
display unit. With regard to a part judged to be
defective, the position of this part is displayed in a
color different from that of normal parts, and the
particulars of the defect also are displayed

15 simultaneously on the same screen. As a result,
correspondence is readily established between a defective
part and the position of this part on the PC board.
Moreover, the particulars of the defect exhibited by the
part can be grasped immediately, and the inspector need

20 not inspect the PC board and perform a visual
confirmation.

Further,. the present invention provides oné more
display method. This method, in a PC board inspecting
apparatus for extracting hue patterns in three primary

25 colors from an original image obtained by imaging a
mounted part on a PC board, comparing results of
extraction with taught data and judging the

acceptability of the mounted state of the part, is



different angles of incidence. Since it is so arranged that the red, green
and blue reflected-light imges fromthe surface of the curved-surface body
jare detected 5 sinultaneously and distinguiéﬁbd by hue, the properties of
ithe curved-surface body can be detected in a short tinme using the hue
‘patterns obtained. Moreover., since it is set so that white light is
-obt ai ned when the red, green and blue light rays emtted by the
‘light-emtting 10charaptexrized oy dispddying, s podisblaytecresrcf a
essential peripheral information necessary in inspecting the sol der of
‘nounted parts, e.@1SPlayowumdEi dhg priginaddhdmagpopadi 8y, inager Wabeh 8 c.)
relating to each part _on the PC board, as well as PC bgard pattern 15

.i nformati on (varigﬁ§eﬁa?%stQﬁmF?§RQQ§I@ﬁ.exqrﬁcﬁhp§'wﬂ93%9?% ER®n of

‘sol dered state insgectio can be realized.,

At hi th f th
invention for teaRht@y ¥ het it APDSIHI% gofggcbéggegﬁﬁsg ég?y9¥§of t he

appar atub T or 3 nSFERTTRG Tho MR LR Eo, Poatal pOREER, dortARRid

-board includes suppl y,00.d R ggé?' having | abels affixed at the respective
‘mounti ng positions o%hpggts ot éﬂabovenentioned PC board inspecting

‘apparatus, and i magi Ngahheri GRS, idlE &Y atP indpeBRYBhCLoRESELLRR® by NE
parts are taught by the
imaging a mounted part on a PC board, and an image, based on
the results of.extréction, colored by respective ones of the
10 pseudo colors corresponding to the hue patterns are displayed
adjacent to each other on a display screen of a display unit,
As a result, the inspector is capable of concretely grasping
the extracted state and directly comparing the colors of both
images, thus making it possible to readily verify the
15 acceptability of the extracted state.
Brief Deécrigtiog of the Drawings
Fig. 1 is a perspective view for describing the
% inspection principle in an automatic inspecting
apparatus according to the prior art;
20 Figs. 2 and 3 are explanatory views illustrating
the inspection principle in an automatic inspecting
apparatus;
Fig. 4 is a block diagram illustrating the overall
construction of a PC board ihspecting apparatus in an
25 embodiment of the present invention;
Fig..S is a diagram showing the relationship
between patterns and the acceptability of soldered

states;



positions at which the |labels are affixed and the type of a part is taught
by the color or shape of the |abel. Before inspecting a PC board, a
ireference PC board - 17 - is fabricated b¥2affixing a | abel whose col or
;or shape confornms to the type of a part at . the nounting position of the
ipart.on the PC board. This reference PC board is supplied to the PC board
‘inspecting apparatus and the 5 | abels are i naged, whereby the positions at
‘whi ch the | abel s are afFfigeed6aande? |lass fhewcHeapes shdingl ar seathtihg | abel s
-are read. The positions at which the parts are nounted are taught fromthe
ipositions at whi chrohessinal pregeduréi xed, -and the type of a part is taught
;1.0 fromthe color or shape of the label for that part. According to this
it eachi ng nethod, the r&igreficéspr Hhewehant showmchfheaRrreecfusei €fted in
‘sinple fashion nmerely by, affixing the labels. If the | abels are peeled off,
‘the PC board can BES§§G¥F?P2%H9° 95 15 economical. According to this

teaching methad, moreoyep, T4 [3aCfiatd SEASTVRRR JORR LRGeSt P!
' labels in a state affixed thereto;
| Fig. 11 is an explanatory view showing partitioned
regions on a PC board and a processing sequence;
Figs. 12a, 12b, 12c, 13a, 13b and 13c are
10 explanatory views showing the extracted images of labels
and the circumscribing rectangles thereof on an image;

Figs. 14a and 14b are explanatory views showing a

method of setting inspection zones;

Figs. 15a, 15b and 15c¢ are diagrams showing display
15 screens of a CRT display unit;
i Fig. 16 is an explanatory view showing a method of
projection processing;

Figs. 17a, 17b, 18a, 18b, 18¢c, 184, 18e and 19 are

Y L TPy P

diagrams showing methods of setting inspection zones
§ 20 with regard to a square part;
. Figs. 20a and 20b are views illustrating the set
% states of part size;
Figs. Zia and 21b are sectional views showing the
soldered states of a part;
25 Figs. 22a and 22b are explanatory views showing
iméged patterns of soldered regions;
Fig. 23 is a graph showing a data distribution of

red hue values;



iOne nore teaching method according to the present invention entails
teaching of the feature 20 quantities of the nounted state of a part
before inspecting a PC board to a PC board id¥specting apparatus for

i nspecting the nounted state of a part nmounted on the PC board. According
to this teaching nethod, a plurality of reference PC boards on which parts
have 25 been correctly nounted are successively supplied to the

abovenenti oned PC boarHignspeds ran apgrasiateorylheeWCshowing i aspisplag
apparatus is operated in such a manner that the plurality of reference PC
boards supplied agereeniofage®RT ddspdayumpigmantiti es of the nounted states
of the parts are extracted fromthe resulting inmages, these feature
quantities are processBigst2R iis ixdiliopchard shewindcal eprrevbives are set
as the 5 feature quantities. Thus, in accordance with the teaching nethod
of the present intRHMRHE RIRCTRM®ire quantities of the nounted states of

th t t ted, f he i f th I | i f f . PC
boar o, and tHe 10 stE9ST 149 APhRREo ety §EPRESCAYELY a LTS THEviRS

a display screen of a CRT display unit at the time of
teaching and an explanatory view showihg a portion of
the display screen in enlarged form;
Figs. 27a and 27b are, respectively, a view showing
10 a display screen of a CRT display unit at the time of
corrective teaching and an explanatory view showing, in
enlarged form, a portion of the display screen which
prevails when pattern extraction is acceptable; and
Fig. 28 is an explanatory view showing, in enlarged
I5 form, a pqrtion of the display screen which prevails
when pattern extraction is unacéeptable.
Best Mode for Carrving Out the Invention
Fig. 4 illustrates the construction of a PC board
inspecting apparatus in an embodiment of the present
20 invention.
The apparatus for inspecting PC boards is for
imaging a reference PC board (a positioning PC board)
208, comparing feature parameters (criteria
data) of an inspection zone of each part 21S on the
25 reference PC board 20S, which parameters are obtained by
processing the imaged data, with feature
parameters (data to be inspected) of an inspection zone

of each part 21T on a PC board 20T to undergo



iboard inspecting apparatus as feature quantities. Therefore, even if there
Is a statistical dispersion anong the nmounted states of a part fromone PC
board to another, the feature quantities eﬁ(?4aVeraged by 15 the
‘statistical processing. As a result, incidents of overlooked inproperly
nmounted parts or of normal parts being erroneously judged to be defective
are reduced in inspecting the nounted states of parts, and PC boards can be
i nspected in rel i bb$Reckidnt alliclf parameterg are obtaimed: herimaaing hehe
present invention 8rovides an inspection-zone setting nethod for setting an
i nspection zone oPCPRAMZAT J@t unGerge daspechaanrd apdpeeiierming a PC

-board i nspection apparatus for jnspecgting_ a unted part. opn a PC board. The
‘method is charact%ﬁ$é%ﬁF%ﬁP:ﬁ?'dﬁqﬁﬁmlﬁﬁ %h§ﬁggFi§a°b(P%65r T *Hroduce an

: P . L itiall . it h h

g of Lo par{ HPMILLID ORI ILPTnd NGBLLY SOk Gl g S3pERlade the

extracting the | and £egion fio 2219 SXGGULT REpRLORECIL O B OCEAS) Nehs e
ces 0 e unt ed

within the pr sSing Zone, and Sét'ting an T nspection’z
part 24, an image pickup unit 25 and a_processing unit 26.

The X-axis table 22 and Y-axis table 23 are each
equipped with a motor (not shown) controlled by a
control signal from.the processing unit 26. Driving

10 these motors causes the X-axis table 22 to move the
image pickup unit 25 in an X direction and causes the Y-
axis table 23 to move a conveyor 27, which supports
either the PC board 20S or 20T, in the Y direction.

The PC boards 20S and 20T are irradiated by the

15 projecting unit 24 and imaged by the image pickup unit
25.

The projecting unit 24 is equipped with ring-shaped
light-emitting elements 28, 29, 30 which respectively
generate red light, green light and blue light, based on

20 control signals from the processing unit 26, for
irradiating the object of inspection at different angles
of incidence. The PC board 20S or 20T is irradiated
with light obtained by mixing the light of these three
primary colors emitted by the light-emitting elements

25 28, 29, 30. The reflected-light image is converted into
an electric signal by the image pickup unit 25. In this
embodiment, the light-emitting elements 28, 29 and 30

employed are of a structure in which sources of white



lby enl arging, by a predeterm ned width, an area circunscribing the
‘extracted |and region. 5 I n accordan with this inspection zone
setting nmethod of the present invention, a board is supplied to a PC
"~ board inspecting apparatus to image a part nounting position, and t he
resulting inmage is subjected to predeterm ned image processing to set an
i nspection 10 zone of the nounted part, all before the PC board is '
i nspect ed. Ther ef bight eams ddvertedy aviith godevedt toanspareRt pplated (RAXQT n
~on the PC board, an inspection zone which includes an inspection |ocation
can be set reliabfyleens) tof throealnrs r6%ecrgan; ABReELY®N zone 15 stably

and at high speed. 1In addition, setting a reference pattern on, a PC board
and perforning coFPeReFbVebcedOWRY s 7§ 1088 35 EFgriﬁ%e%Qb%H‘ &'ergolre

e o mgate Ao I LA, o, i BB R e hnb Ry REOFEL
-setting of allgi nsﬁggﬁgg‘?%é{)sg%g%teﬁtiq&&%d t%f tﬁ%eﬁgggﬁéngtwgtﬁféyl t $o0f

i nspecti on aceordi nvention oard I nspecting

appar atus for inmgjl I [ tys . of
gk%ﬂafgfa%%féﬁ %&ﬁg}%yﬁﬂﬁaaﬁglognﬁﬂhsgegaeﬁtthﬁﬁ@*@red,

i nspecting the nounte di splaying the results of
inspecting each green, blue) can be used, or use can be made of three

ring-shaped neon tubes (red, green, blue).
In order to make it possible to detect, under
10 illumination, information (part number, polarity, color
code, etc.) relating to parts on the PC boards 20S, 20T
or information (varibus marks, etc.) relatiﬁg to a
pattern on a PC board, the projecting unit 24 is
designed in such a manner that perfectly white light is
15 obtained when the light rays of the three hues emitted
| by the light-emitting elements 28, 29 and 30 are mixed.
Specifically, the light-emitting elements 28, 29 and 30
are constituted by light-emitting elements which |
respectively emit a red-light spectrum, green-light
20 spectrum and blue-light specprum each having a light-
emission energy distribution with resbect to wavelength
{a light-emission energy distribution in which
wavelength is plotted along the horizontal axis and the
peak thereof is set a 1 (100%)] that will give white
25 1light by mixing the colors. The éuantity of the colored
light outputted by each of the light-emitting elements
28, 29, 30 is adjusted by an imaging controller 31 in

such a manner that the red light, green light and blue



part on a screen of a display unit is characterized by displaying, in one
‘area, of the screen of the display -20- unit, a nounted position of each
:part on the PC board in a predeterm ned col o#® and a position of a part,
:judged to have nounting fault, in a color different fromthat of the
‘positions of other parts, and sinultaneously 5 displaying, in another
.area, particulars of the defect of the defective part. I n accordance with
this nethod of di 3pbhyi emitbed rizsuties kfghtnematitiog ellemérter28en29, 30
dnvention, the nmounted position of each part on the PC board is 10

:di spl ayed in a prwidleyhebddwitbterlight o bedngofrixgd.di splay unit. Wth
‘regard to a part judged to be defectjve, the position of this part is

idi spl ayed in a col or dFhReeiBAGiRG JRihadd ofS RFUIEPSFamish angolne
tparticulars of the defect also arecgis | ayed 15 _ sinul taneously on the sane
'screen. As a resGPLEVESIPRSHITRIER iglF%%&ﬁ¢ya%%X%mﬁﬁ%rﬁﬂPb%¥ﬁk%ﬁ ynit 24.

defecty ve Pars andefiesP88' LAl el P 18U BB LRORGH 140 cOver the
converted into color signals R, G, B of the three
primary colors by the color television camera 32, and
the color signals are supplied to the processing unit
26.
10 The processing unit 26 comprises an A/D converter
33, an image processor 34, a teaching table 35, a
decision ﬁnit 36, the imaging controller 31, an X, Y

table controller 37, a keyboard 40, a CRT display unit

41, a printer 42, a floppy disk device 43, a memory 38

15 and a controller (CPU) 39. In the teaéhing mode, the
processing unit 26 detects, through a method described
later, the mounted position of each part 21S on the

