" APPARATUS FOR I NSPECTI NG PRI NTED G RCU T BOARDS PEAND THEmﬁHﬁE’?Kg@”’{)

MET - OF CPERATING SAME f This invention rel at€s to.an~appaLaLu§_LQL___
inspecting.a printed circuit- board (hekeinafter referred to as a "PC

board") or the liKe, and to a nethod of operating the appargaﬁhmmﬁeenhmaced

.. particularly, the invention relates to an apparatus which in H
‘properties of a curved surface and is applied in detecting t

of curved-surface elenments of a cur vecbprad@eerdgady conprising a set.of .
nunber- of curved-surface el ements the surfaces whereof are oriented in

different directions; AzpPARADESAFOR IWSPECTING PRINTED CIRCUIT BOARDS
| AND THE LIKE, AND METHOD OF OPERATING SAME
Technical Field | |
5 This invention relates to an apparatus for
inspecting a printed circuit board (herginafter referred
to as a "PC board") or the like, and to a method of
operating the apparatus. More pérticularly, the
invention relates to an apparatus which inspects the
10 properties of a curved surface and is applied in
detecting the orientation 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 differént directions; an apparatus which
15 inspects the préperties 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 inépecting apparatus
for extracting 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 inspection.of the
PC board, the mounted position of a part, the class of
25 the moﬁnted part and feature quantities of the
mounted state of the part in the abovementioned
inspecting apparatus; a method of setting an inspection

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



I nspects the properties of a curved surface and is ideal for inspecting

t he §hapé’of a sol dered portion of a part nounted on a PC board; a PC
board i nspecting apparatus for extracting l2ue patterns in the three
primary colors froman original imge obtained by inmaging a part nounted
on a PC board, conparing the extracted results wth taught data and
judging the acceptability of the nounted state of the part, such as the

sol dered state; gouhtaahpagtMEhEPEctDén t Loed i 110, tHY iaDoviehentspaeti on of the
PC board, the nmounted position of a part, the class of the nounted part

and feature quantinkpegt@hgt Appanating £da shetltodfof [ gpdalying tihepection
abovenenti oned inspecting apparatus; a nmethod of setting an inspection
zone for settingrpsudtst forndpsplapingfthdedilduarcd, part inspection on
- 2- nmount ed- part inspection zone in the abovenenti oned
the screen of a display unit in the abovementioned
5 inspécting.apparatus; and a display'method in a PC board
inspecting apparatus ideal for verifying the
‘acceptability of the extracted state of hue patterns.
Backaround 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. 'Conventionally( such a soldered
region is inspected visually, and the acce?tability 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 wvisual inspection.
-With this method using such visual inspection,
however, the occurrence of inspection efror cannot be
20 avoided, judgment differs widely depending upon the
individual performing the inspection, and there are
limits upon inspection processing capability.
In recent years, a variety of automatic inspection
apparatus capable of performing an.inspéction of this
25 kind automatically have been proposed.
The shape of tﬁe surface of a soldered region is a

cubic shape of three dimensions, and the ability to

detect three-dimensional shape information is essential



I nspecting apparatus; a nethod of displaying inspection results for
di splayifg the results of part inspection on the screen of a display
unit in the abovenenti oned 5 inspecting apparatus; and a display nethod
in a PC board I nspecting 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 nounted on a

PC board can be ngptd,ongd @5 @ doeRicCalch a sngya8Mpl e of a curved-surface
body having a nulti ple- ofiented surface. Conventionally, such a

sol der ed regi on pig | mspachedt reteidalhny exang1Eher agh et edbhdtiy of

the soldered state, nanely the absence or presence of 15 solder, the
amount of sol der ¥bédts plappariaitys shpable of @étéditing atitréspr oper
conduction are judged based on this visual inspection. Wth
this met hod usi ngdimmrisidraialshapepenfoomation. hThevappatdeus couradissesof

I nspection error cannot be 20 avoided, judgnent differs w dely dependi ng
upon the 5i ndi salddrederfeaionngnt Re PCnbpacdi drwitindsliherkighte 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 picked up by an image pickup device 4,
10 and the three-dimensional shape of the soldered portion

is detected by investigatihg the imaged pattern.

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

15 ascertain the three-dimensional shape of other portions.
Moreover, the surfaée of the soldered region is such
that the orientation thereof is not uniform with respect
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
operation is required. A problem is that this invites
higher cost. |

Accordingly, in order to solve this problem, a

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

angles of incidence, each reflected-light image from the



i m s upon inspection processing capability. In recent years, a
vari®ty of automatic inspection appar atus capabl e of perform ng an

i nspection of this 25 kind automatically-have been proposed.

The shape of the surface of a soldered regionis a cubi ¢ shape of
three di nensions, and the ability to detect three-dinensional shape
information is essenti al : - 3-

in order to inspegtrsaed & SlifPurved-surfacerbddylik! bMaséd! ean@negganpl e
of an automatic I nspection apparatus capabl e of detecting three-

di mensi onal shapeoi 1éRtdaBic®of M JRafed -WurifacededbRénts SpOsSesEEd bk
region on a PC board 2 with slit light 1. A refl ected-1ight inmage of

an optical cuttingaelanevéd eurface thdwHiscldetecpeddficedl thet hespectihee of
the PC board 2 inclusive of the soldered region by irradiation with
t he imaged patterns. This method belongs to the class of
5 Yactive sensing methods", which is one of the methods of
detecting three-dimensional image information.
Specifically, this method takeés note of the fact that
when light flux having a uniform pattefh is projected
upon the object undergoing inspection, the pattern 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 projecting
device 5 and an image pickup device 6, and a curved-
surface body 7, Which is-the-object undérgoing
Zﬁ; -inspection. |
| When light flux 8 is projected toward the surface
of the curved-surface body (e.g., 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. When this is done, it is detected that a
curved-surface element of the portion of the curved-

surface body 7 irradiated with the light flux 8 is



slit light 1, is picked up by an i nage pickup devi ce 4,' 10 and the
t hr ee- di rensi onal shape of the sol dered portion . I s detected by
i nvestigating the i maged pattern. - SWth 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 three-di nensi onal shape of other portions. Mor eover, the
surface of the serdemed egi an bagiech with tdsedtheccorad énirdizomtatlher eof s
not uniformwth respect to the surface direction of the PC board.
Consequent |y, refarenemsplianer 10010 hat tlmsangle ightigddeneednd i mage 20
pi ckup device 4 are necessary. For this reason, the apparatus is
conplicated and addcgidingivecifelaghenbsi pgojectedpayat ithre isunfeqa odd. A
problemis that this invites hi gher cost. _Accordingly, in
order to sol ve tHe protvledmsuafags badyhbdussnaaiplabiadity wifi ch the
surface of a curved-, _ surface body_ undergoing inspection is irradiated
with i ght mremestingr devigest havmet%g%emm rpafies &fedmcidence
| in 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 group 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 pfoperty of the soldered region is.

If the projecting device 5 is one which projects a
light flux 8 having a width AB, reflected light flux 9
having a width corresponding to this width will be
detected by the image pickup device 6. 1In other words,

20 in this case curved-surface elements having the width A0
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 plané 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



angl es of'incidehce, each reflected-1ight inmage fromthe

-4- ¢ s surface of the curved-surface body is imged, and the
orientation of the curved-surface- el enents possessed by t he
curved-surface body is detected fromthe respective | maged patterns.
This method belongs to the class of 5 "active sensing nethods", which is
one of the nethods of detecting three-di nensional inmage informtion.
Specifically, thiersPthos podes 10! @l thite draehthbabns of ¥HENCLIEEA - f | ux
having a uniformpattern i's projected upon the object undergoing

i nspection, the patfeted efemdiks tire tief Idctedibngbf thexandlai oed fromthe
obj ect under goes deformation in accordance with the three-

di rensi onal shapeotdtidme tbemedf wWilld et lmedicied ledchut. Ashatreswelshape of
t he obj ect under inspection is estimated fromthe defornmed pattern.

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 constituted by the.
plurality of ring-shaped 1ight-emitting elements 11, 12 and 13
having different angles of incidence relative to the

10 curved-surface body 7, as shown in Fig. 3, curved-
surface elements having orientations correspoﬁding 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 above.

15 Assume that the_three ring-shaped light-emitting
elements 11, 12 and 13 of radii rm (m =1, 2, 3) are
disposed horizontally at positions ha&ing heights hy (m
= 1, 2, 3) from the reference surface 10, and that the
angles of incidence of the light fluxes 14, 15, 16 from

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

25 comparison with total optical paths from the light-
emitting elements 11, 12, 13 to the image pickup device
6 via the surface of the curved-surface body 7, the

sizes of the curved-surface elements are sufficiently



15 P Fig. 2 is a diagramfor descrlblng t he pr|n0|ple of . . this

nmet hod arfd shows t he positional relationship . bet weBEs lmmd
system which conprises a'light projecting 7 - device 5 H _
pi ckup device 6, and a curved- surface body 7, whic

undergoing 20 inspection. When | i ght flux 8 is. pr.oj ect ed
toward the surface of the curved-surface body (e.g., a sol dered
region) 7 f spenihe PReFeEbEay €Y &8 besli GPoRE Ao COBIRILY the

position, reflected light flux 9 inpinges upon and is 25 detected by the
| mage pi ckup devimglespbécadcilimetiahed§ the cumesdread.fadeceliehentiss tdone,

it is detected that a curved-surface el ement of the portion of the
curved- sur becdebedyed. i candbat @dtarminedein igproridameegwiigh the
- 5- - oriented at an angle O with respect to a horizontal
following equation:
5 cosbp = hp/ (hn? + rp2)1/2 ... (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 appeafance of a
soldered region on the basis of the foregoing principle
10 [Japanese Patent Application Laid-Open (KOKAI) No. 61-
293657)1]. 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
[5 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 projection timings, an
arithmetic unit for processing these images as an image
of an identical visual field, and a firing device for
lighting each light-emitting element instantaneously.
25 This entails great technical complexity and the method
involves problems in terms of cost and reliability.
Accordingly, in an effort to solve all of these

problems encountered in such a time-sharing system, a



réfe[ence plane 10 (0 is the angle of incidence). Accor di

rdingly, if
lighf isprojected upon the surface of the curved- surlf < & Iaced,
a plurality of 5 projecting devices having8different angl Miﬂ ﬁz
in a case where the surface property of the curved- su S

such that the curved surface conprises a nunber of curved-surface -
elements oriented in different directions, as is the case with a

sol dered 10 sumiexihd el Beerobropoved- sukf ase £hed®ndpparatus which
corresponding to respective ones of these angles of i nci dence can be
det ect ed, wher ebyiridpectgdsisidalrebodies sudht ast whpes ehfdpanesse Psteritace
el ement of the surface of the curved-surface body 7 is oriented,
namel y what the Xgplisiatfizee LevidpOpep dKOKAE) sBOdeb2dl2EgiDnl is. :

If the projecting device 5 is one which projects a | ight flux 8 having
awidth [err], refgeandag itghtthiisymeghod, 1lpghtngoereesitfredresBuirg ng to
this wwdth w Ll be , detected by the imge pickup device 6. In qther
words, 20 i tRENSSE QQIAFEdSureSee 9EPEREARS RN RFS HESH A% The r]

for an angle can éﬁ%égnf¥gﬂ%iemitting elements having different angles of -

incidence with respect to the object undergoing
inspection. Reflected-liéht images in the colors red,
green and blue from the object are imaged at the same

10 timing by a hue-sensing-type image pickub 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, etc) and
circuit-board pattern information (various marks on the
circuit board); it is extremely difficult to put the.
apparatus to practical use as is.

25 When an apparatus for inspecting a PC board is
used, a teaching operation is required in which wvarious
data relating to a PC board (referred to as a “"reference

PC board") having prescribed parts correctly mounted at



_—

Further, if the projecting device 5 includes ring- shaped,, ..
light-em’ting el ements 11, 12 and 13 arranged - hori zon en Replaced
respect to the reference plane 10, as . 25~ shown in Fig. 3, H

bet ween the projecting device 5 and the curved-surface bu

constant regardl ess of the rotational angle of the curved-surface

body 7 with respect to an axis perpendicular to the

- 6- r ef epeedetprmaredOposntiche arée emtaieshs rom vhi&eybonad-

surface elenents in the direction of the angle of rotation thereof

wi || be cancel | epedore pbeaPrebonrd is inspegtedhe g &egfhiingl i nati on of
the curved-surface body 5 7 with resgect,to the reference plane 10 will
be det ect e@peration is referped ntj HIRLY afeVitG@@HiPg " "caRSt i tut ed by

the Pluralilya9hs the 202RRhg ' S a S I ° T8 the bosi 212308, 13
5 types and inspection zones of parts mounted on a
reference PC board, as well as data relatihg to
feature quantities of the moﬁnted state (e.g, the
soldered state) within the inspection zone of each pért.
With this teaching method using data entry by key,
10 however, the amount of data to be keyed in is extremely
large. As a consequence, 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
I5 Dbeen proposed [Japanese Patent Application Laid-Open
(KOKAI) No. 62-180251] and entails fabricating
beforehand a positioning PC board (reference PC board)
obtained by coloring the surface of a PC board with
black paint and coloring mounted parts with white paint,
l20 and imaging the positioning PC board by a PC board
inspecting apparatus, thereby teaching data (part
position, etc.) serving as c¢riteria 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, but the method is also
uneconomical in that it is impossible to reutilize a

painted PC board. In addition, part position cannot be



hawvi ng different angles of incidence relative to the 10 curved-surface

body* 7, as shown in Fig. 3, curved- sur face el enents having
orientations corresponding to t he ahg&%s’of i ncidence of |ight fluxes
14, 15 and 16 fromthe light-emtting el enents can be detected in
detail, as set forth above. 15 Assune that the three ring-shaped
light-emtting elenments 11, 12 and 13 of radii r[err] (m=1, 2, 3

are di sposetahght zcotaétyluturpesss ipminthag ig perdbrmefimifiim = 1,
2, 3) fromthe reference surface 10, and that the - angl es of incidence
of the light flugesurate1fashionyoffurtthennprss laicgrrddnot Epnghébenments 11,
12, 13 relative to the -curved-surface body 7 are Om(m=1

( , .2, 3).
Under these mgEhafpt Fhasterching-furitame gtdssntiaphpasctaRgretion.
inclination at the curved-surfq&g,bogy 7 respectivel% . are ?nlcag be
detected by the PHEBe2Pi ERBpEERALE ©F BRI EFYRENFEPPOEN PRI PREEBTEF
opti cal pathg;fronkéhe |.i ght emtting elenents 11, 12, 13 to the inage
pi ckup devic Wit ¥7%°the surface of the curved-surface body 7, the

On the other hand, in a case where a feature
quantities of soldered state are taught, the conventional
practiée 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 quantities
that defines the normal soldered state.

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

20 and not an average, and a situation will frequently
occur in soldered state inspection in which mounting
defects are 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 teaching or inspection,
hue patterns composed of the thfee primary colors are
extracted from an original image obtained by imaging the

part mounted of the PC board. In order to realize



sizes of the curved-surface elenents are sufficiently

Ther'efore, the angl es of incidence, namely the angles of inclination of
the curved surface elements to be detectedllcan be determned in

accordance which the follow ng equation: ' Jerr] A et hod
enpl oyi ng sources of white light as the light-emtting elenents 11, 12,
has been proposed as a method of inspecting the external appearance of a
sol dered regi on pioplee Raspbectabnt b€ &orPedboan prilciiplspection isln this
met hod of inspection, the light- emtting elenents 11, 12, 13 are lit and

ext i ngui shed at

10

15

20

25

presyeetii vel yhei faetenbati patigern rexdneatidinstisngui sh
performed accurately. To verify the acceptability of
pattern extraction, conventional methods that have been
proposed entail displaying obtained feature

quantities in the form of numerical values on a diéplay
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
pért 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
of extraction with the original image since the original
image vanishes from the display screen. A problem with
both methods is that the accebtability of the extracted
state cannot be verified with ease.

With regard to setting the inspection zone,
conventionally the zone is fixedly determined by fixed
coordinates. When a zone on the PC board which includes
an inspection location is imaged during inspection, a
zone of a portion of the image is extracted as an
inspection zone using the fixed coordinates, and only
the interior of the inspection zone extracted is
processed. In order to shorten processing time, the
inspection zone is set to be as small as possible.

However, a problem encountered is that the location to

smal |

13



among the reflected-1ight images produced by the three Ilight-emtting

el enents “11, 12, 13 having diferent angles of incidence with respect to
the sol dered surface. "However, with t¥ s nmethod of controlling the
lighting of the light-emtting elements, there is need of a nenory for the
pur pose of storing each inmage obtained at each of the different projection
timngs, an arithmetic unit for processing these inages as an inage of an
i dentical visual %éeltbpedtted Wwill ngodgvidee thothel egbbkigreaththeghét
emtting el enent instantaneously. This entails great technical conplexity
and the nethod inspexdtvian prold enddss tthrenpretcisden afdthel dabvingy.
Accordingly, in an effort to solve all of these probl ens encountered in
such a tinme-sharimerhamiamnfer conveying and positioning the PC board,

the PC board machining precision and the pattern
5 printing precision, etc., are sufficiently high.

