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DESCRNPTI ON APPARATIUS FOR AND METHOD OF DI SPLAYI NG RESULTS OF PRI NTED
Cl RGEkm=-BOARD | NSPECTI ON Technical Field 5 This inventign-rgl s to
an apparatus for inspecting a printed circuit board (hereinaft@glfﬁﬁgﬁsed
to as a "PC board") or the like, and to a fethod of operating t _
apparatus. Mre particularly, the invention relates to an apparg?ﬂgtahich'
i nspects the 10 properties of a curved surface and is applied in detecting
the orientati.gn of curved-surface elenents of a curved-surface body
conprising a set of a nunber of curve®BIGRIBIION enents the surfaces
whereof are oriented in different directions; an aB aratus which 15 :
i nspects the properties of a ARPARATEIS FQFe ARY MET BBeQF for inspecting the

shape of a soldered portion of a part nounted on C d; d

i nspecting appar &WWENGXBFﬁ%ngOEU%REQF’F%r%%R&Fﬁ té&gpr J@?Sp}%ﬁ?gﬁ%?
colors froman Qri inalli obt ai ned by imaging a part 20 nounted on a
PC boargzlponpafﬁﬁ%gﬁﬁ@—egzgigted results with taught data and judgi ng the
acceptability of the unt,ed state of part, s : | dered st ate;
a teaching mthod forﬁ?ad‘ﬁlvﬁﬁ, 18P 5?1%ggf' ngéeac?iéﬁbo%%%%efﬁo

inspecting a printed circuit board (hereinafter referred

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 properties of a curved surface and is applied in
detectiné the ofientation of curved-surface elements of
a curved-surface body comprising a set of a number of
curved-surface elements the surfaces whereof are
oriented in differeht directions; an apparatus which

15 inspects the properties of a curved surface and is ideal
for inspecting the shape of a soldered portion of a part
mounted on a PC board; a PC board inspecting apparatﬁs
for extraéting hue patterns in the three primary colors
from an original image obtained by imaging a part

20 mounted on a PC board, comparing the extracted results
with taught data and judging the acceptability of the
mounted state of the part, such as the soldered state; a
teaching method for teaching, prior to iﬁspection.of the
PC board, the mounted po%ﬁkion of a part, the class of

25 the mounted part and'f§5£ure quantities of the
mounted state of the_p;rt in the aonementioned
inspecting apparatus; a method of setting an inspection

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



PC board, the nmounted position of a part, the class of 25 t he nount ed
part "an® feature quantities of the nmounted state of the part in the
abovenenti oned i nspecting apparatus; a nmethod of setting an inspection zone
for setting, prior to inspection of the PC2board, a 2 nount ed- part

I nspection zone in the abovenenti oned inspecting apparatus; a nethod of

di splaying inspection results for displaying the results of part inspection
on the screen of a display unit in the abovenmentioned 5 inspecting
appar at us; and mowh sl pantetinsdectignPeobeais thepakevemenpiened us i deal

for verifying the acceptability of the extracted state of hue patterns.
Backaround Art ImEPedHie GPraratygsf acleshod 98| deFRIPYHRE oL 1A part
nmount ed on a PC board can be nentioned.as ica# exanp|l e of a

cur ved- sur f ace B iy B SRR HGe Fh6r irgﬁ%l SsOr fRRES BHIRRGIThAT y,
such 2 50 9er St EUON 15 dOSPeetay BHRLL Yy g LS. BRSRELON 1Y o the
' 5 inspecting apparatus; and a display method in a PC board
inspecting apparatus ideal for verifying the
acceptability of the extracted state of hue patterns.
Background Art
The shape of the surface of a soldered 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. Conventionallya such a soldered
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
this visual inspection.
With this method using such visual inspection,
however, the occurrence of inspection error cannot be
20 -avoided, judgment differs widely depending upon the
individual perforﬁing the inspection, and there are
limits upon inspection processing capability.
In recent years, a variety of automatic inspection
apparatus capable of performing an inspection of this
25 kind automatically have been proposed.
| The shape of the surface of a soldered region is a
cubic shape of three dimensioﬁs, and the ability to

detect three-dimehsional shape information .is essential



15 solder, the anmobunt of solder and its solubility, short circuits and

i mpr.ope®* conduction are judged based on this visual inspection. Wth this
met hod using such visual inspection, however, the occurrence of inspection
error cannot be 20 avoi ded, judgnent difiers wi dely dependi ng upon the

i ndi vi dual performng the inspection, and there are limts upon inspection
processing capability. In recent years, a variety of automatic inspection
apparatus capable of perform ng an inspection of this 25 kind automatically
have been proposedrder tthapspettt Bucbuaf ghapef a sol dered region is a
cubi ¢ shape of three dinensjions, and the ability to detect ]

t hr ee- di nensi onal shal®- i hfidriwRtbratess ags sxampPap of anj aubPERELI€0 i nspect
such a shape. Fig. 1 illustrates an exapple of _an automatic inspection
appar at us capab’rrésliﬁc‘b‘é’tr’e@tﬂﬂﬁattﬁlseégpagﬁéngfoﬂ%Fe%Wa‘E)% FNF®Fmati on. The

apparatus irradiales & soldered veaion.on a BC.bgard 2 vt slifaddant L

5 a soldered reQion 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 piéked up by an image pickup device 4,

[0 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 Iascertain the three-dimensional shape of other portions.
Moreover, the surface of the soldered region is such
‘that the orientation thereof is not uniform with respéct
to the surface direction of the PC board. Consequently,
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
opefation is required. A problem is that ﬁhis invites
higher cost.

Accordingly, in order to'solve this probleﬁ, a

25 method is available in which the surface of a curved-
surface body undergoing inspection is irradiated with
-light from a plurality of directions having different

angles of incidence, each reflected-light image from the



reflected-light image of an optical cutting-plane line 3, which is produced
on*the Burface of the PC board 2 inclusive of the sol dered region by
irradiation with the slit light 1, is picked up by an i nage pickup device
4, 10 and the three-di nensional shape of- t4he sol dered portion is detected
by investigating the imaged pattern. Wth this inspection nethod, 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
t hr ee- di nensi ongurfshapeodf theheurped t sWwrBacdMbaly drs, ifdagedyr hadetbe t he
sol dered region is such that the orientation thereof is not uniformwth
respect to the swuiftatetdpnecfi tihe ofurhed RGiutiagal elemesdgupasispssat brast
four conbinations of |ight source and i mage 20 pickup device 4 are
necessary. For thei survedoaurface dppdy atsideeqtndfirem dean@srertgmpy
preci se assenbling operation is required. A problemis that this invites
hi gher cost. AcdBparAgPatternsr defhis B thelongsofiefheac3sssnefhod i s
avail abl e in. which the surface of

ot on 1B EAHiNE SOREERS, RerRods L i e e o R netBREY ki ng
different angleg of 985IENE e - ERRM L RIALE fiflidd 9Hed MBI oM the
Specifically, this method takes note of the fact that
when light flux having a uniform pattern ié projected
upon the object undergoing inspection, the patterh of

10 the reflected light flux obtained from the object
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
this method and shows the positional relationship
between a detecting system, which comprises a iight pfojecting
device 5 and 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 su;face
of the curved-surface body (efg., a soldered region) 7
from the projecting device 5 disposed as a certain
position, reflected light flux 9 impinges upon and is

25 detected by the image pickup device 6 placed immediately
overhead. Whén 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



4 surface of the curved-surface body is inmaged, and the orientation of the
curtved-surface el enents possessed by the curved-surface body is detected
fromthe respective inaged patterns. This nmethod bel ongs to the class of 5
"active sensing nethods", which is one of ?he methods 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 object undergoing inspection, the pattern of 10 the reflected Iight
flux obtai ned fooiented it et antder ows thef 6FRAEF oFC i F RRELFMFRE With the
t hree- di nmensional shape of the object. The nmethod_is such that the shape

of the object uneereraperianm I& Ese mkhedang b Phel PR pattern. 15
Fig. 2 is a diagramfor describing the principle of thiS'nethgd and_shows
}hehp03|t!onal A@E@Idh@@h?piﬁ%t 450 eI erhgisYRPRNFPFNFRAL SRR T ses a

I ght projectin evice 5 and_an i nmage_pi ckup device and_a curved-
surface body 7,gbﬂi%%rY%ﬁT?H¥§ﬁﬁ%yhpd®hagF§&PEga piura?ity of

5 projecting devices having different angles of incidence
ih a case where the surface property of the curved-
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 groub of 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 5 is one which projects a
light flux 8 having a width A0, reflectéd light flux 9
having a width corresponding to this width will be
detected by the image pigkup device 6. In other words,

20 in this case curved-surface elements having the width 48
for an angle can be detected.

Further, if the projecting device 5 includes ring-
shaped light-emitting elements 11, 12 and 13 arranged
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



20 I nspection. Wen light flux 8 is projected toward the surface of the
curived-surface body (e.g., a soldered region) 7 fromthe projecting device
5 di sposed as a certain position, reflected light flux 9 inpinges upon and
is 25 detected by the i mage pickup device®6 placed i medi ately overhead.
When this is done, it is detected that a curved-surface el enent of the
portion of the curved- surface body 7 irradiated with the light flux 8 is
5 oriented at an angle [err] with respect to a horizontal reference plane
10 ([err] is theepagmoiplanm doncehd Aneopdirgtytioedis|ofhthe scyprogdect ed
upon the surface of the curved-surface body 7 using a plurality of 5 .
proj ecting devi st ey i elemiinitfsedantthendlissectfiionnef dere cangil e @fase where the
surface property of the curved- surface body 7 is such that the curved
surface conpri sestatinmidrensiofc widddbsucpacelérnehts AT htRFYH i f f erent

directions, as is the case with a sol.dered 10_surface r
curved- surf ace ¥rkrefhe angle of inclinat?on of tHe curﬁeétéhé%gééﬁbody

5 7 with respeét to the reference plane 10 will be
detected.

If the projecting device 5 is constituted by the
plurality of ring-shaped light-emitting eleménts 11, 12 and 13
having different angles of incidence reiative to the

10 curved-surface body 7, as shown in Fig. 3, curved-
surface elements having orientations corresponding to
the angles of incidence of light fluxes 14, 15 and 16
from the light-emitting elements can be detected in
detail, as set forth ébove.

15 Assume that the three ring-shaped light-emitting
elements 11, 12 and 13 of radii rp (m = 1, 2, 3) are
disposed horizontally at positions having heights hpy (m
=1, 2, 3) from the reference surface 10, and that the
angles of incidénce of the light fluxes 14, 15; 16'from.

20 these light-emitting elements 11, 12, 13 relative to the
curved-surface body 7 are 0, (m = 1, 2, 3). Under these'
assumptions, curved-surface elements whose angles of
inclination at the curved-surface body 7 respectively
are Bp can be detected by the image pickup device 6. In

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



correspondi ng to respective ones of these angles of incidence can be
detfect éd, whereby it is possible to detect how each curved-surface el enent
of the surface of the curved-surface body 7 is oriented, nanely what the 15

-

surface property of the sol dered region is/ 1f the projecting device 5 is
one which projects a light flux 8 having a width AQ reflected light flux 9
having a wdth corresponding to this width will be detected by the inage
pi ckup device 6. In other words, 20 in this case curved-surface el enents
havi ng the w dtémaklr] TeraforanglthecangBesdefedneidenget heamely the
projecting device 5 includes ring- shaped light-emtting el enents 11, 12
and 13 arrangedanokées ooft siinial igathone ofe thet surKedr sREfafR e pPBPREY 0EC as 25
shown in Fig. 3, the distance between the projectin .gevice 5 and the

cur ved- surf ace B%d@eqe%ﬁqq'lﬁ?nb@ﬁspéﬁFrWéﬁﬁgdF&sgcﬁgr ARCE oY LER oFB® angl e
of the curved-sgrf ce.bogy 7 wWth respect to an axis perpendicular to the
6 reference pl ah@t AP FIREFE N ent ati ons of the curved-

5 cosby = hn/ (hp? + rp2)1/2 ee. (1)
| 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 (KOKAI) No. 61-
293657)]. In 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
15 1light-emitting elements 11, 12, 13 having different
angles of incidence with respect to the soldered
surface.
However, with this method of controlling 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 brojection timings, an
arithmetic unit for processing these images as an imége
of an identical visual field, and a firing device for
lighting each';ight-emitting element instantaneously.
25 This entails great technical complexity and the method
involves problemé in terms of cost and reliability.
Accordingly, in an effort to solve all of these

problems encountered in such a time-sharing system, a



surface elements in the direction of the angle of rotation thereof will be
caricel led out. As a result, only the angle of inclination of the
curved-surface body 5 7 with respect to the reference plane 10 will be
detected. If the projecting device 5 is coflstituted by the plurality of
ring-shaped light-emtting elenents 11, 12 and 13 having different angles
of incidence relative to the 10 curved-surface body 7, as shown in Fig. 3,
curved- surface elenents having orientations corresponding to the angles of
i nci dence of |imbthéduhes Heen Irapubelb fiaromsiehdnl aghapparatuagwbienent s
can be detected in detail, as set forth above. 15 Assune that the
t hree ring- shapédspeghs - biear repdilesrevch BB wiZegndJapaneseaBaktert (m= 1,
2, 3) are disposed horizontal |y at positions having heights [err] (m= 1,
2, 3) fromthe AEPbieabEor h3iEOrEn EHAEKATHaNo-hE2248VE37b) -i nci dence of
the light fluxes 14, 15, 16 from 20 t hese Iight-enit%ing elements 11, 12,
13 rel ative to PRECEFHIRAER UrHiR ASIdRe 7 t EPNFCEM LOf the BRregyqer
t hese assunptions curvedisurf e e engp&; whas 1anglaes of éncligﬁtion at
the curved- urfBEém?JB}ﬁyc PR pEetiS IR [ ? E&8n2hE HEFRCFRABY the
I mage pi ckup de¥h?$e61iéﬂt-emitting elements having different angles of
incidence 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-sensing-type image pickup device such as
a color television camera, and the images are detected
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 period 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, etec) 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 wvarious