% : reference PC board 208, the type of the mounted part,

its mounted direction and inspection zone, and processes

§ 20 the color signals R, G, B regarding the reference PC

| boaré 20S, whereby hue patterns of the colors red, green
and blue are detected with regard to the inspection zone
of the part 21S whose soldered state is acceptable, thus
forming feature parameters to fabricate a |

25 criteria data file. In the inspection mode, the ’
processing unit 26 processes the color signals R, G, B
regarding the PC board 21T that is to be inspected,

detects similar hue patterns with regard to the



part’ can be grasped i mrediately, and the inspector need 20 not inspect the

¢ PC hoard and performa visual confirmation. Further, the present invention
: provides one nore display nethod. This methéd, "in a PC board i nspecti ng

apparatus for extracting hue patterns in three primary 25 colors froman
:original inmge obtained by imaging a nmounted part on a PC board, conparing

results of extraction with taught data and judging the acceptability of the

~nmounted state of irdpepariion izéne of2dachhpantt2iT zenl thisliRpikppndg, aod a
~display screen of a display unit, the original inmage and an inmage, which is
. based on the resuamnsof fextueetpanamatipugenthenebyr fgbni¢atimgeanand
;colorlng the image based on the 5 results of extraction using pseudg.colors
* correspondi ng to inapeareddatar filean SRPGPRAFEFFHR Wit FIRIF&S i S20ne

- obtained by inmaging a nounted part on.a PC bo
‘the results of exMSRAGHES d@&lao% g@ﬁt%

L€

- hased on

d, d ' ,
ddepyifis %v?fﬁ%ét%fnn?lﬂa %(F_enﬁseudo

col ors i i
: corresgondéant% tf%ltehean lfeb%%teae{zggnaléﬁed'régﬂf\wdof the comparison,

[ PP Y

- automatically judges, with regard to a predetermined
part 21T on the PC board 20T to be inspected, whether
the soldered portion of this part is acceptable or not.

Fig. 5 shows a'table illustrating the relationship

10 Dbetween sectional views of solder 44 when soldering is
acceptable, when a part is missing and when solder is
inadequate, and the imaged pattern, red pattern, green
pattern and blue pattefn in each of these cases. Since
a clear difference appears between these hue patterns,

15 whether or not a part is present and whether or not
soldering is acceptable can be judged.

Returning no& to Fig. 4, the A/D converter 33, upon
being supplied with the color signals R, G, B from the
imaging unit 25, conver?s these signals into digital

20 signals and applies the digital signals to the
controller 39. The memory 38 includes a ﬁAM used as a
working area of the controller 39. The image processor
34 subjects the image data supplied via the controller
39 to image processing, creates the inspected data file

25 and criteria data file and supplies these data files to
the controller 39 and decision unit 36.

The teaching table 35 stores the criteria data file when

this file is supplied to it from the controller 39 in the teaching mode.
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adj acent to each other on a di splay screen of a display unit. As a result,

-the inspector is capable of concretely grasping the extracted state and

directly conparing the colors of both inage?? tthus making it possible to
readily verify the 15 acceptability of the extracted state. Brief
Description of the Drawings Fig. 1 is a perspective view for describing the
I nspection principle in an automatic inspecting apparatus according to the
prior art; 20 When Rilgs .ccdhtamd 18ra3d® exppatsat ar yramefwr | féqsestatimgttde

i nspection principle in an automatic inspecting apparatus; Fig. 4 is a

bl ock di agram i | |iRspPegtinp madeydhg teashingutabse &S xepEdisiy ko this

.inspecting apparatus in an 25 enbodi nent _of the present invention; Fig. 5

‘acceptability of sol dered states

i s a di agram shovF®@rede BkeIr@addfshiopthéhReripariardatantileaand
7.are flowharts

showi ng a teachirﬁP?P%%%@%ﬁHb gggﬂﬁﬁé%}ogigg'Bg,ane decision unit 36,

5 etec.

In the inspection mode, the decision unit 36
compares the criteria data file supplied by the
controller 39 with the inspected data file transferred
from the image processor 34, judges the acceptability of

10 the soldered state with regard to the PC board 20T
undergoing inspection, and outputs the result of
juagment_to the controller 39.

The imaging controller 31 is equipped with

interfaces and the like for connecting the controller

15 39, projecting unit 24 and image pickup unit 25. The
imaging controller regulates the quantity of light of
each of the light-emitting elements 28, 29, 30 in
accordance with commands from the controller 39 and
performs control for maintaining balance among the

20 colored light outputs of the television camera 32 in
image pickup unit 25.

The X, Y table controller.37 is equipped with
interfaces and the like for connecting the controller
39, X-axis table 22 and Y-axis table 23, and controls

25 the X-axis table 22 and Y-axis table 23 based on the
output of the controller 39.
The CRT display unit 41 is equipped with a cathode-

ray tube (CRT). When supplied with image data, the



Fig. "8 is a flowchart showi ng the procedure of inspection processing; 5
Figs. 9 and 10 are plan views of parts showing labels in a state affi xed
thereto; Fig. 11 is an explanatory vi ew sho®®nhg partitioned regions on a PC
board and a processing sequence; Figs. 12a, 12b, 12c, 13a, 13b and 13c are
10 explanatory views showi ng the extracted i mages of |abels and the
circunscri bing rectangles thereof on an inmage; Figs. 14a and 14b are

expl anatory vi ewsresoYtspf juddrehtofandekieyed -ins pepet odatanbeom Ak, 154,
15b and 15c are diagrans show ng display 15 screens of a CRT display
unit; Fig. 16 i s contxpllemtdfty theeWRIhdiispdax neihodloligplavetthese on
processing; Figs. 17a, 17b, 18a, 18b, 18c¢, 18d, 18e and 19 are diagrans
showi ng net hods of @isplay) $IRgRILt i SiPonokedngosuppLhed cyhtly the retike

part; Figs. 20a and 20b are views illustrati h t t f t size;
Figs. 2la and 21b°§réu§Q@§¢¥nﬁﬂd\Ehﬁmgggﬁb%thgFh§e§§§HE$iﬁé§f%§es€@$ aSlze

art; 25 Figs. 22 ' '
Pt orb of o8 dopBintes 4Agrints T S 1R’ 8" bréa&tRriiRh HotREOSe

The keyboard 40 is equipped with various keys necessary
for entering operating information as well as data’
relating to the reference PC board 20S and PC board 20T
to be inspected. Information and data entered from the
10 Xkeyboard 40 are supplied to the controller 39.
' The controller 39 includes a microprocessor and
controls teaching and inspecting operations in line with
a précedure described next.
First, an example of a teaching opefation will be
15 described with reference to Fig. 6. At the start of
teaching, the controller 39 turns on the projecting unit
24 and image pickup unit 25 and arranges the imaging
conditions and data processing conditions. At step 1
(indicated by "ST1" in the drawing), the operator
20 manipulates the keyboard 40 to register the
name of the PC board that is fhe object of
teaching and enter the size of the PC board.
Thereafter, at the next step 2, tﬁe operator sets the
reference PC board 20S on the Y-axis table 23 and
25 presses a START key. At step 3, the corners at the
uppér right and lower left of the reference PC board 20S
are imaged as the origin of the PC board by the image

pickup unit 25, and the corners are displayed on the CRT



we

Fig. 23 is a graph showing a data distribution of red hue val ues; - 23 -

: Fig. 24 is an explanatory view showi ng a diéglay screen of a CRT display

-unit; Fig. 25 is a flowhart showing a corr

tive teaching procedure; 5

- Figs. 26a and 26b are, respectively, a view showi ng a display screen of a

CRT display unit at the time of teaching and an expl anatory view show ng a

:portion of the display screen in enlarged form Figs. 27a and 27b are,
"respectively, a vikw Streviaomeredorapdiesgesyasepeechf i keI spl ay unit at

the time of corrective teaching and an_exglanatpry view showi ng, in
enlarged form a Pesitionisio thEusisos af $8LcRASHRICH P KRG SHRST pattern

extraction is acceptable; and Fig. 28 is an_explanatpry vie how o
enl arged 15 forHVh%FQRQQH(ﬁhQﬂCQH¥§l9?§GPa9fsE£%e9°§&ﬁ ?Prﬁi&éh?s?qggﬁ# "

i pattern extraction is unacceptable. Best .Mde fo rrying Qut
Invention Fig. 4 3% RS a5 &S rEPFGPRERS 0P agél% %‘I%)% d &l ehe

5 basis of the entered coordinate data, the controller 39
controls the X-axis table 22 and Y-axis table 23 to
position the reference PC board 20S at an initial
position.

The reference PC board 20S is formed as one having

10 acceptable mounted states by properly soldering the
prescribed parts 21S at the prescribed part mounting
positions. Labels 50, 51 of the kind shown in Figs. 9
and 10.are affixed to the top surface of each part 21S
substantially at the center thereof.

15 The labels 50, 51 are used for the purpose of
teaching the mounted position of each part 21S, the type
of the mounted part and its mounted direction (the
direction of the part). in the case of this embodiment,
a yellow hemispherical label 50 is affixed to a

20 rectangular part 21S such as an SOP (small outlined
package) having a number of leads on both longitudinal
sides the;eof, the label being affixed with its arcuate
portion ofiented in the mounting direction (the specific
direction of the part 218) (Fig. 9). A red circular

25 label 51 is affixed to a square part 21S such as a QFP
(quad flat package) having a number of leads 52 on all
four of its sides (Fig. 10). A label of a different

color or shape is affixed to a chip part (not shown)



:inspécting apparatus in an enbodi ment of the present 20

i nventi on. The

apparatus for inspecting PC boards is for |nag|ng a reference PC board (a
positioning PC board) 20S, conparing f eat ur &1 paranmeters (criteria data) of
an inspection zone of each part 21S on the 25 reference PC board 20S,

whi ch paranmeters are obtai ned by processing the i maged
paraneters(data to be inspected) of an inspection zone

data, with feature
of each part 21T on

a PC board 20T t sushleagysquare24hipnspént this ehbodimpentanethes snamreciolg ai ned

by imaging the PC board 20T to undergo inspection, and

erform ng

i nspection to detresitiomted fepagicispianghtTbystherpesttiommintwiticind

sol dered. The apparatus includes 5 an X-axis table 22,

a Y-axis table 23, a

projecting unit Zhe Aphelds @tdixedunthertypadof PAbE ek itrrah Y dherhe
X-axis table 22 and Y-axis table re.e eqU|p ed with a nDtor (.not
shown) control | ecf %%tﬁaﬁp%f’é ?‘ef P-Bﬁ?ttﬂhea’ﬂ?o & IHPERA (LY i ng
10 these ”Dtﬁrs é?ugﬁg;paf%.x-a %%g%%bgg %ﬁetg;recgion in which the

label is affixed. Both the color and shape of a label

are used to identify the type of part in order to

prevent erroneous identification based on only a single

item of information.

10 According to this embodiment, use is made of the

reference PC board 20S on which the prescribed parts 218

have been properly soldered at the part mounting

(5

20

25

positions, and the label 50 or 51 is affixed to the top
side of each part 21S. However, it is permissible to
use a PC board on which a part has not been mounted and
affix the label 50 or 51 to the PC board at the part
mounting position. In this latter case it would be
necessary to separately prepare a PC board for teaching
feature parameters, described later, in addition
to a PC board for teaching the part mounting positions.
Returning to Fig. 6, teaching processing with
regard to part mounting position and mounted part
type is started at step 4 when the reference PC board
20S is positioned at the initial position.
Fig. 7 illustra£es the details of this teaching
processing. At step 4-1, "1" is initially set in a
counter i of the controller 39 for counting imaging

zones. A zone on the reference PC board 20S



i mage pickup unit 25 in.an X direction and causes the Y- axis table 23 to
move. a conveyor 27, which supports either the PC board 20S or 20T, in the Y
direction. The PC boards 20S and .20T are iTr3gliated by the 15 projecting
unit 24 and imaged by the inmage pickup unit- 25. The projecting unit 24 is
equi pped with ring-shaped light-emtting elenents 28, 29, 30 which
respectively generate red light, green |ight and blue |ight, based on 20
control signal s fromrtbpopdingstss nchelrgdntdmt fofr ther eduatengit hs dinggedt of
i nspection at different angles of incidence. The PC board 20S or 20T is
irradi ated with | agbt thet anbbiabyErane rig todmeduicgid (stephds@)three prinmary
colors emtted by the light-emtting el ements 25 28, 29, 30._ The

refl ected-1ight i mage A§ €BAYRrivdFigit olhn Bre@nda ofi §hel PEyPeredi vlSe

pi ckup unit 25. In this enbodipent, the light-emtting elenents 28,__29 and
30 enpl oyed are ofSaPRfFLEioRediipthicm c&& GFcﬁﬁgﬁﬁlar Z9BeS| P3nt are

covered with Gl opgdyt£208R8" €M el Shd AL b BETR)ED! A8 &Qlers red.

green and bl ue,
rectangular zone 53 corresponds to the size of one

frame. First, a frame of the zone 53 at the lower left
is producéd and the processing of step 4-3 to
step 4-10 is executed. Thereafter, similar processing

10 . is executed repeatedly with regard to each of the
rectangular zones 53 in accérdance with the arrows shown
in the drawing.