Ih order to éolve this problem, the conventiopal
approach is to set a reference pattern on the PC board,
calculate the amount of offset between the position of
this reference pattern obtained at the time of

{0 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

I5 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 inspéction
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



bodi‘es such as w res (Japanese Pat ent Accordlng to thik

sources for the three primary colors of red gyreen and b

the three light-emtting el enents haV|ng di fferent angles

with respect to the object undergoing inspection. ,Reflected Ilght | mages
in the colors red, green and blue fromthe object are inmaged at the sane
timng by a hue-sessiltg- bfpinspedeiqn clum BV ikardudnspectaonobpparatus
tel evision canera, and the inmages are detected upon undergoing col or

nmet hod has been proposed for use in an apparatus which |nsp ct eﬁq&ﬁimd

separati on. inghudet Ai meboodotn |V§”1Ja~}:i'pltf@i ey oft emgtsfectivpanton -
apparatus for |nsg§ct|ng sol dered r%%#ons IS theoretlcaII¥ possible to
detect the curvedhSulPEaEioprepeths fe§t§HFHé#EHFP€§96H1Pﬁsa° h&hﬁ peri od

of tinme. However, since this aratus i S no ntrived to detec
defect are dispf%?gé on a CRT élsﬁiay ungt, ang 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 correspondence bétween-the number of a defective
.10 part and the position of the part on the PC board.
According to the latter method, the position of a defective
part can be verified but the particulars of the defect
are unclear. As a result, it is réquired that an
inspector inspect the PC board and visually verify the
I5 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 elemgqts constituting a projecting device
are mixed;“ the prbperties of a curved surface of a
curved-surfaée body such as a soldered region can'bé
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



peri zheral information essential for automatic |nspect|onrqf
on & PC board, such as information relating to each region
(e.g., part nunber, polarity, color code, -etld) -and mrcwtillmi Wﬁfg
informati on (various marks on the <circuit board), it is ex

difficult to put the apparatus to practical use as is. JP—A—62127617
fornms the basis for the preanble of claiml. When an apparatus for

i nspecting a PC hgsgdrdtndiSedwhdcheadly Ggingesaalapsn ito residt athd n whi ch
various data relating to a PC board (referred to as a "reference PC board")
havi ng prescri bednpartesl garstiediony ofoanpadtatnd the type of the mounted
-9- predeterm ned positions are entered froma keyboard before the PC"-
board is inspect ephrt THiabricathongofoperafeoance Pefloarnd far diegshings
"teaching" and:

is facilitated and reuse of the PC board is made

5 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 inspecfion of the mouhted
state of a part.

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

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

20 Yet another object of the present invention is to
provide a method of displaying the results'of inspection
in a PC board inspecting apparatus in which, by adopting
a system wherein the position of a defective (faulty)
pafticulars 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



state) within the inspection zone of each part. - Wth t
-met hod using data entry by key, however, the anount of data to'be keyed'In

entails the teaching of data relating to the positions, t YRGS g0 h
i nspection zones of parts nounted on a reference PC board, o[ abdS Heen Beptlaged
relating to feature quantities of the mountl state (e.g, t . l”

Is extrenely large. As a consequence, an exorbitant anmount of tine and

| abor are necessapyovide tdelisplay apwhaid dm aa®d bopedainspecsinggr eat
bur den. A teaching nethod for solving these problens has been
proposed i n EP- A-8pp®&788us in which, by speciaddyenenttivindracaethed of
bef orehand a positioning PC board (reference PC board) obtained by

col ori ng the surf@tePbayinPEhpHasulitsh ofppatkeps arteEadtéenor PR nount ed

parts with white paint, . and iqgging t he positioning PC board by PC board

i nspecting appar a®GSSPERR}BHY t

as criteria fgr tggsfﬂppggf aoécuéa'?;s %c.tl ng the PC board.

10

15

20

25

An apparatus for inspecting properties of a curved
sﬁrface according to the present invenfibn is
characterized by comprising projecting means which
includes three types of ring-shaped light-emitting
elements, which are for generating red light, green
light and blue light having light-emission energy
distributions with respect to wavelength that provide_
white light upon being mixed, arranged at positions
to project this light, at angles of incidence that
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 light emitted from the.light-emitting
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
curyed-surface element of the curved-surface body from
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

(HHQKfﬂﬁﬂﬁEt€HaPFatﬁo§?FiBﬁ,V%FEfgégerving



However according to this teaching method, not only doeg,. Lhe
PC board *require the painting operation, but the nethod
uneconomical in that it is inpossible to rebbitize a pal

I n addi tion, part position cannot be

i

10 - taught correctly unless painting is perforned in -accurate
fashion. Furthernore, according to this net hod, the teaching of itens
other than part pasfaténof the SnshedBSed heudwatlvurFaele pady wype, cannot be
per f or med 5 with ease. On the other hand, in a case where a
feature gqudifferest oAngbéslesditkdence £ tSHnglet itt He sonaentngedl
practice is to prepare in advance a single reference PC board on

whi ch each part khestbthe sefdegeeemormdlhlue ﬂ&f13@@§dadngh@aumﬁeeQUéant|es

of the sol dered state

the surface of the curved- surface body are detected

5 simultaneously and dlstlngulshed by hue, the properties

of the curved-surface body can be detected in a short

time using the hue patterns obtained. Moreover, since

it is set so that white light is obtained when the red,

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

10 elements are mixed, it is possible to detect

essential peripheral information necessary in inspecting

" the solder of mounted parts, e.g., information (part

number, polarity, color code, etc.) relating to each

part on the PC board, as well as PC board pattern

15 information (various marks and the like).

In this way

automation of soldered state inspection can be realized.

A teaching method of the invention for teaching the

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 pésitions 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



of each part using this reference PC board, and t her r..pravi de the
ext r‘act eg quanti tiges wth a fixed w dth to decide thgﬂ{sgﬁwﬁ) laged,
quantities t hat defines the normal solléred state. 1 ,
there is absolutely no guarantee that a reference PC | _

for teaching will be suitable for representing the correctly sol dered
state of each part. |f such happens to be the case, a taught

feature quantityiw Fhotepsese by ¥ Bt \Wl1ude12@hogedcBlbradrayrapge, and
a situation wll frequently occur in soldered state inspection in

whi ch nmounting confdehects e oxss labkedart atsahdemednsiagepwsibion

tol erance is judged to be defective understrict standards. I n
order to obtain ohetheapare cuatheé tR@arrd.25 Thilse refedenee BCabeavfi aspart
in teaching or inspection, hue patterns conposed of the three prinmary
colors are suppiteddte riome RC Qeapdansnesfdngheapasatvy apdgthg t he

part nmounted of the PC board. In_order to realize, | .
5 labels are imaged, whereby the positions at which the

labels are affixed as well as the shapes and colors of
the labels are fead. The positions at which the parts
are mounted are taught from the positions at which the
labels are affixed, and the type of a part is taught

10 from the color or shape of the label for that part.

According to this teaching method, the reference PC

board for teaching can be fabricated in simple fashion
merely by affixing the labels. ' If the labels are peeled
off, the PC board can be 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 been correctly mounted are successively supplied to the
abovementioned PC board inspecting apparatus. The PC
board inspecting appafatﬁs is operated in such a manner

that the plurality of reference PC boards supplied are



proper inspection of a PC board, the inspection is ren1sed on the
fact’ that' pattern extraction is per f or med accurately“mﬁﬁﬁn

acceptability of pattern extraction, -cbfventi onal mﬁﬁeﬂi

been 5 proposed entail displaying obtalned feature
the formof nunerical values on a display unit, or displaying an

I mge, which is based on the " - results of extraction, at the position
of the original imagedinehe féatheei gepatiitdrszofietbbt mpnedely i magi ng the
10 part nounted on the PC board. Wth the former of these

met hods, however statessof thedpdftsate textgraaded Heocaxthactreduitahg
~concretely since the display is based upon a nunerical value. Wth the
| atter method, itimagediftheset featuoat ausntihéesesypt proegssefl extracti on

with the orlglnal i mage since the_original i mage vani shes fromthe
di spl ay screen. skapigbiealiwthand the calculated values are set as the

5 feature quantities.

Thus, in accordance with the teaching method of the
présent inventibn, the feature quantities of the
mounted states of the parts are extracted from the
images of the plurality of reference PC boards, and the

10 statistically processed values are taught to the PC
board. inspecting apparatus as feature quantities.
Therefore, even if there is a statistical dispersion
among the mounted states of a part from one PC board to
another, the feature guantities are averaged by |

15 the statistical processing. As a result, incidents of
overlooked improperly mounted parts or'of normal parts
being erroneously judged to be defective are reduced in
inspecting the mounted states of parts, and PC boards
can be inspected in reliable and stable fashion.

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 produée an image of the
part mounting position, initially setting,lwith respect
to the image, a processing zone which includes.a land

region on the PC board, extracting the land region by



both methods is that the acceptability of the extracted  Tnis S RANQOL

be Verifi‘ed with ease. Wth regard to setting thgff eplaced
zone, 20 conventionally the zone is fixedly determ ned by ulﬂﬂm ’"L

coordi nates. When a zone on the PC board which includes

| ocation is inmaged during inspection, a zone of a portion of the inmage
IS extracted as an I nspection zone using the fixed coordinates, and:
only 25 the intetdartiol phejeatpeat ppbcessengxbititietthes procegyigressed.
In order to shorten processing tine, the I nspection zone.is set to be
as small as possizgne, and slediEwngr anaipspbteivenzowate dthe sndurdied Ipart
| ocation to - 12 - be i nspected
wi |l protrude to herdareing. &y ehpredetermingd@spidth orary @reaun| ess the
preci sion of the driving mechani sm for conveyi ng and positioning the
PC board, circumscribing the extracted land region.

5 In accordance with this inspection zone setting.

method of the present invention, a PC board is sﬁpplied
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
inspected. Therefore, even if there is a deviation in
the printed pattern on the PC board, an inspection zone
which includes an inspection location can be set
reliably'and it is possible to set an inspection zone

15 stably and at high speed. 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 resﬁlts of inspection
according to the present invention in a PC board
inspecting apparatus for imaging 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



conventi onal approach is to set a reféfence pattern

cal cul ate the anmpbunt of offset between the position of

pattern obtained at the time of 10 inspection and the position of a
reference pattern obtained at the tinme of teaching, and then correct
t he posi ti onndt,t hembnspedtposi iwre.of each part Aocshei B§ boarhi ¢n
met hod, however, the fact that the reference pattern is required
‘necessitates thea p5efetarnigedfcalrexand paasitiosn ofl R Perkeajudged
Moreover, if an error occurs in the processing which detects the
position of the F@fEﬁ@ﬁc@OBQF%@ana¥£ Fs i@ 13 color dafrfesrntnfro@né&Bagpon

t he positions of i nspect | 0 e.where a PC
boarg under goi ng© n§B§cPB§ﬁt?gns of ?%hﬁﬁx??ﬁf%Wu?ngﬁﬁgmggggﬁPaéayPC boar d

inspection 5 apRanatuz and an Laspeclion i RSdALTRY ok g YdBG of

the defective part.

t he- PC board machi ning precision and the pattern 5 prlntln éﬁﬁﬁﬂmmd
etc.', are sufficiently high. In order to solve Wﬂm he

In accordance with this method of displaying the
results of inspection of the present invention, the
ﬁounted 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, thé 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.
| Furthef, 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



t he- acceptability of the mounted state of each part, nanmel y ﬁhether

parts are missing or the soldered state 25 is acceptabl &his HagBeeh Replapéd
i nspection of each part . are displ ayed @1 the screen y
uni t and, when necessary, are printed out by means of

Conventi onal methods enpl oyed for displaying the o -
Substitute sheet - 7 January 1998 . -13- results
of inspection in GhR@dmarikeddhyedisplagppar abnsa displaie scmetrmasf ian whi ch
the nunber of a defective part, the location of the defect and the
particul ars of t Ifsisrlaivedinigr e thiespiragénadninagRTand spi aymage + whireh as
met hod in which _the nounted position of each part on_the PC board is
di spl ayed and onlBAS8tbSA Fha FasNdtsaPE GEFERFEIRN: AVFYP SR in a

di fferent col or. Wth the forner _method, however, it js difficult to
original image, and'colorang the Eﬁége based on the

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

An original image 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 reédily verify the
15 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 3 are explanatory views illustrating
the inspection principle in an automatic inspecting
apparatus;

Fig. 4 is a block diagram illustrating the overall
construction of a PC board inspecting apparatus in an |

25 embodiment of the present invention;

Fig. 5 is a diagram showing the relatioﬁship
between patterns and the acceptability of soldered

states;



achi eve correspondence between the nunber of a defective part and the
position-of the part on the PC board. According to'the latter nethod, the
position of a defective part can be verifi2d 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 particulars of the defect.

Substitute sheet - 7 January 1998 - 13a- '
From | BM Techni cal Di sghesuseaBal ¥ ear8, fVehcharks mhowingSepttereying987, New
York, US, pages 1647 - 1649 there is known a nethod to inspect itens by
capturing sever apbrbgrageingf ptbeedtmen under different external conditions
and conbi- ning them mathematically to increase the anount of informa- tion
di scerned by the visi &gsy8t ém a flowFhant sshvingrddienivreiceforengit, vol .

67, no. 2, April. 1988, New York, US, pages 47 - 60 there is known an '
appara- tus for ARSRECEAERAr9F8%RINI hspection of sol der bunps which

appar at us us one ring-shaped |ight source. An_ apparatus for
i nspecting pgkaged efFé8froni E‘nﬁeg?c%geb@}% ‘Gr?é"’ﬁ/\/lﬂnft é’aFi%g-sg‘ﬁ&’&é‘G | i ght

source is knomnlaggghsEEhAa 9:283 4 Pixea thereto;

Fig. 11 is an explanatory view showing partitioned
regions on a PC board and a processing seguence;
Figs. 12a, 12b, 12c¢, 13a, 13b and 13c are
10 explanatory views showing fhe extracted images of'labels
énd the circumscribing rectangles thereof on an image;
Figs. l4a and 14b are explanatory views showing a
method of setting inspection zones; |
Figs. 15a, 15b and 15¢c are diagrams showing display
15 screens of a CRT display unit;
Fig. 16 is an explanatory view showing a method of
projection processing;
Figs. 17a, 17b, '18a, 18b, 18c, 18d, 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 éhowing the
soldered states of a part;
25 Figs. 22a and 22b are explanatofy views showing
imaged patterns of soldered regions;
Fig. 23 is a gréph showing a data distribution of

red hue values;



Di scl osure of the Invention An object of the present invention is to
provi de ah apparatus for inspecting the properties of a curved
surface in which, by arranging it so'that‘m£3té light is obt ai ned when
irradiating light rays froma plurality of light-emtting el enents
constituting a projecting device ~are m xed, the properties of a
curved surface of a curved-surface body such as a sol dered regi on can be
detected in a short pé&iiged24f isi ar, esplianatdeeonew shopdsg @l dispdayt o
detect peripheral information essenti al for actual inspection.
- 14- - nount edsposeni ofi af CRTpdispkawd Wt i ype of the nount
' Fig. 25 is a flowchart showing a corrective
teaching proqedure;
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
ﬁhe 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 pattérn extraction is acceptable; and
Fig. 28 is an explanatory view showing, in enlarged
15 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 éonstruction of a PC board
inspecting apparatus in an embodiment of the present
20 invention.
The apparatus for inspecting PC boards is for
imaging a reference PC board (a positioning PC board)
208, comparing feature parameters (criteria
data) of an inspection zone of each part 21S on the
25 reference PC board 20S, which parameters are obtained by
processing the imaged data, with feature

parameters (data to be inspected) of an inspection 2zone

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



part, fabrication of a reference PC board for teaching is facilitated and
reuse of the PC board is made possible. A further object of the
present invention is to provide a teachiﬁgzﬁefhod in a PC board inspecting
apparatus in which, by obtaining feature (characteristic) quantities of
the nounted state of a part using a plurality of reference PC boards, it
becones possible to realize reliable and stable inspection of the nounted
state of a part. inspectdonl,| whnehhparabgbers ofire Retgined i imagdmd dhe s to
provi de an inspection zone setting_nethod in a PC board inspecting
apparatus in whiBh Pasydp28desei HEAGRAP nbREPeebi ot ntnh PeLRRJ™HE'% PC board
and setting an inspectiqn zone of a,nnunﬁe art, .the inspectjion zone can
be set stably andSReIhigH t?pgﬁﬁeﬁﬁ“f‘ﬂﬁu'f’ ?gﬁ%’r'r‘??@l cli?rrrtecztoli%rf's processi ng.

i spl ayi ng ¢ he. 1 GOHEEE QY PREBERR: BAY PRIGCRRT boartf | AREFEA Sty HRTLEREus i n
whi ch, by adq?tig% X-axis tablel22, 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 208 or 20T, in the ¥ direction.

