. TEACHI NG METHOD AND SYSTEM FOR MOUNTED "COVPONENT | NSPECTI ON Thi ##¥geA?i on
relates to a systemor nethod for inspecting a plurality of electronic
conponents nmounted on a board such as printed circuit board, the existence
and positions of electronic conmponents-before soldering and the sol dering
rTesults after soldering, and nore particularly to an i nproved system or

nmet hod for teaching nounted conponent inspection data to a nounted
conponent inspection device to inspect a plurality of conponents nounted on

a board abouFEAGRING METHSD ot ¥ 8REMhEPRe MOUNEED, COMPOYENS: bad

(hereinafter called as "nounting ﬂualit ").
INSPECTIO

This invention relates to a system or method for
inspecting a plurality of electronic components mounted
.on a board such as printed circuit board, the existence
and positions of electronic components before soldering
and the soldering results after soldering, and more
particularly to an improved system or method for teaching
-mounted component inspéction data to a mounted component
inspection device to inspect a plurality of components
mounted on a board about the:mounting condition whether
they are good or bad (hereinafter called as "ﬁounting

quality"').

A naked eye inspection is commonly employed to
inspect mounted components on an inspected board as to
‘their mounting qualities (hereinafter, the word
"mounting" or "mounted" is used to mean it before and
after soldering). This naked eye inspection, however,
cannot prevent making an inspection mistake and uneven
inspection results by inspectors, and is limited about

its inspection processing capability.




A naked eye inspection is commonly enployed to i nspect nounted conponents
on an inspected board as to their nmounting qualities (hereinafter, the word
"mounting” or "nmounted" is used to nean it before and after sol dering).
Thi s naked eye inspection, however, cannot prevent meki ng an inspection

~m stake and uneven inspection results by inspectors, and is |limted about
Its inspection processing capability. -2- Recently, there has been

proposed a nount ed :

Recently, there has been proposed a mounted
component inspection device which automatically inspects
a mounting quality of a base mounted with many compo-
nents by employing a picture processing technique. The
mounted component inspection device is regquired to be
taught prior to its use for each kind of inspected
boards in which address, which components and how to be
mounted on the boards. This operation is called as
"teaching", and the mounted component inspection data
includes information. relating to pictures and decision
criteria for automatic inspection in addition to
positions and kinds of components mounted on the
inspected board.

The information relatiné to pictures and decision
criteria includes data (shape, length, width and so
forth) of a land on a board soldered with each compd-
nent, data (shape, scale, and so forth) of a window
defined as an inspection area, data (hue, brightness
and so forth) of characteristic parameters representing
soldered condition on the land, and decision criteria-
for determining whether or not the characteristic
parameéers are good.

The above-mentioned mounted. component inspection_
data are manually entered into the mouhted component

inspection device by an operator for each kind of the



Q&ﬂponent i nspection device which automatically inspects a nounting quality
of a base nounted wi th nmany conpo- nents by enploying a pi cture processing
t echni que. The nounted conponent inspection device is required to be taught
prior to its use for each kind of inspgcted boards in which address, which
conmponents and how to be nounted on the boards. This operation is called as
“teaching", and the nounted conponent inspection data includes information,
relating to pictures and decision criteria for automatic inspection in
addi ti on t oinpzpdciethsbemddki nasdohagotpendassdrantagesothakeiitnspect ed
boar d. The information relating to E[ctures and deci sion

consumes much labor and time and the inspection by the

device cannot be performed during teaching operations.

The positions and kinds of components in the mounted

component inspection data to be mounted ofi the inspected

board may use data obtained from a chip mounter or CAD

(computer-aided design). The data of picture and

decision criterié, however, are required to be taught

to the mounted component inspection device for each

kind of boards by a manual entry after conveying the

reference board properly mounted with the respective

components to the device, producing pictures. of the

respective components and their peripherals to extract

the above-mentioned characteristic parameters, and

determining the decision criteria.

It is, therefore, a primary object of this inven-
tion to provide an improved method or system for
teaching mounted component inspection data, particular-
ly data about pictures and their dedision criteria
which conventionally consume much labor and time, to a
mounted component inspection device.

It is further object of this invention to providg
an_ improved method or system for efficiently-and

quickly making teaching data without exclusively using
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;scriteria includes data (shapes length, width and so forth) of a land on a
board sol dered with each conpo- nent, data (shape, scale, and so forth) of
a wi ndow defined as an inspection area, data (hue, brightness and so
forth) of characteristic paraneters réepresenting soldered condition on the
| and, and decision criteria for determ ning whether or not the )
characteristic paraneters are good. The above-nentioned nounted, conponent
i nspection data are nanuaggébentered into_the nounted conmponent inspection

devi ce by 2afoyges GPmPONSE: LSRR oFoR Hievice.

According to this invention, there is provided a
method for';eaching mounted component inspection data to
a mounted component inspection device to inspect the
respective mounting qualities of a plurality of compo-
nents mounted on a board including tﬁe steps of previ-
ously storing data about pictures and decision criteria
into a storage as the mounted component inspection data
for each kind of the components, reading the stored
data about the pictures and decision criteria of the
components corresponding to the respective components
'on the board for teaching, and teaching the read data
to the mounted component inspection device. The data
about pictures and decision'c¥iteria necessary for
mounted component inspection data are stored prior to
teaching, and on a teaching mode the stored data are
read ocut f:om the stofage to be taught to the mounted
component inspection device, so that labor and timé for
teaching the device is extremely reduced.

According to other aspect of this invention, there
is provided a method for making teaching data to be
"taught to a mounted component inspection device t?
inspect the respective mounting qualities of components
mounted on an inspected board, the teaching data being

made by corresponding and composing the externally
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:-3- inspected boards, and has the disadvantages that it consunes nuch

| abour and tinme and the inspection by the device cannot be performed during
t eachi ng operations. 5 The positions and ki nds of conponents in the nounted
conponent inspection data to be nountsed on the inspected board may use data
obt ai ned froma chip nounter or CAD (conputer-aided design). The data of

pi cture and decision criteria, however, are required to be taught to 10 the
_nount ed conponent i nspection device for each kind of board by a nanual
entry aftevatdabdei dgteheboafte tdec d nsmaatgst dmand, widdhtde with t he

respecti ve conponents to
previously prepared inspection data. The data about
the inspected board is externally obtained, the data
about inspection are previously prepared, and the‘
inspection data is made by composing the both data, so

that the instruction data is made by computer's process

without using manual entry operation.

These and oéher objectives and advgntages of
'this.invention will be more readily apparent from the
following detailed description provided in conﬁunction
with the following figures, of which:

Fig. 1 is a schematic block diagram of a mounted
component inspection deviée ébplicable to a first
embodiment of this invention;_

Fig. 2 is a table illustrating relations between
_soldering condition and patterns taken by a camera of
Fig. 1; _

Fig..3 is a flow chart for making a component
kind table; |

Fig. 4 illustrates contents of the component kind
table;

Fig. 5 is a flow chart showing a sequence of
teaching;

Fig. 6 is a flow chart showing a sequence of an
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*t he devi ce, producing pictures of the respective conponents and their
peripherals to extract the above- 15 nentioned characteristic paraneters,
and determining the decision criteria. A system capable of being operated
inthis way is disclosed in DE-A-3506%37 This document corresponds-to the
pre-characterising part of claim1. 20 The article "Automated

| nspection of Sol der Joints on PC Boards by Suppl enentary Process of 3D and
Gray- Level |mages" by P Mengel in the proceedi ngs of the 16th Annual

Conf er ence®BFOR EEclﬁéﬁgFFF& D ectroni cs Society, pages 786-791, discloses

_ | i.oty. pages 786-70
2 system which Rt gduges £ ¢Sk FRnltid ARG An e 4 Mdllided®

component inspection device applicable to a second
embodiment of this invention;

Fig. 8:is a flow chart of making teaching data as
the second embodiment;

Fig. 9 is a schematic block diagram of a circuit
device for executing the flow chart of Fig. 8;

Fig. 10 shows a positibn of a component on a
board;

Fig. 11 shows positions and shapes of lands;

Fig. 12 is a perspective view. of showing dimensions
of a chip component;

- Fig. 13 shows an examplé of window setting; and

Fig. 14 is a converting table employed in the

device of Fig. 9.

Referring, now, to Fig. 1, there is shown a
schematic block diagram of a mounted component inspection
devicé to be applied by a method according to.a first
embodiment of this invention. The device includes a
X-axis table unit 3, a ¥Y-axis table unit 4, a projector
5, a camera 6, and a cpntrol processor 7, and is
designed to compare cﬁaracteristic pérameters of the

respective components 2S mounted on an inspection area
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teaching. This is no disclosure of how, in the latter case, teaching data
is generated. JP-A-62180251 shows an inspection system having a teaching
node and an inspection node. During the This is the replacenent sheet

-4- teaching node teaching data is~ dérirved fromvisual inspection of a
printed circuit board. The present invention seeks at |east partialy to 5
automate the derivation of decision criteria for -each

of a reference board 1S which are obtained by taking a
picture of the board 1S with characteristic parameters
of the respective component 2T mounted on an inspection
area of an inspected board 1T thch are obtained by
taking a picture of the board 1T to inspect mounting
qualities of the respective components 2T.

The X-axis table unit 3 and Y-axis table unit 4
are provided with motors (not shown in drawings)
actuated by a control signal generated from the control
processor 7 so that the X-axis table unit 3 moves
camera 6 in a X direction and the Y-axis table unit 4
moves a conveyer 8 supporting boards 1S and 1T ina ¥
direction.

The projector 5 consisté of three circular ring
‘light sources 9, 10 and 11 which have different

:diameters and respectivelf project red color light,
green color light and blue light color light simultane-

ously in‘'response to the control signal from the
processor 7. The light sources 9, 10 and 11 ére
positioned to have a centef right above an observation
position but respectively different elevation angles
from the observation position. The light sources 9, 10
and 11 respectively have red, green and blue colored |
transparent plates covering white light sourées in this

embodiment, but may employ three circular ring colored
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sconmponent on a board to be inspected. According to a first aspect of the

.present

i nventi on,

there is provided a nethod of teaching nounted conponent

i nspection data to a nounted conponent 10 inspection device which inspects
the respective nounting qualities of8conponents nounted on a board, the

met hod conpri si ng:
t eachi ng board; 15

identifying a plurality of teaching conponents on a
determ ning for each teaching conponent the

conponent_type and | ocation data; generating teaching data for each

t eachi ng

Nl ANRS R REP tHReeFFRERELVEAY RR@Iecting
red, green and blue light.