First, at step 4-3, extraction of red zones is
performed in the image processor 34.

15 Letting a pixel position on an image be represented
by (x,v), and letting the gray-level values
(luminosities) of the primary colors of a pixel at
coordinates (x,y) be R (x,y), G(x,y) and B(x,y), the hue
values r(x,v), g({x,y) and b(x,y) of the colors red,

20 . green and blue will be given by the following equations

(2), (3) and (4), respectively:

rix,y) = [R/(R+ G + B)] x 100 ... (2)
ai{x,y) = [6/(R + G + B)] x 100 cee (3)
b(x,y) = [B/(R + G + B)] x 100 co. (4)
25 The processing of step 4-3 for extracting red zones

is executed by extracting pixels which satisfy R(x,y) 2

T, and r(x,y) 2 T2 (where T;, Tz are fixed values that

are preset).



respectively. However, as long as the light-enmitting el enents generaté

:light of the three primary colors, the 5 inventionis not limted to the

above structure. For exanple, three ring-sha®d col or fluorescent |anps

(red, green, blue) can be used, or use can be made of three ring-shaped
‘neon_tubes (red, green, blue). In order to make it possible to detect,

under 10 illumnation, information (part nunber, polarity, color code,
etc.) relating to partpigs.tiza Rthimagdsl2203112@tratei af pedutona $yari ous
marks, etc.) relating to a pattern on a PC board, the projecting unit 24 is

.desi gned i n such exteareed tdmtarpemiage 58 .whiFig.| L3at i1udtraods athedredthen

the light rays of the three hues emtted by the light-emtting el ements 28,

'29 and 30 are mi xeene peerached |at the cenfrelepprtiog ef cekaitinase $H and

‘white 25 light by mi

P

. A e s

30 are constituted by_|ight-emtting_elenments which respectively enmt a
red-1ight spectruﬁ?dgFE%%=l1%ﬂn 125 Sh§Bb&PPuﬁ?$na°B?u§5I?{ﬁﬁagﬁé§n¢%n1each
naving & L9y S SSLon SISt desl Loulopuhgiespect Lo vavel ength L2
o 2o s A AGeREn LIS Bk RrhnbdBoeba! bbb
outputted by eaChtﬁg féﬁ*iéﬁg“5§ﬂﬁéif&yﬁeﬁlSgﬁgkﬁcing the contour of the
extracted red zone 55, and it is determined whether the
lengths of two sides of the circumscribing rectangle are
10 Dboth greater than a radius L of the label 51. In this
way it is determined whethef the size of the red zone 55
is greater than a fixed size, namely whether the red
zone 55 is one correspondiné to thé image of the red
label 51.
15 If the decision rendered at step 4-4 is NO, then
step 4-5 is skipped and the program proceeds to step 4-
6. If the decision at step 4-4 is YES, however, the
controller 39 calculates, at the next step 4-5, the
coordinates of the center of the red zone 55 in
20 conformity with each of the cases shown in Figs. 1l2a
through 12c.

Specifically, Fig. 12a illustrates a case in which
the extracted red zone 55 does not contact any of the
sides of the image S4. In this case, the position of

25 the center of the circumscribing rectangle abcd is
adopted as the position of the center of label 51.

Fig. 12b illustrates a case in which the extracted

red zone 55 contacts any one side of the image 54. 1In



?28; 29, 30 is adjusted by an imaging controller 31 in such a manner thaf

the red light, green light and bl ue -26- light emtted by the

light-emtting elements 28, 29, 30 will vyiel@d4white |ight upon being nixed.

The imaging unit 25 is equipped with a color television camera 32 situated
above the projecting unit 24. 5 Reflected |light fromthe PC board 20S or
20T is converted into color signals RR G B of the three primary col ors by
the col or tel evi sithicarawes 32 leantht DB €otmrone geirst & s i ed to the
processing unit 26. 10 The processing unit 26 conprises an A/D _
converter 33, an igraymmEUdddngr ré¢tangleazbedgin athe Gy ectidecichi ddneni t

.36, the imaging controller 31, an X, Y table controller 37, a keyboard 40,
a CRT di spl ay unitsegment &b disetaken gof feppyadrektangde /T ’'dy @anforte3s

15 and a controller (CPU) 39. 1In the teaching node, the processing unit
26 detects, throu@PsitHrhed §becrrBERT| af cFhis neetiAnal® o A&aRseDRSeach

art 21S on the reference PC board 20S, the t f ot t ed t
P g the poéition of the center of "avel 4%% frount ed par

Fig..12c illustrates a case in which the extracted
red zone 55 contacts two sides of the image 54. In this
case, lengths 2L from one point a on the circumscribing
rectangle abcd in the directions of line segments ab, ad

10 are taken to form a rectangle ab’c’d’, and the position
of the center of this rectangle is adopted as the -
position of the center of label 51.

When the coordinates of the center position of the

label 51 have been found, the controller 39 transforms
15 these coordinates into coordinates in the coordinate

system of the reference PC board 20S and adépts these new

coordinates as the position of the part; |

Next, the image processor 34 extracts a yellow zone
at step 4-6. Processing for extraction of this yellow

20 zone is executed by extracting pixels which satisfy
R(x,y) 2 T3, r{x,y) > Ta, G(x,¥) 2 Ts5, g(x,¥) 2 Ts,
Bi(x,y) < Ty, bi(x,y) < Tg, (where T3 through Tg are fixed

" values that are preset). |

Figs. 13a through 13c illustrate a yellow zone 57

25 extracted on an image 56. Fig. 13a illustrates the
yellow 2zone extracted at the central portion of the
image 56, and Figs. 13b, 13c show the yellow zone 57

extracted at peripheral portions of the image 56.



jits mount ed direction and inspection zone, and processes 20 t he col or
signals R G B regarding the reference PC board 20S, whereby hue patterns
-of the colors red, green and blue are det sc@d-wi t h regard to the

i nspection zone of the part 21S whose soldered state is acceptable, thus
formng feature paraneters to fabricate a 25 criteria data file. |In the
I nspection node, the processing unit 26 processes the color signals RR G B
regardi ng the PC boar iN&Xtl, tatatstiep #o7heai aipeunedribivig aterctsinglearabude
patterns with regard to the -27- inspection zone of each part 21T on
‘this PC board, arik fformed dbat gracpagatbecrontomweredthieweldam @pnen 57,
.inspected data file. The processing _unit conpares this inspected data file
Wi th the abovene®brdd i& Peéermiseddubather ethadlengide el gne Side ofults
.of the conparison, auLonaticaLI¥ | udges, with, regard toﬁglpredeternined

part 21T on the PRDEAEFTEFLLE BJQ Fi shaneig i FRheT b %er ed portion
el ati onshi p o TSR S5cEPBARUloR Bactrer AT 13 o
other side is greater than L/2. In this way it is
determined whether the size of the yellow zone 57 is
greater than a fixed size, némely whether the yellow
zone 57 is one corresponding to the image of the yellow
10 1label 50.
If the decision rendered at step 4-7 is NO, then
step 4-8 is skipped and the program proceeds to step 4-

9. When the decision at step 4-7 is YES, the controller

e e T it PRSP R - e

39 calculates, at the next step 4-8, the coordinates of
15 the center of the yellow zone 57 in conformity with each
of the cases shown in Figs. 13a through 1l3c.
Specifically, Fig. 13a illustrates a case in which
f the extracted yellow zone 57 does not contact any of the
‘ sides of.the image 56. In this case, the position of
20 the center of the circumscribing rectangle abed is
adopted as the position of the center of label 50.
Fig. 13b illustrates a case in which the extracted
vellow zone 57 contacts any one side of the image 56.
In this case, a rectangle (indicated by the dashed line)
25 1is formed such that one side of the circumscribing
rectangle abcd will be L and the other side L/2, and the
positiqn of the center of this rectangle is adopted as

the position of the center of label 50.



l acceptabl e, when a part is mssing and when solder is inadequate, and the

+ imaged pattern, red pattern, green pattern d blue pattern in each of

. theSe cases. Since a clear difference appéagg bet ween t hese hue patterns,
15 whether or not a part is present and whether or not soldering is

- acceptabl e can be judged. Returning nowto Fig. 4, the A/D converter 33,
~upon being supplied with the color signals R G B fromthe imging unit

25, converts these si dgfigs i3ut dldiugitrates0a cssgnanswhih aphe i estigrted
digital signals to the controller 39. The nenory 38 includes a RAM used as.
a worki ng area ofyehowoane|dercgtaqte ?%g%l%?%c%%sB‘PSSHmé%j 2fts {Rethis

| napect od dat A f 1948215 o FRECARE L Aad APRLFRC PR T | SASHeR LR 30
Stores the or it oriCriEd £ ENRTCRTER PRSP P FReSTPETTEt TS Trom the
con oLV o 39511 S05 G TR b b, Bl FHUBEHAE £O88 004 lorf ong
responds to this position of the center of this rectangle is adopted as
the poéition of the center of label 50.
When the coordinates of the centef position of the
label 50 has been found, the controller 39 transforms
[0 these coordinates into coordinates in the coordinate
system of the reference PC board 20S and adopts these
new coordinates as the position of the part.
The controller 39 calculates the coordinates of the
position G of the center of gravity of the yellow zone
15 57 and, based on the positional relationship'betWeen the
position G of the center of gravity and the
abovementioned center position O, detects in which
direction the arcuate portion of the yellow label 50.is
oriented. For example, in a case where the coordinates
20 of the center position O of the circumscribing rectangle
abcd are (xb,yg) and the coordinates of the center-of-
gravity position G of the yellow zone 57 are (xg,yg)., it
is judged that the arcuate portion of the yellow label
50 is oriented in the leftward direction (the negative
25 direction along the X axis) if the relations Yo = Y@, X0
{ Xg hold.
When extraction of the red zone 51 or yellow zone

50 and the calculation of the center positions of these



request by reading out the criteria data file and supplying it to the
controller 39, the decision unit 36, 5 etc. In the inspection node, the
idecision unit 36 conpares the criteria dat-a 3fli e supplied by the controller
{39 with the inspected data file transferred fromthe image processor 34,
!judges the acceptability of 10 the soldered state with regard to the PC
.board 20T undergoi ng inspection, and outputs the result of judgnment to the
icontroller 39. Theonesmairy i compdetdd, i sheqoowpesr vi tis i irerdmaasednd
ithe like for connecting the controller 15 39, projecting unit 24 and i mge
:pi ckup unit 25. Tae stemidrd cowt idl Ler detgumaned {dieep U0l pased igght of
.each of the light-emtting elements 28, 29, 30 in accordance with comrands
‘from the control | che 3Pnhenysecfothe counter iovhethen praigrpiaiaantidhanong
‘the 20 colored light outputs of the television camera 32 in inage pickup
unit 25. The X, Yee% tomllomestaggularegangpes o1 HFhaiafaranca®e t he
‘i1 ke for conngcting the controller 39, X-axis_tableg 22 and Y-axis _table 23,
‘and control s 55 tPrRAsd &%%%gfé-an&%gv-t Qi deFLpAP 2£ aF N out put

of the controllertﬁg% the program returns to step 4-2 and processing

similar to the foregoing is executed with regard to the
rectangular zones 53 designated on the reference PC
board 20S by the value of the count in counter i.
é; 10 Fig. 15a illustrates a display screen of the CRT
unit 41 when the foregoing processing proceeds.
Displayed in a predetermined region 58 of the screen are
detected positions 59 (indicated by "+") of rectangular

parts 21S on which the yellow labels 50 have been

15 - affixed, and detected positions 60 (indicated by "-" of
§ square parts 21S on which the red labels 51 have been
affixed. -

If the decision rendered at step 4-10 is YES,

processing for teaching part position and type is
é 20 completed, the program proceeds to step 5 in Fig. 6, and
; the reference PC board 20S is conveyed out..

At the next step 6 in Fig. 6, the operator sets the
‘reference PC board 20S, on which prescribed parts have
been properly mounted at predetermined positions, on the

25 Y-axis table 23 and then presses the START key to start
teaching processing fof the purpose of setting a
inspection zone. In this embodiment, the PC board used in

the teaching processing of the earlier step 4 is re-



§The CRT display unit 41 is equipped with a cathode- ray tube (CRT). mhen

-supplied with i mage data, the - 29 - results of judgnent and keyed-in
i nput data fromthe controller 39, the CRTcﬁ%p1ay unit 41 displays these
on a display screen. Upon being supplied with the results of judgnent and
the like fromthe controller 39, the 5 printer 42 prints this out in a
predeterm ned. format. The keyboard 40 is equi pped with various keys
necessary for entetihjzejpeastthg refaremie AC doamdl R0gsfdataeteinging to
the reference PC board 20S and PC board 20T to be inspected. |Infornation
and data entered fingpechionozoneybdinwevEy arid 995 wathoutt favinat Eater
39. The controller_ 39 includes a m croprocessqor, and _controls teachi ng and
i nspecti ng oper at FBRsPFASERHlRY S koh ide &Rt & 1A sedi bedtha&t. First, an

exanple of a teaching oggration will be 15 described with reference to
Fig. 6. At the sREFERSF™RYching, the controller 39 turns on the

PrOLSCEL 0 UNE 24 andk 1R SOk U LR 00 4,8119095° e s RO Bincer
j of the controller 39 for counting the number of parts.
Based on the part-position data obtained by earlier
teaching, the controller 39 controls the X-axis table 22
and Y-axis table 23 .to position the first part 218

10 within the field of the television camera 32 and causes
the part to be imaged.