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

PC board") having prescribed parts correctly mounted at



25 conparison with total optical paths fromthe light- emtting el enments
11" 12,%13 to the i mage pickup device 6 via the surface of the
curved-surface body 7, the sizes of the curved-surface el enents are
sufficiently = 7 small. Therefore, the anyles of incidence, namely the
angl es of inclination of the curved-surface elenents to be detected, can be
determ ned in accordance with the follow ng equation: [err]. A nethod

enpl oyi ng sources of white light as the light-emtting elenents 11, 12, 13
has been pr oposgredstearmintdidposfi tivggearengntaredxf eomar legykeanthce of a
sol dered region on the basis of the foregoing principle 10 (Japanese Patent
Appl i cation Laibefien fhcORq bodesd 45 ingpesred. |Hrip| sedghid of -

i nspection, the light- emtting elements 11, 12, 13 are, lit and '

e>r<]ti ng]thi shed atoPEHeAn \ic fetf?errfr@fieﬁp EimPhYsafn" bPISRIRG S130Gui sh anong
L et o Y et datdpgaot dats FelSting co' SRS STRILIHL,

5 types and inspection zones of parts mounted on a
reference PC board, as well as data relating to
feature quantities of the mounted state (e.gf 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 extremely
large. As a conéequence, 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 boardf
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 board. | |

However, according to this teaching method, not

25 only does fabricating the positioning PC board require

the painting operation, bﬁt the ﬁethod is also
‘uneconomical in that it is impossible to reutilize a

painted PC board. In addition, part position cannot be



angl es of incidence with respect to the sol dered surface. However, wth

t hi's nmethod of controlling the lighting of the light-emtting el enents,
there is need 20 of a nmenory for the purpose of storing each inage

obtai ned at each of the different projectil®h-tinmings, an arithnetic unit
for processing these imges as an imge of an identical visual field, and a
firing device for lighting each |ight-emtting el enent instantaneously. 25
This entails great technical conplexity and the nethod invol ves problens in
terns of cost apsuglet iadidddtly Andesdi pglinting as péfbormed vl ve all of

t hese problens encountered in such a tinme-sharing system a_ 8 nethod has
been proposed famcmﬁﬁtérfaﬁhigmparévm§hWWm@ﬁebngséétglmgn@aﬂﬂbﬁﬂies such as
Wi res [Japanese Patent Application Laid-Open (KOKAI) No. 62-127617)].
According to thhethed hddie |tepehigguefed tEBE PRBSF nFRan PFrk rﬁﬁ‘%ﬂ-%’dHns of

red, green and blue are used as the three light-emtti '
di ffe?ent ang| cgugh as the teac%xing of part t te,ecartngéggneelg?enre cgrsmehdm“ ng

5 with ease.’ '

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 single reference PC
board on which each part has been soldered normally,

10 extract feature quantities 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 cbrrectly soldered staté
of each part. If such happens to be the case, a taught
feature quantity will repre.sent a biased value

20 and not an average, and a situation will frequently
occur in soldered state inspeétion in which mounﬁing'
defects are overlooked or a soldered state within
tolerance is judged to be defective understrict standards.

‘In order to obtain the feature quantities of

25 the soldered state of a part in teachihg or inspectioh,
hue patterns composed of the three primary colors are
extracted from an original image obtained by imaging the

part mounted of the PC board. 1In order to realize



I ncidence with respect to the obj-ect undergoi ng inspection. Reflected-Iight
i mfges #n the colors red, green and blue fromthe object are inaged at the
same 10 timng by a hue- sensi ng-type inmage pickup device such as a col or
tel evision canmera, and the inmages are det ekt ed upon under goi ng col or
separation. Wen this nethod 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
period of tine.phHoyeyeinsmiattier kifs aaPpgabaard,i sheoinspattiordiso det ect
peri pheral information essential for automatic inspection of parts nounted
on a PC board, suehissd 2fh tlienffeotatthart pelt&éeirngexbraathonegson on the PC
board (e.g., part nunber, polarity, color code, etc) and circuit-board
pattern |nfornaP?EﬁPKmﬁﬁ|4ﬁﬂyﬁﬂQQ&¥ onTphﬁe@ﬂﬁﬁutheb@ﬁﬁéptabtliEYlerenely
difficult to put the apparatus to practical use.as_is en an

appar atus for iPRYRED I AELTar FHYensdgnag WséﬁﬂﬁﬁgtB%ErgﬁY%hb?%n

required i ngwhi ch varl us daHg r.el tln referred to as a

"reference PC HOEFRP gp&PtglESBrggFl “fount ed at

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 original
image vanishes from the display screen. A problem with
both methods is that the acceptability of the extractsd
state cannot be verified with ease.

With regard to setting the inspection zone,

20 conventionélly 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
processedf 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



9 predetermined positions are entered froma keyboard before the PC board

i s finspected. This teaching operation is referred to sinply.as "teaching"
and entails the teaching of data relating to the positions, 5 types and

i nspection zones of parts mounted on a ref¥¥ence PC board, as well as data
relating to feature quantities of the nounted state (e.g, the sol dered
state) within the inspection zone of each part. Wth this teaching nethod
using data entry by key, 10 however, the anmount of data to be keyed in is
extrenel y | ar gebeAinapeoheéquill epratrieieotn tthiel exterdbrobft the aed | abor
are necessary for the input operation, and operation is a great burden. A

t eachi ng met hodihgpesbionngondeswleapihenpriesd sidn béetthpr dpadvédg[ Japanese
Pat ent Application_ Laid-Open (KOKAI) No. 62-180251] and entails fabricating
bef or ehand a poBPEhBRLEH bR Y Ing angh e sptipparg) thst BCnkaabsg  col ori ng

the surface of a PC_hoard t h bl ack paint, and coloring nounted parts with
whi'te paint, 20th§n88iﬁ8§F¥&F@?RQQﬁﬂﬂIHQﬁﬁﬁijoﬁcaﬁgthebFagtPEPboard

5 printing precision, etc., are sufficiently high.

In order to solve this problem, the conventional
approach is to set a reference pattefn on the PC board,
calculate the amount of offset between the position of
this reference pattern obtained 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 whether 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 unit and,
when necessary, are printed out by means of a printer.

Conventional methods employed for displaying the



I nspecting apparatus, thereby teaching data (part position, etc.) serving
as ‘criteria for the purpose of inspecting the PC board. However, according
to thig teaching nmethod, not 25 only does fabricating the positioning PC
board require the painting operation, but ¥he nethod is al so unecononi cal
in that it is inpossible to reutilize a painted PC board. In addition, part
position cannot be - 10 - taught correctly unless painting is perforned
in accurate fashion. Furthernore, according to this method, the teaching of
i tens ot her thanepalts polSiinspectsiorh ims at PE€ beachi hgspéchion aype;atmannot
be perforned 5 wth ease. On the other hand, in a case where a feature
quantities of sbnebude atmathad dn sligish theenusheenef onafefeaéiveerPprsto
prepare in advance a single reference PC bgard on which_ each part has been

sol dered nor mal Py lerabiom@f e geteciuandi tResPaF tifRl3Es RF dth_t ate of

cach part usinggllg J&l Y ihyed 20 et display unit, and a method

5 in which the mounted position of each part on the PC
board is displayed and only those parts that are defective
are displayed in a different color.

With the former method, however, it is difficult to
achieve,corresppndence between the number of a defective

10 part and the pésitioﬁ of the part on the PC board. |
Accofding 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

15 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



thereafter provide the extracted quantities wth a fixed wdth to decide
the range of feature quantities that defines the normal sol dered state. 15
However, there is absolutely no guarantee that a reference PC board
prepared for teaching will be suitable forigepresenting the correctly

sol dered state of each part. If such happens to be the case, a taught

feature quantity wll represent a biased val ue 20 and not an average, and
a situation will frequently occur in soldered state inspection in which
mounti ng def ect §p858a 048" 1P0MELIO By iRy @d1abatiety tBhdnt gherance is

j udged to be defectlve under stri ct standards In order to obtain the
feature quantitinetnédZsosheisvlserLpaiitalagdotthe pape of trachougtéed

i nspection, hue patterns conposed of the three primary colors are extracted
from an ori gi napartpgfalmbicatiexh mf ianagifegyenice Parboandnfed béathindC
board. In order to realize proper inspection of a PC board, -the
i nspection is pienfsetlbratéed Fraktrenisst qﬁﬂﬁh@rﬁCehoaa@tlenma@eperforned
accurately. To verify the acceptablllty of

possible.

A further object of the present invention is to
provide a teaching 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 td
provide an inspection zone setting method in a PC board

15 inspecting appafatus 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 réquiring correction
processing.

20 Yet another object of'the presentlinventicn is to
provide a method of displayihg 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 defective part and the particulars of the defect

without requiring visual inspection of the PC board.

A further object of the present invention is to



pattern extraction, conventional nethods that have been 5 proposed entai

di spl ayirng obtained feature quantities in the formof nunerical values on a
di splay unit, or displaying an i nage, which is based on the results of
extraction, at the position of the originalSimage of the inspection zone
obtained by imaging the 10 part nounted on the PC board. Wth the forner
of these nethods, however, it is difficult to grasp the extracted state

- concretely since the display is based upon a numerical value. Wth the

| atter net hod, ptroviddidfdisplayt onetthdd aist & € besuldt dn&ébPecbingxtracti on
with the original image since the original inmage vani shes fromthe display
screen. A probl apparatugoim wisidindoy spdwialilye coptepvahgl at pethod hef
extracted state _cannot be verified with ease. Wth regard to setting the

i nspecti on zonedigplaying e dirgults IRf Raidera exkearyiget: eEened by fi xed
coordi nates. Wen a zone on the PC board which includes an |nsEect|on

| ocation is |na@%ﬁeaﬁ?b¥kﬁ?¥kﬂﬁﬂﬁh?n?x§¥%ﬁﬁﬁ§ Stakep6Ani BR Berifkedmage is

extracted as an |n3fect| n_ zone using the fixed coordinates, and only 25
the interior of *FRE Y P cﬁ??ﬁf%ﬁﬁi@ ‘extracted is processed. In order to

shorten processing tAHEap££§%tus for inspecting properties of a curved
surface according to the present invention is
characterized by comprising projecting means which
includes three types of ring-shaped light-emitting
[0 elements, which are for generating red light, green
light and blue light having light-emission energy
distributions with respect to wevelength that pro&ide
white light upon being mixed, arrahged at positions
to project 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 quantity of light of each light-
emitting element in such a manner that white light is
obtained when the 1ightlemitted from the 1ight-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-surface 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



I nspection zone is set to be as small as possi ble. However, a problem
encountered is that the location to - 12 - be inspected wll protrude to
the exterior of the set inspection zone unless the precision of the driving
mechani sm f or conveyi ng and positioning the PC board, the PC board

machi ning precision and the pattern 5 printing precision, etc., are
sufficiently high. In order to solve this problem the conventional

approach is to set a reference pattern on the PC board,

cal cul ate the

anmount of of f sekubshyeedt t tige plasdgddiedicuiVied -sa-Eaeacbogat 4€rn obt ai ned at
the tinme of 10 inspection and the position of a reference pattern obtained
at the tine of ddfifbregt anglehef doraictendehe Sascei db 08 sbearnapgedi on
zone. According to this nmethod, however, the fact that the reference
pattern i s requthatl bkeesed: aareen [Fndl Dlue mefdgcsedapiehtr ampaes efromn al |
PC boards. Mrreover, if an errqr occurs_in the processing which detects the
position of thethef&nefree rf tdih cugied \funface body are detected

5 simultaneously and distinguished by hue, the properties

of the curved-surface body can be deteéted 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

mounted 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 mounted on the PC board includes supplying a PC

board having labels affixed at the respective mounting

positions of parts to the abovementioned PC board

inspecting apparatus, and imaging 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



have an i nfluence upon the positions of all inspection zones. 20 In
a Case where a PC board undergoing inspection is imged by the
above-descri bed PC board inspection apparatus and an inspection is
performed to determ ne the acceptability- df7 t-he nounted state of each part,
nanmel y whether parts are mssing or the soldered state 25 I S accept abl e,
the results of inspection of each part are displayed on the screen of a CRT
di splay unit and, when necessary, are printed out by means of a printer.
Conventi onal metBofsbeidd oa®@ by GIf flixdplgad nabehewhosd3co®stl b6 shape

I nspection in a PC board inspection apparatus include a nethod in which the
nunber of a defechfuempatd , thdecypecaifi @n pafrtt e dhéemdbuanihd heopbtiowgul ars
of the defect are displayed on a CRT display unit, and a method 5 i n which
t he nount ed posfi theopartictn gdre Réh hoerdrC Bbasdrefederpe ahedoeantd oig v
those parts that are defective are displayed in a different color. Wth the
forner nethod, feRRYEed §e@ the AG haand ingpecting apparatus and the

5 1labels are imaged, whereby the positions at which the
labels are affixed as well as the shapes and colors of
the labels 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 golor 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 reutilized. This is

15 economical. According to this teaching method,
moreover, it is easy to teach part type and not just
part position.

One more teaching method according to the present
invention entails teaching of the feature

20 quantities of the 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



achi eve correspondence between the nunber of a defective 10 part and the
position of the part on the PC board. According to the latter nethod, the
position of a defective part can be verified but the particulars of the
defect are unclear. As a result, it is redBred that an inspector inspect
the PC board and visually verify the 15 particulars of the defect.

Di sclosure of the Invention An object of the present inventionis to
provi de an apparatus for inspecting the properties of a curved surface in
whi ch, by arrangnaged; tsoe tfedatude tquanghties @D e anonenitedhen i rradi ati ng
l'ight rays froma plurality of light-emtting elenents constituting a

proj ecting devistabes of niheqar ttsheny extracesdoframctteedesutfhog of a
curved-surface body such as a sol dered region can be detected in a short
period of tine, images: BwragnbepBire pysanbi bies sare corecettederi pheral

i nformati on essential for__actual_inspection. Another object of the present

i nvention is toShRbbFeCE vad@ihFhrecrdulatadprabyas darasiretasigthe

5 feature quantities.

Thus, in accordance with the teaching method of the
present invention, the feature quantities of the
mounted states of the parté are extracted from the
images of the_pluraiity of reference PC boards, and the

10 statistically processed values are téught to the PC

| board inspecfing apparatus as feature quantities.
Therefore, even if there is a statistical dispersion
among the mounted states of a part from one PC board to
another, the feature quantities are averaged by

15 the statistical processing. As a result, incidents of
overlooked improperly mounted parts or of normal parts

~ being erroneocusly judged to be defective are reduced in
inspecting the mounted states of parts, and PC boards
can be inspected in reliable and stable féshion.