In order to find information (component number,
polarity, color code and so forth) and pattern informa-
tion (various marks) of domponents on boards 1S and 1T
under light by the projector 5, the light sources 9, 10
and 11 are designed to provide a complete white light
when their hues are mixed. The light sources 9, 10 and
11 are desiéned to respectively project lights having
red light spectrum, green }ight spectrum and blue light

spectrum each so having a contrast wavelength luminous

- energy distribution to provide white light when the

three color light rays are mixed, and the light volume
of the respective hue light is adapted to be adjusted
by a camera controller 18-so that white light is
obtained by mixing red light, green light and blue
light projected from the sources 9,.10 and 11l.

The camera 6 employs a- color television camera in
this embodiment, and is positioned right above the
observation position in a downward direction. Thus,
reflected lights from the surface of boards 1S and 1T
to be inspected are taken by camera 6 to be converted
into color signals R, G and B of three primary colors
to be provided to control processor 7.

The control processor 7 includes an A/D converter
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*suppl yi ng the teaching data to the nounted conponent 20 inspection device
and generating the nounted conponent inspection data therefrom wherein:
the step of generating the teaching data conprises: identifying a nmenorised
conmponent corresponding to 25 each t&chi ng conponent; retrieving nmenorised
conponent data corresponding to each nenorised conponent thus identified
froma storage device storing nenorised conponent data for each possible

component ,bype Lpdependqnt of the actual, commopent 5, Thigd s the repl acenent

processor 15, a judging unit 16, X-Y table controller
17, an image pickup controller 18, a component kind

_ table 19, a display 20, a printer 21, a keyboard 22, a
floppy disk driver 23, and a.controller.24. on a
teaching mode, the component kinds previously stored in
component.kind table 19 corresponding to components 2S
mounted on reference board 1S are read out, and charac-
teristic parameters such as hue and brightness about an
inspection area of the respective components 2S on the
reference board 1S are applied to make a decision data
file. On an inspection mode, color signals R, G and B
about the inspected board 1T are processed, and the
respective red, gfeen and blﬁé hue patterns are detected
about an inspection area of the respective components
2T on the inspected board 1T to produce an inspected
data file. The inspected data file is compared with the
decision data file, ahd in view of the comparison
results, mounting qualities such as soldering condition
about the components 2T on the inspected board 1T are
automatically judged.

Fig. 2 is a table showing sectional views of

soldering 25, image pickup patterhs, red color patterns,
green color patterns and blue color patternsltaken by

camera 6 in a soldering condition - good soldering,
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=-5- mounted on the printed circuit board,
conprising respective imge data and deci sion data; and 5

t he nenori sed conponent data

generati ng

the teaching data for each teaching conmponent by conbining said nmenorised

conponent data with said | ocati on-data-for the correspondi ng nenori sed

conponent. Thus, according to this aspect of the present 10 invention,

t he

I nspection data relating to each conponent of a board is already avail abl e
~when a board i s exam ned,

component omission and poor soldering. Since apparent

difference is found between hue patterns in the table,

it become possible to judge the existence of components
and soldering condition.

Returning to Fig. 1, the A/D converter 12 converts
color signals R, G and B from camera 6 into digital
signals to be applied to controller 24. Storage 13
employs RAM, and serves a working area for controller
24. The picture processor 15 performs picture process-
ing about picture data provided through controller 24
to make the inspected data file and the data file for
application to controller 24 and judging unit 16.

The component kind table 19 previously stores the
data about pictures and decigion criteria necessary for

mounted component inspection for each kind of the

component, such as data about a land on a board soldered

with the components (shape, length;'width and so forth),

data about a window defined as an inspection area

~(shape, scale and so forth), data about characteristic

parameters representing soldering condition on the land
(hue, brightness and so forth), and decision criteria
for determining whether or not the characteristic
parameters are good. When the above-mentioned decisiqn
data file is made, the data stored in the table 19 is

selected and read out in accordance with kinds of
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and therefore the specific teaching tine for that board is reduced.

According to a second aspect of t-he present 15 invention,

there is provided

a nmet hod of generating teaching data for teaching a nounted conponent

i nspection device which inspects thellespective nounting qualities of
conponents nmounted on a board, conprising: inputting board data conpri sing
| ocation data for 20 each of a plurality of board conponents; identifying a

menori sed conponent corresponding to each board congonent
menor i sed GUPTIRIMES datBhe odabspahdithgpictuned hBnb
identified froma storage

retrievi ng

Lsegmbofip@aafkt t hus

is about color pictures, such as hues, brightness

(total brightness of all colors), brightness for each

hue, saturation or the like which are selectively

employed. If the data about pictures is about mono-

chrome, shading data of black and white is employed.

If the controller 24 applies decision data file to

the teaching table 14 in a teaching mode, the table 14

stores the decision data file to be read out for

application to the judging unit 16 by the controller 24

when the controller 24 in an inspection mode requests

table 14 to transmit the stored decision data.file to

the unit 16. The judging unit 16 compares the decision-

data file applied from controller 24 in the inspection

mode with the inspected data ﬁiie applied from the

picture processor 15 to judge whether soldering condi-

tion of each component 2T on the inspected board 1T is

good or bad, and sends the judgement results to control-

ler 24. The image pickup controller 18 includes an

interface for. connecting controller 24 with projector 5

and camera 6, and controls in response to outputs

therefrom the respective light sources 9 through 11 of

projector 5 to adjust quantity of their light and the

camera 6 to keep a mutual balance among the respective

hues of light outputs therein. The X-Y table controller
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25 devi ce storing nenorised conponent data for each possible conmponent type
I ndependent of the actual conponents nmounted on the printed circuit board,
t he nenori sed conponent data conprising respective inspection data; and
generating the teaching data for eacte board This is the replacenment sheet
-6- conponent fromthe respective |ocation data for each board conponent,
and the inspection data for the correspondi ng nenori sed conponent.

17 includes an interface for connecting controller 24

with X-axis table unit 3 and Y-axis.table unit 4 to

control the units in response to outputs from

controller 24. The display 2b displays on its display

panel data of pictures, inspection results,.key input

and so forth whén the data is applied to the display.

When an inspection result is applied to printer 21 from
'controiler 24, the printer prints out it in a

predetermined format. The keyboard 22 includes various
| kinds of keys for entry of data about operation,

reference board 1S and inspected board 1T, and key

entr? data is applied to controller 24. The controller

24 includes a micro processor, aﬁd controls the

operations of making the comﬁonent kind table 19,

teaching, and executing the mounted component

inspection device according to the sequences of Figs.

3, S and 6.

In Fig. 3, there is shown a sequence for making

the component kind tablg 19. 1In an initial step

YSTART'", the controller 24 actuates projector 5 and

camera 6 by controlling the respective components to

prepare image pickup condition and,data processing

condition. |

If an operator actuates keypoard 21 to select a

component editor in a step ST1, the contents of
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:5 Thus, according to the second aspect of the present invention, it

IS not necessary to use an inspection device to generate the teaching data,
nor is manual entry of the nounting data required. The present invention

al so provides an apparatus for 10-camsrying out the method of the first
aspect of the present invention, and an apparatus for carrying out the

nmet hod of the second aspect of the present invention. Enbodinents of the
present invention will now be described in detail, -by way of exanple, with
r ef er enceceppebenbekisdompiig 1§ Praviloys i sieirgdt im ¢hel s a schematic

bl ock di agram of a nounted conponent inspection device applicable to a
first mounted component inspection device are displayed by a

the display 20 as exemplarily shown in a table of Fig.
4 which shows a plurality of component kinds (ex.

. resistor, ICrand so forth) represented by reference
letters “A" through "“G" and the component groups (ex.
Al through A8) belonging to the respective component
kinds. The operator selects a component kind corres-
ponding to a component for an object from the component
kind table in a step ST2, and a corresponding component
in the component group of the component kind in a step
ST3, so that previously stored component data about the
selected component is displéyed on display 20 in a step
ST4. .

If the operator judges the displaved data is
useful in automatic inspection even if it is stored, a
"YESY reply is produced in an ingquiry step STS5 for its
succeeding component group evaluation and moves to step
ST4. If the operator judges the displayed data cannot
be used in automatic inspection, the step STS5 produces
a "NO" reply for application to a step ST6 in which the
reference board 1S=is carried into an observation
position of the mounted component inspection device.

In a step ST7, a picture of the corresponding

component 2S on reference board 1S is taken by camera 6
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-enbodi ment of this invention; Fig. 2 is atable illustrating relations

bet ween 20 sol dering condition and patterns taken by a canmera of Fig. 1;
Fig. 3is a flowchart for making a conponent kind table; Fig. 4
illustrates contents of the conporentd kind 25 table; Fig. 5is a flow chart

showi ng a sequence of teaching; Fig. 6 is a flow chart show ng a sequence
of an

to extract parameters of the taken picture. 1In a step
ST8, values of the parameters are adjusted to produce
picture data and its decision criteria to be stored in
the component kind table 19. The adjusted parameters
include positions of components, data of lands, data
about windows for bridge detection, data about character-
istic parameters representing soldering condition on
lands, and decision criteria for determining whether
mounting quality is good or bad.

Upon completion of thishadjustment, the reference
board 1S is carried out from the mounted component
inspection device in a step ST9, and newly adjusted
component picture data is stored in the component kind
table 19 in a step ST10. -

Thus, in a same manner, component data about other
components for autpmatic inspection is subsequently
stored into component kind table 19.