Figs. 1l4a and 14b concretely illustrate an

inspection;zone setting method with regard to an image
61, of a rectangular part such as an SOP, obtained by

15 this imaging. This method entails initially setting,
with respect to the image 61, rectangular processing
zones 62A, 62B, indicated by the chain lines in Fig.'
l4a, corresponding to both side portions of the SOP
part, automatically extracting lands 63 on the PC board

20 Dby performing- projection processing within each of the
processing zones 622, 62B, thereafter obtaining
circumscribing rectangles 68A, 68B which include the
lands 63, as shown in Fig. 14b, and setting rectangular
inspection zones 64A, 64B by enlarging the

25 circumscribing rectangles a predetermined width in all
directions. This processing for setting inspection
zones will be described in detail later.

Though a method of setting inspection zones with



(indicated by "ST1" in the drawing), the operator 20 manipul ates the
keyboard 40 to register the nane of the PC board that is the object of

t eachi ng and enter the size of the PC board39Thereafter, at the next step
2, the operator sets the reference PC board 20S on the Y-axis table 23 and
25 presses a START key. At step 3, the corners at the upper right and

| oner | eft of the reference PC board 20S are imged as the origin of the PC
board by the inmagsegurkuo whd S2P pant whelcbenexémpl £f td Heyed i ddws CRT
-30- 41. The operator presses a specific key upon positioning a cursor at

t he position of eecthadr rmyinghehettpthet Bettingdofiaimspedtidre zmses iian of
the cursor are entered as the coordinates of the corner. On the 5 basis of
the entered coor dtartiedsut, byvhe sethedl repfgominat @l thihesettivias table 22
and Y-axis table 23 to position the reference PC board 20S at an initial
posi tion. The refetre withaeoardosoi sthernparss amcvehli ng 10 acceptable

nmounted states by properly solderin% the ) \
§ After the setting of inspection zones is thus

completed for the first parf, the operator presses a
NEXT key on the keyboard 40 at step 9, whereupon the
counter j is incremented (step 10) and it is determined
(step 11), based on ‘the contents of the counter j,

10. whether the setting of inspection zones has been
performed for all of the parts. If the decision
rendered at step 11 is NO, the next part is imaged and
processing similar to the foregoing is executed.

Fig. 15b illustrates.a display screen of the CRT

15 display unit 41 when the foregoing processing proceeds.
Whenever inspection zones of the parts are set at the
detected positions 59, 60 of these parts in a region 58,
the display of the positions 59, 60 is changed over to
displays 65, 66 conforming to the shapes and sizes of

20 the parts. .

When the decision at step 11 becomes_YES as a
result of repeatedly executing the same processing with
regard to all parts, the reference PC board 20S is
conveyed out (step 12), then the program proceeds to

25 processing for teaching characteristic parameters.

- | First, at step 13, a counter n in the controller 39
for counting the number of PC boards is initially set to

one, after which the operator sets the first reference



gprescribed parts 21S at the prescribed part nounting positions. Labels 50,
51 of the kind shown in Figs. 9 and 10 are affixed to the top surface of
each-part 21S substantially at the center th&Peof. 15 The | abel s 50,
‘51 are used for the purpose of teaching the nounted position of each part
21S, :the type of the nounted part and its nounted direction (the direction
of the part). In the case of this enbodinent, a yell ow hem spheri cal | abel
50 is affixed to C2boarde20angoharopawhidi oesdridedapas® hawel beent | | ned
package) having a nunber of |eads on both |ongitudinal sides thereof, the

| abel being af fi x@gomerhyi nountedate poedetermninashtlogationse andusoldgred
-direction (the specific_direction of the part 212@ (Fig. 9). Ared circular
25 label 51 is ARtPxPdars) aCBqHRAG Y pa¥is 2table @3 and; Poeeses§uiher START

package) having a_nunber of |eads 52 on all four, of its sides (Fig. 10). A
| abel of a differ&8¥ € IG}r‘eoLegh%@édigo A i ERP 114 2 WRRESURRR t&’ﬁot shown)

ot 15U S ROLRe b8, L R S Bar R TR B Lb R4 °
by the earlier teaching operation, and the inspection-
zone data, controls the Y-axis table 23 at step 15 to
successively position the field of the television camera
32 at each part and. image each part.

10 The color signals R, G, B of the three primary

colors obtained by imaging are converted into digital

data by the A/D converter 33 and these digital data are

-

stored in the memory 38 in realtime. Next, the

controller 39 extracts each land within the inspection
15 =zones of each part obtained by earlier teaching, reads
é the image data of each hue relating to these lands out
of the memory 38 and transfers the image data to the

image processor 34. The image processor 34 binarizes

Pl ra. cabaamam A, cme a8

the image data of each hue at a suitable threshold value
i 20 hue by hue, detects the normal soldered state of each of
l the lands as patterns of the colors red, green and blue,
and calculates the feature of these patterns as
feature parameters.
Fig. 2la illustrates a lead 52 properly soldefed to
25 a land 70 with regard to the part 21S mounted on the
reference PC board 20S. Here a sufficient amount of
solder 71 is placed on the land 70 and covers the land

70 up to a tip 70a thereof.



‘the label is affixed, the type of part is taught by the col or and shape of
:the | abel, and the nounted direction 5 of the part is taught by the
-direction in which the | abel is affixed. Bot4lthe color and shape of a

.l abel are used to identify the type of part in order to prevent erroneous
I deni'i fication based on only a single itemof information. 10

According to this enbodi nent, use is nmade of the reference PC board 20S on
whi ch ‘the prescri bed puhta 2d&h havisoditelyprazldrieds dlegdnadigt ihkhgefara
nmounting positions, and the |abel 50 or 51 is affixed to the top side of
.each part 21S. Hopetterni¢fishppss prisishiye codot's sush asPshbwar iinoRighi ch a
;part has not been nounted and affix the |label 50 or 51 to the PC board at
‘the part nounting2gasappears| nin mhidhtthe redse@one asutbebtipepestioy to

'separately prepare_a PC board for, teaching feature paranmeters, described
‘later, in additi on0202PPeRr% BRY HeHl@lyr redaoiing tRethar Prasemee ot

.posi tions. Retwurni to Fig. 6, teaching processing with regard to part
nmount i ng posiE#ontggdsﬂﬁﬁﬁgéﬁlpart type is started at step 4 when the

Froo 7 ustrates ¢heraer RISl THhe nel I iis. a8e phbStand eith 4.1,
n1 is initially §8§a£& fo the red zone of the tip portion 70a and this
is adopted as a feature parameter.
When extraction'of a plurality of feature

10 parameters is completed for each and every part with
regard to the first reference PC board 208, this circuit
board is conveyed out. Thereafter, the counter n is
incremented to designate the second reference PC board,
and processing for feature parameter extraction

15 is executed through a procedure similar to that
described above.

when processing for extracting feature

parameters ends for a predetermined number (n) of
reference PC boards 20S, a YES decision is rendered at

20 step 16 and the program proceeds to step 18. In order
to obtain an average feature quantity with regard
to each part, the controller 39, at step lé, calculates
the mean value and a standard deviation by statisﬁically
processing each feature parameter regarding the

25 n-number of reference PC boards 20S, creates a criteria
data file in which a range corresponding to (the mean

value) * {(a constant) x (the standard deviation) is

adopted as the normal range, stores this in the teaching



counter i of the controller 39 for counting inmging zones. A zone on the
reference PC board 20S - 32 - corresponding to the content of the
counter i is imaged and the initial frane i $%roduced (step 4-2). As shown
in Fig. 11, the area of the PC board 20S is partitioned into a nunber of
rectangul ar zones 53 5 each having a length and wwdth of [err]x Ey, and
each rectangul ar zone 53 corresponds to the size of one frane. First, a
frame of the zonetdSlatld hedtamsred af torseptaddncefl tinel dadnea prlosresssmg of
step 4-3 to step 4-10 is executed. Thereafter, simlar processing 10 is
execut ed repeat edhgcessary el termdaaitest teaghingt angul ar zones 53 in
accordance with the arrows shown in the drawing. First, at step 4-3,
extraction of red zoneBigs per¥lhustaates Rediighgibptbensehrdaia alptained

Letting a pixel position on an immage be represented b X,y)., and letting
the gray-level vaFiRR RIRHRRRISIAH %feGPnFﬁePSrpﬁﬁF‘}sc%Qér‘%lEﬂ LeIATEh | toyt

coordinates (& ¥), &8 fud vdues 08 knd"¢1 8 FottiohFod 'S¢ 1ana 70. a

correct range of a feature parameter is
stipulated based on mean value and standard deviation of
the red hue values calculated by statistical processing.
When teaching is completed in the foregoing, the
10 apparatus for PC board inspection enters a state in
which it is possible to perform autématic inspection of
the PC board 20T, which is to undergo inspection,
following the soldering of parts thereon.
The operator effects a transition to the inspection
15 mode shown in Fig. 8 and, at steps 21 and 22, selects
the name of the PC board to be inspected and
performs an operation to start the inspection of the PC
board.
At the next step 23, it is checked to determine
20 whether the PC board 20T to be inspected has been
supplied to the PC board inspecting apparatus. If the
circuit board has been supplied, the conveyor 27 is
driven inﬁo operation to convey the PC board 20T in to
the Y-axis table 23, and inspection of the PC board
25 TDbegins (steps 24, 25).
At step 25, the controller 29 controls the X-axis
table 22 and Y-axis table 23 to position the field of

the television camera 32 with respect to the first part



values r(x,y), g(xy) and b(x,y) of the colors red, 20 green and blue w |
be given by the follow ng equations (2), (3)_and (4), respectively: r(Xx,y)
= [RI(R+ G+ B)J] x 100 . (2) (X, # = [G(R+ G+ B)) x 100

(3) b(x,y) =[BI(R+ G+ B)) x 100 ... (4) 25 The
processing of step 4-3 for extracting red zones is executed by extracting
pi xel s which satisfy R(x,y) > [err] and r(x,y) [err] T2 (where Tl, T2 are
fi xed val ues t hat21ar emprteeeC. board3fe Peginsp&ated magisekthild psirtatte a
red zone 55 extracted on an inmage 54. Fig. 12a illustrates the red zone
extracted at the heerdmegiedpopntonasicahbyi esteadds eanh Hiagsl regdoni2c show
the red zone 55 extracted at 5 peripheral portions of the inmage 54. Next,
at step 4-4, a ré&ttdig £hebdHSPRFELRBCEPRRRg SMECHATeH NS5 is formed by
tracing the contour of the extracted red zone 55, and it is determ ned
whet her the | engtfeabire wasemeter? eheerfRcLARerFe9Hen ravd apgeatase 10

both greater 5ha%ﬁafﬁggégieh 8LtghgiigpelTgé”céﬂkggyf%r 39 then
| transfers the inspected data file to the decision unit
36, and causes to compare the inspected data file with the
abovementionea criteria data file, and the
acceptability of soldered portions to be judged for the

10 first bart 21T.
| Fig. 21b illustrates a part 21T having a soldering
defect. Only a very small amount of solder 71 resides on
the land 70, and the tip portion 70a of the land 70 is
exposed because the solder 71 is miésing.

15 When a soldered region in such a state is imaged, a
pattern in the three primary colors similar to the
pattern for the normal state appears, as shown in Fig.
-22b. However, here the red zone of the tip portion 70a
is dull owing to the missing solder 71.

20 Accordingly, when the red hue value regarding the
red zone of the tip portion 70a of such a defective part is
obtained as the feature parameter, this value
falls outside the normal range shown in Fig. 23.

When such an inspection is repeatedly executed for

25 all parts 21T on the PC board 20T undergoing inspection
and the results thereof are indicative of a soldering
defect, the defective part and the particulars of the defect

are displayed on the display unit 41, these are printed



way it is determ ned whether the size of the red zone 55 is greater than a
fixed size, nanmely whether the red zone 55 is one corresponding to the

i mmge of the red | abel 51. 15 | f thre 4deci sion rendered at step 4-4
is NO then step 4-5 is skipped and the program proceeds to step 4- 6. If
the decision at step 4-4 is YES, however, the controller 39 calcul ates, at
the next step 4-5, the coordinates of the center of the red zone 55 in 20
conformty with esgh b the mEisrersiewnand theseaffer tth®ulisdested PC
Specifically, Fig. 12a illustrates a case in which the extracted red zone
55 does not cont dotahy2@f ishesiviysdobuthéromagke Sinspectivs pesitidrhe
position of 25 the center of the circunscribing rectangle abcd is adopted
as the position ofsters cdht &48lof |abel 51. Fig. 12b illustrates a case in
which the extracted red, zone 55 contacts any one_side of the_image 54. In

- 34 - this case, a |eht@h DIc fildussrates At disphavheceeer udfckiei GRT

rectangl e abcg irh§§§3é§r5§¥4‘21 %Esgagging the results of judgment. 1In
Fig. 15c¢, the above-described part displays 65, 66
éppear in the region 58, and a part 65a with the
soldering defect is displayed in a specific color.
Further, the defect particulars regarding the improperI'y

10 soldered part designated by the operator are displayed
in a display region 67 below the region 58. A part
designated by the operator appears clearly on the screen
in a color different from that indicating the
improperly soldered part 65a.