The PC boards 208 and 20T'are irradiated by the

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

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

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

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

employed are of a structure in which sources of white



é system wherein the poSition of a defective (faulty) particulars of the
def €ct (fault) are displayed sinultaneously one screen, it becones
possible to verify the position of the défég?rve part and the particulars
of the defect without requiring visual inspection of the PC board.
An apparatus for inspecting properties of a curved surface according to-
the present invention is as defined in claiml. _ .
Yight are covered with colored transparen; plates (color
filters) of the colors red, green and blue,
respectively. However, as long as the light-emitting
.elements generate light of the three priméry colors, the
5 invention is not limited to the above structure. For
exémple, three ring-shaped color fluorescent lamps (red,
green, blue) can be used, or-use can be made of three
ring-shaped neon tubes (red, greén, blue).
In order to make it possible to detect, under
10 illumination, information (part number, polarity, color
code, etc.) relating to-parts on.the PC boards 20s, 20T
or information (various marks, etc.) relating to a
pattern on a PC board, the projecting unit 24 is
| designed in such a manner that perfectly White light is
15 obtained when the light rays of the three hues emitted
by the light-emitting elements 28, 29 and 30 are mixed.
Specifically, the light-emitting elements 28, 29 and 30
are constituted by light-emitting elements which
respectively emit a red-light spectrum, green-light
20 .spectrum and blue-light spectrum each having a light-
emission energy distribution with respect to wavelength
[a light-emission energy distribution in which
wavelength is plotted along the horizontal axis and the
peak thereof is set a 1 (100%)] that will give white
25 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



i ncl udes three types of ring-shaped light-emitting elenents, which are for
genératirg red light green [light and blue Light having Ilght em ssi on
energy distributions with respect to mavel@ﬁgth that provide white |ight

upon being m xed, arranged at positions to project this light, at
angl es of i nci dence that differ from one anot her, toward a surface of a
curved- surface body to be inspected, light- quantlty adj usting neans for

adj usting the quanigty esfittieghbyotheathghtgamittimg telempraier@ht 29 Sdch a
manner that white light is obtained when the |ight enmtted fomthe
light-emtting e¥idiemielid wiiikedlightigeppnckepnagaiced or i magi ng
reflected- light inmages fromthe surface of the curved-. surface body to
obtai n i maged patt er nsTRf s’t“i%ggltﬂgsh‘@&tbﬁ is equjppped JHtRH@RRS Mg means

f det ect t f f f the
cﬁﬁveﬁ-iﬁrﬂge%" Gwigon omerel0diS il BevA oe eroRAERInGREt 24-
PO vt i R e S ER BB, BRY BEUBOAEG 0d 'S4 1 11 N0 Shaped

Ilght-en1tt|n
' 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 ihage 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

15 and a controller (CPU) 39. In the teaching mode, the
processing unit 26 detects, through a method described
later, the mounted position of each part le.on the
reference PC board 20S, the type of the mounted part,
its moﬁnted direction and inspection zone, and processes

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

| boaré 208, whergby_hue patterns of the colors red, green
and blue are detected with regard to the inspection zone
of the part 21S whose soldered state is acceptable, thus
forming feature parameters to fabricate a

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

detects similar hue patterns with regard to the



surface of the inspected curved-surface body at diffferent angles of
i nci’dence. Since it is so arranged that the red, green and bl ue
reflected-1ight inmages from the surface 0f2% he curved-surface body are
detected sinultaneously and distinguished by hue, the properties of the
curved-surface body can be detected in a short tinme using the hue patterns
obtai ned. Moreover, since it is set so that white |ight is obtained when
the red, green andgpéttuiohiginme rafysearh theat BAT oa thgkt PEnboardg arfienent s
are mxed, it is possible to detect essenti-al peripheral information
necessary in i nspeems ndeatiyges plagamedie nfpurithed obar tfabmdogtinofar mati on
(part nunber, polarity, color code, etc.) relating to,each .
inspected data file. The ‘processing unit compares this
inspected data file with the abovementioned 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 missing 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.



part_on the PC board, as well as PC board pattern information (various
mar Rs and the like). In this way autonmatign of soldered state inspection
can be-realized. nount ed position of a'paﬁt'and the type of the nounted
part before a PC board is inspected to a PC board inspecting apparatus for
I nspecting the mounted state of a part nounted on the PC board includes
supplying a PC board having | abels affixed at the respective nounting
posi tions of par#henotheecahbvehibari d%ecduBiBibda dransfsac trieqpestpdmatthe and
i magi ng the | abels, whereby the nounted positions of the parts are caught
by the positionizaspgritépnt Redeabthe heaching xeabkhd3Pheespppds to $hig
part s taught by Lhe goler 8L ataRSe ch0% ! E0S a ata file ana 1T
sﬁpplying it to the controller 39, the decision unit 36,
5 etc.
In the iﬁspection mode,lthe 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
interfaces and the like for connectihg the controller
I5 39, projecting unit 24 and image pickup unit 25. The
imaging controller regulates the quantity of light of
each of the light-emitting elements 28, 29, 30 in
accordance with commands from the controller 39 and
performs control for maintaining balance among the
20 colored light outputs of the television camera 32 in
image pickup unit 25.
The X, Y table controller 37 is equipped.with
interfaces and the like for cbnnecting 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 diéplay unit 41 is equipped with a cathode-

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



conforns to the type of a part at the nounting position of the part on the
PC Board.- This reference PC board is suppljied to the PC board inspecting
apparatus and the |abels are inaged, mheie%% the positions at which the

| abel s are affixed as well as the shapes and colors of the |abels are
read. The positions at which the parts are nounted are taught fromthe
position at which the |abels are affixed, and the type of a part is taught
fromthe col or oreshape of tihdghabe|andrkeyed-iparinput dataAécomdithg to this
teaching nmethod, the reference PC board for teaching can be fabric ed in
sinpl e fashion feNErplberapfi xthy CHE dignlay urflt Hg- raselavsr §hgsel es
off, the PC board can be reutilized. This, is ecqonomcal. Accordin

this t eachi ng mefhOd SPlaYr 86veen . |tUEQPeQE%PQ(?Wﬂﬁiéﬁdp&PF t éﬁ&uﬁgﬁ j ust

part POSIUION o, suSipeRElinb SBRULIAITASY GR0URe i PLseent
5 printer 42 prints_thls out in a predetermined format.
The keyboard 40 is equipped with various keys necessary
for entering operaﬁing information as well as data
relating to the reference PC board 20S and PC board 20T
ﬁ£§ 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 confroller 39 turns on the projectiﬁg unit
'-24 and image pickup unit 25 and arranges the imaging
conditions and data processing conditions. At step 1
(indicéted by "STl“.in_the drawing), the operatdr
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 fight and lower left of the reference PC board 208
are imaged as the origin of the PC board by the image

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



gquantities of the nounted state of a part before inspecting a PC board to
a PC board inspecting apparatus for inspecgbng the nounted state of a part
mounted on the PC board. According to this®teaching nethod, a plurality
of reference PC boards on which parts have been correctly nounted are
successively supplied to the abovenentioned PC board inspecting apparat us.
The PC board inspecting apparatus is operated in such a manner

states of the padils aThecppesated PreaFefea rerefifify kenapes, these feature

guantities are processed statlstlcallz and the cal cul ated val ues are set
as the feature RPHAGIONERI a cursep,at Fheaﬂ%ﬁﬁQﬁﬂﬂu9§MQﬂ?htﬁ@rpéichlng

vEthOd of the whereupon the coordinates of the position of the cursor
are entered as the coordinates of the corner. On the
5 Dbasis of the entered coordinate data, the controller 39
controls the X-axis table 22 and Y-axis table 23 to
position the reference PC board 20S at an initial
pbsition.
The reference PC board 20S is formed as one having

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

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

20 rectangular part 21S such as an SOP (small outlined
packegef having a number of leads on both longitudinal
sides thereof, the label being affixed with its arcuate
portioh oriented in ﬁhe mounting direction (the specific
direction of the part 21S) (Fig. 9). A red circular

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

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



present invention, the feature quantities of the nounted states of the
part’s are extracted fromthe inmages of the_plurality of reference PC
boards, and the statistically processed 0a§3e§ are taught to the PC board
i nspecting apparatus as feature quantities. Therefore, even if there is a
statistical dispersion anong the nounted states of a part. fromone PC.
board to another, the feature quantities are averaged by the statistical
processin As aguwBulas saweréeshépof Ipvehisokmerdimsriiperthe mauntddgarts
or of normal parts Dbeing erroneously %udged to be defective are reduced in
i nspecting the mRAfEIN &fed PArFaiEstanalt Poy behe ReSiEPhHat 18Pt ed .

reliable and stabl e fashi.on. . Furthernore, the present invention
provi des an inspe ilGRlods &&tixag nﬁgﬁo'ﬁly?%roée?al "?191%*?"}931&: ¥ dhe zone

Of 2, TOUNN €0 PR (o4 Ok REGROREC HOSPEELL Ol e TSP oy R 0"

characterizedsby o4 MBQ 4.3 SUPRLLEHPhyPPRE dal Pl NG hi RIS LT 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 properlylsoldered at the part mounting
positions, and the label 50 or 51 is affixed to the top
side 6f 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. In this latter case 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, teaching processing with
regard to part mounting position and mounted part
type is started at step 4 when the reference PC board
20S is positioned at the initial position.

25 Fig. 7 illustrafes the details of this teaching
processing. At step 4-1, "1" is iﬁitially set in a
counter i of the controller 39 for counting imaging .

zones. A zone on the reference PC board 20S



part nounting position, initially setting, with respect to the inmge, a
pro€essing zone which includes a land 32 - : -19-
zone, and setting an inspection zone of the ﬁounted part by enlarging, by
a predeterm ned width, an area circunscribing the extracted |and region.

I n accordance with this inspection zone setting nethod of the present

i nvention, a PC board is supplied to a PC board inspecting apparatus to
image a part noGREFREPPEBEILNDORD ERE FoRterEE it iGRvREers isdis) d8resd to
pr edet er m ned in%g' %rocessing}to set an inﬁgection zone of the nounted

e

part, all befo Be BBAF4AT sErame pht tRPAuCEh 5P 2 -@&len if there is a
deviation in the printed,patternson the PHLEL & S AREHALL N
| 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 éiée of omne
frame. First, a frame of the zone 53 at the lower left
is produced and the proceésing of step 4-3 to .
step 4-10 is executed. Thereafter, similar processing
[0 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 processor 34.
15 Letting a pixel bosition on an image be represented
by (x,y), and letting the gray-level values
(luminosities) of the primary colors of a pikel gt
coordinates (x,y) be R (x,y), G(x,y) and B(x,y), the hue
values r(x,y)., gi{x,y) and b(x,y) of the colors red,
20 green and blue will be given by the following equations

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

rix,y) = [R/{(R+ G + B)] x 100 ee. (2)
glx,y) = [G/(R+ G + B)] x 100 ce. (3)
b(x,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

Ty and r(x,y) 2 T2 (where Tq, Ty are fixed wvalues that

are preset).



which includes an inspection |ocation can be set reliably and it is
pos&i bl eto set an inspection zone stably gnd at high speed. In addition,
setting a reference pattern on a PC board ﬁd'perforning 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 having an adverse influence upon the setting of all inspection
zones. A net hod Rsfgsdi dghayghngughel?esilligsifatqgpharad @enaaddording to
the present invention in_a PC board inspecting apparatus for imaging a
plurality of par SXtr@skRfe@RofNalPeo®of d, FHEpeldd rd LS TRsest &destgbe of
ea part and di splaying the results of inspecting eac art, on a_screen
of a display uni 29§ EﬁgfﬁsfﬁﬁiﬁEdt%ﬁ central portion of the image 54,

and Figs. 12b, 12c show the red zone 55 extracted at
5 peripheral portions of the image 54.H o
Next, at step 4-4, a rectangle abcd circumécribing
fhe 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
10 both greater than a radius L of the label 51. 1In 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
labei 51.
15 If the decision rendered at step 4-4 is NO, then
step 4-5 is skipped and the program proceeds to step 4-
6. If the decision at step 4-4 is YES, however, the
controller 39 calculates, at the next step 4-5, the
coordiﬁates of the center of the red zone 55 in
20 conformity with each of the cases shown in Figs. 12a
through 12c. |
Specifically, Fig. 12a illustrates a case in which
the extraéted 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 circumscribing rectangle abcd is
adopted as the position of the center of label 51.
Fig. 12b illustrates a case in which the extracted

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



--20- a predeterm ned color and a position of a part, judged to have
moufiting-fault, in a color different fromthat of the positions of other
parts, and simultaneously displaying, in-afdther area, particulars of the
defect of the defective part. “ In accordance with this nmethod of '
di splaying the results of inspection of the present invention, the
nmount ed position of each part on the PC board is displayed in a

predet erm ned col ciimncddee, scriecagtdf 2Lhéroti spkapoimt ta oWitleregard to a
part judged to be defective, the position of this part is displayed in a
color different febneuwhetridiingmedtapales abaddinhthe pditéctden ohfline
defect also are displayed_ sjinultaneously on the same creen. As a result,
correspondence i sSe@BRRYT akesislakeme fhérBen BedbRReie A P+ vl the
position of this part on the PC board. WMregver, the particulars of the
def ect exhi bi t ed BYSHHEPN R (thearepegr 8Sp &R FnFEAFARLYS , 12 RAIMMLY hect or
need 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. In this
case, lengths 2L from one point a on the circumscribing
rectangle abcd in the directions of line segments ab, ad

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

When the coordinates of the center position of the

label 51 have been found, the controller 39 transforms

15 these coordinates into coordinates in the coordinate
system of the reference PC board 20S and adopts these new
coordinates as the position of the part.

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

20 zone is executed by extracting pixels which satisfy
Rix,y) 2 T3, rix,y) > Ta, Gi(x,¥y) 2 Ts, g(x,y¥) 2 Ts,
B(x,y) < T7, b(x,y) < Tg, (where T3 through Tg are fixed

" values that are preset).

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

25 extracted on an image 56. Fig. 13a illustrates the
yvellow zone extracted at the central portion of the

image 56, and Figs. 13b, 13c show the yellow zone 57

extracted at peripheral portions of the image 56.



not inspect the PC board and performa visual confirmation. : Furt
t he“present i nvention provides one nore display nethod. This nethod,
PC board inspecting apparatus for extracti®® hue patterns in three pri

color- froman ori ginal

board, conparing results of extraction with taught data and judging th
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display unit, the original inmage and an i mge, which is

based on the results wkxextatcstep,4 €l ax err ¢umescribigion alecitmmgd eanticd
coloring the inmage based on the results of extraction using pseudo col

correspondi ng

10

15

20

25

is formed by tracing the contour of the yellow zone 57,
and it is determined whether the length of one side of
the circumscribing rectangle is greater than a
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 ie one corresponding to the image of the yellow
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 centroller
39 calculates, at the next step 4;8, the coordinates of
the center of the yellow zone 57 in conformity with each
of the cases shown in Figs. 1l3a through 1l3c.

Specifically, Fig. 13a illustrates a case in which
the extracted vellow zone 57 does not contact any of the
sides of the image 56. 1In this case, the position of
the center of the circumseribing rectangle abcd is
adopted as the position of the center of label 50.

Fig. 13b illustrates a case in which the extracted
vellow zone 57 contacts any one side of the image 56.
In this case, a rectangle (indicated by the dashed line)
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 center of this rectangle is adopted as

the position of the center of label 50.

her ,
in a
mary

| mage obtained by imaging a nmounted part on a PC

e

ors



to the hue patterns. An original inmage of an inspection zone obtained
by < imaging a nounted part on a PC board, and an i mage, based on t he
results of extraction, colored by respecfi%é ones of the pseudo col ors
corresponding to the hue patterns are di spl ayed adj acent 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 dlrectly conparing the
colors of both i magddg.t I3s dakiagrateposscise i whdah |they enitinadted

Brief Description of the Draw ngs Fig. 1 is a perspective view for
descri bing the i ysgdow @oner |5r70|q9>In¢aQ1:s diwautistest iaf ithepddmaasy Hpparkn ughis
according to the prior art; Fig. 2 and 3 are explanatory V|em5.

il lustrating thecﬁﬁ§pééﬁP®napF?ﬁE?%Q%e {ngiratrd kit iths ﬁ@ﬁ@@@iﬂ@ne is
appar at us;

construction of éoﬁ%edbSHFHaFﬁlggglé’PgIngg‘;%?%‘# Lt‘ltllljétqur?l s g (F)’\ég\f” Iof t he
e e s ek o E AL P R SO e
' position of the center of this rectangle is adopted as
the poéition of the center of label 50.
When the coordinates of the center position of the
label 50 has been found, the controller 39 transforms
10 these coordinates into coordinates in the coordinate
system of the reference PC board 20S and adopts theée
new coordinates as the position of the part.
The controller 39 calculates the coordinates of the
- position G of the center of gravity of the yellow zone
15 57 and, based on the positional relationship between the
position G of the center of gravity and the
. abovementioned center position O, detects in which
direction the arcuate portion of the yellow label 50 is
oriented. For example, in a case where the coordinates
20 of the center position O of the circumscribing rectangle
abcd are (xp,yp) and the coordinates of the center-of-
gravity position G of the yellow zone 57 are (xg,vg). 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. yp = ¥g, Xp
< x¢ hold.
When extraction of the red zone 51 or yellow zone

50 and the calculation of the center positions . of these
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processi g procedure;

Figs. 6 and 7 are flowharts showi ng a teaching
Fig. 8 is a flowhart showi ng the

procedure of ‘i nspection processing;” L5 Figs. 9 and 10 are
pl an views of parts show ng | abels in a state affixed thereto;

Fig. 11 is an explanatory view show ng partitioned regions on a PC
board and a processi ng sequence; Figs. 12a, 12b, 12c, 13a, 13b
and 13c are 10 espeanatrer yhus commshetedg the aountect édisndgeseneéntedel s
and the circunscribing rectangl es thereof on an inage; Fi gs. 14a
and 14b are expl akatbep 41 @wANG hbki 1)) Fetermingd Hedepr 45401 i hgsPAsPBCti on
zones; Figs. 15a, 15b and 15c are, diagrans show ng display 15
screens of a CRTtB?sgPB§eEE?t?f the counteqq%}whéQﬁgg Rﬁogfﬁﬁgﬁatw Fhvi ew
show ng a net hod of '

5

10

15

20

25

regard to all rectangular zones 53 on the reference PC
board 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 i.

Fig. 15a illustrates a display screen of.the CRT
unit 41 when the foregoing processing proceeds.
Displayed in a predetermined region 58 of the screen are
detected positions 59 (indicated by "+") of rectangular
parts 21S on which the yellow labels 50 have been
affixed, and detected positions 60 (indiéated by "." of
square parts 21S on which the red labels 51 havé been
affixed. -

If the decision fendered at step 4-10 is YES,
processing for teaching part position and type is
completed, the program proceeds to step 5 in'Fig. 6, and
the referencé PC board -20S is conveyed out.

At the next step 6 in Fig. 6, the operator sets the
reference PC board 20S, on which prescribed parts have
been properly mounted at predetermined positions, on the
Y-axis table 23 and then presses the START key to start
teaching processing for the purpose.of setting a
inspection zone. In this embodiment, the PC board used in

the teaching processing of the earlier step 4 is re-



proj ection processing; ' Figs. 17a, 17b, 18a, 18b, 18c, 18d, 18e
and ’19 ar‘e di agranms' showi ng nmet hods of _getting inspection zones 20
with regard to a square part; .Fia . "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 show ng - i maged patterns -of _
sol dered regi ons;utilized as thegreferesca BE dpreshdfhdar cﬁeﬁ*%tldigst ri bution

of red hue walues
Fig. 24 is an exp}l%l;?r\nz@weshoﬁﬁ‘ﬂﬁvﬁrdl%‘bl%ﬁ’/es Wlt}‘:?d%"e@tﬁydﬁlgaw

di splay unit; Fi 25 1s a flowh how .n ,corrective
P y_ the presentg 1nvent§on Es notaf[lmfteémtog %
arrangement.
5 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 paft-position daéé bbtained by earlier
teaching, the controller 39 controls the X-axis table 22.
and Y-axis table 23 to position the first part 218

10 Qithin 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 SOP, obtained by

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

20 by performing projection processing within each of the
processing zones 62A, 62B, thereafter obtaining
circumscribing rectangles 68A, 68B which iﬁclude the
lands 63, as shown in Fig. 14b, and setting rectangglar

~ inspection zones 64A, 64B by enlarging the

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

Though a method of setting inépection zones with



t eachi ng procedure, 5 Fi gs. 26a and 26b are, respectively, a view

showi ng * a display screen of a CRT display unit ‘at the tine of

t eachi ng and ‘an expl anatory vi ew show ng-a3fortion of t he di spl ay
screen in enlarged form Figs. 27a and 27b are, respectively, a
view showing 10 a display screen-of a CRT display unit at the tine of
corrective teaching and an expl anatory view showi ng, in enl arged form

a portion of theeajss@ ap sheeSOPWbach will Jpe esmerhsl fhiesd etrtecr itexgoeact | on
I s acceptable; and Fig. 28 is an explanatory view showi ng, in

enl arged 15 fovimhoutpeayiing shathehdi sprhingcefeinspaatiion @pmess is

when pattern extraction i s unacceptable. Best Mode for ‘Carrying Qut

the Invention carried outj by a mpthedrapeiorming oistthi® is@ttdnga PC board

i nspecting apparatuys in.an enbodinent of the P{g%ﬁ?t 29 I nvention

The appar atus f SetHeshadittngeperfohP dSther 1B fRldi-ng a reference PC

board ,(a polsétioni ng A%%e%o%'il%) 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 foregoing is executed.