In Fig. 5, there is shown a sequence for: teaching.
The operator actuates keyboard 22 to register board
name and key-input board size as teaching object in a
step ST11l, and sets reference board 1S on Y-axis table
unit 4 for depressing a start key in a step ST12. - In a
step ST13, the camera 6 takes a picture of the
reference board 1S at its original position and both

its right above and left bottom corners to input the
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«-7- automatic inspection; Fig. 7 is a schematic bl ock diagram of a nounted
conponent inspection device applicable to a second enbodi nent of this
invention; Fig. 8 is a flow chart of making teaching data as the second
enbodi nent; Fig. 9 is a schematic-bl®ck diagramof a circuit device for
executing the flow chart of Fig. 8, Fig. 10 shows a position of a conponent
on a board; Fig. 11 shows positions and shapes of | ands;

size of actual reference board 1S by the reference
points, and the controller 24 controls X-axis table
unit 3 and Y-axis table unit 4 to bring the reference
board 1S to its original positién. The reference board
1S has a good mounting quality in which a predetermined
component 2S is properly soldéred at a component
mounting position. If the reference board 1s is fixed
at the initial position, the camera 6 takes a picture
of a field on reference board 1S to teach a mounting
position of a component in a step ST14.

In a step ST1S5, the contents of component kind-
table 19 are displayed on display 20, a component
correéponding'to the domponent 2S whose mounting
position is taught is chosen; and its component data is
read out from component kind table 19 to be stored as
teaching data. |

If same sequence is repeatedly executed about all
components on the reference board 1S, a reply “YES"-is
produced from a step ST16 inquiring if sequences for
all components are finished, and applied to a step ST17
to modify teaching. This teaching modification is
executed to actually advance automatic inspection about
all portions to be inspected by:teaching data produced
in steps 14 and 15 and to modify only:the teaéhing data

of an improper portion if the improper portion is found
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-Fig. 12 is a perspective view of show ng di mensions of a chip conponent;
Fig. 13 shows an exanple of w ndow setting; and Fig. 14 is a converting
tabl e enpl oyed in the device of Fig. 9. Referring, now, to Fig. 1, there is
shown a schematic bl ock di agram of-alfrounted conponent inspection device to
be applied by a nethod according to a first enbodi ment of this invention.
The device includes a X-axis table unit 3, a Y-axis table unit 4, a

proj ector 5, camera 6, and a control processor 7, and is designed to
conpare clff a@leerli'es‘i‘%t%a?%n%‘ﬂ%r%u‘é?m?ﬁécr dgseeciti®ncongénént s 2S nount ed

on an Insgggéf§¥£é¥§¥§ result is obtained by the modified teach-

ing data, it is stored as teaching data in a step ST18.

In Fig. 6, there is shown a sequence for automatic
inspection. : In steps ST21 ana STZZ, name of a board to
be inspected is selected and an inspection key is
actuated to execute board inspection. 1In a step ST23,
it is inquired if an inspected board 1T is supplied to
the mounted component inspection device or if the board
is to be carried in. If a rgply "YES" is made in the
step ST23, conveyer 8 is actuated to carry the inspect-
ed board 1T in Y-axis table unit 4 in a step ST24 and
automatic inspection is initiated in a step ST25.

in the step ST25, the céntroller 24 controls the
X-axis and Y-axis table units_3 and 4 to fix a view of
camera G.to the first component 2T on the inspected
board 1T for taking pictures, the respective land
fields in an inspection field are automatically ex-
tracted, characteristic parameters in the respecﬁive
land -‘fields are computed, and an inspected data file is
made. Subsequently, the controller 24 applies the
inspected data file to the judging unit 16 to compare
the inspected daté file with the judging data file from
teaching table 14 for judging mounting quality of the

first component 2T such as soldering condition (step
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:-8- of a reference board i S which are obtained by taking a picture of the
board i S with characteristic paraneters of the respective conponent 2T
nount ed on an inspection area of an inspected board 1T which are obtained
by taking a picture of the board tTl¥o-i nspect nounting qualities of the
respective conponents 2T. The X-axis table unit 3 and Y-axis table unit 4
are provided with notors (not shown in draw ngs) actuated by a control

si gnal gg&gﬁg}ed fromthe contro

Thus i1nspection is repeatedly executed about
all components 2T on the inspected board 1T.

If any inferior component such as poor soldering
is found as a result of the above-mentioned inspection,
the inferior component and its inferior or bad data is
displayed on the display 20 or printed by printer 21
(step ST27), the inspected board 1T is carried out from
the observation position (step ST28).

If this inspection operation -is executed or
finished about all inspected_bdards 1T, a response
"YES" is produced in a step ST29 and this inspection
sequence is finished.

Thus, according to this embodiment, the data of
pictures and inspection critéria for mounted component
ihspection data is previously_stored in a storage for
each kind of components, and in a teaching mode the
data of pictures and decision criteria about components
corresponding to the respective components on a board
is selectively read out from the storage to be taught
to the mounted component inspection device, so that
labor aﬁd time for teaching is extremely reduced.

In Fig. 7, there is shown a schematic block
diagram of a mounted component device to be taught
teaching data in accordance with a second embﬁdiment of

this invention. The device of Fig. 7 has a similar
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-processor 7 so that the X-axis table unit 3 noves canera 6 in‘a X direction
.and the Y-axis table unit 4 noves a conveyer 8 supporting boards 1S and 1T
in a Y direction. The projector 5 cggsLsts of three circular ring |ight
sources 9, 10 and 11 which have différent diameters and respectively
project red color light, green color light and blue light color Iight
sinmultane- ously in response to the control signal fromthe processor 7.

The |1 OhteSUNGES fon 1052002 L 102" 81805 0BG (IR G ganf.ery right above
an observation position but respectively different el evation angles from
the obseryddd HoPOofhdiode The tbaBbneod @hdtaMle of Fig. 1,
but its components represented b§ the same reference
numbers as those of Fig. 1 have the same functions or
construction.as those of Fig. 1. Accordingly, explana-
tion about the same components is omitted for a simpli-
fied explanation.

The mounted comporient inspection device of Fig. 7
is designed‘to inspect mounting quality of each mounted
component 2 on an inspected geference board 1, and
includes X and Y axis table units 3 and 4, projector 'S,
camera 6 and control processor 7. The control préces-
sor 7 is designed to compare an inspected data file
with decision data file to aﬁiomatically inspect
mounting condition. The processor 7 includes A/D
converter 12, storage 13, teaching table 14, picture
processor iS; judging unit 16, X-Y table controller 17,
image controller 18, display 20, printer 21, keyboard
22, disk driven 23,'and controller 24. The disk driver
23 is adapted to be inserted by-a floppy disk storing
teaching data, controller 2@ makes decision data.file
based on the teaching data to be applied to teaching
table 14. The controller 24 reads and writes data with
storage 13, and controls operations of the mounted

component inspection device.
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and 11 respectively have red, green and blue colored transparent plates
covering white light sources in this enbodi nent, but may enpl oy three
circular ring colored - 9- quorescent | anps or neon tubes respectively
projecting red, green and blue lightl2Imn order to find information
(conponent nunber pol arity, color code and so forth) and pattern inforna-
tion (various narks) of conponents on boards 1S and 1T under |ight by the

projector 5, trgiéjgﬁ“sﬁ§$gcgsséguéﬁée for making teaching data

according to this embodiment, and Fig. 9 shows a part
of block diagram of a circuit device for executing the
sequence.

The circuit device of Fig. 9 includes a controller
26 employing a microprocessor, and a bus 30 associated
with a storage 27, a library 28, and a converting table
29. The storage 27 stores external data about inspect-
ed boards such as CAD/CAM data produced in designing
and manufacturing boards. The external data inciudes
mounting positions, amounting directions and component
models of the respective components, and land's posi-
tions and shapes as shown in Figs. 10 and 11.

Iﬁ Fig. 10, a chip compohent 32 is mounted on a
board 31 to be inspected, and at a predetermined
position P(Xi, Yi) on X-Y coordinates, having its
electrodes 33 in a X direction. Fig. 11 shows a pair
of lands 34 and 35 to be soldered with the chip com-
ponent 32 of Fig. 10. The lands 34 and 35 have length
Lxl and Lx2 in a X direction and length Lyl and Ly2 in
a Y direction, forming a rectangular shape. The
distances from a position P to lands 34 and 35 are set
to Dl and Dz. Thus, the above-mentioned external data
includes Xi and Yi as data expressing a mounéing posi:

tion, Dl' D2' Lx1, sz, Lyl and Ly2 as data expressing
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.and 11 are designed to provide a conplefe white Iight when their hues are

m xed. The light sources 9, 10 and 11 are designed to respectively project -
lights having red light spectrum green |ight spectrumand blue |ight
spectrum each so having a contrast #avel ength | um nous energy distribution
to provide white |ight when the three color light rays are m xed, and the

i ght vol unme Fr the respective hue light is adapted to be adjusted by a
canmera controller 18 so that white light is qbtained by mxing red |ight,
green |i gesiddens and i spares opEclandfr dth ere §gurcg§egF°T@° dt11. Tﬁe

canera 6 enploys a color teleyision canera in this .enbodi n '
posi ti ond¥P ]g%ta%dw@%s o¥ k:an s, ggapes an %J.men%q,orﬂ% to’f and is

components determined by a component maker. The
mounting directiong of components are data expressing
directions of. components with respect to X direction by
90 degree units.