15 The details of the method (step 8 in Fig. 6) for
setting inspection zones described briefly with
reference to Figs. l14a and 14b will now be set forth.

Fig. 16 illustrates a method of projection
. processing in one processing zone 62A. The processing

20 zone 62A (62B) is such that the-longitudinai and
transverse sides thereof are initially set to
predetermined lengths, and the orientation of the zone
is decided in dependence upon part direction obtained by

| the earlier teaching procedure with regard to the image

25 s61.

Letting the position of each pixel constituting the

image 61 be represented by coordinates (x,y), and

letting the gray-level values of the three primary-color



:segnent ab is taken to forma rectangle ab'c'd, and the position of the
center of this rectangle is adopted as 5 the position of the center of

| abel 51. Fig. 12c illustrates a case in whi4Sh-the extracted red zone 55
contacts two sides of the inmage 54. In this case, |lengths 2L from one poi nt
a orsthe circunscribing rectangle abcd in the directions of |ine segnents
ab, ad 10 are taken to forma rectangle ab'c'd', and the position of the
center of this rexkonglscigmladoft etlecapikbt postdoodimdtéde(>cant e of | abel
51. Wen the coordinates of the center position of the |abel 51 have been
found, the contr @ (>v)39 Gansf andsBl%, y! hesespeotively csthenthmer omldiasat es
I n the coordi nate system of the reference PC board 20S and adopts these new
coordi nates as t hel>pad)it i, o’f) end pdk:Y) NeRf , thaccolnnpe gadbecarasn and
extracts a yell ow zone at. step ,4-6. Processing for extraction of this

'yel | ow 20 zone |1%11t3<é'&}t]e&>eo§31éfﬁf1r k¥t £he ﬁb&%?@emw%ﬁq%vm 4 [err]
-tlj_?x ;gxéyzl'[ ng] %Wé&" 'I@)t' %gé%L#Sgéig fi E(Z(rjrllaFSesB'g )k(la%/) a:eTEJEre;]et)
FLoS- (133 {frouah 130 ISR RaVERER"a3E8e %63 % BR% PR | 1m0
of the zone 62A, each gray-level value and each hue value are
calculated with regard to all pixels containéd in the
processing region 622, and it is determined based on
10 these values whether a pixel is one constituting the
land 63.
More specifically, when a pixel of interest
satisfies the relation R(x,y) 2 Tig and r(x,y) = Tii, or
G(x,jr) 2 T2 and g(x,y) 2 Ti3,or Bi(x,y) 2 T14 and b(x,vy)
15 2= Ti5, the pixel is regarded as one constituting the
land 63 and weighting of W(x,y) = 1 is applied to this

pixel. Otherwise, the pixel is regarded as a pixel

other than one constituting the land 63, and weighting

of Wix,y) = 0 is applied to this pixel. Tig, T11, Ti2.
20 T33, T14 and Ti5 are preset fixed values. The total sum
of W(x,y) is calculated in accordance with the following

equations with regard to each row and column of the

image 61:

Yotly-1 '

Xpro (x) = EW(X,Y) ... (5)
¥=¥o

25 whereyg sy <yp+ Ly -1

Xg+Ly- 1

Yproly) = Y} Wix,y) ... (6)
X=Xg

where xp £ x £ xp + Lx - 1



‘i mage 56, and Figs. 13b, 13c show the yel |l ow zone 57 extracted at

peri pheral portions of the inmage 56. - 35 Next, at step 4-7, a
circunscribing rectangle abcd is forned by #6acing the contour of the

yel l ow zone 57, and it is determ ned whether the |l ength of one side of the
circunscribing rectangle is greater than a 5 radius L of the |abel 50 and
whet her the | ength of one other side is greater than L/2. In this way it is
det er mi ned whet her t heHetee(xqf, viphergpresenteonehd cocrdimeatesr dfhahena fi xed
size, nanely whether the yellow zone 57 is one corresponding to the inage
of the yell ow 10 uppeibelef30 carherh@ déctbeoproecasieing zuneat&iA 4-anhd N0,
then step 4-8 is skipped and the program proceeds to step 4- 9. Wen the
deci sion at step l4 Tepregest the cespeotive bengths fatted sideshefndhe step
4-8, the coordinates of 15 the center of the yellow zone 57 in _conformty
with each of the RERIESSINGOMEING B2ds. Xaro PHr 606h YemelY)SFe@ ar@phed im g.

13a iIIustrat_gs a_case in which the extracted yell ow zone 57 does not
contact any oP tHBig- 16. -

Next, the maximum values of Xppo(x) and Yproly) are
taken as {Xpro(x)}max, {(¥Ypro(V)l}max, respectively, and
threshold values Ty, Ty arel found from the following
equations, respectively: |

10 Tx = (1/6) {Xpro (x) }vax ' eee (7)

Ty = (1/6) {¥pro (¥) }max ... (8)

Xpro({x) and the threshold value Tx are compared, and
the x coofdinates for which the two coincidé are taken
as x1(1), x2(1), x1(2), x2(2), ---, x1(1), x2.(i) in

15 order of increasing value. Further, Ypro(x) and the
| threshold value Ty are compared, and the y coordinates
for which the two coincide are taken as yl1l(1), y2(1),
v1(2), v2(2), ---, v1(3j), v2(3) in order of increasing
value (where i, j are not relation to the counters
20 mentioned above).

Next, a length Lj and a length Lj are found in
accordance with following Equations (9) and (10), and
from among rectangular regions ([x1(i), y1(j), Li. Lj]
defined by coordinates [x1(i), y1(j)] and lengths Lj,

25 Lj, one which satisfies the following Equations (11) and
(12) is set as the land 63:
Li = xz2{i) - x1(i) + 1 eee (9)

Ly = y2(3) - v1({3) + 1 .. (10)



sides of the image 56. In this case, the position of 20 the center of the
circunscribing rectangl e abcd is adopted as the position of the center of

| abel 50. Fig. 13b illustrates a case in whtéh-the extracted yell ow zone 57
contacts any one side of the image 56. In this case, a rectangle (indicated
by the dashed |ine) 25 I's formed such that one side of the circunscribing
rectangle abcd will be L and the other side L/2, and the position of the
center -of this rectandbie %xadopted as the position of the cetltldr of | abel
50. -36- Fig. 13c illustrates a case in which the extracted yell ow zone
57 contacts two sides Igf 2t Wg i nage 56. In this case al so,-a réd&angl e
(indicated by the dashed line) is forpned such that one side of the
circunscribing 5 rectifif &xab¥y aF ¢ Eeed Y 9%he ot her ‘side L/ 2, and the
position of the center_of this regtangle is adogted as the posit,ion of the

center of label 50. WMWY WooldfRat €825¢ tRetRRMIeHRTIGHFISG BRBe
|abel 50 has been foung, the conttoller 39, L ansforms, 10, thesg cqordinates
68A, 68B circumscribing each land 63 are obtained and
the rectangles 68A, 68B are enlarged by a predetermined
width to set the rectangularly shaped inspection zones
642, 64B.
10 Figs. 17a and 17b concretely illustrate a method of
setting inspection zones with regard to the image 69 of
a square part. In this case, rectangularly shaped
processing zones 71A through 71D indicated by the chain
lines are initially set to correspond to the four sides
15 of the image 69 of the part, lands 70 on the PC board
are automatically extracted by executing projection
processing similar to the foregoing within each
processing zone, thereafter a circumscribing rectangle
which includes the lands 70 is found with regard to each
20 side, and this is enlarged by a predetermined width in
all directions to set the rectangularly shaped
inspection zones 72A through 72D shown in Fig. 17b. The
abovementioned processing zones 71A through 71D and
processing zones 73A through 73H described later are of
25 course those in which the longitudinal and transverse
side have been initially set to predetermined lengths.
Fig. 18a through 18e illustrate a method of setting

inspection zones for a case where a square part is large



ce st e —————

e s mn b Ae s ne o e o ea s

system of the reference PC board 20S and adopts these new coordi nates as
the position of the part. The controller 39 cal cul ates the coordi nates of
the position G of the center of gravity of-t4® yellow zone 15 57 and,
based on the positional relationship between the position G of the center
of gravity and the abovenentioned center position 0, detects in which
direction the arcuate portion of the yellow | abel 50 is oriented. For

exanpl e, in a casénwsgze ahe tloorehtiate £ idhreafoft thecpatrer wdli hoenfdtof
the circunscribing rectangle abcd are [err] and the coordi nates of the
center-of - gravitygnpostheosingbé imege eAd.ow zone 57 are [err] it is judged
that the arcuate portion of the yellow label 50 is oriented in the leftward
direction (the negativén26higi¢aeei optalbing tfronX the stajte tisbomwnl ani ons yo
= [err] < [err] hold. Wien extraction of the red zone 51 or yellow zone 50

and the cal cul ati Bhgef 18ak teditichdde iqantest & wdsshe pagt- obsadésed byt hus

conpleted, the counpter i js incremented at st, 4-9 dit is,determ ned
(s?gp.4-10) basedtBR teachfng operaé}on escrfﬂ%d ear%ger Es situated at

the center of the screen, the X-axis table 22 and the Y-
axis table 23 are driven to move the field of the
television camera 32, whereby the upper-right corner and
each row of lands 70 on the right side as well as

10 the upper side are adjusted so as to enter the screen,
as shown in Fig. 18b. At this time traveling distances
Xp, yr in the X and Y directions are stored in memory.
Rectangularly shaped processing zones 73a, 73B indicated
by the chain lines are initially set at the positions of

15 the right side and upper side of the part in the image
69, the lands 70 on the PC board are automatically
extracted by pefforming projection processing within
each processing zone, circumscribing rectangles which
contain the lands 70 are subsequently found with regard

20 to each side, and these rectangleé are enlarged by a
predetermined width in all directions to set the
rectangularly shaped inspection zones 74A, 74B shown in
Fig. 19.

Next, the Y-axis table 23 is driven to move the

25 field of the television camera 32 by -2yr, whereby the
lower-right corner and each row of lands 70 on the right
side as well as the lower side are adjusted so as

to enter the screen, as shown in Fig. 18c, and



ithe contents of the counter i whether processing wwth regard to al
-rectangul ar zones 53 on the reference PC 5_ ? ard 20S has ended. [If the
-deci sion rendered is NO, then the programretlrns to step 4-2 and
‘processing simlar to the foregoing is executed with regard to the
rectangul ar zones 53 designated on the reference PC board 20S by the val ue
.of the count in counter i. 10, | Fig. 15a illustrates a display. screen
of the CRT unit 4PTRRESSLRE PHRLEIRY neP priR draapimgodscgxecptes| WiEH in a
‘predeterm ned region 5% gf t he screen aretﬁi ctgg positions 59 (indicated
‘by "+") of rectang&P&fF%phPt BT I MALES éﬁyellahllabels 50 have been 15

b cn the red Tabel 5 sHeye BR R LPIT 28 e arsen WTHEHTRRR. 'S )
t4-10 is YES, prOC%ﬁ%ﬁﬁgoEOEhéeééf%6¥b£5HtcéME?éij%"h@”d%§¥Fewhérgﬂy the

iconpl eted, the program proceeds to step 51in Fig. 6, a he reference PC

iboard 20S i s opnvaued OYkftAbobAlr NEd 4GP Fow Nofi thnds FHCRPERAL PEEFELS

‘the reference PPC board 20S, on which prescribed parts have been properly
‘mounted at predet eyfid et RASIT ig¥ThedLdwer 25 d¢ adies adgjist 2B sandas hen
:presses’ the START key to start teaching processing for the purpose of
setting a to enter the screen, as shown in Fig. 184, and

: processing similar to the foregoing is executed with
regard to processing-zones 73E, 73F.

10 Further, the Y-axis table 23 is driven to move the
field of the television camera 32 by +2yp, whereby the
upper-left corner and each row of lands 70 on the left
side as well as the upper side are adjusted so as
to enter the screen, as shown in Fig. 18e, and

15 processing similar to the foregoing is executed with
regard to processing zones 73G, 73H.

When the setting of inspection zones 1is thus
completed with regard to one part, the operator performs
a correction operation if required, after which the .