Fig. 15b illustrates a display screen of the CRT

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

20 the parts.

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

25 processing for teaching characteristic parameters.

First, at étep 13, a counter n in the controller 39

for counting the number of PC boards is initially set to

one, after which the operator sets the first reference



20S, conparing feature paranetefs (cfiteria data) of an inspection
zoné of each part 21S on the 25 reference PC board 20S, which paraneters

are obtai ned by processi ng-the i maged d%%é, with feature
paraneters(data to be inspected) of. an inspection zone . of each part
21T on a PC board 20T to undergo - 24 -
i nspection, which paraneters are obtained by imging the PC board 20T
to undergo i nspecEC?chﬂa%@O@er(WWQWthh PraspEEPP PR BRI drayeri PREMhet her
each part 21T is correctly nounted and sol dered. The appar at.us

i ncludes 5 an XREORYF HapIAEd 2tyPagfeteapracdslod@ R dthufered
24 2 TR B Ch W25 A PLOSETS UGl b3 2000 prcasen ond A O
shoun) controlled by & tne 16t 309% sLEBMANSRLPSESSL e ¢ 26-
5 controller 33, 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 television camera
32 at each part and image each part. |
10 The color signals R, G, B of the three primary
colors obtained by imaging are converted into digital
data by the A/D converter 33 and these digital data are
stored in the memory 38 in realtime. Next, the
controller 39 extracts each land within the inspection
15 zones of each part obtained by earlier teaching, reads
the image data of each hue relating to these lands out
of the memory 38 and transfers the image data to the
image processor 34. The image processor 34 binarizes
the imagé 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 fhese patterns as
feature parameters.
. Fig. 2la illustrates a lead 52 properly soldered to
25$ :a land 70 with regard to the part 21S mounted on the
reference PC board 20S. Here a sufficient amount of
solder 71 is placed on the land 70 and covers the land

70 up to a tip 70a thereof.



10 these notors causes the X-axis table 22 to nove the | mage pi ckup
unit® 25 i'n 'an X direction and causes the Y- axis table 23 to nove a
conveyor 27, which supports ei t her thetPC board 20S or 20T, in the Y
di rection. The PC boards 20S and 20T are irradiated by the 15
projecting unit 24 and imaged by the inage pickup unit - 25.

The projecting unit 24 is equi pped with ring-shaped | ight-emtting

el ements 28, 29, 30 wWheR FusheatnoEnglly solgershitegied lHisghmaggdeer | i ght
and blue light, based on _20 contro] signals fromthe processing _unit 26,
for - irradi aPRh§SEReCELFREES L PTRIE X IRTF SaSUeHs £Er RPWANEPeE1g- of
~incidence. The PC_board 20S ot %g%;is i.rradi at ed ¥¥th.|i ht . obt ai ned
by mi xi ng the Iiéh? §PPEREEe 1R Eich the red 2006, Bk fhentiPeHORY1PRe
light-emtting elbenents _25 2 29..3 The, ref. ected-Li ght image i '
converted intg 0% ARBERER, PR LR 1y Th G £O ) TR B GRER S8 T n (i s
enbodi nment Epe khghgb§gg£t+fg el enrents 28, 29 and 30 enpl oyed are of
a structure i"n whi'ch sources” of white :

Accordingly,'the red hue valué 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 the second reference PC board,
and processing for féature 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 208, a YES decision is'rendered at

20 step 16 and the program proceeds to step 18. In order
to obtain an average feature quantity with regard
to each part, the controller 39, at step 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



- 25 - | ight are covered with colored transparent plates (col or
filters) *of the colors red, green and bl ue, respectively. However, as
long as the light-emtting elenents'géﬁefate light of the three
primary colors, the 5 inventionis not limted to the above structure.
For =~ exanpl e, three ring-shaped col or fluorescent |anps (red,

green, blue) can be used, or use can be made of three ri ng- shaped
neon tubes (red, %tdén 35| gEpcutes a correchiep def the e whepeysimli e to
detect, under 10 illumnatiqn, information art nunber, polarity, color
code, etc.) rel atiSESENar £8ohFRENPESH oRPISIVRS, 20T or information

(various ke, L) A8 09000 Rrar op RS SHELA: AR SR Bk e o
bl b oo e MBS AR B BARALTAR T Y o
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 inspéction enters a state in
-which it is possible to perform automatic inspection of
the PC board 20T, which is to undergo inspectioﬁ,
following the soldering of parts thereon.
The operator effects a transition to the inspection
I5 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 Dbegins (steps 24, 25).
At step 25, the controllef 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



Specifically, the light-emtting elenments 28, 29 and 30 are
‘constituted by light-emtting el ements mh|q£%1_ respectively emt a
red-1ight spectrum green-light 20 spectr and bl ue-Iight spectrum each
having a |ight- enm ssion energy distribution with respect to

~wavel engt h [a |ight-em ssion energy distribution in which

wavel ength is plotted along the horizontal axis and the peak t her eof
is set al (1OOW§?TtﬁatthﬁlPCQPQQF@WﬁQ(?e:E?Squﬁﬁﬁ b?aﬁﬁﬁﬁnﬁh%ﬁepééFoF%

The quantity of {he, col ored Jght out putted by ea f the
Gt om t 11 ng ePeniMRgsa.  ausgmatkiaky | Slkaers: Schy [ARS] FEGLA

controller 31 in er that the red Light reen |ight énd
bl ue within gﬁe 1nspeé¥10n zones,zgaﬁcuhages Fﬁ ht en1?ted by the

light-emtting elf%r%ﬁcntrseé%ra;n%te‘?fo ﬂ'f Ieach lg/nded__e\ﬂmj?# %ncd'o%hteaqcpeosn bei ng

m xed. ging uni't equippe
5 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 firsﬁ 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 normal state appears, as shown in Fig.
22b. However, here the red zone of the tip portion 70a
is dull owing to the missing solder 71.

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

When such an inspection is repeatedly executed for

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

defect, the defective part and the particulars of the defect

are displayed on the display unit 41, these are printed



tel’evision canera 32 situated above the projecting unit 24. = 5 Reflected
light fromthe PC board 20S or 20T is converted into color signals R
G B of the three primary col ors by t4fe col or 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

| mmge processor 34, a teaching table 35, a decision unit 36, the

i magi ng control leat3y €me Xprihter 42, aride thereaditker tBE, inskegbedr BC40, a
CRT di splay unit 41, a printer 42, a floppy disk device 43, a nenory
38 15 and a conbeatd 20T GRi)cgoreved vt tfaarhithe Apgpecthen posipiemessing
unit 26 detects, through. a nethod descri bed | ater, the nounted
position of each{(pteRs 245 APk he reference PC board 20S, the type of

t he mounted part, i ts, pount.ed direction,agﬂ@?nspection zope, and

processes 20 the col B#9si {rdl L Rstgaes & 4@ WﬁErPQPePénEEgP@:RT
D021 0, 20, VAET SRICPE L1 P Aol 581 965 Edur0LC8R uaonf. V'8
‘ Fig. 15¢, the above-described part disblays 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'y

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

15 The details of the method (step 8 in Fig. 6) for
setting inspection zones described briefly with
reference to Figs. 145 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 procedure 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



of the part 21S whose soldered state is acceptable, thus form ng
feat’'ure paraneters to fabricate a 25 criteria data file. |In the

i nspection node, the processi ng unit'265pfocesses the color signals R,
G B -regarding the PC board 21T that is to be inspected, detects
simlar hue patterns with regard to the

- 27 - I nspection zone of each part 21T on this PC board, and
forms feature parcoisterssgnaier ofythaebpixetl i ay eeordinatemspastledeadata file.
The processing unit conpares this i nspected data file with the
abovenentioned ctoa G (x.gdt andi Béxayl, HasReFUbHLY hdhedivg yadreashe
‘conpari son, automatically judges, wth regard to a predeterm ned

part 21T on the Pﬁ“béawdgﬁﬁTy?oaB@ hEpBtt eof ?WEHQR%°r? red . |Qresy @ed
portion of this AL L813°62PLabLe 8 MRl apovementiondd oI @) 20 €
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 623, and it is determinea based on
10 these values whether a pixel is one constituting ths
land 63.
More specifically, when a pixel of interest
satisfies the relation R(x,y) 2 Ti9 and r(x,y) 2 Tjy1, or
G(x,y) 2 T12 and g(x,y) 2 Ti3,or B(x,y) 2 Tiy and b(x,y)
15 > T15, the pixel is regarded as one constituting the
land 63 and weighting of W(x,y) = 1 is applied to this

pixel. Otherwise, the pixel is regarded as a pixel

other than one constituting the land 63, and weighting

of W(x,y) = 0 is applied to this pixel. Tig, Ti1, Tiz,
20 Ti3, T14 and T35 are preset fixed values. The total sum
of W(x,y) is calculated in accordance with the following

equations with regard to each row and column of the

image 61:
Yotly-l
Xpro(x) = Y Wix,y) «e. (5)
Y=¥q

25 where ypg £y <yp + Ly - 1

XLy 1 |
YP’RO(Y) = Z W(X,Y) e v (5)

X=Xp

where xp £ X < xp + Ly - 1



10 between sectional views of solder 44 when soldering is

accept abl’e, when a part _is mssing and mhen golder S | nadequat e, and
the i maged 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

sol dering is acceptable can be judged. Returning now to Fig. 4,
the A/D converter 33, Hggén (X0, voheaierreagipis dhenicoprdhnagebopisthrals R, G
B fromthe i magi ng unit 25, converts these signals intg dlgltal 20

si gnal s and applu@?thgegFgFPEPe§l%n%fsth?)E?RFGSSlng @ORer §PPer 239, LxThe

38 | ud RAM f th t 39.
e race b ocoe Ly feprebdng E%%Jre%ﬁ%eq%vwfg’@ 52 T, PEaSarbE kRS"

25" and §?iteriapa§$sgﬁ15§ge°§r AR lbeofhEchE, KR (%1223??89&9%?5"6

controller 9 gechglon unit 36. : The teaching table 35 stores
t he cr|ter|a Yat 3 Pi’'l & Wihen this file is supplied to it fromthe

controller 39 in the 4gaghi Re™dRimum values of Xpro(x) and Yproly) are
taken as {Xpro(x)lmax. {Ypro(y)lMax, respectively, and
. threshold values Tx, Ty are found from the following
equations, respectively: |
10 - Ty = (1/6) {Xpro (x) }Max : e (T

(1/6) {Ypro (¥) Juax .. (8)

Xpro({x) and the threshold value Tx are compared, and

Ty

the x coordinétes for which the two coincide are taken
as x1(1), x2(1), x1(2), %x2(2), ---, x1(i), xé(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 yl1(1l), v2(1),
vil(2), yv2(2), ---, yl(j); v2(j) in order of incréasing
value (where i, j are not relation to the counters

20 mentioned above). |

Next, a length Lj and a length Lj are found in

accordance with following Equations (9) and (10), and
from among rectangular regions [x1(i), y1(j), Li, Ljl
defined by coordinates [x1(i), yl1(j)] and lengths Lj;,

25 Lj, one which satisfies the following Equations (11) and

(12) is set as the land 63:

Li = x2(i) - x1(i) + 1 L9

v2{(3) - y1(j) + 1 ' ... (10)

i

Lj



- 28 - When the controller 39 outputs a transfer request in the

i nspecti dn node, the teaching table 35 reengdg to this - request by
reading out the criteria data file and supplying it to the controller
39, the decision unit 36,. 5 etc. In the inspection node, the
decision unit 36 conpares the criteria data file supplied by the
controller 39 with the |ns§Fcted data file transferred {%ﬁnlthe I mage -
processor 34, judges tltie &eptability of 10 the soldered s e wth
regard to the PC board 2QT undergO|ng inspection, and ou{ ts the
result of j udgne 3 fo"¥he control | er : The gi ng

controller 31 is equi and the like for connecting
the controller 15 38ﬁapr01écp?ng uni ¥£§§ an |nage pi ckup unit 25. The
i magi ng Controller_reQHmﬁh%ﬁﬂSDGWQHﬁnEbb¥r8ftb ght Sfher processing zone
5 62B, the land 63 is extracted, after which rectangles
68A, 68B circumscribing each lahd 63 are obtained and
the fectangles 68A, 68B are enlarged by a predetermined
width to set the rectangularly shaped inspection zonee
64A, 64B.
10 Figs. 17a and 17b concfetely 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 initielly set to correspond to the four sides
15 of the image 69 of the part, lands 70 on the PC board
are automaticaily extracted by executing projection
processing similar to the foregoing within each
processing zone, thereafter a circumscribing rectangle
which includes the lands 70 is found with regard to each
20 side, and this is enlarged by a predetermined width in
all directions to set the rectangularly shaped
inspection zones 72A through 72D shown in Fig. 17b. The
abovementioned processing zones 712 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

inspeéction zones for a case where a square part is large



each of the light-emtting elenents 28, 29, 30 in .accordance with

comfands ‘fromthe controller 39 and _pgéforns control for maintaining
bal ance anong the 20 colored |ight outputs®of the television camera 32 in
i mage pi ckup unit 25. The X, Y table controller 37 is equipped

W th 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-axi s tabl eip3sBgscandnthreentireofigure oif tthe eoFtr oiildr neg fit

The CRT display unit 41 is equipped with a cathode- ray tube (CRT).
When supplied wi ERtPrkBEe gapglet mage 69. ' -

- results of juydgnent and keyed-in input ta framth .
controller 39, the CR%ndggﬂFaﬁaﬁﬁPtZETrBFg%I ??“Sﬁ5§§95$e (g%9¥%ﬁ§blay
screen. Upon be'%§g§“88%5eﬁnmaﬁQcﬁhEhéeégﬁéék.o of the part obtained by

5 the teaching operation described earlier is situated at

29

the center of the screen, the X-axis table 22 and the Y-
axis table 23 are driven to move the field of the
television camera 32, whereby the upper-right corner and
each row of lands 70 on the right side as well as
10 the ubper side are adjusted so as to enter the screen,
as shown in Fig. 18b. At this time traveling'distances
X7, yr in the X and Y directions are stored in memory.
Rectangularly shaped processing zones 73A, 73B indicated
by the chain lines are initially set at the positions of
15 the right side and upper side of the part in the image
69, the lands 70 on the PC board are automatically
extracted by 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 tablé 23 is driven to move the
25 field of the television camera 32 by -2yp, whereby the
lower-right corner and each row of lands 70 .on the right
side as well as the lower side are adjusted so as

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



of judgnment and the like fromthe controller 39, the 5 printer 42 prints
this out in a predeterm ned fornat. The keyboard 40 is equi pped with
vari ous keys necessary for entering optfating information 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
“microprocessor aptocessingn$imikar eaxHihgy fowkgaisigedsi ryeopeerdt watty in |ine
with a procedure described next. - First, an exanple of a

t eachi ng oper at i 689AFH| toePragessicxxrzanad it r’éPerence to Fig. 6. At the

start of ‘ teachinﬁ, the control]er 39 turns, on the projecting_unit
24 and i mage pi ckup uNPKt25tBAdX@%¥EHgeableel? idyididven tocarye itd®s and

data processing condi,tipns, At step .1 i.ndjcated by "STI1" in Lhe
drawi ng), the opgfﬁ 8r°gzg?eﬁéﬁiﬁﬁﬁ%&%ﬂ;??ﬂéﬁ&a OZPH gﬁxtow 3§?é¥e£h?he _
name of the RBC board thate!Solhs: WIPLadl row of PHMI% GG oPhEr1LPE ST 2¢
of the PC board. :

side as well as the lower side are adjusted so as

to enter the screen, as shown in Fig. 18d, and
procéssing similar to the foregoing is_executed with
regard'to processing zones 73E, 73F.

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

15 processing similar to the foregoing is executed with

" regard to processing zones 73G, 73H.
When the setting of inspection zones is thus
completed with regard to one part, the operator performs
a correction operation if required, after which the

20 sizes (indicated by the bold 1inés 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



Thereafter at the next step 2, the operator sets the ref erence PC
board 203 on the Y-axis table 23 and 25 _pgesses a START key. At step 3,

the corners at the upper right and lower |eft of the reference PC
board 20S are inmaged as the origin-of the PC board by the inage

pi ckup unit 25 and the corners are displayed on the CRT

- 30 -, pera r esses S |f| Kk |t|on|ng
a cursor at the 05|%%%¥% fgég%ﬁaﬁoﬁ%eFﬁe g6 “Qher eg%b%&i utggbﬁgﬁﬁates of

t he p03|t|on of r 3.Qr e t coordi nates of the
tr%%b% 1 Proges@iﬁ é§d7?n 1.

corner. On the asis o e ent coor ate data, the controller 39
controls the X-axis taRh&, Z%hénﬂ Xs&é' éaEﬁQ'?ZZfs tfriven ﬁboﬁiotdeo%hfé‘e

ref erence PC .board 20S at an initial posi tion.
ref erence PC boarfd e2@Sdfs ther pelleass boe danérey 32 by - 2%, whereby the
5 lower-left corner and each row of lands 70 on the left
side as well as the lower side are adjusted so as
to enter the screen, as shown ih Fig. 184, and
processing similar to the foregoing is executed with ]
regard to processing zones 73E, 73F.