The library 27 stores library data previously
prepared for each component kind regarding inspection.
The respective library data have data construction
including library name, component kind name, componeht
size, éomponent color, total inspection referenée,
number of inspection areas, and inspection reference
within windows. The component size includes the data
of'length L, width W and height H of chip component 32,
and length e of electrodes 33 thereof as shown in Fig.
12. The component color is color of a body (package)
of a component; and includes data of a deéree of white,
brightness, red hue value, green hue value,'and blue
hue value. The total inspection reference is reference
values for totalizing inspection results within the
respective inspection areas (windows) and for deciding
quality of inspection result. The number of inspection
area is a total number of windows set for each compo-
nent. As shown in Fig. 13, for instance, the first,

second and third windows W1, W2 and W3, if necessary,
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.Observation position in a dowward direction. Thus, reflected lights from
the surface of boards 1S and 1T to be inspected are taken by canera 6 to be
converted into color signals R Gand B of three primary colors to be
provided to control processor 7. “THe control processor 7 includes an A/D
converter This is the replacenent sheet - 10 - 12, a storage 13, a
teaching table 14, a picture processor 15, a judging unit 16, X-Y table

ContrOIIe::he fourth through ninth windows W4 through W9, are set
for chip component -32. The windows W1 and W2 are
provided for judging quality of soldering condition,
and set to substantially coincide with shapes and size

; of lands 34 and 25. The third window W3 is provided
for finding any omission of components, and set to a
rectangular shape smaller thén the external shape of
chip component 32 at its mounting position. The
windows W4 through W9 are provided for a bridge inspec-
tion, and a desired number of windows are. set around
the lands 34 and 35 accbrding to existence of any
components adjacent to the iands. The inspection
references within windows are provided in accordance
witﬁ the nﬁmber of the above-ﬁentioned windows, and
include data about set positions, size, extracting
threshold values of areas within windows, and inspec-
tion references. _

Returning to Fig. 9, the éonyerting table 29 is
provided for arranging which ipspection data should be
empioyed to process the respecéive mounting components
on a board to be inspected, viz., for arranging which
library name's library data in the library 28 should be
applied about the external data of the respective
mounting components stofed in storage 27. Fié. 14

shows an example of the converting table 29, in which
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17, an image pickup controller 18, a conponent kind table 19, a display 20,
a printer 21, a keyboard 22, a floppy disk driver 23, and a controller 24.
On. a teachi ng node, the conponent kinds previously stored in conponent kind
tabl e 19 corresponding to conponent #22S nounted on reference board 1S are
read out, and charac- teristic paraneters such as hue and bright ness about
an inspection area of the respective conponents 2S on the reference board

d I
s gnal s REoRBeneRE RS ed ol RELR CBSatA mbttia BT Gr ® pronekRa, ‘and the
respectivigagerls @5FAsBBAAPLIC 10N AL TR AS: el geded,pout an

i nspection area o e respective c
"RB1068" and so forth.

The controller 26 arranées corresponding library
data of library 28 in view of converting table 2§ about
the external data of the respective mounting components
stored in storage 27 to compose_teaching data for
storage to the storage 27.

" Returning to Fig. 8, a making process of teaching
data by controller 26 is shown. 1In a step STBlf the
controller 26 reads out from étorage 27 the CAM data
about the first mounting component on a board to be
inspected such as its mounting position, mounting
difection and model name and the CAD data such as
positions and shapes of lands to be soldered with the
component. Thus, board data is entered. 1In a step
ST32, the controller 26 converts these external data to
corresponding iibrary data of library 28 by converting
table 29 to compose teaching data for storage té
storage 27. Thus, inspection data is entered.

Regarding to subsequent mounting components after
Ehe first one, the controller 26 repeatedly executes
simiiar sequence to make teaching data about all
components. Accordingly, a reply "“YESY is produced in

a step ST33, the teaching data making sequence is
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2T on the inspected board 1T to produce an inspected data file. The

I nspected data file is conpared with the decision data file, and in view of
the conparison results, nmounting qualities such as soldering condition
about the conponents 2T on the inspéété&d board 1T are autonatical |y judged.
Fig. 2 is a table show ng sectional views of soldering 25, image pickup
patterns, red color patterns, green color patterns and blue color patterns

taken by ¢3HPLACE,  dnd $REIGLAEEA N o 923 SHUHRdNSn
sequence. '

The external data is stored into a floppy disk for
application to the mounted component inspection device,
and applied to the circuit of Fig. 9.

Thus, according to this embodiment, teaching data
is made by allowing the externally available data about
a board to be inspected to correspond to the'previously
prepared data about inspection to be. composed, whereby
the teaching data can be eff%ciently made by computer
processing without manudal input operation. Moreover,
the teaching data can be made without exclusively using
the mounted component inspection device, so that the
deéice can be used for inspecﬁion during making the
teaching data. Making the teaching data does not need
any expensive feaching machine having an image pickup
means, and is perfectly ordered, whereby dispersion of
quality of teaching data made by operators is prevented
and many advantages are expected.

It should be understood that the above description
is merely illustrative of this invention and that many
changes and modifications may be made by those skilled

in the art without departing from the scope of the

appended claims. ®
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. on155|on and poor soldering. Since apparent difference is f ound
betme g the table, it becone possible to judge the

exi ste ﬂﬂ"g and sol dering condition. Returning to Fig. 1, the
AD converter 1? cbnverts color stghéls R, Gand B fromcanera 6 into

digital signals to be applied to controller 24. Storage .13 enploys RAM and
serves a working area for controller 24. The picture processor 15 perforns

pi cture pkﬁé g@- i ng about picture data provided through controller 24 to
make the | § ted data file and the data file for application to

control e 24 and { udgl nga UpLL 18,108, CRIRRIEN s, 4! e 19 previously

inspection data to a mounted component inspection
device to inspect the respective mounting qualities of
a plurality of components mounted on a board comprising
the steps of'

previously storing data.about pictures and deci-
sion criteria into a storage as said mounted component
inspection data for each kind of the components,

reading out said stored_gata about the pictures
and decision criteria of the-components'corresponding
to the réspective components on the board for teaching,
and

teaching said read out data to said mounted
component inspection device.

2. A method for making teaching data to be taught
to a mounted component inspection device_to inspect the
respective mounting qualities of components mounted on
an inspected board, said teaching data béing made by
composing the éxternally available data about said
inspected board with the previously prepared corres-
ponding inspection data.

3. A system for teaching mounted component
inspection data to a mounted component.inspection

device to inspect the respective mounting qualities of
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-dat a abbﬁtmbictures and decision criteria necessary for nounted conponent

| nspect
board s

data abolit @ Wi ndow®detined as an-i

‘forth),

HIIMHMIMHIIMHW of the conmponent, such as data about a |land on a
conmponent s %shape, | ength, width and so forth),
Spection area (shape, scale and so
data about characteristic paraneters representing sol dering

?ondgtion on the Iand (hue, brightness and so forth), and decision criteria
or determnjin het her. or not the characteristi araneters are good. Wen
Hifale e

t he. above&nB

GYde&i SPBRORSIL St MEANTEd0f &

table 19 is sel ected and read oub JnagsiAanGgs Wl &indiBles

and decision criteria as said mounted component inspec-
tion data for each kind of the components,

means for reading out said previously stored data
about the pictures and decisioﬁ criteria of the compo-
nents corresponding to the respective components on the
board for teaching, and

means for teaching éaid read out data to said
mounted component inspectioh_device.

4. A system for making teaching data to be taught

" to a mounted component inspection device to inspect the

respective mounting qualities of components mounted on
an inspected board comprisiné

means for composing the externally available data
about said inspected board with the previously pre-
pared corresponding inspection data to produce teaching
data, and

means for applying said feaching data to said

mounted component inspection device.
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.- 12 - conponents. The data about pictures in this enbodinment is about
.color pictures, such as hues, brightness (total brightness of all colors),
: br|ghtness for each hue, saturation_or the |ike which are selectively

enpl oyed. |f the data about plcture% IS about nono- chrome, shading data of
-black and white |s.enployed. If the controller 24 applies decision data
file to the teachPf ‘ ALODn AND X SEY Bl e HED abl e 14 stores the

decision data file to be r — ‘ on to the judging unit 16 by
the controller 24 %%%ﬁBQEJE) ﬁEyEdf%%ﬁ

ABSTRACT
An operator actuates keyboard (22) to register

board name of a board for teaching (STll), sets a
reference board (1S) on a Y-axis table unit (4) to
actuate a start key (ST12), inpuﬁs reference-points of
the reference board (1S} to be set to an original
position (SIl3), takes a picture of a predetermined
area on tﬁe reference board to teach a mounting posi-
tion (ST1l4), and reads data gbout component image and
its decision criteria of the corresponding component
f;om a component kind table (19) to be stored as
teaching data (STlS); This operation is repeatedly
executed until all components'are taught to a mounted.
component inspection device which inspects mounting

qualities of a plurality of componenﬁs-mounted on an

inspected board.

FIGURE 1
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-when the controller 24 in an inspection node requests table 14 to transmt
.the stored decision data.file to the unit 16. The judging unit 16 conpares
the decision data file applied fromcontroller 24 in,the inspection node
with the inspected data file applied f%f the picture processor 15 to judge
‘whet her sol dering condi- tion of each dﬂ%onent 2T on the inspected board
1T is good or bad, and sends the judgenent results to control- ler 24. The
i mage pi ckup controller 18 includes an interface for connecting controller
24 with projector 5 and camer 36, and%?ontroE? in rg§ onse to outputs
therefrom the reppective -+ irght=spurces Yt-hrouyh -1+ of—pr oject or—5) t o
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. camera 6 to keep a nutual bal ance anong the respective hues of |ight
outputs therein. The X-Y table controller - 13 - 17 includes an

interface for connecting controller 24 with X-axis table unit 3 and Y-axis

table unit 4 to control the units in response to outputs fromcontroller

24. The display 20 displays on its digsplay panel data of pictures, :

I nspection results, key input and so ?6Fih when the data is applied to th

di splay. Wien an inspection result is applied to printer 21 from

FIG.2
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-controller 24, the printer prints out it in a predetermned format. The
.keyboard 22 includes various kinds of keys for entry of data about
operation, reference board 1S and inspected board 1T, and key entry data is
applied to controller 24. The controller 24 includes a mcro processor, and
controls the operations of nmaking the conponent kind table 19, teaching,
and executing the nounted conponent ingpection device according to the
sequences of Figs. 3, 5 and 6. In Fig 3, there is shown a sequence for

maki ng the conponent kind ta ninitial step "START[err], the
controller 24 actuates proje 1 Eg

(-START )

ELECT COMP,
EDITOR

I T R

KIND

m‘ﬁlr’TMP."’STS

GROUP

L —S T |

s

DISPLAY ST4
COMP., DATA

STO CARRY IN L
BOARD CARRY OUT |L_STo9
I BOARD
ST TAKE l
' PICTURE STORE COMP.L—ST10
I PICTURE
ST8\{apyusT |
PICTURE DATA (; —— 4)




-camera 6 by controlling the respective conponents to prepare inmage pickup
.condition and data processing condition. If an operator actuates keyboard
21 to select a conmponent editor in a step ST1l, the contents of - 14 -
conponent kind table 19 previously stored in the nounted conponent

I nspection device are displayed by the display 20 as exenplarily shown in a
table of Fig. 4 which shows a pluralit4/Jf conponent kinds (ex.