20 sizes (indicated by the bold lines 75, 76 in Fig.s 20a and 20b)
of the part bodies (the package portion) of the parts
are obtained based on the land regions, and the parts
corresponding to these sizes are displayed on the
display screen of the CRT display unit 41. |

25 As set forth above, Fig. 15b illustrates the
display screen of the CRT display unit 41 at this time.

The displays of the part detection positions 59, 60

within the prescribed display region 58 are changed over



i nspection zone. In this enbodiment, the PC board used in the teaching
processing of the earlier step 4 is re- - 58 utilized as the reference
PC board 20S for setting inspection zone. However, it goes w thout saying
that the present invention is not Iimted to this arrangenent. 5

First, at step 7, one is initially set in a counter j of the controller 39
for counting the nunber of, rts. Based on the Eart- osition data obtai ned
by earlier teachitgy,P#he % § &°.385:GRANFGFRipg ctx- the PREH %1288 and
Y-axis table 23 t osition the firs within the field of  the

S
tel evi si on caner a¥ 32 and GHEESHHE 58 ? g?&-%%ggil%ﬁ%eﬁ’s??%?ml&°%?ﬁd °f1h

concretely illust 'qgﬁﬁption-zone setting nethod with regard to an
i mage 61, of a re%@%ﬁﬁ%ﬁgé part” such as an SOP, obtained by 15 this

59,0, o "o e L e/ RIS DS b e
Fig. 14a, corResppisihédich By R1ghuderaeeti 9ASFO§. t 1% S@L set forth
~above. Fig. 24 shows another example of a screen
displaying the results of inspection.
In Fig. 24, the display screen of the CRT display
unit 41 is divided into a plurality of screen areas. In
10 addition to the screen area 58 for displaying the
positions of parts on the PC board, there are provided
therebelow a screen area 81 for displaying the state of
the system, and a screen area 82 for displaying a key
operation guide as well as the particulars of a fault
15 ©possessed by a defective part. Further, provided at
positions on the right side are a screen area 83
indicating the name of a mode, screen areas 84, 85 which
display a PC board menu and the contents of a sub-menu,
a screen area 86 which displays the date, and a screen
20 area 87 which displays a system message.
The positions of the part on the PC board are
indicated in the screen area 58 by the displays 65, 66
of the shapes conforming to the part shapes. With
regard to a part judged to be an "acceptable part" by
25 inspection, the part is displayed in a predetermined hue
(e.g., white), whereas a part judged to be an
"unacceptable part" is changed over to the shape display

65a of a different hue (e.g., red).



part, automatically extracting |lands 63 on the PC board 20 by perform ng
projection processing within each of the processing zones 62A, 62B,

t hereafter obtaining circunmscribing rectanyl®s 68A, 68B which include the

| ands 63, as shown in Fig. 14b, and setting rectangul ar inspection zones
64A, :64B by enl arging the 25 circunscri bing rectangles a predeterm ned
width in all directions. This processing for setting inspection zones w |
be desciibed in detail That sciédoanrga B2retisplayfs,sést kthg paspiculanszofies
W th - 39 - regard to the SOP part will be exenplified here, it goes

W t hout sayi ng t hat defectsef ta defestiveigpeti ithe P8m&sniumben; rthe mumbey of
met hod conformng to this setting nethod with regard to other parts_as '
well. 5 Af Beledf Wil 13 Rpifening denildn RoRuEPEs PatkeendpadRY or
the first part, the, operator_ presses a NEXT _key.on_.the keyboard 40 at_step
9, whereupon the ¥BiRReR ?°]r‘§£’1” P OFd SPdEA8F Pl land PEesentiet TR

(step 11). based onyihe. CONSNAY o HousRilhedece 13 BPSLLSE, a5 111

code or characters indicating the particulars of a
soldering defect, etc. In the case of this embodiment,
the information regarding one defective part is displayed
in area 82 and the display is changed over whenever a

10 predetermined key on the keyboard 40 is pressed, whereby
the defect particulars of other defeétive parts may be
displayed in successive fashion. In this case, with
regard to a defective part.being displayed in the screen
area 82, the display 65b is implemented in screen area

15 58 in still another different color (e.g., yellow).
Accordingly, establishing correspondence between the
defective part and the part position and verification of
the particulars of the defect are greatly facilitated.

This embodiment employs a system in which the

20 particulars of a defect are displayed in one screen per
part. However, the invention is not limited to this
embodiment, for it is possible to display defect
particulars regarding all defective parts together on one
screen in the form of a table.

25 _ Another method of displaying detected soldered
states of parts on a PC board will now be described.

Described first will be display of image data

obtained in the feature-extraction processing at



berfo}ned for all of the parts. If the decision rendered at step 11 is NO

VAN LA ¢ A TSN, e o e s R

the next part is imaged and processing sinilgy to the foregoing is
executed. Fig. 15b illustrates a display screéen of the CRT 15 display unit
41 when the foregoing processing proceeds. \Wenever inspection zones of the
parts are set at the detected positions 59, 60 of these parts in a region
58, the display of the_positions 59, 60 i s changed over to displays 65, 66
conformng to theS5RRpés IRAFLPzel- of 1B FAUWFETLHITAORAOR t he deci sion at

t 11 b YES . Jl t  of t edl ti [

W th regard o al Prgareaihgygs oft ARRER oy dFR Satdally, B5TRERE (ot cp
12), then the prO%Q@e%ﬁcsei'§m§0135de?é)éé’%séé W U s 3 L BG colors
characteristic paraneters. First, at step , a‘countér nin the coniroller

39 for counting theanuBPRENCERE G PR dnd Sthé NELaBhtds S6F tReddE, after
whi ch the operator setS the first reference -40- PC board 20S (one on

whi ch prescriBd patterhavarbeedl PinDesd YadDEea tarat pat egeasl ni ned
| ocati ons and sol dered
In order to detect the soldered state of a land as
patterns of the colors red, green and blue, detection of
a red pattern is performed by extracting pixels which
satisfy the relations R(x,y) 2 T1 and r(x,y) 2 Ta.
10 Further, detection of a green pattern is performed by
extracting pixels which satisfy the relations G(x,y) 2
T23 and g(x,y) = Tas. and detection of a blue pattern is
performed by extracting pixels which satisfy the
relations B(x,y) 2 T25 and b(x,y) 2 T¢. Here T23
15 through Ty are fixed values preset by the operator.
When each of the patterns of the colors red, green
and blue constituting each land are thus detected, the
image of the part is displayed on the CRT display unit
41, with the pattern regions of each of the colors being
20 respectively represented by corresponding colors of a
fixed hue (these colors shall be referred to as “pseudo
colors" hereinafter). For example, the pseudo color of
the color red can be red of a fixed hue or another
. color.
25 Fig. 26a illustrates a display screen of the CRT
display unit 41. As shown in the enlarged view of Fig.

26b, each land 63 is composed of pattern regions Py

(indicated by lines sloping downward to the left) in a



into place) on the Y-axis table 23 and presses the START key of the
keyboard 40 at step 14, whereupon the 5 contggller 39, based on the
part-position data, obtained by the earlier teaching operation, and the
I nspection- zone data, controls the Y-axis table 23 at step 15 to
successively position the field of the television canera 32 at each part

d i h , h ' I f t.h
or ety col or s onPEeHBY 691PEagf ninds el AT iBaFea Hep e by ¢ ne
Feal time. Noxt, tRateeherar ¥ BELOMOL R X o pebe” BB e e on

15 zones of eachpadly ghkahNedndYpLetdter éq?BHH , (iRadeatba byRYendata
of each hue rel ating toathese Igndg out ofrt e ne2§%¢ 38 aﬁd traggfe?s t he

i mge data to theghppdagPueaanasd €4 tHderidmae i oC PRI ElbrabirZeRet he
I mmge data of each hue at a suitable threshold value 20 hue by hue,
detects the nd mako3erdenad.state of each of the |ands as patterns of the
colors red, green and blue, and cal culates the feature of these patterns as
feature paraneters. Fi ghedlprockasingtfor cextatttithhgr deatuyesol dered to 25
aland 70 with regard to the part 21S nmounted on the reference PC board
20S. Here a suffi peeamesrpanend$ with regard to a predetermined number

(n) of the reference PC boards 20S as described above, é

YES decision is rendered at step S16 and the program

.10 proceeds to step 18. In order to obtain mean

feature quantities regarding all parts, the

controller 39 obtains mean-value data at step 18 by

statistically processing feature parameters

regarding n-number of the reference PC boards 208,

15 creates a criteria data file based on these mean-value
data, and stores the file in the téaching table 35, as
described earlier.

" When fabrication of the criteria data file ends, PC
board inspection ié performed using these data. In a

20 case where an erroneéus judgment is rendefed in
inspection of the acceptability of a soldered state, it
is necessary to apply a correction to the contents
taught in the above-described teaching operation. The
mode for implementing thié correction is referred to as

25 corrective teaching, and the procedure thereof is
illustrated in Fig. 25.

First, at step 31 the operator keys in the name of

the PC board to undergo corrective teaching, then places



solder 71 is placed on the land 70 and covers the land 70 up to a tip 70a
t her eof . When such a normal ly soldered +egion is i naged, a pattern of
thrée primary col ors such as shown in Fig. 22a appears, in which the red
zone at the tip portion 70a appears particularly red owing to the presence
of § the solder 71. Accordingly, the red hue value is obtained with regard

to the red zone of éhﬁc%&a%)?rid'ﬂn NS 1 Snbergd ophefedtidn f edt Wiee

par anet ér. \Wen extracfion a plurality of feature 10 paraneters is

conpl et ed for eacleApdys¥esry £ lpriidded agy GThRTt Reyf atsstepf 2 ence PC
board 20S, this circuit board is conveyed out. Thereafter, the counter nis

i ncremented to designape &bepskrpnthe efpmsratee RAterar d, cammapdofessi ng f or
feature paraneter extraction 15 1is executed through a procedure simlar to
that described absuepei@iing pimspsscstiimnf @s @t sachi hjmecthateapbduabbtiss
ends for a predeterm ned nunber (n) of reference PC boards 20S, a YES
decision is réndejedged to exist, and starts inspection of the PC board.

As a result, when the decision unit 36 renders a
defeétdecision'to the effect that a certain part has a
s§1dering defect, the progress of the'insﬁection
operation is halted‘at step 35, and the operator

10 manually executes the necessary processing in order to
confirm whether the defect decision is erroneous and, if
the decision is erroneous, to investigate the cause of
the erroneous decision.

More specifically, with regard to a part judged to

15 ©be defective, the operator first enters a predetermined
command iﬁ order to display the extracted state of each
hue pattern on the CRT display unit 41 (step 33),
whereupon a display of the part such as shown in Fig.
27a appears on the screen of the CRT display unit 41

20 (step 35).

This display includes an original iﬁage 70 of eéch
land obtained by imaging the part mounted on the BC |
board 20T, an image 91 of each land, which is obtained
by extracting each of the hue patterns of the three

25 primary colors from the original image 70, and an image
92 between lands. The images 91, 92 based on the

results of extraction are displayed by expressing each

of the hue pattefns by the pseudo color corresponding



20 "step 16 and the program proceeds to step 18. In order to obtain an
average feature quantity with regard to each_part, the controller 39, at
step 18, calcul ates the nean value and a stahdard devi ati on by
statistically processing each feature paranmeter regarding the 25 n-nunber
of reference PC boards 20S, creates a criteria data file in which a range
corresponding to (the mean value) (a constant) x (the standard deviation)
i s adopted as théheoetel rEhgeimagerdd hetiwedm landst dgcAigglaved ip thegp| e
35, executes a correction of the data whenever. necessary, and_ternjnates
1485 nbat

OF "B CPente R bonr 65, 205w (h £ boRL A kb5 <54 Bt yoLuae st Lo !

port o0, 1, of and ressedbeec L Bnpesoet Bt B T DS

?glgggﬁagé ?%esaéngﬁgfgr §F§8%§¥§ﬁg9nwﬁgﬁnsea§ﬁ!ng i & EgnPﬁétgg i%?the

0 TS possSbl o { 7RI RaREn AP  SRAtpAct: on are tep Bo8iRishal exl Rnell on
lands, and the images 92 based on the results of extraction
of the image between the lands are displayed between the

images 91'adjacent to each other.

Fig. 27b illustrates, in enlarged form, the
10 " original image 70 regarding a land in a case where
pattern extraction is acceptable, and the image 91 based
on the results of extraction. In correspondence with a
red region'P§1, green region Pgy and blue region Ppy of
the original image 70, pattern regions Pr, Pg, Pp in
15 pseudo colors corresponding to these colors appear in
the image 91 that is based on the results of extraction.
Fig. 28 illustrates, in enlarged form, the original
image 70 regarding a land in a case where pattern
extraction is not acceptable, and the image 91 based on
20 the results of extraction. Here the red, green and blue
regions Pri, ng and Ppy; of the original image 70 and the
pattern regions Pg, Pg, Pp in pseudo colors of each of
the hues based on the results of extraction are not in
perfect correspondence. In pafticular, in the case of
25 this example, the red region Pey and the pattern region
PR based on the pseudo color of the color red do not
agree. When such a display appears, it can be judged

that the fixed values T3, T2 have been set



_the PC board 20T, which is to undergo inspection, follow ng the solderihg

—— = i e § A L - TE

cere e U | A AR O ¢ B & L e

of parts thereon. The operator effects a transition to the inspection 15
nod€é shown in Fig. 8 and, at steps 21 and £@,-sel ects the name of the PC
board to be inspected and perfornms an operation to start the inspection of
t he PC board. At the next step 23, it is checked to determ ne 20 whet her
the PC board 20T to be inspected has been supplied to the PC board

i nspecting appar ainsppréprinteiy cuithaseav@lngs pEentheppfPeRoHR Whveyor
27 is driven into operation to convey the PC anng 20T in to the Y-axis
tabl e 23, and i nspletinaoe’ arR FNRRATE 5 HEIMLAFSTRPReS,, 25). At step

25, the controller 29 trols,the X-axis table 22 d_Ysaxj
position the field of %ﬁgn{ %‘EH%?O?P%%%W%?%&%%&E@%%%?E BE?%%S?‘?%S%O

part - 43 - 21T,on.the PC b t [ .ed, '
i mged, aut omat i c‘é{i"% E?S?’é tgggr Roae{%ce? I e?iog’?lﬂ\%ﬂt ﬁlctg&t%ﬁg é%g%%gﬁ;%ég e

ZOnes, calqylatesbggg rendered and entry of an end command is confirmed

at step 34, the PC board 20T is conveyed out at step 36.
When corrective teaching is completed by the
foregoing operation, the PC board inspecting apparatus
attains a state in which it is possible to perform an
10 'accurate, automatic inspection of the PC board 20T that
is to be inspected, and a transition is made to the
inspection processing shown in Fig. 8.
Industrial Applicability
The apparatué for inspecting PC boards and the like
15 according to the invention, and the method of operating
the apparatus according to the invention, are applicable
particularly to an apparatus which automatically judges
the soldering acceptability of electronic parts mounted
of a PC board, and the apparatus and method are useful
20 in automating, and in reducing the labor of, a process
for assembling the PC boards in electronic equipment, a

process for mounting the parts of the equipment, etc.