20 Furthermore, the present invention provides an
inspection-zone setting method for setting an inspection
zone of a mounted part prior 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



14 apparatus in which, by using a |label to teach the nounted position of a
part and the type of the nounted part, fabrication of a reference PC board
for teaching is facilitated and reuse of the PC board is made 5 possible. A
further object of the present invention-id% o provide a teaching nethod in
a PC board inspecting apparatus in which, by obtaining feature
(characteristic) quantities of the nounted state of a part using a 10
plurality of reference PC boards, it beconmes possible to realize reliable

and stabl e i nspeedduing gt ecRudhegrobabainl wifRid . tifd iptocewd iy obj ect
of the present invention is to provide an inspection zone setting nmethod in

a PC board 15 izmpectdnty seiyrdngt ag inspbitehonbyons osfstshegnauntehigeart
obtai ned by imaging a PC board and setting an inspection zone of a nounted
part, the inspéutielargingabybe peedstabhyneddwidtii ggn spesad Wi t hout
requiring correction processing. 20 Yet anot her object of the
present inventiQﬁrqqmﬁﬂiﬁ&i@@iGgeaeﬁﬁtﬁﬁﬁedf1ﬂn§pr%g}®@-the results of
nspection kn a PC bgar C ddihete M PR Yaepaction sond Sotting?
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
inspécted. 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
I5 stably and at high speed. 1In addition, setting a
"reference pattern on a PC board and performing
correction processing using such a reference pattern are
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.

A method of displaying the results of inspection
according to the present invention in a PC board
inspecting apparatﬁs for imaéing a plurality 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



a system wherein the position of a defective (faulty) particulars of the
defifect (fault) are displayed sinultaneously on 25 one screen, it becones
possible to verify the position of the defective part and the particul ars
of the defect without requiring visual rngﬂeétion of the PC board. A
further object of the present invention is to 15 provide a display
nmethod in a PC board inspecting apparatus in which, by specially contriving

a nmet hod of -displaying the results of pattern extraction,

the acceptability

of the extract athigt,atee moamtied pesitied 6f caach ypawtd Qi ddyeatBd poaxgd in
apparatus for inspecting properties of a curved surface according to the
present i nvent igopresafierminedr c2earbind oApPPSi BPHrof & tRaff mIaSethi ch

i ncl udes three types of ring-shaped Iight-enitting%P el enent s, ich are

for generating fedavigymoungisgntprdhe ARd2 HFRECT |

RN

9% H2%¢ni ssi on
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upon being m

5 displaying, in another area, particulars of the defect of

the defective part.

In accordance with this method of displaying the

results of inspection of the present invention, the

mounted position of each part on the PC board is

10 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 one 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



to project this light, at angles of incidence that 15 differ from one

andt her » toward a surface of a curved- surface body to be inspected,

| i ght'-quantity adjusting nmeans for adjusting the quantity of |ight of each
light- emtting elenment in such a nanner't%gt'mhite light is obtained when
the light emtted fromthe light-emtting 20 el enments is m xed, I mage
pi ckup neans for imaging reflected-light inmages fromthe surface of the
curved- surface body to obtain i maged patterns distinguished by hue, and
processi ng neanshiawractetrdeednpy pd bppetday sy ofora & dhsgpdayustaeenebénent of
the curved-surface body from 25 the inaged patterns obtained fromthe inmge
pi ckup neans. Rédspilght ungkeebhéighiginal binaod iagitt ary dmaglke Whaghshaped

light-emtting elenents irradiates the - 16, - surface of the inspected
curved-surface Bagpdapndtheereslbhgplbsewtragicidfen@diasenRteth is so
arranged that the red, _green and blue refl ected-light _ inmages frgglthe

surface of the QFi@ddaduirage. REY PTG RS image based on t

5 'results of extraction using pseudo colors corresponding
to the hue patterns.

Aﬂ originallimage of an inspection zone obtained by
imaging a mounted part on a PC board; and an image, based on
the results of extraction, 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 vefify the

I5 acceptability of the extracted state.
Brief Description 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 3Iare 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 inspecting apparatus in an |

25 embodiment of the present invention;

Fig. 5 is a diagram showing the relationship

between patterns and the acceptability of soldered

_states;'



5 sinmul taneously and di stingui shed by hue, the properties of the
curived-surface body can be detected in a short tine using the hue patterns
obt ai ned. Moreover, since it is set so that white'light is obtained when
the red, green and blue light rays emtted2by the light-emtting 10

el ements are mxed, it is possible to detect essential peripheral.

i nformati on necessary in inspecting the solder of nounted parts, e.g.,
informati on (part nunber, polarity, color code, etc.) relating to each part
on the PC board, aspriRld. & ahR€ hWoatd padwehardd shdwinigral iteachdaig ous nmarks
and the like). In this way automati on of sol dered state inspection can be
realized. A teprocegsiaghpdooéduhe; i nvention for teaching the nounted
position of a part and the type of the nounted part before a PC board is

i nspected to a PC bd4diad B0is pnfpewchapt aphewinaistiemdongsests of t he
mounted state of a part mounted on the PC board includes supplying a PC
board havi ng | 4BEPECARLPPXPECEESERROt especti ve nounting positions of parts
to the abogfnentioned PC ggard i nspecting apparatus, and. inpaging the

| abel s, wheteby 25 Fi@Fe rodRfedOpsiftPh e P H BALES SRRt by t he

positions at ich.the labels are_affixed and the type of a part is taught
by the color o &ﬁeleatﬁ angaﬁfixeé éheréto, _

Fig. 11 is an explanatory view showing partitioned
regions on a PC board and a procéssing 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. l4a and 14b are explanatory views showing a
method of setting inspection 2zones; _
Figs. 15a, 15b and 15¢ are diagrams showing display
15 screens of a CRT diéplay unit;
Fig. 16 is an explanatory view showing a method of
projection processing;
Figs. 17a, 17b, 18a, 18b, 18c, 184, 18e and 19 are
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. 2la and 21b are sectional views showing the
soldered states of a part;
25 Figs. 22a and 22b are explanatory views showing
imaged patterns of soldered regions;
Fig. 23 is_a graph showing a data distribution of

red hue values;



Before inspecting a PC board, a reference PC board - 17 - is fabricated
by affixing a | abel whose color or shape confornms to the type of a part at
t he nmounting position of the part on the PC board. This reference PC board
is supplied to the PC board inspecting app& atus and the 5 | abel s are

I mmged, whereby the positions at which the |abels are affixed as well as

t he shapes and colors of the |abels are read. The positions at which the
parts are nmounted are taught fromthe positions at which the |abels are
affixed, and the typrigf 24 phstan Sextplidtdd;y firedmshoeringl ar ddspihgpe of
the |l abel for that part. According to this teaching nethod, the reference
PC board for teacheeny chim HERT arsplaedinirt;si npl e fashi on nmerely by
affixing the labels. |f the |abels are peeled off, the PC board can be
reutilized. This is FB3-eddnbidflowahan AhRyiNg #hicOTEE8ERVRY net hod,
noreover, it is easy,to teach part type and not just part position. One
nore teachi ng nEEASRHLIRL RFFIH LY t he present

5 Figs. 26a and 26b are, respectively, a view showing
a display screen of a CRT display unit at the time of
teaching and an explanatory view showing 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 shbﬁing, in enlarged
I5 form, a portion of -the display screen which prevails
when pattern extraction is unacceptable.
Best Mode for Carrying Out the Invention
Fig. 4 illustrates the construction of a PC board
inspecting apparatué in an embodiment of the present
20 invention.
The apparatus for inspectiﬁg PC boards is for
imaging a reference PC board (a positioning PC board)
208, comparing feature parameters (criteria
data) of an inspecﬁion zone_of each part 21S on the
25 reference PC board 20S, which parameters are obtained by |
processing the imaged data, with feature
parameteré(data to be inspected) of an inspection zone

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



i nvention entails teaching of the feature 20- quantities of the nounted
stdate of a part before inspecting a PC board to a PC board inspecting
apparatus for inspecting the nounted state of a part nounted on the PC
board. According to this teaching nethod, 4& plurality of reference PC
boards on which parts have 25 been correctly nounted are successively
supplied to the abovenmentioned PC board inspecting apparatus. The PC board
i nspecting apparatus is operated in such a manner that the plurality of
ref erence PC bopndsestipit) achiadte paramelt@®rs mmagbdainddeby etmnagengueinei ti es
of the nounted states of the parts are extracted fromthe resulting inages,
these feature gB@nNboards2eF eprusieyrosd isspecsipoal Apd paaferdiral cul at ed
values are set as the 5 feature quantities. Thus, in accordapnce with the

t eachi ng net hodingpeseion cte feterming slethrs paghuParfudhtitfes of the
nounted states of the parts are extracted fromthe i nages of the Qéurality
of reference pcpggﬁ?gg,y}ﬂﬁyqqﬁg and soldered. The apparatus includes

5 an X-axis table 22, a Y-axis table 23, a projecting unit
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 piékup 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 5lue 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 élements

25 28, 29, 30. The reflected-light image is converted into
an electric signal by the image pickup unit 25. 1In this
embodiment, the light-emitting elements 28, 29 and 30

employed are of a structure in which sources of white



10 statistically processed values are taught to the PC board inspecting
apparatus as feature quantities. Therefore, even if there is a statistical
di spersi on anong the nounted states of a part fromone PC board to another,
the feature quantities are averaged by 15 Zhe statistical processing. As a
result, incidents of overlooked inproperly nmounted parts or of normal parts
bei ng erroneously judged to be defective are reduced in inspecting the
nount ed states of parts, and PC boards can be inspected in reliable and
stabl e fashi on. 12ght are céuei&rwtle, cdlwer 4 asadispanreant pdatpsoedesran
I nspecti on-zone setting nmethod for setting an inspection zone of a nounted
part prior to P€ibterd)i afpt¢iomloms add; hpareh iamsipbduieon apparatus for
i nspecting a nmounted part_on a PC board. The nethod is characterized by 25
i magi ng a suppl iresprctbyvalyl- t dewenrie ash Jangg@asofthehd ightt embbhinag
position, initially setting, with respect to the inmage, a processing zone
whi ch incl udes §LPBRBLFeGPBACIFE t HolHe odthe tdrseaPriRgryhecland. r 8a¢on by
- 19 - . -
5 invention is not limited to the above structure. For
example, three ring-shaped color fluorescent lanmps (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 illumination, information (part number, polarity, color
code, etc.) reléting to parts on the PC boards 20S, 20T
or information (various marks, etc.) relating to a
pattern on a PC board, the profecting 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 spectrum each having a light- -
emission energy distribution with respect to wavelength
fa 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 light by mixing the colors. The quantity 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



executing projection processing wthin the processing zone, and setting an
i ns’pecti*on zone of the nounted part by enlarging, by a predeterm ned w dth,
an area circunscribing the extracted | and region. 5 I n accordance
with this inspection zone setting nethod &6 t-he present invention, a PC
board is supplied to a PC board inspecting apparatus to inmage a part
nmounti ng position, and the resulting image is subjected to predeterm ned

| mage processing to set an inspection 10 zone of the nounted part, al
before the PC bDagHti émitisg® B ecthel Ndgfioemiteing elekhbrte 28, a2dpeviation
in the printed pattern on the PC board, an inspection zone which includes
an i nspection |wetalipbebdnwhetes dtightl gy bandgi mikedpossi bl e to set an

i nspection zone 15 stably and at high speed. In addition, setting a
reference pattern onThePOndoingl whid @ fisy eavgppedr withod peberessi ng usi ng
such a reference fattern are unnecessary. Even if a deviation occurs in
extraction of tReLPVEPERR | HNSIFhe32 thidhiated mpbaimddie #reirat Dug hanihg24n

cgverse N1 SuenEee HBOR.A I Gt Sl BASBAChbgnozongR A Method of

a PC board 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 unit 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

I5 and a controller (CPU) 39. 1In the teaching mode, the
processing unit 26 detects, through a method described
later, the mounted position of each part 21S on the
reference PC board 20S, 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
boara 208, whereby hue patterns of the colors red, gfeen
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 brocesses the color signals R, G, B
regarding the PC board 21T that is to be inspected,

detects similar hue patterns with regard to the



I nspecting apparatus for imaging a plurality of parts 25 nounted on a PC
board, i-nspecting the nounted state of each part and displaying the results
of inspecting each part on a screen of a display unit is characterized by
di splaying, in one area of the screen of £We-display - 20 - unit, a
nount ed position of each part on the PC board in a predeterm ned col or and
a position of a part, judged to have nounting fault, in a color different
fromthat of the positions of other parts, and simultaneously 5 displaying,

i n anot her aregngpricddion 3oheObft BacHEpgEL RiTide e @I apd,t ankdn
accordance with this nethod of displaying the results of inspection of the

present inventifetms hfeaburd epapase teos, otheaebypaabrbsatbegPanboard is 10
di splayed in a predeterm ned color on the screen of the display unit. Wth
regard to a parnspedged dateefddeect The, Procepoing i wh tofcamuas 9sarthiiss

di splayed in a color different fromthat of normal parts, and the
particul ars of imsPegedcdashs§iipewitBpthgeabovementioned criteria

5 data file and, based upon the results of the comparison,
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 miésing and when solder is
inadequate, and the imaged pattern, red pattern, green
pattern and blue pattern 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 now to Fig. 4, the A/D converter 33, upon
being supplied with the color signals R, G, B from the
imaging unit 25, converts these signals into digital

20 signals and applies the digital signals to the
controller 39. The memory 38 includes a RAM 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.



15 simultaneously on the same. screen. As a result, correspondence is
readi |l y establ i shed between a defective part and the position of this part
on the PC board. Mreover, the particulars of the defect exhibited by the
part can be grasped i mredi ately, and the-i2&pector need 20 not i nspect
the PC board and perform a-visual confirmation. Further, the present

I nvention provides one nore display nethod. This nethod, in a PC board

i nspecting apparatus for extracting hue patterns in three primary 25

colors froman ghefli BAE ¢SREELORIRITEGUBHLULERG REtadsFBYNEBEuBaEL iANtAePC
board, conparing results of extraction with taught data and judging the

acceptability ofinkpectbomtimsie) ailre deddid n@artiablies 35 regdondshesathesi zed
by displaying, on a display screen of a display unit, the original inage
and an i nmage, wheghest bpseehding lhaitr ahd oy idlerdat dacai 6mleadnpdcent the
original imge, and coloring the inmge based on the 5 results of extraction
usi ng pseudo coFBPBlE¥bRgebpotrlithyp controller 39, the decision unit 36,

5 etc.