FI1G.4

r l ~ 1
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.resistor, IC and so forth) represented by reference letters "A" through "G
,and the conponent groups (ex. Al through A8) belonging to the respective
conponent ki nds. The operator selects a conponent kind corres- ponding to a
conponent for an object fromthe conponent kind table in a step ST2, and a
correspondi ng conponent in the conpoq? t. group of the conponent kind in a
step ST3, so that previously stored ¢ onent data about the sel ected
conponent is displayed on dis in step ST4. If the operator judges
t he di splayed data is useful } n@tigs nspection even if it is stored,
a "YES'" reply is produced in an 1nquiry step ST5 for its

(j START )
R B

BOARD ST1t1
NAME REG, /
SIZE INPUT

I

START _—ST12
KEY

N

INPUT ST13
REF.

POINT

-
-

TEACGCH ST14
COMP. =
POSITION

|

TEAGH ST1S
COMP, -
DATA

MODIFY ST17
TEACHING
|
STORE
COMP. _—ST18
DATA
|

(e )




.succeedi ng conponent group eval uation and noves to step ST4. If the
operator judges the displayed data cannot be used in automatic inspection,
the step ST5 produces a "NO' reply for application to a step ST6 in which
the reference board 1S is carried into an observation position of the
‘nmount ed conponent inspection device. In a step ST7, a picture of the
correspondi ng conponent 2S on refereneélboard 1S is taken by canera 6 -
15 - to extract paraneters of the taken picture. In a step

FIG.6
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»ST8, values of the paraneters are adjusted to produce picture data and its
decision criteria to be stored in the conponent kind table 19. The adjusted
paraneters include positions of conponents, data of |ands, data about

wi ndows for bridge detection, data about character- istic paraneters
‘representing soldering condition on Iag? and decision criteria for
determ ni ng whether nounting quality i g%od or bad. Upon conpl etion of
this adjustnment, the reference board 1S is carried out fromthe nounted
conponent inspection device in a step ST9, and new y adjusted conponent
picture data is stored in the conponent kind table 19 in a step ST1O
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.Thus, in a sanme manner, conponent data about other conponents for automatic
.inspection is subsequently stored into conponent kind table 19. In Fig. 5,
there is shown a sequence for teaching. The operator actuates keyboard 22
to registeer board nane and key-input board size as teaching object in a
step ST1l, and sets reference board 1S on Y-axis table unit 4 for )
depressing a start key in a step ST12.8/Al a step ST13, the canera 6 takes
a picture of the reference board 1S at its original position and both its
right above and | eft bottom corners to input the

F1G. 8

.-

( STAR%_<>

e
INPUT
BOARD .~ ST31

DATA

|

INPUT
INSPECTION |——ST32
DATA




»- 16 - size of actual reference board 1S by the reference points, and the
.controller 24 controls X-axis table unit 3 and Y-axis table unit 4 to bring
the reference board 1S to its original position. The reference board 1S has
a good nmounting quality in which a predeterm ned conponent 2S is properly
sol dered at a conponent nounti ng posi:ré'?gl If the reference board 1S is
fixed at the initial position, the ca 6 takes a picture of a field on
ref erence board-1S to teach a nmounting position of a conponent in a step
ST14. In a step ST15, the conl‘::e_nt‘s(%;c co§onent ki nd

30
o8 | 7
L/
26
L1 BRARY (:j Z
N
27 (__JICONTROLLER
STORAGE KN
29
|
CONVERT .
TABLE @
Y} 3332 33 31
] 7

P(Xi, Yi)




.table 19 are displayed on display 20, a conponent corresponding to the

. conponent 2S whose nounting position is taught is chosen, and its conponent
data is read out from conponent kind table 19 to be stored as teaching
data. If same sequence is repeatedly executed about all conponents on the
reference board 1S, a reply "YES' |s pyd) puced froma step ST16 inquiring if
sequences for all conponents ar {;2 d applied to a step ST17 to
nodi fy teaching. This teaching d t|o s executed to actually advance
automatic i nspection about all portions to be inspected by teaching data
produced in steps 14 and 1§3Q§d toEngify qgha the teaching data

Ly2 || ~P2\DPl Lyl
Lx2 Lx1

FI1G. 12




s of an inproper portion if the inproper portion is found - 17 - as the
results of the automatic inspection. If a satisfactory result is obtained
by the nodified teach- ing data, it is stored as teaching data in a step
ST18. In Fig. 6, there is shown a sequence for automatic inspection. In

'steps ST21 and ST22, nane of a board tQ i nspected is selected and an
I nspection key is actuated to execut e 1ddarld I nspection. In a step ST23, it

is inquired if an inspected b?§¥1 t§ S T%?glied to
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P

<> the nmounted conponent inspection device or if the/boar ;to be;carrled'ﬁ
in. If areply "YES'" is nade in the step ST23, c@ﬁveyer 18 Is; actuated.to,?
carry the inspect- ed board 1T in Y-axis table!unit: 4 s A anc
automatic inspection is initiated in a step ST254 |p..t.he step SIQS[ €
controller 24 controls the X-axis and Y-axis table units 3 and 4°t¢ fi
view of canmera 6 to the first conponent 32T on Lhe g%; for
taking pictures, the respective land fields intan: |nspect I*d--ar e :
autonatlcalIynsgectedunaﬁtdschahaches|sm¢odxﬁﬂduambag33|ﬂhaheatespectlve Iand

fields are conputed, and an inspected data file is nmade. Subsequently, the
controll er zaoapwm¢%snuqhglabour and time and the inspection by the

device cannot be performed during teaching operations.

5 The positions and kinds of components in the mounted
component inspection data to be mounted on the inspected
board may use data obtained from a chip mounter or CAD
(computer-aided design)}. The data of picture and
decision criteria, however, are required to be taught to

10 the mounted component inspection device for each kind of
board by a manual entry after conveying the reference
board properly mounted with the respective components to
the device, producing pictures of the respective
components and their peripherals to extract the above-

15 mentioned characteristic parameters, and determining the
decision criteria.

A system capable of being operafed in this way is
disclosed in DE-A-3506237. This document corresponds to
the pre-characterising part of claim 1.

20 The article "Automated Inspection of Solder Joints
on PC Boards by Supplementary Process of 3D and Gray-
Level Images" by P Mengel in the proceedings of the 16th
Annual Conference of IEEE Industrial Electronics Society,
‘pages 786-791, discloses a system which produces test

25 data CAD/CAM data, or, if this is unavailable, by
teaching. This is no disclosure of how, in the latter
case, teaching data is generated.

JP-A-62180251 shows an inspection system having a

teaching mode and an inspection mode. During the
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‘inspected data file to the judging unit 16 to conpare the inspected data

file wwth the judging data file fromteaching table 14 for judging nounting
quality of the first conponent 2T such as soldering condition (step

- ST26). Thus inspection is repeatedly executed about al

the inspected board 1T. If any inferior conponent such as poor soldering is

18

conponents 2T on

found as a result of the above-nentioneditispection, the inferior conponent
and its inferior or bad data is

10

15

20

25

teaching mode teaching data is derived from visual
inspection of a printed circuit board.

The present invention seeks at least partialy to
automate the derivation of decision criteria for each
component on a board to be inspected.

According to a first aspect of the present
invention, there is provided a method of teaching mounted
component inspection data to a mounted component
inspection device which inspects the respective mounting
qualities of components mounted on a board, the method
comprising:

identifying a plurality of teaching components on a
teaching board;

determining for each teaching component the
component type and location data;

generating teaching data fof~each teaching component
on the basis of the determination; and

supplying the feaching data to the mounted c&mponent
inspection device and generating the mounted component
inspection data therefrom;

wherein:

the step of generating the teaching data comprises:

identifying a memorised component corresponding to
each teaching component;

retrieving memorised component data corresponding to
each memorised éomponent thus identified from a storage
device storing memorised component data for each possible

component type independent of the actual components

This is the replacement sheet
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di spl ayed on the display 20 or printed by printer 21 (step ST27), the
I nspected board 1T is carried out fromthe observation position (step
ST28). If this inspection operation is executed or finished about al
i nspected boards 1T, a response "YES' is produced in a step ST29 and this
I nspection sequence is finished. Thus, according to this enbodi nent, the
data of pictures and inspection criterid $#or nounted conponent inspection
data is previously stored in a storage for each kind of conponents, and in
a teachi ng nbdentéd emttheobrpngedr esrawit dwardi other hereyisethout conponents
corresponding to the respective conponents on a board
component data comprising respective image data and
decision data; and
5 generating the teaching data for each teaching
component by combining said memorised component data with
said location data for the corresponding memorised
component.
Thus, according to this aspect of the present
10 invention, the inspection data relating to each component
of a board is already available when a board is examined,
and therefore the specific teaching time for that board
is reduced.
According to a second aspect of the present
15 invention, there is provided a method of generating
teaching data for teaching a mounted component inspection
device which inspects the respective mounting.qualities
of components mounted on a board, comprising:
inputting board data comprising location data for
20 each of a plurality of board components;
identifying a memorised component corresponding to
each board component;
retrieving memorised component data corresponding to
each memorised component thus identified from a storage
25 device storing memorised component data for each possible
component type independent of the actual components
mounted on the printed circuit board, the memorised

component data comprising respective inspection data; and

generating the teaching data for each board
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I's selectively read out fromthe storage to be taught to the nounted
conponent inspection device so that |labor and tinme for teaching is
extrenely reduced. In Fig. 7, there is shown a schematic bl ock diagram of a
nount ed conponent device to be taught teaching data in accordance with a
second enbodi nent of this invention. Thg device of Fig. 7 has a simlar

- 19 - construction to that of Fig. 1. The device of Fig. 7 does not

i nclude the Cé%%%%%%ﬂi @r%% %ﬁglﬁéégeé@f%é &bcation data for each
board component, and the inspection data for the
corresponding memorised component.