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

15 processing similar to the foregoing is executed with
regard to processing zones 73G, 73H.
When the setting of inspection zones is thus
completed with regard to one part, the operator performs
a correction operation if required, after whieh 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 forﬁh 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



10 acceptable nmounted states by properly soldering the prescri bed
part's 21S at the prescribed part nounting- 50 - 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

| abel s 50, 51 are used for the purpose of " teachi ng the nounted

positiqn of eachteaﬁg@l&sﬁf&yg YBE 66 coedrR@nBPuBt eHePBattagdzets

nmount ed direction ( ditection of- the part). In the case of this
enmbodi ment , wHel VeV hese sHNR i detltiangb@hies iakbexetlohozonedOof

rectangul ar part 21S such as an SOP (small outlined package) having a
nunber of |eads ehebpahtsoagds udi nal sides thereof, the | abel being
affixed with its arcuate portion oriented in the nmounting direction
(the specific di recekempdé ofhetlparscrae®) qibpdaydng sheecdesiultal af 25
| abel 51 is affixed to a square part 21S such as a QFP gquad flat
package) having anapsptionfiscbdusragedalin Fig. 1pgur agf sptstgrtles (Fig.
10). A label of a different color or shape is affixed to a chip part
(not shown) ~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 scfeen area 81 for displaying the state of
the system, and a screen area 82 for displaying a key
operation guide as well as the particulars of a fault
15 possessed by a defective part. Further, provided at
positions on the right side are a screen area 83
indicating the name of a mode, screen areas 84, 85 which
display a PC board menu and the contents of a sub-menu,
a screen area 86 which displays the date, and a screen
20 area 87 which displays a system message.
The positions of the part on the PC board are
indicated in the screen area 58 by the displays 65, 66
of the shapes conforming to the part shapes. With
regard to a part judged to be an "acceptable part" by
25 inspection, the part is displayed in a predetermined hue
(e.g., white), whereas a part judged to be an

“unacceptable part" is changed over to the shape display.

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



- 31 - such as square chip. In this enbodinent, the nounting
position‘of a part i's taught by the p05|t|og at . whi ch t he 1| abel
af fi xed, the type of part is taught by the col or and shape of the

| abel , and the mounted direction 5 of the part is taught by the direction

I n mhich t he | abel is affixed. Both the color and shape of a | abel
are used to identify the type of art n_order to pr event erron ous
i dentification based JE‘ %{;egns? ST"esé d1spla¥s AS i o MARGEHLa

S

d h d ' f
205 on whi ch th'esp?%?%# BEcP ates s o ?h%z%rfb@en 575 echee”f%mﬁ%r 8 h
t t
eagﬁ par ?‘I élggﬁ?—%ﬁ% P&df i ?p%s%t%eﬁ fl %séea P(Ca:
dth B38006br DEFRagRUSE Ceo Pk ball & Presehe,! abebagl of

the part nountin
top side o
board on which a
51 to the PC boa

5

f@ at the part _
indicating whether a mounting defect is present, and a

"code or characters indicating the particulars of a

10

15

20

25

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

predetermined 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 is implemented in screen area
58 in still another different color (e.g., yellow).
Accordingly, estaklishing 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
particulars'_of a defect are displayed in o'ne 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.

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

Describéd first will be display of image data

obtained in the feature-extraction processing at



mounting position. In this latter case it would be necessary to
separatel’y prepare a PC board for teaching 52 - feature paraneters,
described later, in addition 20 to a PC board for teaching the part
nmounting positions. Returning to Fig. 6, teaching processing

W th regard to part nounting position and nounted part type is

started. at step gtggegségﬁ Ffé?r@EpQHPCfQ??BQe-extragQ§th posi tioned at
i g.

the initial position. 7 illTustrates the details of this

teaching Pr ge8sek8ingAhs SEEP fordth "dboves, ithel ndlrink139t sblaared
counter i of the controller 39 for counting inmaging zones. A zone on

the reference PCshagaedo20& land is detected as patterns of the coldZs
corresponding to the content of the counter i is imaged and the
initial franme isrpiodgeedn(ah@pbtu®).and the featyreesiwmiwthesdig. 11, the
area of the PC board 20S
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 perfdrmed by extracting piiels which
satisfy -the relations R(x,y) 2 T1 and r(x,y) 2 T2.
10 Further, detection of a green pattern is performed by
extractiné pixels which satisfy the relations G{(x,y) 2
T23 and g(x,y) 2 T24, and detection of a blue pattern is
'performed by extracting pixels which satisfy the
relations B(x,y) 2 T2s and b(x,y) 2 Tzs. Here T3
15 through Tz are fixed values preset by the operator.
When each of the patterns of the colors red, green
ana blue constituting each land are thus detected, the
image of the part is displayed on the CRT display unit
41, with the pattern regions of each of the colors being
20 respectively represented by corresponding colors of a
fixed hue (these colors shall be referred to as "pseudo
colors" hereinafter). For example, the pseudo color of
the color red can be red of a fixed hue or another
color.
25 Fig. 26a illustrates a display screen of the CRT
display unit 41. As shown in the enlarged view of Fig.

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

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



is partitioned into a nunber of rectangul ar zones 53 5 each having a

length afd width of E[err] x E[err], and eash - rectangul ar zone 53
corresponds to the size of one frame. First, a frane of the zone 53
at the | ower |eft i s produced and the processing of step 4-3 to

.step 4-10 is executed. Thereafter, simlar processing 10 is executed
repeatedly with pagaue £8182CBFOEns heolor reded Padedin Z@EINOPG N

accordance with the arrows shown in the dr awi ng. First, at
step 4-3, extract(ipaiebte8dbgORsSitdntal 1ims)f dmed gseutide doTBse offf @Bessor
34. 15 Letting a pixel position on an inmage be represented by
(x,y), and | etti egploregygeay,| auél patterms regiong |Rpri(ioditaesll by Lhnes
primary colors of a pixel at coordinates (x,y) be R (x,y), Gx,y) and
B(x,y), the hue slopingabiowswatd, ¥, theg xsightindrb@E ppeudo cedocolodr sheed,
20 green and blue will be given by the follow ng equations (2), (3)
and (4), respecticpdioy: blue. r(x,y) = [R(R+ G+ B)] x 100 .

(2)

When procéssing for extracting feature
parameters ends with regard to a predetermined number
(n) of the reference PC boards 208 as described above, a
YES decision is rendered at step S16 and the program

10 proceeds to step 18. 1In order to obtain mean
feature quantities regarding all parts, the
controller 39 obtains mean-value data at step 18 by
sﬁatistically processing feature parameters
regarding n-number of the reference PC boards 20S,

I5 creates a criteria data file based on these mean-value
data, and stores the file in the teéching table 35, as
described earlier.

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

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



9(X,.y) =J[G’(R+G+ B)] x 100 ... (3) b(x,y) = [B/(R+ G

+ B)] x 100 . ... (4) 25 The pré&éessing of step 4-3 for
extracting red zones . i s executed by extracting pixels which satisfy
R(x,y) > T[err] and r(x,y) > T[err] (where T[err], T[err] are fixed
val ues t hat are preset). - 33 - .
Figs. 12a throughthe2®d Hoasidr 20, awhédhzbsetSSundergo exispacttaicbmgn can thesege
54. Fig. 12a illustrates the red - zone extracted at the central
portion of the i mmgweihr 27 andapdefegs. tHEbSTARR kshowtt Isdeped2zone 55
extracted at 5 peripheral portions of the inmage 54. Next, at
step 4-4, a rectangl e Mb&EFear Bduntbei pragator enters IS FIS f or med

by tracing the contour of the . extracted red zone 55, and it is
det er mi ned whet h&USRRNAING 1nspREEASNof a8 \RE STHIS UM HPaG A vt Beng

rectangl e ares judged to exist, and starts inspection of the PC board.

As a result, when the decision unit 36 renders a
defectdecision to the effect that a certain part has a
soldering defect, the progress of'the inspection
operation is halted at step 35, and the operator

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

More specifiéally,_with regard to a part judged to

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

20 (step 35).

This display includes an original image 70 of each
land -obtained by imaging the part mounted on the PC
board 20T, an image 91 of each iand, 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 iands. The images 91, 92 based on the
results of extraction are displayed by expressing each

of the hue patterns by the pseudo color corresponding



10 hoth greater than a radius L of the | abel 51. In this way it is

det ermi néd whet her the size of the red .ZonegBS. is greater than a fixed
si ze, nanely whether the red zone 55 is one corresponding to the inmage
of the red " label 51. 15 I f the decision rendered at step 4-4 is
NO, then step 4-5 is skipped and the progran1proceeds to step 4-

6. If the decisi at step 4-4 .1 ver cgntral l.er .39

cal cul ates, at tﬁ: ﬁ é[‘bme 1§ag?E§2 Qety_ve %ojr%ﬁ%atléc's & eﬁflett%Sf
the red zone 55 i th.each 12a
t hr ough 12c. dzlc%ﬂhﬁ% e0|?1%§ Pg,bi 5 gi ? té%th@gfg Ehg%hlch

the extracted red zonepRd 19':%%%§"@t1 Wtor@%é)fréﬁﬁts of %}&%éﬁlc;rh%f

image 54. In this case, the position of 25 the center of the
ci rcumscribing r a@glaaiddiayed orrdHY @bt ildis RESiddedit ao tdife center

of | abel 51. Fig. 12b illustrates a case in which the extracted

red zone 5§ cont aatiyidial dneage 4 ,oftHdte isna@m Sthe Itop positions of the

| lands, and the images 92 based on the results of extraction
of the image between the lands are displayed between the

images 91 adjacent to each other.

Fig. 27b illusfrates, 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 résults of extraction. 1In correspondénce with a
red region Pgri. green region Pg; and blue region Pg; of
the original image 70, pattern regions Pg, 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 thé.red, green and blue
regions Pri, ng and Pgy of thé original image 70 and the
pattern regions Pgr, Pg, Pg in pseudo colors of each of
the hues based on the results of extraction are not in
perfect correspondence. In particular, in the case of
25 _this example, the red region PRl and the pattern region
P, based on the pseudo color of the color red do not
agree. When such a display appears, it can be judged

that the fixed values T;, T2 have been set



- 34 - this case, a length 2L fromone point a on the
C|rcunscr|b|ng rectangl e abcd in the direction of |ine segnent ab is
taken to forma rectangle ab'c'd, and the36 - position of the center of
this rectangle is adopted as 5 the position of the center of |abel 51.
Fig. 12c illustrates a case in which the extracted red zone 55

contacts two si dgﬁagksgpgﬁéggw 54Thé§'et\pé aabre (al%?l ée%ngbginzhntir om one

point a on the circC rectang cd 1n the directions of

line segments abth%dlmég @rﬁréavlf&ﬁpépeéo:[ﬂn@ éﬁ&ltl%&glnﬁrﬁéérc d', and the
position of the cénter Is rectangle is adopted as the

position of the centeihel, kaRehableorrective pri¥fesbile ixpaHishabegutkdt he
center position of the | abel 51 have been found, the controller 39

transforns 15 theneregardi sat £51ipiotsopsriwiaicts 4 defért decidinal has
systen1of the reference PC board 20S and adopts these new
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 perform an
1o accurate, automatic inspection of the PC board 20T that
is to be inspected, and a transition is made to the
inspection processing shown in Fig. 8.
Industrial Applicability
The apparatus for inspecting PC boards and the like
15 according td 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 é PC board, and the apparatus and method are useful
.20 in automating, and in reducing the labor of, a process

for assembling the PC boards in electronic equipment, a

process for mounting the parts of the equipment, etc.



coordi nates as the ‘position of the part. Next ,

t he i mage
processor 34 extracts a yellow zone é? ep 4-6. Protﬁfﬁﬁ+ﬁf¢£m—~_‘___
extraction of this yellow 20 zone is execut d by extrac | xels whi ch
satisfy R(x,y) > T3, r(x,y) > T4, Qx,y) > T[err], Re laced
B(x,y) < T[err], b(x,y) < T8, (where T3 through T8 are f|
that are preset). ~ Figs. 13a through 13c illust one

57 25 extracted WRARNS el ISi:g. 13a illustrates the

yellom/zone

extracted at the central portion of_ the i mage 56, and Fi 13b, 13c
show t he yel | ow zbne . 5m aPPa%ﬁﬁ?%uﬁQﬁj%ﬁ?ﬂ@%ﬁlﬁﬁePﬁPpﬁéF%?ﬁn% o? eREvedmge
56. Next, at step
4-7, a circumscri BPRERTRC SO Sipgd |s formed by tracing the contour -

of the yellow zone 57, pro:ectlég ears gLE nﬁ%%ﬂugggt@ﬁéethgyﬁgggég of one

si de of

5 ring-shaped light-emitting elements, which are for

respectively generating red light, green light and blue

light having light-emission energy distributions with

respect to wavelength that provide white light upon

being mixed, arranged at positions to project this

10 light, at angles of incidence that 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

15 a manner that white light is obtained when the light

emitted from said light-emitting 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

20 processing means for detecting properties of a

curved-surface element of the curved-surface body from

the imaged patterns obtained from said image pickup

means.

2. A teaching method in a printed circuit board

25 inspecting apparatus for teaching the mounted position

of a part and the type of the mounted part before a

printed circuit board is inspected to a printed circuit

board inspecting apparatus for inspecting the mounted

_—

AR e



t he C|rcunscr|b|ng rectangle is greater than a 5 radlus L beI
50 and mhether the I ength of one other side is greater
thi's way it is det ermi ned whet her the”8ize of the yeIIo "n

greater than a fixed size, nanely whether the yellow

corresponding to the image of the yellow 10 |abel 50. P If t he
deci sion rendered at step 4-7 is NO then step 4-8 is.skipped and the
program proceedsstetst ep &-part mowntafhem tthe gedindiedncarcetiépbdardis YES,
the controll.er 39 cal cul ates, at the next step 4-8, the coordinates
of 15 the cent esasf tﬁécbémQGM$§hnﬁeQﬂmnﬁiﬁwmﬁorn1ty with each of the

cases shown in Figs. 13a through 13¢ SpeC|f|caIIy g. 13a
il lustrates a case | nSWRPAKiNg a P¥¥EF%Qt?%KﬁQ&F)P9§E§N ?UH§95¥aHS § not
contact any of t

f th In this X
of 20 the cent @%fb?‘e?hﬁtc&’%ﬂ?%@?%?’h’ge%g’ rhtrﬂgg pa?ﬁlc"tfﬁcog‘sse P(ﬂ)‘gtﬁt()s' |on

gggepfﬁ'mgﬂ e center of 1aRel: Wiara snopoctins SpphiBelhl VEEA €5 &

imaging the labels, whereby the mounted positions
of the parts are taught by the positions at which tﬁe
labels are affixed and the type of a part is taught by
the color or shape of the label.
10 3. A teaching method in a printed circuit board
inspecting apparatus for teaching a feature
quantity of the mounted state of a part before
inspecting a printed circuit board to a printed circuit
board inspecting apparatus for inspecting the mounted
15 state of the part mounted on the printed circuit board,
said'method comprising:
successively supplying a plurality of reference
printed circuit boards on which parts have been
.correctly mounted to said printed circuit board
20 inspecting apparatus; and
operating said printed circuit board inspecting
apparatus in such a manner that the plurality of
reference printed circuit boards supplied are imaged,
feature quantities of the mounted states of the
25 parts are extracted from the resulting images, these
feature quaﬁtities are processed statistically,

and the calculated values are set as the feature

quantities. | . |
A g gy



yel | ow zgne 57 contacts any one side of the inage 56.

In thIS case

rectangle (indicated by the dashed line) 25 is forned'such t

t he ot
and the position of the center of this rectangle is adOppimwmm,mmI

of the circunscribing rectangl e abcd” wh¥ !l be L and

the position of the center of |abel 50.

- 36 - Fig. 13c illustrates a case.in which the extracted
yel | ow zone 57 cédnt achs tinepsctien ofondesetpigw SE:thod ti @ printedase al so,
a rectangl e (indicated b% the dashed |ine) is - formed such that one

k)

side of the circaAseribi

ardsingpeciife anraratiusd fise seifdnghanot her side

L/2, and the- position of the center of this rectangle iis adopted as

the position of EREPEEHLER BPRE He|a grpunted part pPrygpgn
the center position of been fo
transforns

| abe) h nd
circuit Qoard 1nspe£¥qon({ne¥%e prlnteg circui

hBTdBERHi nat es of
thet 8og£8ller 39

5 inspection apparatus for inspecting a mounted part on a

printed circuit board, said method comprising:

imaging a supplied printed circuit board to produce

an image of a part mounting position;

initially setting, with respect to the image, a

10 processing zone_which includes a land region on the

printed circuit board;

extracting said land region by executing projection

processing within the processing zone; and

setting an inspection zone of the mounted part by

15 enlarging, by a predetermined width, an area

circumscribing the extracted land region.

5. In a printed circuit board inspecting apparatus for

imaging a plurality of parts mounted on a printed

circuit board, inspecting the mounted state of each part

20 and displaying the results of inspecting each part on a

screen of a display unit, a method of displaying results

of inspection characterized by:

displaying, in one area of the screen of said

. display unit, a mounted position of each part on the

25 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 simultaneously displaying, in another area,

-

R O R



10 these coordinates into coordinates in the coordinate ThiSYS sten1of t he

reference PC board 20S and adopt s these new coor di nat es'|} B%nRe
position of the part. The cont rofPer 39 calculates

~coordi nates of the position G of the center of graV|ty
zone 15 57 and, based on the positional relationship between the
position G of the center of gravity and the . . abovenentioned center
position 0, detedartisuiisirtehof thedfefeati of the gdedestdvgoPardn of the
yel l ow | abel 50 is oriented. For exanple, in a case where the

coordinates 20 & t hdnRIELNES CLERUAtoPORRE ENFREFERT tﬁl?%“r"’b"c}t%rf@re
abcd are (x[err], errtf‘l)*51 glthe coor.di nates, of the, center-of-

gravity position ﬁPfGﬁEn§7larEhfﬁféPFﬂm%H¥N9ﬂ%°rﬁ1:r°m an j g

j udged that the arcuate.,pQrtion orlented in

the I ef tvard di r SFIRRAY ﬁg'aﬁsgaﬁ-ftséneasgydfrp%%%?%n P U S e
the rel ati onss[ eris dPiloui e bosrdS Bohflaring resuits W &Q.'islnon of
r yello

the_red zone W zoné € ca ati on the cénter
positions of thesgth taught data and judging the acceptability of the

mounted state of the part, a display method
characterized by: | |
displaying, on a display screen of a display unit,
10 said original image and an image, which is based on the
results of extraction, adjacent said original image, and
coloring the image that is based on the results of
extraction using pseudo colors corresponding to the hue

patterns.