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
judgment to the controller 39.

The imaging controller 31 is equipped with

inﬁerfaces 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 conﬁrol for maintaining balance among the

20 colored light outputs of the television camera 32 in
image piékup 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



to the hue patterns. An original inmage of an inspection zone obtained by

| megi ng +a nounted part on a PC board, and an i mge, based on the results of
extraction, colored by respective ones of the 10 pseudo col ors
corresponding to the hue patterns are disp@%yed adjacent 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 images, thus nmaking it possible to readily verify the 15
acceptability ofethittexdf aplidgharitatand Meyeld -Dasdnppti dataf fide Ehawi ngs
Fig. 1 is a perspective view for describing the inspection principle in an
aut omati ¢ i nspecththgohpear3if usthee GRTidiglayt maipr #drdasplapsd these orFi gs.
2 and 3 are explanatory views illustrating the inspection principle in an
aut omati c i nspeat dhgphapaseresn - Filpom heing isupphkigfiayt bim Fihe usesattag t he
overal | construction of a PC board inspectin%§opparatus in an 25

enbodi ment of tAE prdgmentipditheotikyg from theacgnsgPaheshdhi nghe he

rel ati onshi p between patterns and_.the acceptabili of sol dered states;
% p?fnteg 42 prints this out.%%.a pre&gtermfne éormat.

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 keyboard 40 are supplied to the controller 39.

| The controller 39 includes a microprocessor and
controls teaching and inspecting operations in line with
a procedure described next.
| First, an example of a teaching operation 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 "ST1l" in the drawing), the operator

20 manipulates the keyboard 40 to register the
name of the PC board that is the object of
teaching and enter the size of the PC board.
Thereafter, 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 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



22 Figs. 6 and 7 are flowharts show ng a teaching processing procedure;

Fig. 8 i-s a flowhart show ng the procedure of inspection processing; 5
Figs. 9 and 10 are plan views of parts showing labels in a state affixed
thereto; Fig. 11 is an explanatory view-=tidnm-ng partitioned regions on a PC.
board and a processing sequence; Figs. 12a, 12b, 12c,* 13a, 13b and 13c are
10 expl anatory views show ng the extracted i mages of |abels and the

ci rcunscri bing rectangles thereof on an inmage; Figs. 14a and 14b are

expl anatory Vi eqg, shewé neperJBRIM Y edisesetl ispgcliisperéyodpannes; Figs. 15a,
15b and 15c are diagranms showi ng display 15 screens of a CRT displ ay
unit; Fig. 16 iposbtiomimnal arursdrewts ithei posdtiehhofl edchpropendt on
processing; Figs. 17a, 17b, 18a, 18b, 18c, 18d, 18e and 19 are di agrans
showi ng met hodswibéreepdn nthe repectinetesowds the position of the cursor

are entered as the coordinates of the corner. On the

'5 basis of the entered coordinate data, the controller 39
controlé 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 yvellow hemispherical label 50 is affixed to a

20 rectanéular part 21S such as an SOP (small outlined
package) having a number of leads on both longitudinal
sides thereof, the labellbeing affixed with its arcuate
portién oriented in the mounting direction (the specific

"direction of the part 21S8) (Fig. 9). A red circular

25 label 51 is affixed to a square part le.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)



.20 wth regard to a square part; Figs. 20a and 20b are views illustrating
the set .states of part size; Figs. 2la and 21b are sectional views show ng

the sol dered states of a part; 25 Figs. 22a and 22b are explanatory
views showi ng i maged patterns of sol dered3degions; Fig. 23 is a graph-
showi ng a data distribution of red hue val ues; - 23 - Fig. 24 is an

expl anatory view showi ng a display screen of a CRT display unit; Fig. 25 1is
a flowhart showing a corrective teaching procedure; 5 - Figs. 26a and

26b are, respechidtelas RuUErRVCHREW NEnatHisPémostaan, afheé rddhtdingpl ay
unit at the time of teaching and an expl anatory view show ng a portion of

the display scrhreidibrerlfaagedrtoisl thhght By athetbdyixiure,at edmdeti i vely, a
view showing 10 a display screen of a CRT display unit at the time of

the label is affixed, the type of part is taught by the

color and shape of the label, and the mounted direction

5 of the part is taught by the direction 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
positions, and the label 50 or 51 is affixed to the tob
side of each part 21S. However, it is permissible to

15 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. 1In this latter casé it would be
necessary to separately prepare a PC board for teaching
feature parameters, described later, in addition

20 to a PC board for teaching the part mounting positions.

Returning to Fig. 6, teachirng brocessing With i
regard to part mounting position and mounted-part
type is started at step 4 when the reference PC board
208 is positioned at the initial position.

25 Fig; 7 illustrafes the detéils 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



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 showi ng, in enlarged 15
form a portion of the display screen whircB2prevails when pattern
extraction is unacceptable. Best Mdde for Carrying Qut the Invention Fig. 4
illustrates the construction of a PC board inspecting apparatus in an
enbodi ment of the present 20 i nvention. The apparatus for inspecting PC
boards is for | cegiregpandehgr €6Ceh&cbweent (¢ P Idouniteg RCiBoamehed0S,
conparing feature paraneters (criteria data) of an inspection zone of each
part 21S on thead8 theefiaithat Pameaisl ROSuadd clstear dr2ter s are obt ai ned
by processing the imaged data, with feature paranmeters(data to be

i nspected) of an i ns@@clslh@an@neFm edth paetapada afh thePChdmad2@PSt o

under go - 24 - inspection, which paranmeters are obtai ned by |nag|ng t he
is partitioned into a number of rectangular zones 53

5 each having a length and width of Ex x Ey, and each
rectangular zone 53 corresponds to the size of one
frame. First, a frame of the zone 53 at the lower left
is produced 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 accordance with the arrows shown
in the drawing. .

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

15 Letting a pixel position on an image be represented
by (x,y), 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,y), g(x,y) and b(x,y) of the colors red,

20 green and blue will be given by the following egquations

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

rix,y) = [R/(R+ G + B)] x 100 ... (2)
gix,yv) = [G/(R + G + B)] x 100 cee (3)
bix,y) = [B/(R+ G + B)] x 100 ... (4)
25 The processing of step 4-3 for extracting red zones

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

T1 and r(x,y) 2 T2 (where T1, T2 are fixed values that

are preset).



PC board 20T to undergo inspection, and perform ng inspection . to determ ne
whet her =each part 21T is correctly nounted and sol dered. The appar at us

includes 5 an X-axis table 22, a Y-axis table 23, a projecting unit 24, an
i mage pickup unit 25 and a processing unit3®6. The X-axis table 22 and

Y-axis table 23 are each equi pped with a motor (not shown) controlled by a
control signal fromthe processing unit 26. Driving 10 these notors causes
the X-axis table 22 to nove the imge pickup unit 25 in an X direction and

causes the Y- axis tabhg 2840 ® t2btreMi ¢RgS reg either
the PC board 20S or # in %ht |ré§$?éﬁxggke Pg boargsgggg g%d 20T are

irradiated by taﬁtéécted%&taﬁ Ngnagd 15424 @04 . Imaemwswsté@ﬁeﬁepfédwp
unit 25. The projecting unit 24 is equi pped Wi th ri ng-shaped light-emtting

el ements 28, 29zoRé aktrdctespectiheldengeadr pbetio bfgbhe Uh£ge $4 ght and
blue I'ight, based on 20 control signals fromthe processing unit 26, for
i rradi ating thean®j5tgsof12bwp%2nishwwﬂthw'rbdrenneaﬁglextnactedidence The
PC board 205 or 20T is irradiated with light obtained by mxing the |ight
of these thPee Periphorab|portiona fd the omegei §ht-- enitting el enents

Next, at step 4-4, a rectangle abcd circumscribing
the red zone 55 is formed by tracing the contour of the
extracted red zone 55, and it is determined whether the
lengths of two sides of the circumscribing rectangle are

I0 both greater than a radius L of the label 51. In this
way it is determined whether the size of the red zone 55
is greater than a fixed size, namely whether the red
zone 55 is one corresponding to the 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,'howevef, the
controller 39 calculates, at the next step 4-5; the
coordinates of the centef of the red zone 55 in

20 conformity with each of the cases shown in Figs. 12a
“through 12c.

Specifically, Fig. 1l2a illustrates a case in which
the extracted red zone 55 doeé not contact any 6f the
sides of the image 54. 1In this case, the position of

25 the center of the circumscribing rectangle abcd is
adopted és 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



25 28, 29, 30. The reflected-light inmage is converted into an electric
signal By the image pickup unit 25. In this enbodinent, the light-emtting
el enents 28, 29 and 30 enployed are of a structure in which sources of-
white - - 25 - light are covered with colyyed transparent plates (color
filters) of the colors red, green and blue, respectively. However, as |ong
as the light-emtting el enents generate |ight of the three primary colors,
the 5 invention is not Iimted to the above structure. For exanple, three

ri ng- shaped colﬁ%gléggee'scaeriter} SZL( rfgggleghgreggiggug)o&a%?ge used, or use

can be made of ee ring-shap neon tu reen, ue). In order to

make it possiblg f Qi SHing MRt ak@1el hbeEl PAL LRE, AL PEOE BT |90 (Rt
nunber, polarity, color code, etc.) relating to parts on the PC boards 20S,

20T or i nfor mtdéymdiardols Makeh tet Eorm' &l 2bbbandg De daled t@) M) thdC

board, the projecting unit 24 is designed in such a manner that perfectly

white |ight is gdsitmirniofedhsherntlee bifghhisaysctdnghe idradogtms a3 tted
5 the position of the center of label 51.

Fig. 12c illustrates a case in which the extracted
red-zone 55 contacts two sides of the image 54. 1In 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 coordinaﬁes into coordinates in the coordinate
system of the reference PC board 20S and adopts 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 yvellow

20. zone is executed by extracting pixels which satisfy
Rix,¥y) =2 T3, ri{x,y) > Ta, G(x,y) 2 Ts, gix,y) = Tg,
B{x,y) < T7, b(x,y) < Tg, (where T3 through Tg are fixed

" values that are preset).

Figs. 13a_throu§h 13c illustrate a yellow zone 57

25 extracted on an image 56. Fig. 13a illustratés the
vellow zone extracted at the central portion of the
image 56, and Figs. 13b, 13c show the yellow zone S7

extracted at peripheral portions of the image 56.



by the light-emtting elenents 28, 29 and 30 are m xed. Specifically, the
light-emtting elenents 28, 29 and 30 are constituted by light-emtting
el enents which respectively emt a red-light spectrum green-1light 20
spectrum and bl ue-1ight spectrum each haviyyg .a |ight- em ssion energy
distribution with respect to wavelength [a |ight-em ssion energy
distribution in which wavel ength is plotted along the horizontal axis and
the peak thereof is set a 1 (100%] that will give white 25 i ght by

m xi ng the col ors. e]I]he quar nt|2¥bgf th%_%gl &%gcgégghgoyggyéﬁ§geb¥bg ch of

the |ight- en1tt|ng nehts uste controller

31 in such a gﬁgg | | Lgh
light emtted by t e gkﬁw}nﬁaﬁﬁﬂl?ggglgeﬁgﬁﬁgnr %,g Ehégge%)\ni?blg zyclmer Whl te

light . upon bei nghdh edis Bt drigicadwiBhe25the 2aHHBRESE Woid & Ld! S
tel evision canera 32 situated above the projecting unit 24. 5 Reflected

I }ghh frﬁm t he BfeQﬁ)ﬁdin&b‘iu%n&%eb&aﬁgméeibedreatercahem &gnals R G B
of thet re; radius L of the label 50 and whether the length of one
other side is greater than L/2. 1In this way it is
determined whether the size of the yellow zone 57 is
greater than a fixed size, namely whether the yellow
zone 57 is one corresponding to the image of the yellow
10 label 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
39 calculates, at the next step 4-8, the coordinates of
15 the center of the yellow zone 57 in cénformity with each
of the cases shown in Figs. 13a through 13c.
Specifically, Fig. 13a illustrates a case in which
the extracted yellow zone 57 does not contact any of the
sides of the image S56. In this case, the position of
20 the center of the circumscribing rectangle abcd is
adopted as ﬁhe pbsition of the center of label 50.
Fig. 13b illustrates a case in which the extracted
yellow zone 57 contacts any one side of the image 56.
In this case, a rectangle (indicated by the dashed line)
25 is formed such that one side of the circumscribing
rectangle abcd will be L and the other side L/2, and the
position of the cente; of this'rectangle is adopted as

the position of the center of label 50.



primary colors by the color television canera 32, and the color signals are
supplied to the processing unit 26. 10 The processing unit 26
conprises an A/D converter 33, an image processor 34, a teaching table 35,
a decision unit 36, the inmaging controller363k, an X, Y table controller 37,
a keyboard 40, a CRT display unit 41, a printer 42, a floppy disk device
43, a nenory 38 15 and a controlfer (CPU 39. In the teaching node, the
processing unit 26 detects, through a nethod described |ater, the nounted

posi tion of each parfi@lSImn tRJerlRledNge cBSebear (h2dS. thdCekyPiceiat he
nounted part, its nounted direction and inspection zone, and processes 20

the col or signayelBow Gore I Bpacsh bgctetwel eideseo PO hoaidagd®Ss6wherabyhhse
patterns of the colors red, green and blue are detected with regard to the

I nspecti on zonecade tdlksqard r2ZtSangiee (Solidenedd sbat €he dastosptiaihles), ishus
form ng feature parameters to fabricate a 25 criteria data file. In the
i nspecti on nodeformed musteddiatg omei side pfothesetrewrsenibingignals R, G B

regarding t e PC boar d 21T t hat, is_to_be |nsgected detects simlar hue
patterns wi %ﬁﬁﬁ%ﬁq d will be L and the other side L/2, and the

position of the center of this rectangle is adopted as
the position of the center of label 50.
When the coordinates of the center position of the
label 50 has been found, the controller 39 ﬁransforms
10 these ooordinates into coordinates in the coordinate
system of the reference PC board ZOS-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
abed are (xp,yp) and the coordinates of the centef-of-
gravity position G of the yellow zone 57 are (xg,vyg). 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 yg = va., Xg
< xg hold.
When extraction of the red zone 51 or yellow zone

50 and the calculation of the center positions of these



- 27 - inspection zone of each part 21T on this PC board, and forms feature
par-aneters, thereby fabricating an inspected data file. The processing unit
conpares this inspected data file with the abovenentioned criteria 5 data
file and, based upon the results of the .casparison, automatically judges,
with regard to a predeterm ned part 21T on the PC board 20T to be

i nspect ed, whether the soldered portion of this part is acceptable or not.
Fig. 5 shows a table iIIustrating the rel ationship 10 between secti onal

f sol der, 44 nd
views of solder,dde d%”q%%e eddiriete chﬁgaggﬁnt&@er fs PRidrdiediagi Ng an

attern, red pattern, green
pattern and bl uge patderald nRAgh q% h@%@%m‘iﬁé&s(s@éﬁc@ £0F| 8agedli & er ence

appears between these hue patterns, 15 wh or not a part is present and
whet her or not Qb desntkhis AT EHRL @Bhﬁt@anlbﬁhbaﬂeﬁdpraeéwm@gﬂfw to Fig.
4, the A/D converter 33, upon being supplied with the color signals R G B
fromthe i magi ngegdtd #5,aldometanginasezengsab3 ont cheli gefaterte spgnal s
and applies the digital signals to the

5 Dboard 20S has ended. If the decision rendered is NO,

then 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 1i.