S Thus, éccording to the second aspect of the present
invention, it is not necessary to use an inspection
device to generate the teaching data, nor is manual entry
of the mounting data required.

The present invention also provides an apparatus for

10 carrying out the method of the first aspectvof the
present invention, and an apparatus for carrying out the
method of the second aspect of the present invention.

Embodiments of the present invention will now be
described in detail, by way of example, with reference to

.15 the accompanying drawings in which:

Fig. 1 is a schematic block diagram of a mounted
component inspection device applicable to a first
embodiment of this invention;

Fig. 2 is a table illustrating relations between

20 soldering condition and patterns taken by a camera of
Fig. 1;

Fig. 3 is a flow chart for making a component kind
table;

Fig. 4 illustrates contents of the component kind

25 table;

Fig. 5 is a flow chart showing a sequence of

teaching;

Fig. 6 is a flow chart showing a sequence of an
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but its conponents represented by the sane reference nunbers as those of
Fig. 1 have the sane functions or construction as those of Fig. 1.

Accordi ngly, explana- tion about the sane conponents is omtted for a
sinpli- fied explanation. The nmounted conponent inspection device of Fig. 7
I's designed to inspect nounting quality of each nounted conponent 2 on an

i nspected reference board 1, and inclydes X and Y axis table units 3 and 4,
projector 5, camera 6 and control processor 7. The control proces- sor 7 is
designed to conpare an inspected data file with decision data file to
aut.omat i caldtordisipecingpedtidg; condi tion. The processor 7 includes A/D

Fig. 7 is a schematic block diagram of a mounted
component inspection device applicable to a second
embodiment of this invention;

Fig. 8 is a flow chart of making teaching data as
the second embodiment;

Fig. 9 is a schematic block diagram of a circuit
device for executing the flow chart of Fig. 8;

Fig. 10 shows a position of a component on a
board;

Fig. 11 shows positions and shapes of lands;

Fig. 12 is a perspective view of showing dimensions
of a chip component;

Fig. 13 shows an example of window setting; and

Fig. 14 is a converting table employed in the

device of Fig. 9.

Referring, now, to Fig. 1, there is shown a
schematic block diagram of a mounted component inspection
device to be applied by a method according to.a first
embodiment of this invention. The device includes a
X-axis table unit 3, a Y-axis table unit 4, a projector
5, a camera 6, and a control processor 7, and is
designed to compare characteristic parameters of the

respective components 2S mounted on an inspection area
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converter 12, storage 13, teaching table 14, picture processor 15, judging
unit 16, X-Y table controller 17, image controller 18, display 20, printer
21, keyboard 22, disk driven 23, and controller 24. The disk driver 23 is

adapted to be inserted by a floppy disk storing teaching data, controller
24 makes decision data file based on the teaching data to be applied to

teaching table 14. The controller 24 regdg and wites data with storage 13,
and control s operations of the nmounted Coftponent inspection device.

of a reference board 1S which are obtained by taking a

picture of the board 1S with characteristic parameters

of the respective component 2T mounted on an inspection

area of an inspected board 1T which are obtained by

taking a picture of the board 1T to inspect mounting

qualities of the respective components 2T.

The X-axis table unit 3 and Y-axis table unit 4
are provided with motors (not shown in drawings)
actuated by a control signal generated from the control
processor 7 so that the X-axis table unit 3 moves
camera 6 in a X direction and the Y-axis table unit 4
moves a conveyer 8 supporting boards 1S and 1T ina ¥
direction.

The projector 5 consists of three circular ring
'light sources 9, 10 and 11 which have different

:diameters and respectively project red color light,

green color light and blue light color light simultane-
ously in response to the control signal from the
processor 7. The light sources 9, 10 and 11 ére
positioned to have a centef right above an observation
position but respectively different elevation angles
from the observation position. The light sources 9, 10
and 11 respectively have red, green and blue colored
transparent plates covering white light sources in this

embodiment, but may employ three circular ring colored
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- 20 - Fig. 8 shows a sequence for naking teaching data according to this
enbodi nent, and Fig. 9 shows a part of block diagramof a circuit device
for executing the sequence. The circuit device of Fig. 9 includes a
controller 26 enploying a mcroprocessor, and a bus 30 associated with a
storage 27, a library 28, and a converting table 29. The storage 27 stores
external data about inspect- ed boards such as CAD/ CAM data produced in
desi gni ng and nmanuf acturing boards.” Thé external data includes nounting
positions, anmounting directions and conponent nodels of the respective
conponentSludresdant’ 3afpsi or neon tubes respectively projecting

red, green and blue light.

In order to find information (component number,
polarity, color code and so forth) and pattern informa-
tion (various: marks) of éomponents on boards 1S and 1T
under light by the projector 5, the light sources 9, 10
and 11 are designed to provide a complete white light
when their hues are mixed. The light sources 9, 10 and
11 are designed to respectively project lights having
red light spectrum, green ;ight spectrum and blue light
spectrum each so having a contrast wavelength luminous

- energy distribution to provide white light when the
three color light rays are mixed, and the light volume
of the respective hue light is adapted to be adjusted
by a camera controller 18 so that white light is
obtained by mixing red light, green light and blue
light projected from the sources 9, 10 and 11.

The camera 6 employs a- color television camera in
this embodiment, and is positioned right above the
observation position in a downward direction. Thus,
reflected lights from the surface of boards 1S and 1T
to be inspected are taken by camera 6 to be converted
into color signals R, G and B of three primary colors
to be provided to control processor 7.

The control processor 7 includes an A/D converter
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tions and shapes as shown in Figs. 10 and 11. In Fig. 10, a chip conponent
32 is nounted on a board 31 to be inspected, and at a predeterm ned
position P(Xi, Yi) on X-Y coordinates, having its electrodes 33 in a X
direction. Fig. 11 shows a pair of lands 34 and 35 to be soldered with the
chip com ponent 32 of Fig. 10. The |ands 34 and 35 have length Lx1 and Lx2
in a Xdirection and length Lyl and 1yl in a Y direction, formng a ,
rectangul ar shape. The distances froma position P to |lands 34 and 35 are
set to Derr] and err% Thus, the_ above-nentioned external data includes

xi and Vi dft SR stAg & KBARPERG fee difon 2 HPETIEe Dlerr], Lx1,
Lx2, Lyl a%&é‘é@é@rdfg? ngﬁﬁéikggunit 16, X-Y¥ table controller
17, an image pickup controller 18, a component kind
~ table 19, a display 20, a printer 21, a keyboard 22, a
floppy disk driver 23, and a controller 24. On a
teaching mode, the component kinds previously stored in
component“kind table 19 corresponding to components 2S
mounted on reference board 1S are read out, and charac-
teristic parameters such as hue and brightness abgut an
inspection area of the respective components 2S on the
reference board 1S are applied to make a decision data
file. On an inspection mode, color.signals R, G and B
about the inspected board 1T are processed, and the
respective red, green and blue hue patterns are detected
about an inspection area of the respective components
2T on the inspected board 1T to produce an inspected
data file. The inspected data file is compared with the
decision data file, and in view of the comparison
results, mounting qualities such as soldering condition
about the components 2T on the inspected board 1T are
automatically judged.
Fig. 2 is a table showing sectional views of
soldering 25, image pickup patterns, red color patterns,
green color patterns and blue color patterns taken by

camera 6 in a soldering condition - good soldering,
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This is the replacenent sheet - 21 - positions and shapes of |ands 34
and 35. The conponent nodels are nunbers of kinds, shapes and di nensi ons of
conponents determ ned by a conponent maker. The nounting directions of
conponents are data expressing directions of conponents with respect to X
direction by 90 degree units. The library 27 stores library data previously
prepared for each conponent kind redarding i nspecti on.

component omission and poor soldering. Since apparent

difference is found between hue patterns in the table,

it become possible to judge the existence of components
and soldering condition.

Returning to Fig. 1, the A/D converter 12 converts
color signals R, G and B from camera 6 into digital
signals to be applied to controller 24. Storage 13
employs RAM, and serves a working area for controller
24. The picture processor 15 performs picture process-
ing about picture data provided through controller 24
to make the inspected data file and the data file for
application to controller 24 and judging unit 16.

The component kind table 19 previously stores the
data about pictures and decision criteria necessary for
mounted component inspection for each kind of the
component, such as data about a land on a board soldered
with the components (shape, length, width and so forth),
data about a window defined as an inspection area
(shape, scale and so forth), data about characteristic
parameters representing soldering condition on the land
(hue, brightness and so forth), and decision criteria
for determining whether or not the characteristic
parameters are good. When the above-mentioned decision
data file is made, the data stored in the table 19 is

selected and read out in accordance with kinds of
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The respective library data have data construction including |ibrary nane,
conponent ki nd nane, conponent size, conponent color, total inspection

ref erence, nunber of inspection areas, and inspection reference within

wi ndows. The conponent size includes the data of length L, width Wand

hei ght H of chip conponent 32, and |length e of el ectrodes 33 thereof as
shown in Fig. 12. The conponent cotok2is color of a body (package) of a
conponent, and includes data of a degree of white, brightness, red hue

val ve, 9t set e val vomand Rlue e vl ue, Iho L ool dnpseagn. eference
inspectiogsagggat(g%q%@u%&g@&%égy é&gﬁ(gémhues, brightness

(total brightness of all colors), brightness for each

hue, saturation or the like which are selectively

employed. If the data about pictures is about mono-

chrome, shading data of black and white is employed.