* c L N S *



- 37%- zones are thus conpleted, the counter i is increnented

at step 4T Hag BeesR m ned (step 4-10) based on t he contents of
t he countef { cessing with - 6leygard to all rectangul ar zones
53 on.the 5 board 20S has ended. If the decision rendered is

NO, then the programreturns to step 4-2 and processing simlar
to the foregoing is executed with regard to the rect angul ar zones 53
desi gnated on the reference PC boaBSTRECTY t he val ue of the count in
counter i. 10 Fig. 15a illustrates a display screen of the CRT

unit 41 when the foreBdengopedcessampEprinseeiztion appbirgtusyfori A a
predeterm ned region 58 of the screen are ..detected positions 59

(i ndicated by "+Printedeeinmygit doard optthe like derwAnspechéngeFhsw | abel s
50 have been 15 _affixed, and detected positions 60 gindicated by "." of
square parts lesBﬂPﬁ,h?Ehtlf‘ﬁes?%eq%éf%‘p@frhé#e a)@aRt mounted on’ the

5 oprinted 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 pro#ided three types of ring
shaped light-emitting elements, which respectively

10 generate red light, green light and blue light, arranged
at positions to project this light, at angles of
incidence that differ from 6ne another, toward the
surface of a body to be inspected. Light rays of the
three primary cplors emitted by these light-emitting

15 elements have light-emission enerqgy distributions with
respect to wavelength that provide white light when
these light rays are mixed, and the quantities of
light emitted are adjusted in sﬁch 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 detéct
also peripheral information (part number, polarity,
color code, various marks, etc.) essential in solder
inspections.

25 The present invention discloses alsoc a method of
teaching with regard to the mounted position of a part,
the type thereof, and a feature guantity of the

mounted state, a method of setting an inspection zone on



af fi If the decision rendered at step 4-10 is YES,
proefgﬁgﬂleems ee ng part position and t%Be is 20 conpleted, the
progr step 5in Fig.. 6, and” the reference PC board 20S
is co At the next step 6 in Fig. 6, the operator sets
t he reference PC board 20S, on which prescribed parts have been
properly mounted at predeterm ned positions, on the 25 Y-axis table 23
and then presses & riGLART cieguis beard, and a aeriiiady qfi ddepsiavy nicorthehe
purpose of setting a i nspection zone. In this enbodi nent, .the PC board
used in t he ’%%Sé’élrﬁsng?fpllﬁéE%Fih@nofeFﬁe e"éf’i“?‘?%r’“%ttl'\é’@% are merformed

- 38 - util,jzed as the referepce PC bpard. 20S far settin

i nspection zone. BRIk &P 1PSPEEELOR; ?EOE}P s%?r‘?ﬁfq [fyrcuLt %“Lar’r' 81%5’%‘??[

i nvention i s not Ilmtecd to_this
inspecting apparatus.



arrangengnt . 5 First, at step 7, one is initially set in a counter
~j of the ‘control ler 39 for countlng t he nunber 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 21S 10 within the field of the tel evision canera 32 and causes
the part to be inmaged. Fi gs. q ﬁ?d 14b concretely illustrate
an i nspection-zone setting method mntﬁ egard to an i mage 61,

of a rectangul ar part such as an SOP, obtained by 15 this inaging. This
nmethod entails initially setting, W th ct to the i mage 61,

rect angul ar processing zones 62A, 62 at ed by the chain lines in
Fig. 14a, corresponding to both side}pQ g of .t he SOP part,
automatically extracting IandsFBqu the B ftby perform ng

proj ection processing within each¥of the essing zones 62A, 62B,

t hereafter obtaining circunscri bi ng s 68A, 68B which include
t he

6
Fig.2

/"9

! 9 § . -

9 .
10 ¥ o
\ , =
////. . .
V77




| ands 63, as shomn in Fig. 14b, and setting rectangul ar i nspection
zones 64A 64B by enlarging the 25 circunscribing rectangles a

predetermned width in all directions. This processing for setting

i nspection zones will be described in detail later. Though
a nethod of setting inspection zones with

- 39 - regard to the SOP part will be exenplified here, it goes
‘Wi t hout saying that the setting of inspection zones is : carried out by
a method conforming to this setting 2,yg method with regard to other parts
as well. 5 After the setting of inspection zones is thus

conpleted for the first part, the operator presses a NEXT key on the
keyboard 40 at step 9, whereupon the counter j is increnented (step
10) and it is determ ned (step 11), based on the contents of the
counter j, - ' '

Fig.3




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 inaged and processing simlar to the foregoing is executed.
Fig. 15b illustrates a display screen of the CRT 15 display unit 41 when
t he foregoi ng processi ng proceeds. gnever i nspection zones of the
parts are set at the detected posi¥i‘ofs 59 60 of these parts in a
regi on 58, the display of the positionsap9, 68 i s changed pver to
di spl ays 65, 66 conforming to t hap8\andi¥shzesd'oh 20 the parts.
When the decision at step 11 beconespY o~ |lresulft of repeatedly
executing the sane procqssing wth Eo rts, the reference
PC board 20S is conveyed out | s§ &4 4 hgn ogram pyoceeds to
25 processing for teachi ng characl et $ affet First, at
step 13, a counter n init contro ‘ i ng the| nunber of
PC boards is initially getgto ich the operatof sets the
first reference O < ' '
N 0 s i
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-40- 5 . PC board 20S (one on whi ch prescribed parts have been

properly nmounted at predeterm ned | ocations and sol dered I nto pl ace)
on the Y-axis table 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 successi vely
position the field of the tel evision canera 32 at. each part and i.mage
each part. 10 The col or signals4R”5b, B of the three primry

col ors obtained by inmaging are converted into digital data by the A/ID
converter 33 and these digital data are stored in the nenory 38 in
realtime. Next, the controller 39 extracts each land within the

i nspection 15 zones of each part obtained by earlier teaching, reads
the image data of each hue relati n?_-lta téese | ands out

SOLDER PART SOLDER
ACCEPTABLE|MISSING UNACCEPTABLE
SECTIONAL 4a 44 44
VIEW | g |
IMAGED N
PATTERN
RED |
PATTERN =Y E = N S E

s Blit="NI1
PATTERN :

PATTERN R ’I”//

e
NN




of the nenory 38 and transfers the inmage data to the | mage processor
34. The 1 mage processor 34 binarizes the i nmage data of each hue at a
suitable threshold value 20 hue by hue, detects the normal sol dered state
of each of the |l ands as patterns of the colors red, green and bl ue,
and cal cul ates the feature of these patterns as feature paraneters.
Fig. 2laillustrates a lead 52 propeflg soldered to 25 a land 70 with
regard to the part 21S nounted on the ref erence PC board 20S. Here a
sufficient anount of solder 71 is placed on the |and 70 and covers the
| and 70 up to a tip 70a thereof. -
41 - When such a an¢gLE3 sol dered region is inmaged, a

pattern of thre ' s sufh as sho Ko Fig. 22a appears, in
whi ch the red foneSEARThEFtip Yortion
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70a appeans particularly red owing to the presence of 5 the sol der 71.

Accordingly, the red hue value is obtained with regard to the red
zone of the tip portion 70a and this i's adopted as a feature

par anet er . When extraction of a plurality of feature 10
paranmeters is conpleted 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 i ngyé¢8ented to designate the second
reference PC board, and processing for feature paraneter extraction
15 is executed through a procedure simlar to that descri bed above.

When processing for extracting featur neters ends for a
predet er mi ned nunber (n) of refgrenquBQ b§Prds 20S, a YES decision is
rendered at 20 step 16 qngghgg pro . S grglep 18. In order

to obtain an average featur ntity withjregard [ to each part, the
controller 39, at step 18, cal cul afes . ’i

/ST4-2
IMAGE i-th ZONE
[ .
EXTRACT ~ST4-3
RED ZONE

EXTRACT l/s-m_e

YELLOW - ZONE

ST4-7
SIZE OF YELLOW
<GONE GREATER 4 NO
D SIZE 2%574-8

YES
CALCULATE CENTER
OF YELLOW ZONE AND
IDENTIFY SHAPE

i=i+l L-ST4-S

NO
ENTIRE SCREE)]




t he mrean yval ue and a 'standard devi ati on by statistically processing -
each feature paraneter regarding the 25 n-nunber of reference PC boards

20S, creates a criteria data file in which a range corresponding to
(the nean value) [err] (a constant) x (the standard deV|at|on) S
adopted as the normal range, stores this in the teaching

42 - tabl e 35, executes a Cm‘fffé' on of the data whenever
necessary, and term nates teaching. Fig. 23 illustrates a

di stribution 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 sti pul at ed based on nean

val ue and standard devi ati on of Fﬁgg.gpd hue val ues cal cul ated by
statistical processing. When teaching is conpleted in the

foregoi ng, the :
START OF
INSPECTION

ST21
SELECT PC 4
BOARD NAME i

START
PC BOARD
INSPECTION

-sT22

CONVEY OUT //ST28
" PC BOARD




10 apparatus for PC board inspection enters a state in which it is
possible to perform automatic i nspection 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 node shown in:-Fig.
8 and, at steps 21 and 22, selects t he name of the PC board to be
i_nspected and perforns an operation to start the inspection of the PC
board. - At the next step 23, it is checked to deternmine 20

whet her the PC board 20T to be inspectg§/q9§ been supplied to the PC
board i nspecting 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 tel evision
canera 32 with respect to the first part :

Fig.9 Fig.10
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be i maged,
i nspection
regi on and

data fil e,
for the

21T on the PC board to be inspected,
automatically extracts each | and region

Zzones,
creates

and t he

cal cul ates the

5 an inspected data file.

havi ng a sol dering _
the land 70, and the @¥/p8portion 70a of the land 70 is

resi des on

simlar to the

exposed because the solder 71 is mssing. 15 When a sol dered region
in such a state is inmnged, a gettern in the three primary colors
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10 first part 21T.

~defect.

causes this part to
within the

feature paraneters of each |and
The controller 39 then
~transfers the inspected data file to the decision unit
to conpare the inspected data file with the

36, and causes

abovenentioned criteria
acceptability of soldered portions to be judged

"Fig. 21b illustrates a part 21T

55

Only a very snal

anount of sol der

Lo -Y

71

~



O

pattegrn for the normal state appears, as shown in Fig. 22b. However,

here the Ted zone of the tip portion 70a Is dull owing to the m ssing
sol der 71. 20 Accordi ngly, when the red hue value regardlng t he
red zone of the tip portion 70a of such a defective part- obt ai ned
as the feature paraneter, this val ue falls outside the nor mal range
shown in Fig. 23. When such an inspection is repeatedly executed
for 25 all parts 21T on the PC board 20Tunder goi ng i nspecti on and
the results thereof are indicative of a soldering defect, the
defective part and the particulars of the defect are di splayed on the
dlsplay unit 41, these are printed 10/18 - 44
out by the printer 42, and thereafter the inspected PC '
board 20T i s conveyed out fron1the | nspection p03|t|on (steps 27,
28) . '
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Fig. &5c {llustrates a display screen of the CRT 5 display unit 41
di splaying the results of judgnment. In Fig. 15c,
part displays 65, 66
sol dering defect is displayed in a specific color.
defect particulars regarding the inproper|mg 10
by the operator are displayed

58. A part - desi gnated by the opg#ator pears

in a color different fromthat indgpaﬁ?ﬁéfthgy

part 65a. 15 The details of¥the net@od (stepgDAn Fig. 6) for

setting inspection zones descr'beé%priefly wth reference to Figs.
s - T -

Further, the

t he above-descri bed
appear in the region 58, and a part 65a with the

sol dered part designated
in a display region 67 bel ow the region
' clearly on the screen

i nproperly sol dered

14a

and 14b will now be set fort§<- ; rthustrates a net hod of
proj ection processi ng ins)pe,processing.zone 62A. The processing 20
zone 62A (62B) is such that tB&e~engitudinal gnos transver se sides
thereof are initially set t§§ predet enm nee~J¥engtths, and t he
) ¢ = i
orientation of the zone = ) E-EE ///6(
S
Rl =
1 -
L L
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| ] =
] =
f 631
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i s "decided in dependence upon part direction obtained by the earlier

teacﬁlng procedure with regard to the image- 25 61. . Letting the
posi‘ti on of each pixel constituting the | i mage 61 be represented by
coordi nates (x,y), and | etting the gray-Ilevel values of the three

pri mary-col or ' - 45 - col or
signals of the pixel at coordinates (x,y) be R(x,y), &x,y) and
B(x,y), respectively, the hue val ues r(x,y), 9(x,y) and b(x,y) of the
colors red, green and blue will be given by the abovenentioned
.Equations (2) 5 through (4), respectlvgéy In order to extract
a land 63 in the processing zonk2 each gray- IeveI val ue and each
hue val ue are calculated with regard to all pixels contained in the

processing region 62A, and igyis determ ned based on

Q
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10 fhese wal ues whether a pi xel is one constituting the | and 63.

More specifically, when a pixel of interest satisfies the relation
R(x,y) > T[err] and r(x,y) > T[err], or G x,y) > T[err] and g(x,y) >
Tlerr],or B(x,y) > T[err] and b(x,y) 15 > T[err], the pixel is .regarded
as one constituting the | and 63 and weighting of Wx,y) =1 is applied
to this pi xel . OGtherwi se, the pixel is regarded as a pi xel ot her
than one constituting the | and 63, and wei ghting of Wxy) =0 is
applied to this pixel. T[err], T[erdB/1812, 20 T13, T14 and T15 are preset
fi xed values. The total sum of Wx,y) is calculated in accordance with
the foll ow ng equations with regard to each row and colum of the
i mge 61: [err] - 46 -
Fig.19
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Apaeiet oy e

Here 4(xo,y0) represents the coordinates of the -upper-left corner Q of
t he processing zone 62A, and Lf[err], L[ err] represent the respective
| engt hs of two sides of the processi ng zone 62A. Xferr](X) and
Y[err](y) are graphed in 5 Fig. 16. Next, the maxi nmum val ues
of Xerr](X)  and Y[err](y) are taken as {X err] (X) }MAX _
{Y[err](y))[err], respectively, and threshol d values Tx, Ty are found
fromthe foll ow ng equati ons, respecti vely: 10 Tlerr] = (1/6)
{X[err](x)}[err] (7) Tlerr} = (1/6) {Y[err] (Y)
lerr] (8). - X[err] (X and the t hreshol d vaI ue T[err] are
conpar ed, and the x coordinates for which the two coincide are taken
as xI(1), x2(1), x1(2), x2(2), ..., xI(i), x2(i) in 15 order of increasing
val ue. Further, Y[err](X) and the threshold value T[err] are
conpared, and the y coordi nates for which the two coi nci de are taken
as y1(1), y2(1), yl(2), y2(2), ..., yi(j), i rder of

i ncreasi ng "~ val ue (ﬁ/l%lg 2/!0] are not relati o é&&ounters

ment i oned above).

71
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Next .« a kength L[err] and a length L[err] are found in accordance

with foll ow ng Equations (9) and (10), and from anong rectangul ar
regions [x1(i), yl(j), L[err], L[err]] defined by coordinates [xI (i),
yl(j)] and lengths L[err], 25 L[err], one which satisfies the follow ng
Equations (11) and (12) is set as the land 63: Llerr] =
[err] (1) - x1 (i) + 1 ' ’ ... (9 Llerr] =vy2(j) -
yl(j) + 1 ... (10) _ . -

- : Llerr] > Werr] ... 1n '
L[err] > Werr] 15/71812) Here Werr],
Werr] are fixed val ues. SSmlarly, with regard to the other
processi ng zone 5 62B, the land 63 is extracted, after which rectangles
68A, 68B circunscribing each | and 63 are obtai ned and t he rectangl es

68A, 68B are enlarged by a predeterm ned

Fig.24
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wi.dth to.set the rectangul arly shaped inspection zones | 64A, 64B. 10
Figs. 17a and 17b concretely illustrate a nethod of setting

i nspection zones with regard to the inmage 69 of a square part. In
this case, rectangul arly shaped processi ng zones 71A through 71D

i ndi cated by the chain lines are initially set to correspond to the
four sides 15 of the inage 69 of the part, |ands 70 on the PC board

are automatically extracted by exeﬁﬂsﬂg proj ection . ~ processing _
simlar to the foregoing within ea processi ng zone, thereafter a
circunscri bing rectangle whi ch includes the lands 70 is found with
regard to each 20 side, and this is enlarged by a predeterm ned width in
all directions to set the rectangul arly shaped i nspection zones 72A
t hrough 72D shown in Fig. 17b. The abovenenti oned processi ng zones
71A through 71D and procexgigg.igﬁes 73A through 73H described | ater
are of 25 course those in whic gi tudi nal and transverse si de
have been initially set to predeterm ned | engths.

RRE
TEACHING

ST 3l

ENTER
PC BOARD NAME

ST32

START

lg‘I;:OMMAND ST33

ST36

EXECUTE PROCESSING CONVEY OUT
CONFORMING TO PC BOARD
CCOMMAND

END



Figf ¥8a &hrough 18e illustrate a nethod of setting

for a case where a square part
- 48 -
into the single i mage 69.
(shown in - Fig. 18a)

In this case,

is large _
in size and the entire figure of the part will not fit
starting fromthe state

in which the center 0 of the part obtained by 5

the teachi.ng operation described earlier is situated at

the screen, the X-axis table 22 and {fe 1%
tel evision canera 32, whereby the
| ands 70 on the right side as well

t he upper side are adjusted so as to enter the screen,

to nove the field of the
upper-right corner and
as 10

each row of

axis tab

shown in Fig. 18b. At this tine traveling distances,

‘the X and Y directions are stored in nenory.

processi ng zones 73A, 73B indicated

Fig.26a

63
Fig.27a
70 70
\ Aol
T>92

I nspection zones

t he center of
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as
rr], [err] in
REck@n |y shaped
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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, t-he lands 70 on the
PC board are automatically extracted by perform ng projection
processing within each processing zone, circunscribing rectangles

whi ch contain the lands 70 are subsequently found with regard 20 to
each side, and these rectangles are enlarged by a predeterm ned width -
inall directions to set the . reck®@il arly shaped inspection zones
74A, 74B shown in Fig. 19. Next, the Y-axis table 23 is
~grTven to nove the 25 field of the television canera 32 by -2[err],

wher eby t he | ower-right corner and each row of |ands 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 -




4603998 -¢

processing simlar to the foregoing is executed with regard to

m
processi ng zones 73C, 73D. Next, the X-axis table 22 is d('#eﬁ”ma ®)
t o move t he field of the television canera 32 by -2xT, whereby the
5 lower-left corner and each row of |lands 70 on the |eft side as wel |
as the | ower- side are adjusted so as to enter sistituteesheats 1BHQ/HE | N
Fig. 18d, and processin B%;x:"ﬁd 1581 6880RRY | S executed with
regard to processing zones 73% éff;de“Eq’ Eurther the Y-axis table 23

iheroby the SUSSTHETE Exapiling h¥andus A &tgﬁog%@b@eﬁ;&ﬂmﬂw],

wher eby t he corner ach r ands 70 on the left

Zlc(rj:eﬁs \le lsﬁoﬁﬂbﬁ ﬁa ulp% nléféuge%?%gﬁatﬁgjfgﬂ.lgg u?%xgﬁ'nmrr\# Ithe tsﬂa&ém?ra §$lﬂered

rocessin t he foregoi ng

It ?] ee)s(gtc ;J ;[ ﬁg \gPW%BEEtPa ?gﬁtgtg%np a ?§§§§Atgga&9 Qgﬁﬁrlzaﬁﬂﬁnag Z@_%onr'eectg?s ctafothg\r/]gen
Whi ch the 2enerecEt M RpeehY S 4 e bt 983'?’#&?8%*%5%81552%”

200) ring-shaped light-emitting members are provided, which are adapted to generate
red, green and blue beams, respectively, and which aré arranged in such positions
as to allow these beams to be proiectéd at different incident angles with respect
to the surface of the substrate. The three primary color beams emitted from these
light-emitting m-embers have such wave-length versus emission energy distributions
as to form a white beam when these three primary color beams are combined and

the quantities of light of these beams are regulated so that these beams form a

white beam.