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 pos1tlons 59 (indicated by "+4) 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

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
referencé-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 for the purpose of setting a
inspectrxxzone; In this embodiment, the PC board used in

the teaching processing of the earlier step 4 is re-



controller 39. The menory 38 includes a RAM used as a working area of the
control l-er 39. The | mge processor 34 subj ects the image data supplied via
the controller 39 to i mage processing, creates the inspected data file 25
and criteria data file and supplies these3gata 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 fromthe controller 39 in the teaching
node. - 28 - Wien the controller 39 outputs a transfer request in the

i nspection node,t e dLa@hiche E@?hﬁeﬁéerﬁép%&léat@oé Nox rRaUas]q by reading
out the criteria data file and supplying it to the controller 39, the -

deci sion unit Jmsgediion IZdnkhe HBGEGEE] 0Dt NGESs witthdasisHy@ihg!HiHat36
conpares the criteria data file supplled by the controller 39 with the

i nspect ed dat a #fhd erasamif dnvedtionmishrot nhpei pedars i34, judges the
acceptability of 10 the soldered state with regard to the PC board 20T
under goi ng i nspamangemeatd out puts the result of

b) First, at step 7, one is initially set in a counter
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. l4a and 14b concretely illustrate an

inspection-zone setting method with regard to an image
61, of a rectangular part such as an sdP, 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 62A, 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



judgment to the controller 39. The imaging controller 31 is equipped with

I nterfaces and the |like for connecting the controller 15 39, projecting
unit 24 and inmage pickup unit 25. The imaging controller regul ates the
quantity of light of each of the |ight-enggting el enents 28, 29, 30 in
accordance with conmands fromthe controller 39 and perforns control for

mai nt ai ni ng bal ance anong the 20 colored |light outputs of the television
camera 32 in inmage pickup unit 25. The X, Y table controller 37 is equi pped

I L0 2Co3 LIS buke ol pERnSE il el Mok X g 1201
20 P el LA, RS ShallEns OB PG o2 i T, g | 1
the - 29 - ras¥ily 9&;1_5?9&%&;1%8& &SN ESrhing N teia! &duramgt he
controller 39, the CRT display unit 41 displays these on

method with regard to other parts as well.

5 After the setting of inspection zones is thus

completed for the first part, 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 forégoing is executed.

Fig. 15b illustrates a display screen of the CRT

{5 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 conformihg 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 boaraé is initially set to

one, after_which the operator sets the first reference



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 equipped wth various keys
necessary for entering operating informati@p as well as data relating to
the reference PC board 20S and PC board 20T to be inspected. Information
and data entered fromthe 10 keyboard 40 are supplied to the controller
39. The controller 39 includes a mcroprocessor and controls teachi ng and
i nspecti ng oper aid IaN 2laian Lt i#gy{ | Ist, an
exalrorpl e 019 apt e?gh;yr?g%ﬂgggrogt ﬁgﬁkwg??wﬁgg%?%d%s%rl ed W t‘éqhq’frgé’]‘eerlﬂglezle to

Fig. 6. At the griopdrigf moaaebingt pPEISOSEMINAE 1ot IUNRS 244 (RAdered
projecting unit 24 and inmage pickup unit 25 and arranges the inaging

condi tions and daite plecessoagthendiikbestafie IXmnl Predisea ahebBTARTL" in

the draw ng), the operator 20 nmanipul ates the keyboard 40 to register the
nanme of the PC tksar dft lthe ksybhardbi@cat odtemaohi nhexethpemt ahet he si ze of
the PC board. Thereafter, at the next step 2, the operator sets the

ref erence PO bo&oatrodles 8fe bHaasdson athe m&r trmbsdZionpdedses obtaiABE key.

At step 3, the corners at the ) . . .
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 thé 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
the image data of each hue relating to these lands outl
of the memory 38 and transfers the image data to the
imége proceésor 34. The image processor 34 binarizes
the image data of each hue at a suitable threshold value

20 hue by hue, detects the normal soldered state of each of
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 soldered to

25 a land 70 with régard 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 coveré the land

70 up to a tip 70a thereof.



upper right and lower left of the reference PC board 20S are inaged as the
origin of the PC board by the inmage pickup unit 25, and the corners are

di spl ayed on the CRT 30 - 41. The operator presses a specific key upon
positioning a cursor at the position of .eggh-corner, whereupon the

coordi nates of the position of the cursor are entered as the coordi nates of
the corner. On the 5 basis of the entered coordinate data, the controller
39 controls the X-axi's table 22 and Y-axis table 23 to position the

ref erence PC board %\%%na%é.@:% ia”EE%:Q%F.EQSESié’Qre&_r&eegrférg;fé;)figrbfg%&O%r d 20S

Is formed as one having accep e  nounted states erly sol dering

the prescribed reBeoPiRSEY | BSThPArdudP WY IdHbuwRPSIH IFARs. Label s
50, 51 of the.%%ﬁgkgﬁg%ﬁ ?ErFigg. 9 g%d 10 arelgffixed to the togﬁsurface

of each part 21Sasubpleants,alhywhlichhenseré@rzdherawfchelTip portibe | abel s
50, 51 are used for the purpose of teaching the nounted position of each
part 21S, the thA)@e appears particularly red owing to the presence of

5 the solder 71.

Accordingly, the red hue value is obtained with
regard to 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 20S, this circuit
board is conveyed out. Thereafter, the counter n is
incremented to designate ;he 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 rendefed at

20 step 16 and the program proceeds to step 18. 1In order
to obtain an average featuré gquantity with regard
to each part, the controller 39, at step 18, calculates
the mean value and a standard deviation by statistically
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



of the mounted part and its nmounted direction (the direction of the part).
In ‘the case of this enbodinent, a yellow hem spherical |abel 50 is affixed
to a 20 rectangul ar part 21S such as an SOP (small outlined package)
havi ng a nunber of |eads on both | ongitudigzal- sides thereof, the |abel
being affixed with its arcuate portion oriented in the nounting direction
(the specific direction of the part 21S) (Fig. 9). Ared circular 25

| abel 51 is affixed to a square part 21S such as a QFP (quad fl at package)

having a nunbere£i; d els aetadl b te¥retibhSofi €88 ddtd wHdlevéy | abel of
a different color or shape is affixed to a chip part (not shown) - 31 -

such as square gdtdgssddy ! kg eradnaeet, tkAehipgnti ng position of a part is
taught by the position at which the.label is affixed, the type of part is
taught by the col or Eigl. <2pd lafstiraddsalbeldisandbtihéonvofit @atali slecaimed 5 of
the part is taught by the direction in which the label is affixed. Both the
col or and shapefndm mimbdleracdE refeéreoced@ft bogrdse2@ypeitti pegard rcwr der
to 5 red hue values of the tip portion 70a of land 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 automatic 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 into operation to convey the PC board 20T in to
the Y-axis-table 23, and inspection of the PC board
25  begins (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



prevent erroneous identification based on only a single item of

I nfor mat’i on. 10 According to this enbodi nent, use is nade of the
reference PC board 20S on which the prescribed parts 21S have been properly
sol dered at the part nounting positions,. and-the |abel 50 or 51 is affixed
to the top side of each part 21S. However, it is permssible to 15 wuse a
PC board on which a part has not been nounted and affix the | abel 50 or 51
to the PC board at the part nmounting position. In this latter case it would

be necessary t g 5epar %F%lt ¥cPEERRcd 5& &efdy, td’a’%ﬁ@é‘%ﬁ%ﬁ?‘é&% to

par aneters, described In addition 2 to a PC boa teachi ng

the part nount iy iRAgekl, OBGtoMEEUEAL DY Rt Fadks GadiFaGHAGRi®aeSSi Ng Wi th
regard to part nounting position and nounted part type is started at step 4
when the refergieniBCtheaitdsp@stison posnés predlAilddes ivhd i al position. 25

Fig. 7 illustrates the details of this teaching processing. At step 4-1,
"1" is initiallfesoire paranerdes of dadhelandt rofieh 394feresos8t i ng
i magi ng zones. A zone on the reference PC board 20S
an inspected data file. The controller 39 then
transfers the inspected data file to the decision-unit
36, and causes to compare the inspected data file with the
abovementioned criteria data file, and the |
acceptability of soldered portions to be judged for the

10 first part 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 missing.

15 When a soldered region in such a state is imaged, a
pattern in the three primary colors similar to the
pattern for the ﬁormal state appears, as shown in Fié.
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, thé defective part ahd the particulars of the defect

are displayed on the display unit 41, these are printed



- 32 - corresponding to the content of the counter i is inmged -and the
initial frame is produced (step 4-2). As shown in Fig. 11, the area of the
PC board 20S is partitioned into a nunber of rectangular zones 53 5 each
having a length and width of [err] x [err}4 and each rectangul ar zone 53
corresponds to the size of one frane. First, a franme of the zone 53 at the
| ower | eft is produced and the processing of step 4-3 to step 4-10 is
executed. Thereafter, simlar processing 10 is executed repeatedly with

regard to each &ft the SHRCtEIGIedr 429n§ﬁd58héﬁea§€@f deine einépctd® BCrows
shown in the drawing. First, at step 4-3, extraction of red zones is

performed in ti&amgmmrmmmeyaa ohb from théeinspectign xedsipoisint i on on
an i mage be represented by (x,y), and letting the gray-Ilevel val ues
(lum nosities) tdtagee It @)y col ors of a pixel at coordinates (x,y) be R
(x,y), 4x,y) and B(x,y), the hue val ues r& ﬁ and b(x, of the
colors red, 20 gr ek ankboliddusitrates gi dagp 9Ytﬁ§rP6PI%§AH@e Btions
(2). (3) and (4cglsggfa?5?elfrﬂtvillydlsplaylng the results of judgment. 1In
Fig. 15c¢, the above-described part displays 65, 66
appear in the region 58, and a part 65a with the
soldering defect is displayed in a specific color.
Further, the defect particulars regarding the improperl&
10 soldered part designated by the operator are displayed
in a display region 67 below the tegicn 58. A part
designated by the operator appears cleariy on the screen
" in a color different from that indidating 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. 14a 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 longitudinal 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 proceduré with regard to the image
25 61.
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



[err] .25 The processing of step 4-3 for extracting red zones is
execut ed by extracting pixels which satisfy R(x,y) [err] [err] and r(x,y)
[err] (where T1, T2 are fixed values that are preset). - 33 - Figs. 12a
through 12c illustrate a red zone 55 extrd& ed on an image 54. Fig. 12a
illustrates the red zone extract'ed at the central portion of the inage 54,
and Figs. 12b, 12c show the red zone 55 extracted at 5 peripheral portions
of the imge 54. Next, at step 4-4, a rectangle abcd circunscribing the red

zone 55 is forneshidy s$igedng dtheheoptiael at &bsrexhdess ede)wd Bone 55, and
it is determ ned whether the Iengths of two sides of the circunscribing

rectangl e are 1R(boyh, o3 eatyer andad (x, yadi nespeotitdey) atted Hie daludd s way
it is determ ned whether the size of the red zone 55 is greater than a
fixed size, nanely, wWhetdet wWhanded (xomd¢ 56fi sheneolors esgbndimeen @arde
I mage of the red | abel 51.
blue will be given by the abovementioned Equations (2)
5 through (4), respectively. |
In order to extract a land 63 in the processing
zone 62A, each gray-level value and each hue value are
calculated with regard to all pixels contained 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) = T19 and r(x,y) 2 Ti11, or
G(x,y) 2 Ti12 and g(x,y) 2 Ti3,or B(x,y) 2 Tis and b(k,y)-
15 = T15, the pixel is regarded as one constitﬁting 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 const;_ituting the land 63, and weighting
of Wix,y) = 0 is applied to this pixel. Tig, Ti11. Tiz.
20 Ti3, Tis 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:

Yorly-1 ’
E’W(x,y) ... (5)
Y=¥o

Xpro (%)

25 where yg £y <yp+ Ly -1
XotLg-1
Yproly) = ¥ W(x,y) ... (B)
X=Xg

where xg € x € xp + Ly - 1



15 If the decision rendered at step 4-4 is NO then step 4-5is
ski‘pped ‘and the program proceeds to step 4- 6. If the decision at step 4-4
is YES, however, the controller 39 cal culates, at the next step 4-5, the
coordi nates of the center of the red zone485-in 20 conformity with each of
t he cases shown in Figs. 12a 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 54. In this case, the position of 25 the center
of the circunscribi riprectangbé abpdessnbsophedesrdimtpesiafi dheof t he
center of label 51. Fig. 12b illustrates a case in which the extracted red
zone 55 cont actupran, lafd sodaest Ot hé thageredessing zongs62A; nd dase, a
length 2L from one point a on the circunscribing rectangle abcd in_the

direction of |ile KEPFRSRNtafhPsTeEREATIVE [ HPRIENT b 4t Sidesof, W&%d the
F ﬁ:l E;g? e?f 01E hf%q%net%'_n%f ztcnrrllleS GrZIEX(?t a?c%';oe(x')s a% O%Sg (yasS a5r<-:'t hgera&?xseldt Ii%n of
5 Fig. 16. ' |

Next, the maximum values of Xpro(x) and Ypro(y) are
taken as {Xpro(x)lmax. {Ypro(V)l}wmax. respectively, and
threshold values Tx, Ty are found from the following
equations, respectively:

10 Tx = (1/6) {Xpro (x) }uax ee. (7)

Ty = (1/6) {¥pro (¥) }uax ... (8)

Xpro(x) and the threshold va;ue Tx are compared, and
the x coordinates 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 y1(1), y2(1),
vi(2), v2(2), ---, y1(3), y2(§) in order of increasing
value (where i, j are not relation to the counteré

20 mentioned above).