‘featlre paraneters of each |and region and creates 5 an inspected data

;pattern for the nornmal state appears,

file. The controller 39 then transfers the inspected data file to the
deci'sion unit 36, and causes to conpare-th@-+nspected data file with the
abovenentioned criteria data file, and the acceptability of_sol dered _
portjons to be judged for the 10 first part 21T. Fig. 21b |IIustrates a
part 21T having a soldering defect. Only a very snall Iﬂﬂ
resides on the land 70, and the tip portion 70a of theﬁ“ﬂm um“"l

because the solder 71 is nissing. 15 when a sol deréd reglfon®in such

a state is inmaged, a pattern in the thre rimary colors simlar to the
f g@ﬂn in Fig. 22b. However, here

‘the red zone of the tip portion 70a is duIL ow ng to the mssing solder 71.

Cr e e MM - B g

20 _ Accordingly, when the red hue val ue regarding the red zone of the
far -V S AR R AR e
| o A PR St i, T LR (1
sol dering def eghqy bE€ofle] f&iderfod ¥nt oA nidifh e pat! 6h5a0f>r§.fl€eﬁef ect
circuit board, for extracting respective reflected light
patterns from an original image obtained by imaging
reflected light beams,‘and for comparing results of
extraction with taught data to judge the acceptability of
. the mounted state of the part, a display apparatus
‘characterized by:
image input means (25,33,39) for fetching said
original image; '
pattern extracting means (34) for extracting
respective reflected light patterns from said original
image fetched by said image input means; and _
display means (39,41) for displaying said'ofiginal
image and an image which is based on the results of
extraction in correspondence with each other, ana
displaying the respective ref;ected light patterns in said
image that is based on the results of extraction in

distinguishable manner from one another.

2. In a printed circuit board inspecting apparatus for

projecting light beams of three primary colors at angles



are displ'ayed on the display unit 41, these are printed - 44 - out by
the printer 42, and thereafter the inspected PC board 20F-i's—tonveyed out

fromthe inspection position (steps.27,-2§§.“Fig. 1 ! i spl ay
screen of the CRT 5 display unit 41 displaying the a%glﬂm“ﬂi‘“&mﬁt In
Fig., 15c, the above-described part displays 65, 66 rin whesregi on 58,
.and a part 65a with the soldering defect is displayed in a specific color.
Further, the defect particulars regarding the inproperly 10 sol dered part
designated by the operator are displayed in a display region 67 below the
region 58. A part designated by the operator appears clearly on the screen

in a color dif¢érineidenss tthat iddifasn iPm RS ARTHEr| 9n§9Yaemean§s t 65a.
15 The det ai | ft t hod (st 8 | ig. 6) for tti

LS et on oo aoug & e Hoked . fei ea ke Ring ok idorag i
now be set forigglﬁgl &ﬁgﬁé'ﬁg{gﬂéﬁ,@rﬁeﬁf%ﬁfﬁr %&Sﬁt 58”09'5.89.?35' ng In

one processing

image obtained by imaging reflected light beams, and for
comparing results of extraction with taught data to judge
the acceptability bf the mounted state of the part, a
display apparatus characterized by:

image input means‘(25,33,39) for fétching said |
original image;

pattern extracting means (34) for extracting
respective reflected light patterns from said'original
image fetched by said image input means; and

display means (39,41) forndisplaying said original
.image and an image'which is bésed on the results of
extraction in correspondence with each other, and coloring
the reflected light patterné in said image that is based

on the results of extraction using pseudo colors.

3. In a printed circuit board inépecting apparatﬁs for
projecting a plurality of light beams having different
angles of incidence onto a mounted par£ on a printed
circuit board, for extracting respective reflected light
patterns from an original image obtained by imaging
reflecfed light beams, and for comparing results of_

extraction with taught data to judge the acceptability of



20 zbne 62A (62B) is such that the |ongitudinal and transverse sides
thereof are initially set to pr edet er mi-né® l-engt hs, and the orientation_of
the zone is decided in dependence upon part direction obtained by the

earl.ier teaching procedure with regard.to the inmage 25 ' '
position of each pixel constituting the inmage 61 be repﬁm“mllumﬂmnﬁlli :
coordinates (xy), and letting the gray-level values of the three™ ° °
‘primary-col or - 45 - color signals of the pixel at coordinates (x,y) be
R(x,y), &x,y) and B(x,y), respectively, the hue values r(x,y), g(x,y) and
b(x,y) of the colors red, green and blue will be given by the
abovenent i onectle|usiintesl (ate ofr aheh pastk, redpeplayengthod order to
extract a land 63 in the processing zone 62A, each gray-level value and
each hue val ueckaractsmizest &¥=with regard to all pixels contained in the
processing region 62A, and it is determi ned based on 10 ,these yal ues
whet her a pixel is daPleyHSg .t @n Agdisplayngcsgen of a display device,

said original image and an image which is based on the

results of extraction in correspondence with each other,

and, with respect to said image that is based on the

results of extraction, displaying the respective reflected

light patterns extracted in distinguishable manner from

one another.

4. In a printed circuit board inspecting apparatus for
projecting lith beams of.three'primary colors at angles
of incidence that differ from one another onto a mounted
part on a printed circuit board, for extracting reflected
light patterns in three primary colors from an original
image obtained by. imaging reflected light beams, and for
comparing results ofhextfaction with taught data to judge
the acceptability of the mounted state of the part, a
display method characterized by:

displaying, on a display screen of a display device,
said originai'image and an image which is based on the
results of extraction in correspondence with each other,
and, with respect to.said image that is based on the
results of extraction,'coloring.the extracted reflected

light patterns using pseudo colors.



-More ‘specifically, when a pi xel of |nterest satisfies the relatlon R(xy)
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[err] [err] and T(x,y) [err] Terr], G(x,y) [err] [err]ami— y
[err] B(X,y) [er] plidéneaifhs Béet ¥iplab& [err] Legp] -t he pi xel| {9'S¥EETIeMs ag
one constituting t wei ghting of Wx,y) = lilis apBFPeACED t
pi xel] . O herw se, Emnﬂm garded as a pi xel ot hermg\~

constituting the Ia ghting of WXx,y) Ois applied to this

pixel. [err] [err] [err] 20 T13, T14 ahd#§§§§§§§Apreset fi xed val ues. The
total sumof WHx,y) is.calculated in acco ith the follomﬁng

equations with regard ow.a I - 46
- Here (xo,yo0) represetr%qggﬁﬁén’eéog?dl na%B i'xg?pgéti% etgjscoér ner Q of the
processing zone 6gf.;.34d Eirc%‘gériféf&rééemetfﬂé eﬁﬁe%g@dﬁw hgheof two

si des of the procéssing zone err] and [erre] are graphed in 5 Fig.
16. Next, the nmaXighipeVakEUeheObol@sréda apert s lofr£ gaihe cithted Idn (e |

respectlvely and
5 printed circuit board, and for judging whether the
soldered pnrtion is acceptable or not. In order to
illuminate a printed circuit board undergoing -
inspection, ﬁhere are provided three types of ring
'shapéd light-emittiné elements, which respectively
10 generate red light,'green light and blue light, arrangeé
at poSitinns to projéct this light, at angles of
‘incidence that differ from one another, toward the
surface of a body to be inspected. Light rays of the
' three.primary colors emi;ted by these light-emitting
15 - elementsihave light-emission energy distributions with
respgct'to wavelength that provide white_light when
theéé light rays are mixed, and the qu&ntities of
.iight emitted are adjusted in such a manner that white
_ lightiis“obtained. As a result, three-colored light
20 images'régarding the surface of thé object under
inspection can be detected, and it is possible to detect
also peripheral informatibn (part number, polarity,
color_code[-various mérks, etc.) essential in solder
inspections.
25 The present invention discloées also a method of
teaching with regard to the mounted position of a part,
the type thereof, 'and a feature guantity of thg

mounted state, a method of setting an inspection zone on



t hreshol d val ues [err err eh&%U”d fromthe foll owi ' , ===
respectively: [er r Thi 2 hreshol d val ue [err] [arf&lSHEEF 6AS BREN
t he % coordi nat es f1 yo coi nci de6are taken as x| ( BEPLAKED

d

[er] x2(2), xI(i), er of increasing value. Further, [err]
and the threshold value [err]. are conpared, and the y coordinates for which
the two coincide are taken as yl (1), y2(1), yl(2), y2(2), vyl(j), y2(j) in

order of increasi %%?kggd(wﬁ{:ﬁi%’bé}?@é? 294 é%é%]'dl_aj‘otfodti%l M the?0

ment i oned above) . , a length [err] and a |engt are found in
accordance W th fQldsawkBJoEqYathereid?) éfd. (IfHesabthod® A Pperformed
rectangul ar regions [err] defined by coordinates [err] and |lengths Li, 25
Lj, one which satigrfibestbhenépet oibmdofatiae i printdd Jcirethiftl Doarsd siet tae t he

‘land 63: [err] - 47 - [err}

A ypu—— - o

P S S

PR

inspecting apparatus.



Here'[err]are fixed values. Simlarly, with regard to the other processing
zone 5 62B, the land 63 is extracted, after which rectangles 68A 68B
circunscri bing each land 63 are obtained and the rectangl es 68A, 68B are
enlarged by a predetermned width to set the rectangul arly shaped

i nspection zones 64A, 64B. 10 Figs. 17a and 17b concretely
illustrate a nethod of setting inspection zones with regard to the i mage 69
of a square part. In this case, rectangul arll§l&haped processing zones 71A
through 71D indicated by the chain lines are initially set to correspond to
the four sides 15 of the image 69 of the part ands 70 on the PC board are
automatically extracted by executing projegtion prpcessing simlar to the
foregoing within each processing zone, thepgafter 4 circunscribing
rectangl e which includes the lafgf 7$ is f ‘ &ard to each 20 side,
and this is enlarged by a prede eagk' ed w M1l directions to set the
rectangul arly shaped i nspection zones 72A § J72D shown in Fig. 17b.
1D and processi ng zones

Jt hose in which the

“al 1y sevlto predeternined

73A through 73H described later are of 25 cd
| ongi tudi nal and transverse side have been s
| engt hs.




Fig. 18a through 18e illustrate a method of setting inspection zones for a
case where a square part is large - 48 - in size and the entire figure
of the part will not fit into the single image 69. In this case, starting
fromthe state (shown in Fig. 18a) in which the center O of the part _
obtakned by 5 the teaching operation described earlier is situated at the
center of the screen, the X-axis table 22 and the Y- axis table 23 are
driven to nove the field of the television canera 32, whereby the
upper-right corner and each row of Iangﬁéﬁy on the right side as well as 10
the upper side are adjusted so as to e the screen, as shown in Fig.