If the controller 24 applies decision data file to

the teaching table 14 in a teaching mode, the table 14

stores the decision data file to be read out for

application to the judging unit 16 by the controller 24

when the controller 24 in an inspection mode requests

table 14 to transmit the stored decision data.file to

thg unit 16. The judging unit 16 compares the decision .

data file applied from controller 24 in the inspection

mode with the iﬁspected data file applied from the

picture processor 15 to judge whether soldering condi-

tion of each component 2T on the inspected board 1T is

good or bad, and sends the judgement results to control-~
ler 24. 'The image pickup controller 18 includes an
interface for connecting controller 24 with projector S
and camera 6, and controls in response to outputs
therefrom the respective light sources 9 through 11 of
projector 5 to adjust. quantity of their light and the
camera 6 to keep a mutual balance among the respective

hues of light outputs therein. The X~Y table controller
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quality of inspection result. The nunber of inspection area is a total
nunber of w ndows set for each conpo- nent. As shown in Fig. 13, for
i nstance, the first, second and third wi ndows W, W2 and W3,

i f necessary,
22 - the fourth through ninth wi ndows W through W, are set for chip

component 32. The wi ndows W and W2 are provided for judging quality of
sol dering condition, and set to substintd ally coincide with shapes and size
of lands 34 and 25. The third wi ndow WB i s provided

17 includes an interface for connecting controller 24

with X-axis table unit 3 and Y-axis table unit 4 to

control the uﬁits in response to outputs from

controller 24. The display 20 displays on its display

panel data of pictures, inspection results, key input

and so forth when the data is applied to the display.

When an inspection result is applied to printer 21 from

controller 24, the printer prints out it in a

predetermined format. The keyboard 22 includes various

kinds of keys for entry of data about operation,

reference board 1S and inspected board 1T, and key

entrf data is applied to controller 24. The controller

24'inc1udes a micro processor, and controls the

operations of making the component kind table 18,

teaching, and executing the mounted component

inspection device according to the sequences of Figs.

3, 5 and 6.

In Fig. 3, there is shown a sequence for making
the component kind table 19. 1In an initial step
"STARTY, the controller 24 actuates projector 5 and
camera 6 by controlling the respective components to
prepare image pickup condition and data processing

condition.

If an operator actuates keyboard 21 to select a

component editor in a step ST1, the contents of
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for finding any om ssion of conponents, and set to a rectangul ar shape
smal l er than the external shape of chip conponent 32 at its nounting
position. The wi ndows Wi through WO are provided for a bridge inspec- tion,
and a desired nunber of w ndows are set around the |ands 34 and 35
according to exi stence of any conponents adjacent to the |ands. The

I nspection references within w ndows -arle provided in accordance with the
nunber of the above-nentioned wi ndows, and include data about set

positions, size, extracting threshold val ues of areas wi thin w ndows, and
i nspec- ti cenpenemdnddand Rethireni 1Y) preWousy steredniertheg table 29 is

mounted component inspection device are displ&yed by
the display 20 as exemplarily shown in a table of Fig.
4 which shows a plurality of component kinds (ex.
‘resistor, ICrand so forth) represented by reference
letters "“"AY through "G" and the component groups (ex.
Al through A8) belonging to the respective component
kinds. The operator selects a component kind corres-
ponding to a component for an object from the component
kind table in a step ST2, and a corresponding component
in the component group of the component kind in a step
ST3, so that previously stored component data about the
selected component is displayed on display 20 in a step
ST4. |

If the operator judges the displayed data is
useful in automatic inspection even if it is stored, a
"YES" reply is produced in an inquiry step STS5 for its
succeeding component group evaluation and moves to step
ST4. If the operator judges the displayed data cannot
be used in automatic inspection, the step ST5 produces
a "NO" reply for application to a step ST6 in which the
reference board 1S is carried into an observation
position of the mounted component inspection device.

In a step ST7, a picture of the corresponding

component 2S on reference board 1S is taken by camera 6
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provi ded for arrangi ng which inspection data should be enployed to process
the respective nounting conponents on a board to be inspected, viz., for
arranging which library nanme's library data in the library 28 should be
appl i ed about the external data of the respective nounting conponents
stored in storage 27. Fig. 14 shows an exanple of the converting table 29,
I n which - 23 - conponent nodel s-r&presented by A, B, C, D ... for
makers correspond to library nane represented by

to extract parameters of the taken picture. 1In a step

ST8, values of the parameters are adjusted to produce
picture data and its decision criteria to be stored in

the component kind table 19. The adjusted parameters

include positions of components, data of lands, data
about windows for bridge detection, data about character-
istic parameters representing soldering condition on
lands, and decision criteria for determining whether
mounting quality is good or bad.

Upon completioﬁ of this adjustment, the reference
board 1S is carried out from the mounted component
inspection device in a step STS, and newly adjusted
component picture data is stored in the component kind
table 19 in a step ST10.

Thus, in a same manner, component data about other
components for automatic inspection is subsequently
stored into component kind table 19.

In Fig. 5, there is shown a sequence for teaching.
The operator actuates keyboard 22 to register board
name and key-input board size as teaching object in a
step ST1l, and sets reference board 1S on ¥-axis table
unit 4 for depressing a start key in a step ST12. - In a
step ST13, the camera 6 takes a picture of the
reference board 1S at its original position and both

its right above and left bottom corners to input the
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RB1068" and so forth. The controller 26 arranges corresponding library
data of library 28 in view of converting table 29 about the external data
of the respective nounting conponents stored in storage 27 to conpose
teaching data for storage to the storage 27. Returning to Fig. 8, a naking
process of teaching data by controller 26 is showm. In a step ST31, the

controller 26 reads out fromstorage ¢ the CAM data about the first
nount i ng conponent on a board to be inspected such as its nounting

position, mounting direction and nodel nanme and the CAD data such as
posi ti ons SA%E HaRtUAL | seEereBCBeLeBFdelEdbYi thet Reference

points, and the controller 24 controls X-axis table
unit 3 and Y-axis table unit 4 to bring the reference
board 1S to its original position. The reference board
1S has a good mounting quality in which a predetermined
component 2S is properly soldered at a component
mounting position. If the reference board 1S is fixed
at the initial position, the camera 6 takes a picture
of a field on reference board 1S to teach a mounting
position of a compdnent in a step ST14.

In a step ST1S5, the contents of component kind-
table 19 are displayed on display 20, a component
co;reéponding'to the component 2S whose mounting
position is taught is chosen, and its component data is
read out from component kind table 19 to be stored as
teaching data.

If same sequence is repeatedly executed about all
components on the reference board 1S, a reply “YES"'is
pfoduced from a step.STlﬁ inquiring if sequences for
all components are finished, and applied to a step ST17
to modify teaching. This teaching modification is
executed to actually advance automatic inspection about
all portions to be inspected by teaching data produced
in steps 14 and 15 and to modify only'the teaching data

of an improper portion if the improper portion is found
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conmponent. Thus, board data is entered. In a step ST32,

the controller

26

converts these external data to corresponding library data of library 28 by
converting table 29 to conpose teaching data for storage to storage 27.

Thus,

i nspection data is entered. Regarding to subsequent nounting
conponents after the first one,

simlar sequence to nake teaching datg about all conponents.
reply "YES" is produced in a step ST3S3,
is This is the replacenent sheet Date:

the controller 26 repeatedly executes

as the results of the automatic inspection. If a
satisfactory result is obtained by the modified teach-
ing data, it is stored as teaching data in a step ST18.

In Fig. 6, there is shown a sequence for automatic
inspection. : In steéps ST21 and ST22, name of a board to
be inspected is selected and an inspection key is
actuated to execute board inspection. In a step ST23,
it is inquired if an inspected board 1T is supplied to
the mounted component inspection device or if the board
is to be carried in. If a reply "YES" is made in the
step ST23, conveyer 8 is actuated to carry the inspect-
ed board 1T in Y~axis table unit 4 in a step ST24 and
automatic inspection is initiated in a step ST25.

In the step ST25, the cdntroller 24 controls the
X-axis and Y-axis table units 3 and 4 to fix a view of
camera 6 to the first component 2T on the inspected
board 1T for taking pictures, the respective land
fields in an inspection field are automatically ex-
tracted, characteristic parameters in the respective
land fields are computed, and an inspected data file is
made. Subsequently, the controller 24 applies the
inspected data file to the judging unit 16 to compare
the inspected data file with the judging data file from
teaching table 14 for judging mounting quality of the

first component 2T such as soldering condition (step
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- 24 - finished, and the sequence noves to next inspection sequence. The
external data is stored into a floppy disk for application to the nounted
conponent inspection device, and applied to the circuit of Fig. 9. Thus,
according to this enbodi nent, teaching data is nmade by allow ng the
external ly avail abl e data about a board to be inspected to correspond to

the previously prepared data about inspection to be conposed, whereby the
teaching data can be efficiently nmadé 69 conput er

ST26). Thus inspection is repeatedly executed about
all components 2T on the inspected board 1T.

“ If any inferior component such as poor soldering
is found as a result of the above-mentioned inspection,
the inferior component and its inferior or bad data is
displayed on the display 20 or printed by printer 21
(step ST27), the inspected board 1T is carried out from
the observation .position (step ST28).

If this inspection operation is executed or
finished about all inspected boards 1T, a response
"YES“ is produced in a step ST29 and this inspection
sequence is finished.
| Thus, according to this embodiment, the data of
pictures and inspection criteria for mounted component
inspection data is previously_stored in a storage for
each kind of components, and in a teaching mode the
data of pictures and decision criteria about components
corresponding to the respective components on a board
is sélectively read out from the storage to be taught
to the mounted component inspection device, so that
labor and time for teaching is extremely reduced.

In Fig. 7, there is shown a schematic block
diagram of a mounted component device to be taught
teaching data in accordance with a second embodiment of

this invention. The device of Fig. 7 has a similar
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processi ng wi thout manual input operation. Mreover, the teaching data can
be made wi t hout exclusively using the nounted conponent inspection device,
so that the device can be used for inspection during nmaking the teaching
data. Making the teaching data does not need any expensive teachi ng nmachine
havi ng an i mage pickup neans, and is perfectly ordered, whereby dispersion

of quality of teaching data nade by gpgsators is prevented and nmany
advant ages are expect ed. - 25

construction to that of Fig. 1. The device of Fig. 7

does not include the component kind table of Fig. 1,
but its components represented by the same reference

.numbers as those of Fig. 1 have the same functions or

construction.as those of Fig. 1. Accordingly, explana-

tion about the same components is omitted for a simpli-

fied explanation.