(Figure No. 4)

REPLACEMENT SHEET

20 AUG 1996

Sheet Has Been Re laced .




of the part bodies (the package portion) of the parts are obt a:ﬁn 015’ -y
based on the | and regions, and the parts corresponding to thes g .
are di splayed on the di spl ay screen of the CRT display unit 41. ”"'4r
As set forth above, Fig. 15b illustrates the di spl ay screen of the CRT
display unit 41 at this tine. The displays of the part detection

positions 59, 60

within the prescribed display region 58 are changed

over - 49 - Sl [ m | ar
to the foregoing is execut ed with regard .t-0 process%?llgég dr?g'éﬁ?
73D. -Next, the X-axis table 22 is driven to nove the fleld

of the television canmera 32 by ABSIRACTOE'BES DIHAOSURE | ower - | ef t corner and

each row of

| ands 70 on the |eft : side as well as the |ower side are
adj usted so as

' to_enter ‘the screen, vas ‘shown. i n_Fi 18d, and
APPARATUS FOR INSPECTING PRINTED CIRCUIT BOARDS AND %.HE ,

LIKE, AND METHOD OF OPERATING SAME -

A substrate examining apparatus for use in examining the shape of a soidered
portion af a part mounted on a sﬁbstrate, and determining the correctness of the
shape. For the purpose of illuminating a substrate to be examined, three kinds of
ring-shaped light-emitting members are provid_ed, which are adapted to generate
red, green and blue beams, respectively, and which are arranged in such pésitions

as to allow these beams to be proiectéd at different incident angles with respect

to the surface of the substrate. The three primary color heams emitted from these

light-emitting members have such wave-length versus emission energy distributions
as to form a white beam when these three primary color beams are combined and
the quantities of light of these beams are reguiated so that these beams form a

white beam.

(Figure No. 4)
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09 JAN 1997
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pche®S|ng simlar to the foregoing is executed with regard to
proceSS|ng zones 73E, 73F. 10 Further, the Y-axis table 23 is
drirven to nove the ' field of the television camera 32 by +2[err],
wher eby t he Aft corner and each &aw 7

side as we ide are adjusted s iied 385 /3 P .
screen, Be, and 15-1-processing simlar to the foregoing

is execufed with '~
the settilng OE&JA&%E@?I

part, the| operator_pe+e
whi ch the

\rd to processing zones 73G 73H. When
Aones i s thus conpleted with regard to one
~a correction operation if required, after
_ e ghmisdiegs /5, 76 in Fig.s 20a and
20b) 55d1 es (the package portion) of the parts are
obt ai ned Based on-PEE?AEUEi?Qﬁy4ﬂ5§“camuctEa-paEDsC:RC ToPPa8Psnding to

t hese sizes are displayed on the di sp g screen of the CRT display
unit 41. 25 D FEE E6KER mw&"ﬁ@ FPIFAUNG F¥Et he

di spl ay screen of the CRT, glsplay unit 41 at this tine. The di spl ays
~of the part é%%ee##eﬁhpeSF%lons 59, 60

-
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i:s?éc:i:; a prinzed circuic becard (hereinafter referred
tc as a "3C becaré") or the like, and to a method of
cperating the agparatus. Mcre particulacly, the
inventicn relates to an apparatus wnich inspec:s the
properties of a curved surface and is aprlied in
detecting the cr;e“uaticn cf curved-surface elements oI
a cusved-suriace nody comprising a set of a number of
curved-surface elements the surfaces wherecof arce
criented in édifferent di:ec:;ons: an apparatus which
inspects the properties of a curved surface and is ideal
for inspecting the shape ¢f a scldered pertion ef a pa:t:
mounted on a ¥C board; a PC board inspecﬁing'appa:atus
fer ex:ractipg hue patterns in the three primacy cclors
from an criginal image obtained by imaging a part

nounnced on a PC bcard, comparing the extracted resuls

meunced state 0f the part, such as the scidered state; a
) teaching methed sz tea ning, prior to inspection of the
?C toard, the mounted position c¢f a par:z, the class c¢f

Th2 mount2dé part ané feature guantities of th

o

meunited state of the part in the abovementioned

f

; inspsczing apraracus; a method of setting an inspecticn

cone for setiing, prior =o inspection of the PC board, a



wi {:hi m't he prescribed display region 58 are changed over

-50- -- to part displays 65, 66 conformng to the part sizes

whenever processing for qpffrnﬂ1h.e i nspection zones of t he parts
ends. cemeEnT SHEE screen displaying the results of

i nspection is il ¢&PEK - . |15¢c, as setSubgtitute sheepndydanygry 1928_
shows anot her exaﬂali of egn| _7. displdying the resurts or
i nspecti on. 6I4ﬁsk$§b 2 the display screen of the CRT display
unit 41 is dividgedjinto_a pl y of screen areas. In 10 addition to

—+

the screen area $8 for displaying {he positions of parts on the PC
board, thereggdel : I LebekaWod satee8nsepandielyprciespl ayi ng
the state of t he systen1 and a screen area 82 for dlsplaylng a key

operation guikigles ol lnekitha pact ehkacarvbdastafibce elements to

he decectad, can e fezermined in accsoréance with the

fclleowing eguaticn
, 1/2 ' :
ccsem = ..r-l -\—'12 - :mz)‘/" PP (l)
A meztihcdé emplewing scurces c©- wanilts ¢at as the

a mezhod ¢ inspecting the external appearance of a

soldared region on the basis c¢f the fcregoing principle

NP8~ Tn this methed of inspecticn, the light-
emitting elements 11, 12, 13 arze litc ané extinguished at -
respectively different timings in crder distinguish

aneng t“e reflectad-light images produced by the cthree

, 12, 13 having different

angles of incidence wizh respect to the soldered

However, with this methed of centrelling the

lig::;ng cZ the light-emizting elements, there is nesd

of a memc:zy for the purpose c¢f storing each image

arithmesic unit fcr processing these images as an image

02 an idencical wvisual £i2lé, and a firing device fer
lighting each lighsrsnizting element instantaneously.

prozlams 2ncount2red in such a time-sharing system, a



the right side
screen areas 84
a sub-nenu,

Further, provided at positions on
i ndi cating the nane of a node,
play a PC board nenu and the contents of

B61 whi ch di spl t he dat
i ch o1 5Pl g, e et 3 dausis Tl
' LgC

di spl ays 65, 66 s conformng to the part shapes. Wth
regard to a partyj udged acceptabl e part” by 25 I nspection, the
part is displayed 1n a predetern1ned hue (e.g., white), whereas a
part judged tedieéamas been" gpnoscept abte paet iniasn chppmeaitwyeshizh t he shape
di spl ay 65a of a different hue (e.g., red).
- 51 - inspectsTHars@rebad aesas8@hdaspvayes s of

Acccrding tTe this 5e:acd, light scurces fcr the three

primary cslers cf rad;, green and tlue arce used as the

chree light-emitting elaments naving éifferent angles cf

incifence with respect to the chject undergein
inspecticn. Reflacted-light images in the cclers rad,

vpen underg

.
CLi

imaged at the same

image pickup device such as

the imagaes are cdetectad

When this methed is applied to an automatic
inspection apparasus for inspecting soldered regions, it

aurber,

the curved-surface

region in a short period cf time.’

not contrived to detect
for automatic

PC boaré, such as

en the PC board

pclaricy, celor code, and

etg

o infermaticen (varisus marks on the

s extremely difficult to put the

w

(]

édyprpalatus To T actical use as is.

JP-A-62127617 forms the basis for the preamble of claim 1.

" When an apparatus for inspecting a PC board is used, a
teaching operation is required in which various data relating to a
PC board (referred to as a "reference PC board") having prescribed

parts correctly mounted at



a.def eét of a defec
with a sol dering

art nunber,

bri dge or sol der bal
defect is present} 4
particulars of ‘a

ts—present , | al code 5
N ag9g-oflejor characters
d2§0-f d%l’l ng d¢lefect

| t he nunber
‘ aHEFLACEMENlTr@@f- Be ween | eads at

, et c . Substityte sheet o

of a- |l ead
whi ch a sol der

i ndi cati ng whet her a nounti ng

t he

i ndicatin
7 January 1998

enbodi nent ,

t He
in area 82 and thg display is chan

i nf orpettorT r

gawsdi ng one d
d over whenev

key on the keyboar
ot her defective part
case,

area 82, the dis

40—ts—pressed, whereby
S may be di splayed in_s

with precetetmizrd s ddrost ave parespéi AgoMi 3pfARRATN
pl ay,
anot her di f feg&nie cordr?¢ PP
correspondence bet ween, t

65b is qplenented i n_screen

the .

verificati orPBFTat:071 13 pa:???nﬁ érs SofPrKedef &

Thi s enbodi ment e
are displ aye® ra*

limted to tg*ges and

"

- s

ure

scléered

Wicth this teaching method using data encry By

afsrence

| oy 2, systemjzn dwhlachea he: .

“FoW

qq

se

2 the inspecticn

ver
=izsn zones of parts mounted cn a

efective part is displayed
er a 10 predeterm ned
the defect particulars of
uccessive fashion. In this
the screen
area . 15 58 in stil

yé| |- sapectec. ALRof dFRBFY-"%st abl i shing
ctlve part"agg ggegpaél

position and
Carad greatly facilitated.
paﬂ%lgggacscng a def ect
nvention i s not

zone o3
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lazge. As a2 consegquence, an exd ant amount cZ time
ané labor ace necessary for the input cperaticn, and

operaticn is a great burden

& -
NP i

3 teaching method solvin

EP-A-

obtained by,co‘or-dg the surface of a PC bcazrd with

black na** and celering mounted parts with white paing,

and ;mag;ng-che pcsizioning PC beard by a ?C board

acesriing to this teaching method, 2ct
cnly cdoes fanricazing the pesitioning PC bcard reguirse
the painting cperazizn. but the method is also

uneconomical in thaz it is impessible to reutilize a

painted PC board. In addicion, par: position cannot be



en’bodi"'Frent, for it is possible to display defect particul ars regarding

all defective parts together on one screen in the formof a table. 25
Anot her net hod of displaying detected sol dered states of parts on a PC
board will now be descri bed. Descrjbed first will be displ aa/ of

i rage dat a obtained in the feature-extractPsfute sheett fpJapuary 1998
-52- step 15 in Fig. 6. In feature-extraction processi ng as
set forth above, the normally sol deredl3- state of a land is detected as
patterns of the colors red, green and blue, and the features of these

5 patterns are_ calcul ated as _f.%%ture p%Etgrng . crion,. 4l order to
detect the soTHersd Lt AT 2 aAd 2s oapd }RFRRSBIOR HAPRBFAFES r ed,
green and bl ye.) del eftAAMRY in wniln eHePRALLBLP bf PeRbREERY Y galr,acting
pi xel s whi ch

the location of the defect and the particulars of the

defect are displaved on a CRT display unit, anéd a2 method

in which the mounted positicn of each parc on the PC

bearéd is displayved and only thcse parts that acre defactive

are displayeé in a édifferent ccler.

With the former method, however, it is difficult tec
achieve correspondence between the number of a defective
part and the position of the part on the PC board..
According to the latter method, the position of a defective
part can be verified but the particulars of the defect
are unclear. As a result, it is required that an
inspector inspect the PC board and visually verify the

particulars of the éefect.
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satisfy the relations R(x,y) > T[err] and r(x,y) > T[err]. 10 Further,
detection of a green pattern is perforned by extracting pixels which
satisfy the relations ¢ x,y) > T[err] and g(xy) > T[err], and
detection of a blue pattern is performed by extracti n |xels gégh
satisfy the rel ations B(x,y) > T[err] aﬁ'dpﬁ(tiét‘ilfhgetﬁ ?"“Wr
T[err] 15 through T26 are fixed val ugg,preset by the operator

When each of the patterns of the colors red, green . and ‘bl ue
constituting each land are thus detected, the i mage of the part is
di spl ayed on the CRT d| spl ay. unlt 41 W|th the attern reg| ons of

colors of aSentembéfX@.(Bﬁme Nédﬂe*?Srﬁm QTSS Sﬁ@gés bﬁsw or rmlw Otae*épszaudo

col or s" hersrRaEEerr==FoEinpi =t =S CHI—coror -0 Tis ' ed
can be red 3 C i >

i |l ustratesof dh&plﬂ;enso.rmmr o:l:.iﬁurﬁﬂ:l’ ex.e*niab c__gdum-tmﬁl a% m

t he enl ar g e ey C LA, U - A - - :—57“’ - o 2l l_ Q t . -I”qve"'- ) 0 '.‘::: . Y N
regl ons PR 1 Eieh lzs:i-::é:=:£:-;‘:%::;:.:::;::::;==;==;7;=:;‘:==_._-—:

tion discerned by the vision system.
From AT & T Technical oJouznal, vol. 67, no. 2, April
1988, New York, US, pages 4/ - 60 there is known an appara-
_tus for an au automated visual inspection of solder bumps. Which
“‘E‘ﬁﬁ'imes‘—oie Ting-shaped 1ight souzce.
ATl apparatus for inspecting packaged electronic devices
using ofe WHite ring-shaped Light Source 1s Known Lrom ED-A-

An cbject of the present invention is to p:o?idetan
pparatzus for inspecting the properties cf a curved
surface in-which, by arranging it so that white light is
ckbtained when irradiacing light rays from a pluralicy of
light-emitting elements constituting a prejecting device
are mixed, the prcperties of a curved surface cf a
cu:ved-su:'f.ace oy such as a soldered regicn can be
éetectad in a shicrt perizsd of time, and it beccmes

Dessitle alsc to destect perigheral informatzion essantial

REPLACEMENT SHEET
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-53-

pseudo c oIor of the color red, a pattern regioh PG

(i ndi cated by hori pseudo col or of the col or gréen,
and pattern region &@LOCEMEMatSEEEBy | i nes sl opi ng downward to the
ri-ght) in a pseudoj cplor of the 5 fcol or bl ye. S

for extracting feafurezs JANCHOBTHL grs ends

nunber

(n). off{ the refierence HCddards 20S as descrlbed above ‘a

YES deci sion is repdet 814 and the program 10 proceeds to step
18. In order to optain nean fdature quantities regarding all parts,

t he cont r Ql=t-gjedBasbh st ADan alliaedal-ge-gizbyienetlghpiegexu,
statistically processing feature paraneters regardi ng n-nunber ¥ the

ref erence PC boamdsin2e8, posbcien e &5 gamnlanawamedawaefpEetbasndunn'-hese

nmean-val ue

data, and stores the file in the teaching table 35

part, fabricaticn of a reference PC board for teact ug

is facilitated and reuse cf the PC board is made,
possikble.
A further cobject of the present inventigh is to
provide a teaching method in a PC board ingpecting
cparatus in which, by obtaining feature/(characteristic)

guantities of the mounted state of a pa: using a

plurality of reference PC boards, ip/becomes possible to

realize reliable and stable insper‘ion of the mounted
state of a part.

till another object of jfhe present invention is to
provide an lnspectlon zone Aetting method in a PC board
inspecting apparatus in Hich, by processing an image

obtained by imaging a

board and setting an inspection

-zone of a mounted papt, the inspection zone can be set
stably and at high/Speed without requiring correction
processing.