Next, a length Lj and a length L5 are found in
accordance with followihg Equations (9) and (10), and
from among rectangular regions [x1(i), y1(3j), Li, Lj]
défined by ‘coordinates [x1(i), y1(j)] and lengths Lif

25 Lj, one which satisfies the following Equations (11) and
(12) is set as the land 63:

Li = x2(i) - x1(i) +1 cee (9)

Ly = yz2(3) - v1(j) + 1 ... (10)



Fig. 12c illustrates a case in which the extracted red zone 55 contacts two
sides of' the inmage 54. In this case, lengths 2L fromone point a on the
circunscribing rectangle abcd in the directions of |ine segnents ab, ad 10
are taken to forma rectangle ab'c'd', and7the position of the center of
this rectangle is adopted as the position of the center of |abel 51. Wen
the coordinates of the center position of the |abel 51 have been found, the
controller 39 transforns 15 t hese coordinates into coordinates in the
coordi nat e system ofLi lxe Wyef erence PC board 20S and adopts {bhkse new
coordinates as the position of the part. Next, the inmage processor 34
extracts a yel |l ow zdmp 2atWystep 4-6. Processing for extraeti 6&hbf this
yel l ow 20 zone is executed by extracting pixels which satisfy R(x,y) [err],
r(x,y) > T4, G(x,y) HeFeWag( W?Férﬁ}?‘e%(Y?We%' T7, b(x,y) < [err], (where
T3 through T8 are fixed, values that are preseté. Figs. 13a through 13c
illustrate a yel | ow SHNelaFA Y5 Withy regardy tonthR ?F?g‘@’é BEOCegF g 12ne

56, and Fi g3, B4R 1P S Be FoPRGRAZGRG. STEERT LR SO Il
portions of theéé.f,agé%};’%ircmnscribing each lénd 63 are obtained and
the rectangles 684, 683 are enlarged by a predetermined
width to set the rectangularly shaped inspection zones
64A, 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
I5 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 proééssing 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



- 35 - Next, at step 4-7, a circunscribing rectangle abcd is formed by
tracing ‘the contour of the yellow zone 57, and it is determ ned whether the
| engt h of one side of the circunscribing rectangle is greater than a 5
radius L of the |abel 50 and whether the 4nhgth of one other side is
greater than L/2. In this way it is determ ned whether the size of the

yel | ow zone 57 is greater than a fixed size, nanely whether the yell ow zone
57 is one corresponding to the inage of the yellow 10 | abel 50. If the

deci si on rendergd sizsta 4he ientiPe thenret of 8h8 parskwpphedaendithe

. program proceeds to step 4- 9. Wen the decision at step 4-7 is YES, the
controll er 39 chltultdiessimld Hamagex69step 4-8, the coordi nates of 15 the

center of the yellow zone 57 in confornity with each of the cases shown in
Figs. 13a through 13En tdpkeidassnl Ispantiga fzem thgsekates (8he¥Relln which

the extracted yell ow zone 57 does not contact any of the sides, of_the inmage
56. In this cagﬁigifﬁgﬁﬁxQQiWh4QH the center O ofythe part obtained by 9

5 the teaching operation described earlier is situated at
the center of the screen, the X-axis téble 22 and the Y-
axis table 23 are driven to move the field of the
television camera 32, whereby ﬁhe uppef-right corner and
each row of lands 70 on the right side as well as

10 the upper side are adjusted so as to eﬁter the screen,
as shown in Fig. 18b. At this time traveling distances
Xp, Yo 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 performing projection processing.within |
each processing zone, circumscribing rectangles which
contain the lands 70 are subsequently found with regard

20  to each side, and these rectangles 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 -2yt, whereby the
lower-right corher and eéch row of lands 70 on the right
side as well as the lower side are adjuéfed so as

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



20 the center of the circunscribing rectangle abcd is adopted as the
position of the center of label 50. Fig. 13b illustrates a case in which
the extracted yell ow zone 57 contacts any 4%he si-de of the inage 56. In this
case, a rectangle (indicated by the dashed line) 25 is forned 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 rectangle is adopted as the position
of the center oprbabskihg.simitaB&o thieg fota3goihfussrakesutedasethn which
the extracted yell ow zone 57 contacts two sides of the image 56. In this
case al so, a regtgagietdi prvosdstichgoyednies @3€hed@3Dine) is formed such that
one side of the circunmscribing 5 rectangle abcd will be L and the other
side L/2, and the po¥ekteonthé Xtaxiserhalrleof2Z HissdraveRngPemP¥ealiBpt ed as

the position of the center of |ahel, 50. Wen ége coo%dinates ég%t e center
position of thefigh@l oE0tha st KO FamenE 3anPYor £3F: IPRTEE YIS 10

t hese coordipates into coordinates in the coordi nate
lower-left corner and each row é¥r1ands 70 on the left

side as well as the lower side are adjusted'so as
to enter the screen, as shown in Fig. 184, and
processing similar to the foregoing is executed with
regard to processing zones 73E, 73F.

{0 Further, the Y-axis table 23 is driven to move the
field of the television camera 32 by +2yy, whereby thg
upper-left corﬁer and each row of lands 70 on the left
side as well as the upper side are adjusted sé 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 is thus
completéd 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



system of the reference PC board 20S and adopts these new coordi nates as

t he posi‘tion of the part. The controller 39 cal cul ates the coordi nates of
the position G of the center of gravity ofythe 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

ex le, i wh t di nat 0_af th L f th
1 Tolmer | bi ng PeBPRRGREHIRES ot (45 [onmiming BSoFhnarel sheefc © 7 1

center-of- gravit Wy of t Y. s ernr Lt LB judged
that the ar cual’ eég?f? ?o%rg{;e%%{%/e%erov%é%\ggzgg igﬁcs)?légﬁ'%' gg %ﬁn%%ebfeftward
di rection (thetB%gggb%g &nadirection along the X axis) if the relations
[err] < [err] hold. en extraction of the red zone 51 or yellow zone 50

and the cal cul ati onagf ekBRPEENSET tROSsdt&BIs DifsplSRg the Fésulzgneg are
t hus conpl eted, the counter i is increnented
5 inspection is illustrated in Fig. 15c, as 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. 1In
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
opération 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 screén érea 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).



at step 4-9 and it is determ ned (step 4-10) based on the contents of the
counter *i whether processing with regard to all rectangular zones 53 on the
reference PC 5 board 20S has ended. If the decision rendered is NO then
the programreturns to step 4-2 and processing sinmilar to the foregoing is
executed with regard to the rectangul ar zones 53 designated on the
reference PC board 20S by the value of the count in counter i. 10

Fig. 15a illustrates a display screen of the CRT unit 41 when the foregoing

processing proceeds. Thesgtayed dres g7 elipays)edsr eheopas8iohilahe sfreen
are detected positions 59 (indicated by "+") of rectangular parts 21S on
which the yel |l ow bak@ltsobQ Baseetheepatb, tkf paed, nambedet Ebeenupber t9Bns 60
(indicated by [err] of square parts 21S on which the red |abels 51 have
been affixed. |& Leaddettlianselsivtimad fauldieg pumbersbetween, beads il f or
teaching part position and type is 20 conpl et ed, the program proceeds to
step 5 in Fig. whighdatgelder fuiae OC rzﬁlﬂslﬁoﬂggﬁgﬂtoug.cﬁethe
next step 6 jn Fig, 6, the operator sets the_reference PC bpard 20S, on

whi ch pr escrﬁ bednpaFRSiRGVENRRGT am%%ﬂ?ﬁ% bl BF?ﬁﬁPgr n?ﬂ‘ida

ositions, on the . o . .
P 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 defective parts may be
displayed in successive fashion. 1In 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 st;ill 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 displa&ed 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



25 Y-axis table 23 and then presses the START key to start teaching
processi-ng for the purpose of setting a inspection zone. In this -
enbodi ment, the PC board used in the teacg%ng processing of the earlier

step 4 is re- - 38 - utilized as the réference PC board 20S for setting
i nspection zone. However, it goes w thout saying that the present invention
Is not limted 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 parts. Basedt®p tUpe ipaFigpobi-ti & daatwWiR-B¥HePdREarlier teaching, the
controller 39 controls the X-axis table 22 and Y-axis table _23 to position

the first part BrPSeESipoct AensekefprEhgabpvencthe I narmaldy SateereL and

causes the part to be inmaged.. Figs.. l4a and 14b concretely illustrate an
i nspect i on- zon&té&& 9 Agd1 'aﬁt?‘ébﬁada? opaaﬁwt*?%gé’fgf?ﬁeofco SF&ct angul ar

part such as an. 80P Q2060 tel5ahi! onkTBEkPAreIbe ERLDEY entalils

5 patterns are calculated as feature patterns.
' 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 Tz2.
10 Further, detection of a green pattern is perfdrmed by
extracting pixels which satisfy the relations G(x,y) 2
Ty3 and g(x,y) = Tz4, and detection of a blue pattern is
performed by extracting pixels which satisfy the
relations B(x,y) 2 T2s and_b(x,y) > Tyg. Here T23
15 through Tz 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.
.23 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



with respect to the image 61, rectangul ar processi ng zones 62A, 62B,

I ndi cated by the chain lirnes in Fig. 14a, corresponding to both side
portions of the SOP part, automatically exkracting |ands 63 on the PC board
20 by performng projection processing wthin each of the processing zones
62A, 62B, thereafter obtaining circunscribing rectangles 68A, 68B which

I ncl ude the | ands 63, as shown in Fig. 14b, and setting rectangular

i nspection zones 64A, 64B by _en| ar gi t he.25_circunscribi.ng rectangles a
pr edet er mi ned \Hﬁﬁ"?ﬁ roaor ﬁrfr _&%f"i gﬂingﬁ?g’ p? RRLTHY ¥ tPeﬁ ng )
setting i nspect (BHEASE ¥ for1eonkgl Thabs) o o e R SR g e
exenplified her | Lt RO L n t sef i f 1l i on
zones is carri ecgjl(gjtﬁ g%%%zl'mnngbﬁogggg% %r %e%g&tlso its‘fui %qute:ﬁa%ﬁg Hug?%gg%\%\n th
regard to ot herg ity Awikhlra Bo the ridhtfridhe sllddedod BEGEH ON

zones is thus conpleted for the first part, the operator presses a
5 color blue.
When processing for extrécting feature
parameters ends with regard to a predetermined number
(n) of the reference PC boards 20S as described above, a
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-nﬁmber of the reference PC boards 208,

IS5 creates a criteria daﬁa file based on these mean-value
da;a, and stores the file in the teaching table 35, as
described earlier.

Whenlfabrication of the criteria data file ends, PC
board inspection is performed using these data. In a

20 casé where an erroneous judgment is rendered in
inspection of the acceptability of a soldered state, it
is necessary to épply a correction to the contents
taught in the above-described teaching operation. The
mode for implementing this 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



NEXT key on the keyboard 40 at step 9, whereupon the counter | is

i ncrenmented (step 10) and it is determned (step 11), based on the contents
of the counter j, 10 whether the setting- ofsainspection zones has been
performed for all of the parts. If the decision rendered at step 11 is NG
the next part is inmged and processing simlar to the foregoing is
executed. Fig. 15b illustrates a display screen of the CRT 15 display unit

41 when the Toreqgl By BEOFESSINI iQPI%S coMienersh LASBEELLOA, ZafCEnal the

parts are set at” the defected po Il ons 59, these parts in a region

58, the displ ayceﬁvéi}srp@ﬁiéﬁ@r&e%%esﬁftﬂésq*Amgﬁ@yoaersteﬁd'szpl ays 65, 66
conform ng to the shapes and sizes of 20 the parts. Wen the decision at

step 11 beconmes YES ag atepssi) e rapaaitdl \ertxeeub BgrinBARASEGE processi ng
with regard to all parts, the reference PC board 20S is conveyed out (step
12), then the psagpamipngcimsisedtidih @soeEssuch framet ehahi agfghhtatseristic
paraneters. First, at step 13, a counter n in the controller 39 for
counting thé® nuobdgedf teChbet dand Jtantisalingpsetion ofiethaf PErbonrdh t he
operator sets the first reference oL
As a result, when the decision unit 36 renders a
defect decision to the effect that a cértain part has a
soldering defect, the progress of the inspection
operation is halted at step 35, and the operator
10 manually executes the necessary processing in order to
confirm whether the deﬂaﬂ:decision is erroneous and, if
the decision is erroneous, to investigate the cause of
the erroneocus decision.
More specifically, with regard to a part judged to
15 be defective, the operator first enters a predetermined
command in order to display the extragted 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 ah original image 70 of each
land obtained'by imaging the part mounted on the PC
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 imageé él, 92 based on the

results of extraction are displayed by expressing each

of the hue patterns by the pseudo color corresponding



- 40 - PC board 20S (one on which prescribed parts have been properly
nount ed *at predeterm ned | ocations and sol dered into place) on the Y-axis
tabl e 23 and presses the START key of the keyboard 40 at step 14, whereupon
the 5 controller 39, based on the part-position data, obtained 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

tel evision canmera 32 at each part and i nage each part. 10 The col or
signals R, G Btbérebte.tHfhe imdgendZ beltweenobandaciisbhyispbayved imethe
converted into di%ital data by the A/D converter_ 33 and these digital data
are stored in t@eleenmdlackaif Fharg tdisppo Reidert hEident PHl Feldeo R3dkact s