18b. At this time traveling distances XT, YT in the X and Y directions are
stored in nmenory. Rectangul arly shaped processing zones 73A, 73B indicated
by the chain lines are initially set at the positions of 15 the right side
and upper side of the part in the image 69, the lands 70 on the PC board
are automatically extracted by perform ng projection processing within
each processing zone, circunscribing rectangles which
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icontain the lands 70 are subsequently found with regard 20 to each side,

‘and these rectangles are enlarged by a predetermined width in al

et e . e A s Y o .

diréctions to set the rectangul arly shaped inspection zones 74A, 74B shown
in Fig. 19. Next, the Y-axis table 23 is driven to nove the 25 - field of
the television canera 32 by [err] wherehy the lower-right corner and each
row of lands 70 on the right side as wel /B the lower side are adj usted so

as to enter the screen, &S snown in FIg. 18c,.,and - 49 - prodessing
simlar to the foregoing|is exec@®ed w re t&? ocessi ng Zones 73C,
:73D. Next, the X-axis table 22 i & ey d of the
tel evision canmera 32 by |[err] wher rner and each row
of lands 70 on the left $ide as wel|l @s e adjusited so as
to enter the screen, as $hown in Fijg.>1 simlar to the
foregoing is executed wi {h regard tjo $r , 73F. 110
Further, the Y-axis tabl ¢ g? Is drive
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field of the television canera 32 by [err] whereby the upper-left corner
and gach row of lands 70 on the left side as well as the upper side are
adjusted so as to enter the screen, as shown in Fig. 18e, and 15

processing simlar to the foregoing is executed with regard to processing
zones 73G 73H. Wen the setting of inspection zones is thus conpleted with
regard to one part, the operator perforns a correction operation if
required, after which the 20 sizes (indicated by the bold lines 75, 76 in
Fig.s 20a and 20b) of the part bodies (4Wd8package portion) of the parts
are obtained based on the |and regions, and the parts corresponding to
these sizes are displayed on the display screen of the CRT display unit 41.
25 As set forth above, Fig. 15b illustrates the display screen of
the CRT display unit 41 at this tinme. The displays of the part detection
positions 59, 60 within the prescruged displ ay regi on 58 are changed over

- 50 - to part displays 65, 66 conf rhgn to the part sizes whenever
processing for setting the inspection zones of
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the parts ends. An exanple of the screen displaying the results of 5

i nspection is illustrated in Fig. 15c, as set forth above. Fig. 24 shows
anot’her exanpl e of a screen dlsplaylng the results of inspection. In Fig.
24, the display screen of the CRT display unit 41 is divided into a
plunality of screen areas. In 10 addition to the screen area 58 for

di spl ayi ng the positions of parts or?i}gg PC board, there are provided

t herebel ow a screen area 81 for displaying the state of the system and a
screen area 82 for displaying a key operation guide as well as the
particulars of a fault 15 possessed by a defective part. Further,

provi ded at positions on the rig §L35 are a screen area 83 indicating the
nane of a node, screen_areas 84, 8§ ch display a PC board nmenu and the

‘contents of a s nsqugﬁaaﬂwfzg area 86 whi cf

spl ays the date, and a
gge. The positions of the
area 58 by the displays

.regard to a part
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"unaccept abl e part" is changed over to the shape display 65a of a different
hue (e.g., red). - 51 - The screen area 82 displays, as the particulars
of d defect of a defective part, .the part nunber, the nunber of a lead with
a soldering fault, a nunber between | eads at which a sol der bridge or
solder ball is present, a code 5 indicating whether a nounting defect is
present, and a code or characters indicating the particulars of a soldering
defect, etc. In the case of this enbggyﬁgnt, the information regardi ng one
defective part is displayed in area and the display is changed over
whenever a 10 predeterm ned key on the keyboard 40 is pressed, whereby the

fashion. In this case, with regard t

the screen area 82, the dkfglay£65b

still another different c g-( . 9., . Accofdingly, establishing
[ €

correspondence between the defecti bart position and
verification of the particulars of hreat |y facilitated.
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iThi s "enbodi ment enpl oys a systemin which the 20 particulars of a defect

are displayed in one screen per part. However, the invention is not linited
to t'his enbodi nent, for it is possible to display defect particulars
regarding all defective parts together on one screen in the formof a
tablse. 25 Anot her net hod of displaying detected sol dered states of
parts on a PC board will now be descri bed. Described first will be display
of image data obtained in the feature?éi8raction processing at -52- step
15 in Fig. 6. 1In feature-extraction processing as set forth above, the
normal Iy sol dered state of a land is detected as patterns of the colors

red, green and blue, and the features of these 5 patterns are cal cul ated as

- TS L -

o s —

T S Y

.ot memPathy. Ay

feature patterns. In order to detect TthgQBdered state of a land as
patterns of the colors red, green and'b ,—detection of a red pattern is
performed by extracting pixels which satisfy the relations R(x,y) [err]

[err] and [err] 10 Further, a green pattern is performed by
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extracting pixels which satisfy the relations x,y) [err] T23 and g(xy)
[err] T24, and detection of a blue pattern is perforned by extracting

pi xel s which satisfy the relations B(x,y) [err] [err] -and b(x,y) [err]
[err] Here T23 15 through T26 are fixed val ues preset by the operator.
When.each of the patterns of the colors red, green and blue constituting
each land are thus detected, the inmage of the part is displayed on the CRT
display unit 41, with the pattern regions of each of the colors being 20
respectively represented'by.correspondigg chors of a fixed hue (these
colors shall be referred to as "pseudo -3 herei nafter). For exanple,

t he pseudo color of the color red can be red of a fixed hue or another
color. 25 Fig. 26aillustrates a display screen of the CRT display
unit 41. As shown i-n the enlarged view of Fig. 26b, each land 63 is
conposed of pattern.regions PR (indicated by lines sloping downward to the
left) in a -53- “pseudo color of the color red, a pattern region PG
(indicated by horizontal lines) in a pseudo color of the
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color green, and pattern regions PB (indicated by |lines sloping dowmward to
"the right) in a pseudo color of the 5 color blue. Wen processing for
extracting feature paraneters ends with regard to a predetern ned nunmber
(n) of the reference PC boards 20S as descri bed above, a YES decision is
rendered at step S16 and the program 10 proceeds to step 18. In order to
obtain nean feature quantities regarding all parts, the controller 39
obt ai ns nean-val ue data at step 18 by statistically processing feature
parameters regardi ng n-nunber of the reference PC boards 20S, 15 creates a
criteria data file based on these nean-value data, and stores the file in
the teaching table 35, as described eag%i . When fabrication of the
Criteria data file ends, PC board insp {ﬁ%n is performed using these data.
In a 20 case where an erroneous judgnent is rendered in inspection of the
acceptability of a soldered state, ypt is necessary to apply a correction to
the contents taught in the above-da@cribed teaching opefaN-on. The node for

i npl enenting this correction is kef rnﬁp to as 25 ¢ rmgfﬂ?ve teacthgF;and
t he procedure thereof ip— rSgsT N Fig. 25. I -9
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First, at step 31 the operator keys in the nane of the PC board to undergo
corrective teaching, then places -- 54 - the PC board 20T, which is to
undér go i nspection, on the conveyor 27 and presses the START key at step
32. At step 33, the operator enters a command for suspending inspection, as
at such tine that a fault is 5 judged to exist, and starts inspection of
the PC board. As a reésult, when the decision unit 36 renders a defect
decision to the effect that ‘a certain part has a soldering defect, the
progress of the inspection operation is halted at step 35, and the operator
10 nmanual |y executes the necessary processing in order to confirm whether
t he defect decision is erroneous andlO7{8the decision is erroneous, to

i nvestigate the cause of the erroneous decision. Mre specifically, with
regard to a part judged to 15 be defective, the operator first enters a
predeterm ned conmmand in order to display the extracted state of each hue

pattern on the CRT display unit 41 (step 33), wheretijon a display ¢f the
part such as shown in Fig. ‘t\ .
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:27a appears on the screen of the CRT display unit 41 20 (step 35). This
di splay includes an original imge 70 of each | and obtai ned by inaging the
~part nounted on the PC board 20T,. an i nage 91 of each | and, which is

obtai ned by extracting each of the hue patterns of the three 25 primary
coleys fromthe original image 70, and anjjpgge 92 between |ands. The

i mges 91, 92 based on the results of extraction are displayed by

expressi ng each of the hue patterns by e.p do col or correspondi ng -
55 - thereto. The inmage 92 between | ands lig-agpl ayed in the color -black if
there is no solder bridge or solderwball. TRQe image; based on the
results of extraction of |ands are i spl aye %IA[I ons adj acent to

li 9e|onth
the 5 original image 70, phat iSE on th p—-pzs-i—t-"rons of the | ands,
0

‘and the inmages 92 based on thecfesults of gxtraction. the i mage between
the |lands are displayed betwee&Mhe | mages |91 late} afent} to each other. Fig.
27b illustrates, in enlarged{§alim the 10 orTTyd nall i mage 70 regarding a
land in a case where =< re=——- -6 |
el J ===
R
Vi L
i -
|- =
| - e o
L =
__.—j ”-':----
P
f 63717
L
*l
Xprofx)
Tx

Xo XD x2() xg+Lx—I

Fig.17b
,T2A

/ .
! 0
L-70 t:ﬂDDDDDDf_ 70
(- | =3
= 1=
7B |& ic:/?zs
71D = =
/1 =l
7éD.]quDDDD

~72¢C



pattern extraction is acceptable, and the i mage 91 based on the results of
extraction. In correspondence with a red region [err] green region PGl and
bl u€ region-[err] of the original inmage 70, pattern regions [err] in 15

pseudo col ors corresponding to these colors appear in the image 91 that is

bas&d on the results of extraction. Fig. 28 illustrates, in enlarged form
the original image 70 regarding a land in a case where pattern extraction
is not acceptable, and the inmage 91 based on 20 the results of

extraction. Here the red, green and blue regions [err] of the original
imge 70 and the pattern regions [err] in pseudo colors of each of the hues
based on the results of extraction ardZWHﬁPin perfect correspondence. In
particular, in the case of 25 this exanple, the red region [err] and
the pattern region [err] basgg on the pseudo color of the color red do not
agree. Wien such a display apfjears, it can be judged that the fixed val ues
T1, T2 have been set - 56 |nappropr|ately These val ues are then set
again and the image's%r =Na=Ys a—si m | ar manner.

F_ig.l8b
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When simlar corrective processing is thus executed with regard to al
parts for which a defect decision has 5 been rendered and entry of an
end Command is confirmed at step 34, the PC board 20T is conveyed out at
step_36. Wen corrective teaching is conpleted by the f oregoi ng operation,
t he RC board i nspecting apparatus attains a state in which it is possible
to performan 10 accurate, automatic inspection of the PC board 20T
that is to be inspected, and a transition is made to the inspection
processing shown in Fig. 8 |Industrig®/f48plicability The apparatus for

i nspecting PC boards and the like 15 according to the invention, and
the method of operating the apparatus according to the invention, are
applicable particularly to an apparatus which automatically judges t he

sol dering acceptability of. electronlc arts nounted of a PC board, and the
appar at us and met hod .are usef ul §§|1 automating, and in redu0|ng t he
| abor of, a process for assenbllng he PC ﬁﬂﬂﬂf in electronic equipnent, a
process for nounting the parts of the eqU|;f etc. - 57-
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Claihs 1. In a printed circuit board inspecting apparatus for projecting a
plurality of |ight beans having different angles of incidence onto a
nmoufited part on a printed circuit board, for extracting respective

refl ected light patterns froman original inmage obtained by inmaging
reflyected li.ght beans, and for conparing results of extraction with taught
data to judge the acceptability of the nounted state of the part, a display
apparatus characterized by: image input means (25,33,39) for fetching said
original inmage; pattern extracting TBAE (34) for extracting respective
reflected light patterns fromsaid origrnal imge fetched by said i mage

i nput neans; and di splay neans (39,41) for displaying said original inmage
and an imge which is based on the results of extraction in correspondence
wi th each other, and displaying the respective reflected Iight patterns in
said image that is based on the results of extraction in distinguishable
manner fromone another. 2. |In a printed circuit board inspecting

apparatus for projecti ngFlﬁgthl])gams_of three pri r’refﬁ'gqomrb at angl es

71 52
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i- 58"- of incidence that differ fromone another onto a nounted part on a
-printed circuit board, for extracting reflected |ight patterns in three
.primary colors froman .original i.mage obtained by imaging reflected |ight
‘beans, and for conparing results of extraction with taught data to judge
-thetacceptability of the nounted state of the part, a display apparatus
characterized by: inmage input nmeans (25,33,39) for fetching. said original
i mage; pattern extracting nmeans (34) for extracting respective reflected
light patterns fromsaid original inmage fetched by said i mage i nput neans;
:and di spl ay neans (39, 41) for displayiﬂ?lﬁfid original imge and an i nmage
‘which is based on the results of extraction in correspondence with each
‘other, and coloring the reflected light patterns in said image that is
tbased on the results of extraction using pseudo colors. 3. 1In a printed
icircuit board inspecting apparatus for projecting a plurality of Iight
:beans having different angles of incidence onto a nounted part on a printed
‘circuit board, for extracting FE?gfgiaama reflected |ight
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patterns froman original inage obtained by imging reflected |ight beans,
and for conparing results of extraction with taught data to judge the
acceptability of - 59 - the nounted state of the part, a display nethod
characterized by: displaying, on a display screen of a display device, said
original inmage and an image which is based on the results of extraction in
correspondence with each other, and, with respect to said imge that is
based on the results of extraction, ggﬁélaying the respective reflected

| ight patterns extracted in'distingdl bl e manner from one anot her. 4.

In a printed circuit board inspecting apparatus for projecting |ight beans
of three primary colors at angles of incidence that differ from one another
onto a nmounted part on a printed circuit board, for extracting reflected
light patterns in three prinmary colors froman original inmage obtained by

i maging reflected |ight beans, agg;f rzggyparing results of extraction with
taught data to judge the accepta |I|iéy the nounted state of the part, a
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hdisﬁlay'nethod characterized by: displaying, on a display screen of a

di spl ay device, said original

I mge and an i mage which is based on the

restfits of extraction in correspondence with each other, and, with respect
to said image that is based on the results of extraction, coloring the
extkacted reflected |ight patterns using pseudo col ors.
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.~ |REPLACEMENT SHEET

1 1SEP 1596

Substitute Sheet - 10/9/96

PRINTED CIRCUIT BOARD INSPECTING APPARATUS

Abstract

In a.n inspection apparatus for a printed circuit board or the like
for inspecting the shape of the soldered porﬁon of a part mounted on the
printed circuit board, and for judging whether the soldered portion is
acceptable or not, the present invention discloses a method of teaching with
regard to the mounted position of a part, the type thereof, and a feature
quantity of the mounted state, a method of setting an inspection zone on a
printed circuit board, and a method of displaying the results of inspection,
etc. These methods are performed prior to inspection of the printed circuit

board in the inspecting apparatus.

(Fig. 28)