Yet anoiyﬂ: object of the present invention is to
ot ovide a m/;nod of displaying the results of inspection
in a PC o}ﬁrd inspecting apparatus in which, by adopting
a syste'/whe:ein the position of a defective {faulty)

/4

parti lars of the defect (fault) are displayed simultaneously on

oneﬁscreen, 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.




descri'bed earligr grqn fabrication of the criteria data file
ends, PC quPLAGBﬁE\':Tt SHEEY o performed using these data. In a 20
case where an etr s rendered in i nspection of the

J
acceptabl 111y o depewsd al | 1t | SuBSAARS Ynke 2 ADBhYaA 1998
ent's Ythught in th = ' -
ol

correction to thelc
operation. The ¢agpLing this correction is referred to as

25 corrective tleaching, and the jghrocedure thereof is illustrated in
‘Fig. 25. , FrTST, at step 31 the operator keys in the nane of
the PC board to undergo correctlve teachlng, t hen places

-54-

An agparatus for inspecting prepercies cf a cusved

= . . .
L surzaces accc::*.::g tLC the prasent LavVanIlon XS

- as defined in clalm 1.

nagad light-emitsing =2laments ircadiates the



suspenﬁing I nspection, as at

and starts inspecti

that a fault is 5 judged to-exist,
As a result, when the

decision unit 36 re
certain part has a
operation is halted ht
necessary processingyifp order to

] SOB%S{%gﬁd;

e t decision to the effect that a
eflect , rogress of nspe

h oper 8 tg‘ Eﬂﬁha}’hsa’é‘@@ féégt he
1bconfirm whet her the defect decision

et

is erroneous and, if

t he decisio

i s erroneous, to |nvest|gate t he

cause of
regard to a part judged to

the enr goneols—gdeet+stor.
15 be defective,

More specifically, with
the operator first enters a

pr edet er m negurface cHhmmEndnspearmder ct.avdidsplhayatdenbegyract ed state of each

hue pattern on_the CRT display unit 41 (step 33),

wher eupon a di spl ay

of the part SHERRZEABIAWWLES 35 gncidence27aSappeats bs sheascamged of t he

CRT display unit 41 20, (step
original inmage®70~c? FErh §-2 3§
on the PC ne Eog; 20 an

essential peripheral

nunber,

part on the 2C mecard,

info

nour

35
&jné-eet arAeEs
|nqge 91 of, each

- -

pPelarsity, cclor cocée,

mation (va:;c 1S marks and

This display includes an
?Crhh@ﬁﬁg-Th%°%a§t!mnunted
and, i s_ obtai ned

ved-su aste

:2Zac2 oo

necessary in inspe

0
(4
-
H ]
n

e.¢., infcrmation (parcs
etc.) relating to each

as well as PC bcazd pattern

the like).

soldered state inspecticn can be realized.




by extracting each of the hue patterns of the three 25 prinﬁry colors
fromthe original inmge 70, and-sR—Hmage 92 between | ands. The i nages
91, 92 based on thg REPLACEﬂENTtsHEEf extraction are displayed by expressing

each  of the hie °|PoeUS Eahshiiarcheat ® HoyBiuary 1998
e g

-57- ' VHAT { | Al
properties of a cunv dg% Qgﬁgﬁﬁ% -orgﬁL5|ng proj ecti ng neans (24)

whi ch includes thrdeltypes of ~-fg{shaped light-emtting el enents (28,
29, 30) arranged td S|nultaneously project light, at angles of incidence

1t hat di ff er htBloRSmaiaiiaar——tETURE d . a_surdacaiol o CiiatOdutdiicstugn,, CE
‘body to be inspected, Image pickup neans (25, 32) for obtalq//g
reflected- |idgHfddmges ahd hgpsubkagepatttfe ce weslastimaoso hiodyfd o
obtain i mage patterns distingui shed by hue, and proceSS|no‘ EBANS
(34, 36, 39) fwf diedmy qr aper Pledoardfl aThbis veefsteice cP@lzepdd if t he
curved-surface body from . //

supplied to the PC bcard inspecting apparatus ang/th

labels are imaged, whereby the positicns at whj h the
labels are affixed as well as the shapes ani/’olors cf
the labels are read. The positions at whigh the parts
are mounted are taugn: from the pcsitiony/gt which the
labels are affixed, and the type of a gArt is taught
from the color or shape of the label /for that part.
According to this teaching meghod, the reference PC
board for teaching can be fabricgted in simple fasﬁion
merely by affixing the labels./ If the labels are beeled

/

off, the PC board can be‘re,/ilized. is is

economical. According to,//is teaching method,
y _

moreover, it is easy ti//éach part type and not just -
part position.

One:more teachifé method according to the present
invention entails,/éaching of the feature
quantities of the state of a part before
inspecting a ;f'board-to a PC board inspecting apparatus
for inspect*f§ the mounted state of a partc mounted on
the PC bo7fd. Accoréing to this teaching method, a
plurali/f cf reference PC boards on which parts have
béen/7o rrectly mounted are successively supplied to the
aboyement

ioned 2C board inspecting apparatus. The PC

ofrd inspecting apparatus is operated in such a manner

NG

P S=lgieiied) - B R e e g e o S oS D S S e S S



t-he i nmge pattern | sai d i mage pi ckup neans; chacterized in
t hat sa REF.’I.?@EW p@HBEIg ht emtting elenents (28, 29, 30)

respectively génera o—i-cd gt green light and blue |ight having

| i ght - em ssi on}lener | Sthaduli ons with respect .to  wayel th th
provi de white I}i ghtggpghaﬂéﬁzg mixed, and %“%St'i‘iﬁenslbe,r%fafg nHAY ﬁgﬁa
conprises |ight]-quantity. ad] st+l®g neans (31) for adjusting the
guantity of |ight ot each |l ight]-emtting elenent in such a nmanner that
white light is L. e e light emtted fromsaid lLight-emtting
el enments i s N saESNt—t A O e A S et e R A e s
Supplying a printed circuit board having | abels affixed at the
respecti ve mounEFA§eBoSFt FBRsPAFLH AT exFracteds SrampErft B8SEHFEA% 1/ boar d
i nspecting appar,__us, agg - . inaglng.the | abel s, wher.eby e
nount ed position828eS. GPeFRe-pAFTES a2 abghfsbﬁ“?h%rﬁggfﬁans‘/f whi ch
t he | abel s _are.affix and the ty of, .a_pa .St h Y 4 t he
col or or shape Srarng“rgﬁg?Y' €hd "ad X1t a2 BVh1 i3S 24 geg/’s the
‘f2ature qQuantities.

Thus, in accordance with the teaching mefZhod of the
present invention, the feature guantities '//the
mounted states of the parts are extracte//é;om the
images of the plurality of reference P,/;oards. and the
statistically processed values are t-ught to the PC

board inspecting apparatus as featyre quantities.

Therefore, even if there is a stgistical dispersion
/w’

among the mounted states of a_;‘rt from one PC board to
y

another, the feature quantigkes are averaged by
the statistical processing[’ As a result, incidents of
overlooked improperly mq/!ted parts or of normal parts
being erroneously jud;/d to be defective are reduced in
inspecting the moun,[d states of parts, and PC boards
can be iﬁspected ;f reliable and stable fashien.
Furthermor;{ the present invention provides an
finspection-zo;ﬁ setting method for setting an inspection
zone of a mdénted part prior to PC board inspection in a

PC board gnspection apparatus for inspecting a mounted-

part onga PC board. The method is characterized by

¢/ . .
imagl/g a supplied PC board to produce an image of the
pi7/ mounting positicn, initially setting, with respect

/u the image, a processing zone which includes a land




10 37 A teachlng method in _a printed circuit board I nspecti-ng
quantity of the nounted state of a

apparatus for te |

part before 1tﬁﬁ£ ted circui oard to a printed circuit
board i nspecting ppparatus for ecting th nDunte tate of g
part mounte on t he| pigmuiaN &Bcuf t| board, Sub c’@ﬁﬂ?f‘é@ B
successively supplying a plurall igfeference prlnted circuit bo
ds on whi ch parts|have been ‘colrectly nounted to said printed circuit
board 20 i nspect [ Ng apparat LUS—arh oper at i ng sai d pr i nt ed
circuit board LSEAGEIAG-—ases 80355 HS cesesasieidnnRnnaetalcddagapl ural ity
of ref erence prlnted circuit boards suppl i ed are imaged, // eature
quantities of thenmuahddsetaing ah ifspe@diomardre arfe the matirakd/pamtt he
resul ting i mages, these feature quantities are processed /

statistically, by endadgthg,.calcal atedevermbsedrnedddt, & EAred =/ ure
4/

circumscribing the extracted iand region. V4

£
4
//

In accordance with this inspection zonef/etting
method of the present invention, a PC boar;/is supplied
to a PC board inspecting apparatus to i 2be a part
mounting position, and the resulting imfge is subjected
to predetermined image processing to/uet an inspection
zone of the mounted part, all befo/ﬁ‘the PC board is
inspected. Therefore, even if t//re is a deviation in
the printed pattern on the PC 7{érd, an inspection zone
which includes an inspectionniécation can be set
reliably and it is possible/ to set an inspectiop zone
stably and at high speed In addition, setting a
reference pattern on a £C board and performing
correction processing/using such a reference pattern are
unnecessary. Even Af a deviation occurs in extraction
of the iﬁspegtio zone, there is no danger of this
having an adverse influence'upon the setting of zll
inspection zofies. |

A methbd of displaying the results of inspection
accordin- to the present invention in a PC boar
inspec ng apparatus for imaging a plurality of parts
moun 8d on a PC board, inspecting the mounted state of

eaJ  part and displaying the results of inspecting each

5frt on a screen of a display unit is characterized by

L T o e A e LT e o e A e et~ e o e e e e e v S Y= =



Substitute sheet - 7 January 1998 . circuit board inspecting
apparatus for setting aREPg“ENﬁﬂﬁﬁﬂﬁEwo zone of a nounted part prior to
b

printed circuit |bgar Rspeettoen th the printed circuit board 5

I nspecti on apparatus fjor] i pspegti al mpunt art on rint
circuit board, said ndt rodzéofﬁ'ié%g. S 'tﬁ"f?aﬁh?fif a7s{£‘ﬂﬂaﬂ§§$98
printed circuit board |tq produce b N i mge of a part mounting

posi tion; inltlally setting, {wth respect to the imge, a 10
processi ng zone whi ch lincludes—a ,-; 2gi on on the printed cgircuit
boar d T o =:"—':—'=:‘—‘* ““““““““ ol Ak 0L =0 C~1od 0 100 NN 8 10 B 0] o) =T et nl nEo]s 7 '
proceSS|ng within_th ocesi one 3 t a 7 ctlon
zone of the nDuﬁtBHegﬁg %yne é?g?ﬁgp°ﬁyté°8regege%h?gédguaa/

area circygsgLlpl qg\.ll..-nfxii@'q ed.] adheY §9fferent from t /

of the positions of cther parts, and simultaneousd//

éisplaying, in another area, particulars of the”defect-of
the defective part.
In accoréance with this method of dispdaying the
results of inspection of.the present invegtion, the
mounted position of each part on the P card is
displayed in a predetermined color on/the screen of the
display unit. With regard to a pa Z judged to be
defective, the position of this part/is displayed in a

color different from that of no

al parts,.gnd the
particulars of the defect alsg/are displayed
simultaneously on the same/Screen. As a result,
correspondence is readily established between a defective
part and the position ¢& this part on the PC board. |
Moreover, the particylars of the defect exﬁibited by the '
part can be grasped immediately, and the inspector need
not inspect the fé/board and perform a visual
confirmaﬁion.

?urthe', the present invention provides one more
display m:/%oc. This method, in a PC board inspecting
apparatyf for extracting hue patterns in three primary
colorg/from an ofiginal image obtained by imaging a
mounfed part on a PC board, comparing results of

j/_raction with taught data and judging the



5.+ | n. a printed circuit board inspecting apparatus for | magi ng a
plurality of parts nounted on _a_printed circuit board, inspecting the

nmount ed state of eact L1 di di splaying the results of i nspectin
SERVIRERENT SHEeTc) di spl aying p g

each part on a i pplay unit, net hod, of _di_spl ayi ng
abt bri zed by: Sdbstituts shegigl_jg@nﬂy 1898ne

results of ifngpecti on Cﬁ%

area of the screerf 4f 28 JAN difspl<aa- unit, a nounted position of- each

part on the 25 pgrijnted circuit Roard in a predeterni ned color and a
unting defect, in a ~col or

position of a part 0 have

different fromthat of the pasi of ot her parts, and
si mul t aneous| y_di LN n of, . 2
-60- a prinmedccar ’ I'nspecti ng appara for

extract| ngdhé"e" PALLEINS Lha 1AL S8 AUy M, o LU Snf BRELAN winjllh is

nasad oo the rasulsts cf excractizn, adiacant g
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g cthe image zagd cn the

Brief Description of the Drawinas

Fig. 1 is a perspective view for describing the inspection principle in
an automatic inspécting apparatus according to the prior art;

Fig. 2 and 3 are explanatory views illustrating the inspection principle '
in an automatic inspecting apparatus; |

Fig. 4 is a block diagram illustrating the overall construction of a PC
board inspecting apparatus in an embodiment of the present invention;

Fig. 5 is a diagram showing the relationship between patterns and the

acceptability of soldered states;



original image obtained by imaging a nDUnted part on a 5 printed ctrcuit
board, conparing results of extraction  "with taught data and judgi ng
state of the part, a display met hod

—t—he—aeeeﬁ%&m—i—r—%y—e .
gl on a dis sgreen

I o} st it

| on, d%gc'.g oti gi nal image, and coloring the
I mage that is based gnith Sults 01 extraction using pseudo col ors
correspondi ng to thejhde— 4. An inspection-zone setting
method in a printed circuit board-s'nspectl ng apparatus for setting an
I nspection zone of a wetuntedTpart prior to printed circuit board

inspection in the printed circuit board 5 i nspection apparatus for
i nspecting a MOUWHASJIPALAINED 2S:

1. An apparatus for inspecting properties of a cuxved
= S S¥Feet oD

____________._____._____———"‘———'—-"—"-—

surface, comprising:
p=ojecting means (24) which includes three types of
ring-shaped l:.ght:-ﬂm.t‘.:*_nc elements (28, 29, 30) azranged to

s:.muI..an.ﬂous.'y projaect I-,nu., at anIES o incidence that
W

differ Zzom one anotner, towazd a surzace ot a curved-suria-
W_———’

ce body to be inspected,
image pickup means {25, 32) for obtaining reflected-
light images of the surface of the ¢ curved-surface body to
“obtain image pattermns d:.st:.ngg:.shed bx hue, and
processing means (34, 36, 39) for detecting prone*‘t:.es
of a cuved-surface el ement of the cu"ved su.*:ace body ﬁ'irf
‘th‘e_im obtained from said :.mage p:.ckup means;
“gharacter: :.th _
said r:.ng~shaped Tight emitting elements (28 29, 30)
resaecc:.v Ty genezate red light, green » 1icht and blue light
nav:.ng Iight-emission energy distributions with respect to
m
——z4id appratus turcher comprises light- quantity adju-
sting means (31) for adjustl.gq_?k;—q—:antlty of light of each
1ight -am.t:t:*.ng element in such a manner that white lLight is.

- obtafrad——wbmem_ 'f*cm_' s"a'*" d light-emitting

ele‘”‘é—t——“gs iz mixed.




Dbl rec pr e PR ?pm@nﬁasﬁkmﬂpfgg&f'“g AM;?\“& \mmm\?oum.ng

posi tion; nitially getjting, with resp heﬂlnﬁge a 10

processi ng zone fhi cB& JANIE8 4 I|land region - ripted cirquit
boar d; extracting saifd H58ad region%ﬁﬁL&iﬁﬁdﬂfﬁﬁ_ﬂidfﬁﬂffbj_fi_ |
processing withijn the processing 4one; and setting an inspection
zone of the noudiged.patl BVesdd gt RLagal 09wy 2. phedetarad neda . digh, an
area ci rcunscri bing the extracted | and regi on. 5. I'n 7/pr|nted
circuit board ingpgat regcRRPRGI Métisod Momprisin®gi ng a plurality of parts
mounted on a printed circuit board, inspecting the nnunted/ tate of
each part 20 and. di spppiviggtaeprisuelscotcubspbadrdgeapaciy Agtbelmn a
screen of a display unit, a nethod of displaying results of inspection
characterized byaffixed at theli sgépgdniveimovnting cpooit idns off cparvé sai d
display unit, a nmounted position of each part on the 25 p/ nted circuit
board in a pﬁbdeﬁé#ﬁlEéén§6¢o¢l%ﬁﬁP%ib°ar inspecting appargftus, and

imaging the labels, whereby the mounyéd positions

of.the parts are taught by the positiong/at which the
labels are affixed and the type of a pArt is taught by
the color or shape of the label.

10 3. A teaching method in a printef circuit board
inspecting apparatus for teachinf a feature
guantity of the mounted state #f a part before
inspecting a printed circuit/board to a printed circuit
board inspecting apparatus/for inspecting the mounted

15 state of the part mounte; on the printed circuit board,
said method comprising'ﬁ

successively sugplying a plurality of reference:

printed circuit boafds on which parts have been
correctly mounted/ to said printed circuit board

20 inspectihg appafatus; and

operating said printed circuit board inspecting

apparatus ifi such a manner that the plurality of
reference/printed circuit boards supplied are iﬁaged,
feature/ quantities of the mounted states of the

25 parts/are extracted from the resultlng lmages, these
feayure quantltles are processed statistically,

_afid the calculated values are set as the feature

.



position of a part, jdgeﬂ.k%m_ﬁ Ve

o SRR <)

of fhe®defect &f the d f
I nspecting apparatus fbr R
orlglnal i mage _obtarhed by |nag|ng a nnunted part on a

colors from an
5 printed circuitg bethgrtriiRec-eg—tes-botingyreitd-oir—a—pririlgt aught
data and judgi ng the acceptability of the mount ed state of t Z part,

di spl ay net hod

screen of a display-unit, 10 said original imge and an inmage/ which is
inspegtionokzonst phcai paungdfapant Blanr dra gy / fedrmage, and

based on the

coloring the image that is based on the results of

5

10

15

4inti ng defect, in a col or
f 1ot her parts, and '

area -60- partiCuIars

circuiiar dokedi 1edpbyting apparatuspiayisestiog @ o spl ay
circuit board inspection in the printed circu board
inspection apparatus  for inspecting a mountgd part on a
printed circuit board, said method compriging:

imaging a supplied printed circuit /board to produce

/
an image of a part mounting posztlon, /

/

initially setting, with respec to the image, a
processing zone which includes a 14 d region on the
érinted circuit board; /// |

extracting said land regifn by executing projection
processing within the procesging zone: and

setting an inspectioq/zone of the mounted pafé by

enlarging, by a predete yined width, an area

circumscribing the'extwécted land region.

5. ° In a printed cigk Ult board inspecting apparatus Lor

1maglng a plurallty of parts mounted on a prlnted
circuit board, zn pectlng the mounted state of each part
and alsplaylng e results of inspecting each part on a
screen of a dysplay unit, a method of displaying results
of inspectign characterized by:

disp aying; in one area of the screen of said
display Ainit, a mounted position of each part on the
printed circuit board in a predetermined color and a
posifion of a part, judged to have mounting defect, in a

cofor different from that of the positions of other

a



extraction using pseudo colors corresponding to the hue patterns.

S c L L} S * .
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6. In a printed circuit board inspecting &pparatus for

extracting hue patterns in three primary colors from an
original image obtained by imaging «/gg;nted part on a
5 printed circuit board., comparing/results of extraction

with taught data and judging/the acceptability of the

mounted state of the parp/ a display method

characterized by:

10 /f/_ge and an image, which is based on the

e et i — e e
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