each land within the_jnspection_15 zopes of, each rt obhtainpned by earlier
t eachi ng, reads the Tﬂﬁggmﬁﬁ?% %% Ry ﬁghﬁ% FRE aF 75 f?% ? e§§QF3ﬁ8¥°Bu? of

h 38 and f : .L1he i . Th
| mage proeeasor 1398, Aar: daebtRETrdnct Ha ot tidnh RAL-BRE R Rug .
threshol d val ue, 20y 5, 0¥€1 Y g0 o , IEAEE! 25 ! Non NORIPLo50b8EL E4ofibAbE PheCaCh

of
lands, and the images 92 based on the results of extraction

of the image between the lands are displayed between the

images 921 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 région Pri, green region Pg; and blue reQion Ppy of
the original image 70, pattern regions Pgr, 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 Pri1, Pgi and Pg1 of the original image 70 and the
pattern regions Pr, Pg, Pp in pseudo colors of each of
the hues based on the results of extraction are not in
perfect correspoﬁdence. In particular, in the case of
25 this example, the red region Ppy and the_pattern region
PR based on the pseudo.color of the coior red do not
agree. When such a display appears, it can be judged

that the fixed values T,, T2 have been set



the lands as patterns of the colors red, green and blue, and cal cul ates the
feature ‘of these patterns as feature paraneters. Fig. 2la illustrates a

| ead 52 properly soldered to 25 a land 70 with regard to the part 21S
nmounted on the reference PC board 20S- IB&re a sufficient anmpbunt of sol der
71 is placed on the land 70 and covers the land 70 up to a tip 70a thereof.
- 41 - \Wen such a normally soldered region is imged, a pattern of three
prlnary colors such as shown in Fig. 22a_appears, .in which the hﬁ% zone at
the tip port|oﬂﬂﬁn?ﬁﬂﬂﬁ%%@§lﬁartFEGFSrY?lF%ﬂ %ﬁﬁrﬁP?Q)ﬁqﬁaTW¥§b of 5

the solder 71. Accordin the red a val ue 1 obtalned with regard to
the red zone oftbﬁ]e’-“ﬁ &rﬁ GRmPLE nﬁnt"ﬁlil‘f"s At EF s a feature

B e T HAsh BB b 1 PRSI EIRSE,
board 205, th'%ﬂfﬁﬁ(¥£éard to all 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.
When corrective teaching is completed by the
foregoing operation, the PC board inspecting apparatus
attains a state in which it is possible to pepform 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 Applicabilitv
The apparatus 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 aésembling the PC boards in electronic equipment, a

process for mounting the parts of the equipment, etc.



board is conveyed out. Thereafter, the counter nis increnmented to
desi gnate the second reference PC board, and processing for feature

parameter extraction 15 is executed through a HLEEEQELE”§LHLLaL*%e t hat
descri bed above. Wen processing for racting ature paraneters ends for
a predeterm ned nunber (n) of reference PC boards m‘“ﬁ“‘ﬁl on is

rendered at 20 step 16 and the program proceeds m“\ order to

obtain an average feature quantity with regard to each part" £he controller
39, at step 18, calcul ates the nean value and a standard 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 nmean val ue) [Qifilhs(a constant) x (the standard
deviation) is adopted as the normal range, stores this in the teaching -
42 - table 35, executes a correction of the data whenever necessary, and

term nates teaching.
1. A printed circuit board inspection results displaying

apparatus for inspecting the mounted state of a plurality
of parts mounted on a printed circuit board and displaying
the results of the inspection on a screen of a display
device (41), characterized by:

means (39) for fetching data representing the results
of ‘the inspection;

first display control means (39), on the basis of the
data fetched by said data fetching means, for causing said
display device (41) to display, in one area of the screen
thereof, a mounted position of each part on the printed
circuit board in a predetermined color and a position of a
part, judged £o have mounting defect, in a color different
from that of the positions of othar parts; and

second display control meaqa_(39), on the basis of
the data fetched by said data feééhing means, for causing
said display device'(41) to display, simultaneously with
the display of the mounted position of parts, in another
area of the screen thereof, particulars of the defect of

the part judged to have mounting defect.

2. A method of displaying results of printed circuit

board inspection for inspecting the mounted state of a



Fig. 23 illustrates a distribution of data obtained from n-nunber of
reference PC boards 20S with regard to 5 red hue values of the tip portion
70a of land 70. A correct range of a feature paraneter is stipulated based
on nmean val ue and standard devi ati on ofs¢ he red hue val ues ca

statistical processing. Wen teachlng 'S conpleted kﬂn the 10
apparatus for PC board inspection enters a state in "ﬁ”"ﬂ'ﬂﬁﬂ!@;ﬂ!}bl e to
perform autonmatic i nspection of the PC board 20T, whi'thtisttonu

i nspection, following the soldering of parts thereon. The operator effects
a transition to the inspection 15 node shown in Fig. 8 and, at steps 21 and
22, selects the nanme of the PC board to be inspected and perforns an

operation t pxirltityhef gaaeet métinekdt ba BCpkaatdd Airthitnbaardtapd23, it
i s checked to determ ne 20 whether the PC board 20T to be inspected has

been suppli etigpldyimgP€hkozesdulnspett thg dpspeation oh &hscreenudf &oard
has been supplied, the conveyor 27 is driven into operation to convey the
PC board 20Tdispltay dewiveaxicbarapterizedaby:i nspection of the PC board 25
begins (steps 24, 25).
dlsplaylng, in one area of the screen of said display
device, a mounted position of each part on the printed
circuit board in a predetermined color and a position of a
part, judged to have mounting defect, in a color different
from that of the positions of other parts; and
displaying, simultaneously with the display of the
mounted position of parts, in another area of the screen.
of said display device, particulars of the defect of the

part judged to have mounting defect.

3. A method of displaying results of printed circuit
board inspection for inspecting the mounted state of a
plurality of parts mounted on a printed circuit board and
displaying the results of the inspection on a screen of a
display device, characterized by: |

displaying, in one area of the screen of said display
device, a mounted position of each part on the printed
circuit board in a predetermined first color and a
position of a part, judged to have mounting defect, in a
second color different from the first color;

displaying, in said one area of the screen of said

display device, a position of a specified part, judged to



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 - 43 - 21T on the PC board to be inspected, caus

to be imaged, automatically extracts eagd |land region within the Inﬁﬁlﬁh“

zones, calculates the feature paraneters of each land re ‘mu“um
an |nspected data file. The controller 39 then transfer?“

data file to the decision unit 36, and causes to conpare t*he |n§pected dat a
file with the abovenentioned criteria data file, and the acceptability of
sol dered portions to be judged for the 10 first part 21T. Fig..21b
illustrates a part 21T having a soldering defect. Only a very smal | anount

of sol der 71,0081 f5%nOfhd *H’ef@éw' 4 anchihe édIbﬂO(Hﬂff@ieBQaﬁEni kel and 70

is exposed because the sol der 71 i's m ssi ng. When a sol dered
region in suglrg:Sind SsécondBASXbrs®: Radd ern |n the three primary colors

simlar to the
displaying, simultaneously with the display of the
position of the specified part, in another area of the
screen of said display device, particulars of the defect

of the specified part displayed in the third color.



pattern for the normal state appears, as shown in Fig. 22b. However, here
the red zone of The tip pOTIion 70a is dull owing to the m ssing solder 71
20 THE SHREHaD Bbel Repid ) %he red hue value regarding the red zone_ of the
tip portio ef ective part-i&0 ebtain f EEN

par anet er, ]Mﬂg’ﬂu Mﬂﬁl s outside the normal ran%@ﬁo‘éﬁhgﬁg 4. When
such an in eatedly executed for ot Lhe PC
board 20T undergoi ng inspection and the results thereof are indicative of a
sol dering defect, the defective part anhdmwaqgrarticulars of the defect are
di spl ayed on the display unit 41, these are printed - 44 - out by the
printer 42, and therpoddrisddidd repeni dhspedmiandapparasusofiveyad out from
the inspection position (steps 27, 28). Fig. 15c illustrates a display
screen of the @GHirtedlicipony tubicardl odi thlealtikg fbr inspécting fhegnent.

In Fig. 15c, the above-described part displays 65 66 appear in the region
58, and a part stapeniafh tthee soldered portion of a part mounted on the

5° printed circuit board, and for judging whether the
soldered portion is acceptable or not. 1In order to
‘illuminate a printed circuit board undergoing
inspection, there'aré provided three types of ring
shaped light-emittiﬁg elements, which respectivély

10 generate red light, green light and blue light, arranged
at positioné to project this light, at angles of o
incidence that differ from one another, toward the
surface of a body to be inspected. Light rays of the
three prlmary colors emitted by these light-emitting

15 elements have light-emission energy distributions w1th
respect to wavelength that provide white light when
these light rays are mixed, and the quéntities of
light emitted are adjusted in such a manner that white.
light is obtained. As a result, three-colored light

20 images regarding the surface of the object under
inspection can be detected, and it is possible to detect
also peripheral information (part number, polarity,
color code, various marks, etc.) essential in solder
inspections. |

25 The present invention discloses also 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



sol deri ng defect is d| spl a d n a specific color. Further, the defect
particultars rdbigseE (i)perly 10 sol dered part deS|gnat ed by the
operator are d|E L ll i spl-ay region 67 bel on 58. A part
desi gnat ed by t HEiENIE ) pears cl ear w1om t he §Hi€eSHEETng

different fromthat indicating the inproperly sol flered HFP'LRCE{?
The details of the nethod (step 8 in Fig. 6) for S€
described briefly with reference to Figs. 14a and 14b will now be set

forth. Fig. 164 t t f ] r
processi ng zomgl ?ﬂ%%tt'%ﬁeegfggggs?ﬁgrgb %goﬁgﬁ%%?é&%@%ﬁgyéﬁ%ohat t he

| ongi t udi nal aRéstnaesBer S_ﬁsﬁbge_ﬁoﬁheé@@f affedd indtHdds SBle ferformed
predeterm ned | engths, and the orientation of the zone is decided in
dependence upomprgairt tdi Laspeonioht af nelle byr imted atildri 8 eaEidd nokeedur e
with regard to the i mage 25 61. Letting the position of each pixel
constituting thaspesgénglapparatuesent ed by coordi nates (x,y), 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), 9(x,y) and b(x,y) of the
colors red, green and blue will be given by the abovenenti oned Equati ons
(2) 5 through (4), respectively. In order to extract a land 63 in the
processi ng zone 62A, each gray-Ilevel value and each hue val ue are
calculated with regard to all pixels contained in the processing region
62A, and it is determ ned based on 10 these val ues whether a pixel is one
constituting the land 63. Mre specificalVQ? when a pixel of interest
satisfies the relation R(x,y) [err] and r(x,y) [err], or Xx,y) [err] and
g(x,y) [err],or B(x,y) [err] and b(x,y) the pixel is regarded as
one constituting the | and 63 and wei ghti ,Y) =1 is applied to this
pi xel . O herw se, the pixel is regarded {8 ot her than one
constituting the land 63, and #ghting | % is applied to this
pixel. [err] 20 T13, T14 and TI5® are prdpet fiNHd val ues. The total sum of
WX,y) is calculated in accordance with {he folij
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equations with regard to each row and colum of the inmage 61: [err] - 46
- Here [*err] represents the coordinates of the upper-left corner [err] of
the processing zone 62A and [err], [err] represent the respective |engths
of two sides of the processing zone 62A. [err] and [err] are graphed in 5
Fig. 16. Next, the maxinumvalues of [err] and [err] are taken as [err],
respectively, and threshold values [err] are found fromthe follow ng
equati ons, respectively: [err] [err] and the threshold value [err] are

conpared, and the x coordinates for which the two coincide are taken as
[err] in 15 order of increasing val

%ﬁf urther, [err] and the threshold
value [err] are conpared, and the y<dobrdi nates for which the two coincide
are taken as yl (1), y2(1),

Fig.3
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yl (2), y2(2), [err], y1(j), y2(j) in order of increasing value (where i, ]
are’ not ‘relation to the counters 20 nentioned above). Next, a length [err]
and a length Lj are found in accordance with foll owi ng Equations (9) and
(10), and from anong rectangul ar regions [x1(i), y1(j), Li, Lj] defined by
coordinates [x1(i), y1(j)] and lengths Li, 25 Lj, one which satisfies the
follow ng Equations (11) and (12) is set_.as the land 63: [err] - 47 -
[err] Here [err] are fixed val ues. Si%’i/l@rly, with regard to the other

processing zone 5 62B[ the Tand 63 is extrggted, pfter which rectangles
68A, 68B circunscribing each |ghd 63gexe og I neg*and the recfangl es 68A,
68B are enl arged by a ipredeterin | ] g > | arly shaped
i nspection zones 64A, |64B. 10 % ) J7§ ely
illustrate a nethod of o z
g 2] [
9 a a
Q | ]
M
o (0]
N 0 \
N z ™ 5= Ty
Qo RS
: 258
[a A
it it
<5 o U . U V..
[+ 24
I ERIE IR
& n = = r.ao =
SHIEEEEIEEA R P e
S ||E5 || 28] B2 | 5585 (<84
</ v/ ©/ =/t &)
rl?) Mn M 2] M M
q—
o
b ! < ~
N Ql\ Y
| N\
o — \H'L'
N 2]
IR, (N
3 i
] il
/ ] '
0./ '
&= LAF
o ® O
N Nm _‘
g
N N



setting inspection zones with regard to the inage 69 of a square part. In
thi's case, rectangul arly shaped processing zones 71A through 71D i ndi cated
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 simlar to the foregoing

W thin each processing zone, thereafter a circunscribing rectangle which

i ncludes the lands 70 is found with regard to each 20 side, and this is
enl arged by a predetermned width in all directions to set the

rectangul arly shaped inspection zone§ /I8A t hrough 72D shown in Fig. 17b.
The abovenenti oned processing zones 71A through 71D and processing zones
73A through 73H described | ater are of 25 course those in which the

| ongi tudi nal and transverse side have been initially set to predeterm ned

| engths. Fig. 18a through 18e illustrate a nmethod of setting inspection
zones for a case where a square It iégl ar ge - 48 - in size and the
entire figure of the part wll ng:talgi.t
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into the single image 69. In this case, starting fromthe state (shown in
Fig. 18d) in which the center 0 of the part obtained 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 tel evision canera 32, whereby the upper-right corner and each row of

| ands 70 on the right side as well as 10 the upper side are adjusted so as
to enter the screen, as shown in ' 18b. At this time traveling distances
[err] inthe X and Y directions are s?ored in menory. 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 inage
69, the lands 70 on the PC boargi\gxr automatically extracted by :
performng projectio essin I n each processing zone,

ci rcunscri bi nh contain the s 70 are subsequently found
wth regard 20 t']IE XCHINGI de/ and these redtdnyl es are enlarged by a
predet erm ned wratt o‘ ections to set e rectangul arly shaped

I nspecti on zone B8 Fi T tieyY-axis table 23 is
driven to novded BeARD NAME AND fé‘?l ggmmsom —ST 12
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25 field of the television canera 32 by [err], whereby the | ower-right
corher and each row of lands 70 on the right side as well as the | ower side
are adjusted so as to enter the screen, as shown in Fig. 18c, and - 49 -
- processing simlar to the foregoing is executed with regard to processing
zones 73C, 73D. Next, the X-axis table 22 is driven to nove the field of
the television canera 32 by -2xT, whereby the 5 lower-left corner and each
row of lands 70 on the left side as well as the | ower side are adjusted so
as to enter the screen,. as shown ug/Fg 18d, and processing simlar to the
foregoing is executed with regard t L ocessing zones 73E, 73F. 10

Further, the Y-axis table 23 is driven to nove the field of the tel evision
canmera 32 by [err], whereby the upper-left corner and each row of | ands 70
on the left side as well as the upp€r %{reggar adjusted so as to enter the
screen, as shown in Fig,18e,and KS ss':)ng jjilar to the foregoing
is executed with Flg? I IS?‘{E'
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regard to processing zones 73G 73H. Wien 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 si zes (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 | 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

di spl ay screen of the CRT display ufii841 at this tinme. The displays of the
part detection positions 59, 60 within the prescribed display region 58 are
changed over - 50 - to part displays 65, 66 conformng to the part sizes
whenever processing for setting the inspection zones of the parts ends. An
exanpl e of the screen displaying th fés ts of 5 inspectionis illustrated
in Fig. 15c, as set forth above. Fig? 4%~hows anot her exanple of a screen
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di splaying 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 therebel 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, provided at positions on the right side are a screen area 83
i ndi cating the nane of a node, screen areas 84, 85 which display a PC board
menu and the contents of a sub-nmenu, a screen area 86 which displays the
date, and a screen 20 area 87 which d8spl8ys a system nessage. The
positions of the part on the PC board are indicated in the screen area 58
by the displays 65, 66 of the shapes conformng to the part shapes. Wth
regard to a part judged to be an "acceptable part"” by 25 i nspection, the
part is displayed in a predeterm ned 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).

Fig.9 - Fiqg.10

218
2L _

50 5+ 51 5\@:2,_

52 . 52 52

21S

208
|+l =1
e T T
FTE N A
H D S A
R s R manal o
I R
== 1==| -l "“'"I“"‘l""n""'l“\
l[l!‘.:'!{::'!{!Ey
53 B



- 51 - The screen area 82.displays, as the particulars of a defect of a
defective part, the part nunber, the nunber of a lead with a soldering
fault, a nunber between | eads at which a solder 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 enbodinent, the information regarding one defective
part is displayed in area 82 and the display is changed over whenever a 10
predet erm ned key on the keyboard 40 is pressed, whereby the defect
particulars of other defective 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 gs/jgml emented 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 &b the defect are greatly facilitated. This
enbodi nent enpl oys a systemin Ych the 20 partigula&; of a defect are

di spl ayed in one screen per o ~ .
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part,

However,

the invention is not

pos8ibl & to display defect particulars regarding al
t oget her on one screen in the formof a.table.
‘di spl ayi ng detected sol dered states of parts on a PC board w ||

descri bed. Described first will
feature-extracti on processing at
feature-extraction processing as set forth above,

52 -

25

limted to this enbodi nent,
defective parts

Anot her

for it

is

met hod of

now be

be display of image data obtained in the
step 15 in Fig. 6. In
the normal |y sol dered

state of a land is detected as patterns of the colors red, green and bl ue,
and the features of these 5 patterns are cal culated as feature patterns.
order to detect the soldered state of a land as patterns of the colors red,
detection of a red|@ai8ern is perforned by extracting
10 Further,

green and bl ue,

pi xel s which satisfy the relations [err] and [err].

-of a green pattern is perfornmed by extracting pixels which satisfy the
relations Q(x,y) [err]

Fig.l4b
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T23 and g(x,y) [err], and detection of a blue pattern is perfornmed by
extfacti’ng pi xels which satisfy the relations B(x,y) [err] and b(x,y)
[err]. Here T23 15 through [err] are fixed values preset by the operator.
When each of the patterns of the colors red, green and blue constituting
each | and are thus detected, the inmage of the part is displayed on the CRT
display unit 41, with the pattern regi?q f each of the colors being 20
respectively represented by correspondlng colors of a fixed hue (these
colors shall be referred to as pseuﬁp colgés herei nafter). For exanpl e,

t he pseudo color of the color red, ca l of a fixed hue or another

color. 25 Fig. 26a |IIust€§tes a (d)spl ay sgé n of the CRT display
unit 41. As shown in the enlargeg view of) Fig. ch land 63 is
conposed of pattern reglongﬁEFZ(lndlcate s—s| opi ng downward to the
left) in a - 53 - pseudodol or of the| color red, |a pattern region PG
(indicated by horizontal liEgd) in a pseudo~sckfdr of the
<l ] =
2 -4 el
=< -==7
~ 1 e
—
NI =
i ===
—
N1 L=
3 =
J___: ’/”‘_'I._E
637
b
"l
ngolx)
—

xo XHD "x2(1) xo+Lx—I

Fig.17b

oo |/ 72A
L-70 E:JEJDI]EIDEIIZIIL ~ 70
= Ig |
718 = l:: 728
71D~ = =i
| /'/ ':':’
250 ﬂUU\DUUDDi

~72C




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 predeterm ned nunber

(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
paraneters 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 earlier. Wen fabrication of the
criteria data file ends, PC board inger8ion is performed using these data.
In a 20 case where an erroneous judgnment is rendered in inspection of the
acceptability of a soldered _state, it is necessary to apply a correction to
the contents taught in the gbove-described teaching operation. The node for
‘inplenenting this correctiga is referred to as 25 corrective teaching, and
the procedure therenf is
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illustrated in Fig. 25. First, at step 31 the operator keys in the nane of
t he*PC Board to undergo corrective teaching, then places - 54 - the PC
board 20T, which is to undergo inspection, on the conveyor 27 and presses"
the START key at step 32. At step 33, the operator enters a command for
suspendi ng i nspection, as at such tine that a fault is 5 judged to exist,
and starts inspection of the PC board. As a result, when the decision unit
36 renders a defect decision to the effect that a certain part has a

sol dering defect, the progress of the inspection operation is halted at
step 35, and the operator 10 nanug@/pg8 executes the necessary processing in
order to confirmwhether. the defect decision is erroneous and, if the
decision is erroneous, to investigate the cause of the erroneous deci sion.
More specifically, with regard to a part judged to 15 be defective, the
operator first enters a predeterm ned command in order to display the

extracted state of each F7[g.ISB
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hue pattern on the CRT display unit 41 (step 33), whereupon a display of

t he“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 imge 70 of each
| and obt ai ned by inmaging the part nounted on the PC board 20T, an inmage 91
of each |l and, which is obtained by extracting each of the hue patterns of
the three 25 primary colors fromthe original inmage 70, and an i mage 92
bet ween | ands. The inages 91, 92 based on the results of extraction are

di spl ayed by expressing each of the hue patterns by the pseudo col or
correspondi ng - 55 - thereto. ng.énage 92 between lands is displayed in
the color black if there is no sol } bridge or solder ball. The inages 91
based on the results of extraction of |ands are displayed on the positions
adj acent to the 5 original image 70, that is, on the top positions of
the | ands, and the inmages 92 based on the results of extraction of the '
i mge between the | ands are di splayed between the
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inagps-%} adj acent 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 i mage 91 based on the results of
extraction. |In correspondence with a red region [err], green region PGl
and blue region [err] of the original inmage 70, pattern regions [err] in 15
pseudo col ors corresponding to these colors appear in the imge 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 anq /hge regions [err] and PBl of the
original image 70 and the pattern redgi'ons [err] in pseudo colors of each of
t he hues based on the results of extraction are not in perfect
correspondence. In particular, in the case of 25 this exanple, the red
region [err] and the pattern region [err] based on the pseudo color of the
color red do not agree. Wien such a display appears, it can be judged that

the fixed values T1, T2 havq:ﬁqangei
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- 56 - dnappropriately. These values are then set again and the images are
conﬁére& inasimlar manner. Wen simlar corrective processing is thus
executed with regard to all parts for which a defect decision has 5

been rendered and entry of an end command is confirned at step 34, the PC
board 20T is conveyed out at step 36. \Wen corrective teaching is conpleted
by the foregoing operation, the PC board inspecting apparatus attains a
state in which it is possible to performan 10 accurate, automatic

i nspection of the PC board 20T tha%h}ghto be i nspected, and a transition is
made to the inspection processing d in Fig. 8. Industrial Applicability
The apparatus for inspecting PC boards and the |ike 15 according to
the invention, and the nethod of operating the apparatus according to the
invention, are applicable particularly to an apparatus which automatically
judges the soldering acceptability of electronic parts nounted of a PC
board, and the apparatus and od %5 usef ul in automating, and
in reducing the | abor of, a pr assenbllng the PC boards in

el ectroni c equi pnent, a
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process. for nmounting the parts of the equi pnent, etc. - 57 - Cains 1.

A pfint'ed circuit board inspection results displaying apparatus for

i nspecting the nmounted state of a plurality of parts nounted on a printed
circuit board and displaying the results of the inspection on a screen of a
di spl ay device (41), characterized by: neans (39) for fetching data
representing the results of the inspection; first display control neans
(39), on the basis of the data fetched by said data fetching nmeans, for
causing sai d display device (41) tﬂ7ziéﬁlay’ in one area of the screen
thereof, a nmounted position of eac é on the printed circuit board in a
predeterm ned color and a position of a part, judged to have nounting
defect, in a color different fromthat of the positions of other parts; and
second di splay control neans (39), on the basis o#elhe«¥§61fetched by said

data fetching neans, for causing said display dev I@(a I:Do di spl ay,
si mul taneously with - sl
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the display of the nmounted position of parts, in another area of the screen
t hefeof 7 particulars of the defect of the part judged to have nounting
defect. 2. A met hod of displaying results of printed circuit board

i nspection for .inspecting the nounted state of a plurality of parts
nounted on a printed circuit board and displaying the results of the

i nspection on a screen of a display device, characterized by: displaying,
in one area of the screen of said display device, a nounted position of
each part on the printed circuit boggdi@n a predeterm ned color and a
position of a part, judged to have nounting defect, in a color different
fromthat of the positions of other parts; and displaying, simnmultaneously
with the display of the nounted position of parts, in another area of the
screen of said display device, particulars of the defect of the part judged
to- have nounting defect. 3. A nmet hod of displaying results of printed
circuit board inspection for inspecting the nounted state of a pIurallty of
parts nounted on a printed circuit board and




di 'splayi ng the results df Réhéﬁ%ﬁféﬁgﬁf a .scre'&HSCﬁHEéTd%%pgw evi ce,
e

characterized by: displgying, 1Tnh bf t he lscr eeREBEA d didplay -
devi ce, a nounted posit qﬂﬂgf_." on the prTmited circuit board in a

grfedei ermned first col ¢ = ] t ‘f f af parsﬁjbstjﬁé@g%ﬂgép Ihg)vggtggmuntl ng
efect, in qﬁ ¢ erent_from irst color; displaying, in

sai d one arggﬁgﬁgt gp&&éﬂ“gf"@é %I%:EQ@?EP%W%@ Rﬁs%bﬁthBrPRjNT&D .

specified part, judged to SBETAN in a third col or

different fromthe first and second col GRRS dlsplaylng, si-rmul t aneousl y
with the display of the g sitiop of the s eC|f|ed part, %other area of
the screen of said di ¥pf g i t®, 3DHAR| Qﬁgf%ﬂniﬂﬂ?aﬂéFéét 8F fhe

specified part dlsgnégg c1£5u£§3ggggéjé¥ﬂéhe like for inspecting the

shape of the soldered portion of a part mounted on the
printed circuit board, and for judging whether the
soldered portion is acceptable or not. In order to
illuminate a printed circuit board undergoing
inspection, there are provided three types of ring
shaped light-emitting elements, which respectively
generate red light, green light and blue light, arranged
at positions to project this light, at angles of
incidence that differ from one another, toward the
surface of a body to be inspectéd. Light rays of the
three primary'colors emitted by these light-emitting
elements have 1ight-emission energy distributions with
respect to wavelength that provide white light when
these light rays are mixed, and the quantities of
light emitted are adjusted in such a manner that white
light is obtainéd; As a result, three-colored light
images regarding the surface of the object under
inspection can be detécted,-and it is possible to detect
also peripheral information (part number, polarity,
color code, various marks, etc.) essential in solder
inspeétions.
The present inyention discloses also a method of
/teaching witﬁ 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
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a printed circiit board, and a methdd of displaying the
results of'ihspection, etc. These methods are performed
prior to inspection of the printed circuit board in the

inspecting apparatus.

(Fig.24)



i

REPLACEMENT SHEET

Substitute sheet - 25/11/96

Date ... \.... etasennvernrersrees

APPARATUS FOR AND METEOD OF DISPLAYING RESULTS OF
PRINTED CIRCUIT BOCARD INSPECTION

ABSTRACT

An apparatus for displaying results of printed
circuit board inspection includes a controller (39) and
a CRT display unit (41). The controller Ifetches data
reprasenting the results of the inspection. On the
basis of the fotched data, the CRT display unit
dispia.ys » in one area of the screen thereof, a mounted
position of a part, juciged to have mounting defect, in a -
coler different from that of the mounted positions of
cther parts. The CRT display unit further displays,
simultanecusly with the display of the mounted position
of parts, in another area of the screen thereof,
particulars of the defect of the part judged to have

mounting defect.

(Fig. 24) .
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