The mounted comporient inspection device of Fig. 7
is designed to inspect mounting quality of each mounted
component 2 on an inspected ;eference board 1, and
includes X and Y axis table units 3 and 4, projector ‘5,

camera 6 and control processor 7. The control proces-

sor 7 is designed to compare an inspected data file
with decision data file to automatically inspect
mounting condition. <The processor 7 includes A/D
converter 12, storage 13, teaching table 14, picture
processor iS, judging unit 16, X-Y table controller 17,
image controller 18, display 20, printer 21, keyboard
22, disk driven 23,.and controller 24. The disk driver
23 is adapted to be inserted by a floppy disk storing
teaching data, controller 24 makes decision data file
based on the teaching data to be applied to teaching
table 14.

The controller 24 reads and writes data with

storage 13, and controls operations of the mounted

component inspection device.
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CLAIMS 1. A nethod of teaching nounted conponent inspection data to a
nount ed conponent i nspection device which inspects the 5 respective
nmounting qualities of conponents (2T) nounted on a board (1T), the nethod
conprising: identifying (ST13) a plurality of teaching conponents (2S) on a
teaching board (1S); determ ning for each teaching conmponent (2S) the 10
conmponent type and |ocation data; gengjating teaching data for each

t eachi ng conponent (2S) on the basis of the determ nation and supplying the

teaching data to the nounted conponent inspection device and _generating the
nmount ed conponeXig. 8 shows a sequence for making teaching data

according to this embodiment, and Fig. 9 shows a part
of block diagram of a circuit device for executing the
sequence.

The circuit device of Fig. 9 includes a controller
26 employing a microprocessor, and a bus 30 associated
with a storage 27, a library 28, and a converting table
29. The storage 27 stores external data about inspect-
ed boards such as CAD/CAM data produced in designing
and manufacturing boards. The external data includes
mounting positions, amounting d;rections and component
models of the respective components, and land's posi-
tions and shapes as shown in Figs. 10 and 11.

In Fig. 10, a chip component 32 is mounted on a
board 31 to be inspected, and at a predetermined
position P(Xi, Yi) on X-Y coordinates, having its
electrodes 33 in a X direction. Fig. 11 shows a pair
of lands 34 and 35 to be soldered with the chip com-~
ponent 32 of Fig. 10. The lands 34 and 35 have length
Lxl and Lx2 in a X direction and length Lyl and Ly2 in
a Y direction, forming a rectangular shape. The
distances from a position P to lands 34 and 35 are set
to Dl and D,. Thus, the above-mentioned external data
includes ¥Xi and Yi as data expressing a mounting posi-

tion, Dl' D2' Lxl, Lx2, Lyl and Ly2 as data exXpressing
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15 inspection data therefrom characterised in that: the step of generating
the teaching data conprises: identifying a nenorised conponent
correspondi ng to each teachi ng conmponent (2S); 20 retrieving

menori sed conponent data corresponding to each nenorised conponent thus
identified froma storage device (19) storing nenorised conponent data for
each possible conponent type indepéhdent of the actual conponents

nounted on the printed circuit board (1T), the 25 nenorised conponent data
conprising respective _inage data and decjision data; and generating the
teachingé%ﬁ%FFQHse%Eﬂ FEQEﬁFnSf %ands 34 and 35. fhe éhmponent

models are numbers of kinds, shapes and dimensions of
components determined by a component maker. The
mounting directions of components are data expressing
directions of components with respect to X direction by
90 degree units.

The library 27 stores library data previously
prepared_for each component kind regarding inspection.
The respective library data have data construction
including library name, component kind name, componeht
size, component color, total inspection reference,
number- of inspection areas, and inspection reference
within windows. The component size includes the data
of length L, width W and height H of chip component 32,
and length e of electrodes 33 thereof as shown in Fig.
12. The component color is color of a body (package)
of a component, and includes data of a deéree of white,
brightness, red hue value, green hue value, and blue

hue value. The total inspection reference is reference

values for totalizing inspection results within the

respective inspection areas (windows) and for deciding

quality of inspection result. The number of inspection

area is a total number of windows set for each compo-
nent. As shown in Fig. 13, for instance, the first,

second and third windows W1, W2 and W3, if necessary,
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conponent (2S) by conbi ning said nmenorised conponent data with said

| ocation data for the correspondi ng nenori sed - 26 - conponent. 2. A
met hod of generating teaching data for teaching a nounted conponent

i nspection device which inspects the respective nounting qualities of
conponents (2) nmounted on 5 a board (1), conprising: inputting board data
conprising location data for each of-a2®lurality of board conponents (2);

the fourth through ninth windows W4 through W9, are set
for chip component 32. The windows W1l and W2 are
provided for judéing quality of soldering condition,
and set to substantially coincide with shapes and size
of lands 34 and 25. The third window W3 is provided
for finding any omission of components, and set to a
rectangular shape smaller thén the external shape of
chip component 32 at its mounting position. The
windows W4 through W9 are provided for a bridge inspec-
“tion, and a desired number of windows are set around
the lands 34 and 35 according to existence of any
components adjacent to the lands. The inspection
references within windows are provided in accordance
with the number.of the above-mentioned windows, and
include data about set positions, size, extracting
threshold valueslbf areas within windows, and inspec-
tion references.

Returning to Fig. 9, the éonyerting table 29 is
provided for arranging which ipspection data should be
employed to process the respective mounting components
on a board to be inspected, viz., for arranging which
library name's library data in the library 28 should be
applied about the external data of the respective
mounting components stored in storage 27. Fig. 14

shows an example of the converting table 29, in which
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I dentifying a nenorised conponent corresponding to each board conponent
(2); 10 retrieving nenori sed conponent data corresponding to each
menori sed conponent thus identified froma storage device (27) storing

menpri sed conponent data for each possible conponent type independent of
t he actual conponents nounted on the printed circuit board (1), the 15

menori sed conponent data conprising r2&spective inspection data; and
generating the teaching data for each board conponent (2) fromthe

t d dth t dat
][gfpteﬁe' ‘C’gflrngggxtgr@ xﬂf'&%@léof A& 9@& bgogpogentc gnd thednspection data

rlse nent
makers correspond to llbrary name represented by

"RB1068" and so forth.

The controller 26 arranges corresponding library
data of library 28 in view of converting table 29 about
the external data of the ‘respective mounting components
stored in storage 27 to compose teaching data for
storage to the storage 27.

Returning to Fig. 8, a making process of teaching

data by controller 26 is shown. In a step ST31l, the
controller 26 reads out from étorage 27 the CAM data
about the first mounting component on a board to be
inspected such as its mounting position, mounting
direction and model name and the CAD data such as
positions and shapes of lands to be soldered with the

component. Thus, board data is entered. In a step

ST32, the controller 26 converts these external data to
corresponding library data of library 28 by converting
table 29 to compose teaching data for storage té
storage 27. Thus, inspection data is entered.
Regarding to subsequent mounting components after
the first one, the controller 26 repeatedly executes
similar sequence to make teaching data about all
components. Accordingly, a reply “YES" is produced in

a step ST33, the teaching data making sequence is
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3. An apparatus for teaching nounted conponent inspection data to a nounted
conponent inspection device which inspects the respective nounting
qualities of conponents (2T) nmounted on a board (1T), conprising: 25

means for identifying a plurality of teaching conponents (2S) on a
teachi ng board (1S); nmeans for determi ning for each teaching conponent (2S)
t he conponent type and | ocation data;a4gfhis is the replacenent sheet - 27

finished, and the sequence moves to next inspection
sequence.

The external data is stored into a floppy disk for
application to the mounted component inspection device,
and applied to the circuit of Fig. 9.

Thus, according to this embodiment, teaching data
is made by allowing the externally available data about
a board to be inspected to correspond to the previously
prepared data about inspection to be composed, whereby
the teaching data can be efficiently made by computer
processing without manudl input operation. Moreover,
the teaching data can be_made without exclusively using
the mounted component inspection device, so that the
device can be used for inspection during making the
teaching data. Making the teaching data does not need
any expensive teaching machine having an image pickup
means, and is perfectly ordered, whereby dispersion of
quality of teaching data made by operators is prevented

and many advantages are expected.
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n t";a_}:'hi ng data for each teaching conponent (2S) on the

means forl
basis of i 'm% ' rﬂ n, and neans for supplying the teaching data to
t he nount &d co ”ﬂpection device for generating the nmounted 5
conmponent inspection®data therefrom characterised in that: the means for
generating the teaching data conprises: storage neans (19) for storing
menori sed conponent data for each po38ibl e component type independent of
the 10 actual components nmounted on the printed circuit board (1T), the
data conpri sicggrmgage data and deci sion data for each of a plurality of
menori sed conponents; neans for I denti fying a menori sed conponent
1. A method of teaching mounted component inspection data

to a mounted component inspection device which inspects the
5 respective mounting gualities of components (2T) mounted on
a board (1T), the method comprising:
identifying (ST13) a plurality of teaching components
(28) on a teaching board (1S);
determining for each teaching component (2S) the
10 component type and location data;
generating teaching data for each teaching component
(2S) on the basis of the determination and
supplying the teaching data to the mounted component
inspection device and generating the mounted component

15 inspection data therefrom;

characterised in that:

the step of generating the teaching data comprises:

identifying a memorised component corresponding to
each teaching component (2S);

20 retrieving memorised component data corresponding to
each memorised component thus identified from a storage
device (19) storing memorised component data for each
possible component type independent of the actual
components mounted on the printed circuit board (1T), the

25 memorised component data comprising respective image data
and decision data; and

generating the teaching data .for each teaching
component (2S) by combining said memorised component data

with said location data for the corresponding memorised
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-correspondi ng to each teaching conmponent; 15 means for retrieving
fmnﬂmﬂi‘ﬂﬂﬂﬂj&“ﬁans (19) the nenorised conponent data corresponding to
e fonent thus identified; and nmeans (24) for generating the
t eathing ‘daf'a for” each t eachi ng conponent (2S) by conbining the nenorised
20 conponent data and the | ocation data for the correspondi ng nenori sed
component. 4. An apparatus for generating,geaching data for teaching a
nount ed component inspection device which Inspects the respective nounting

quality of comeepenest(2) nounted on a 25 board (1) conprising: neans for

I nputting board data, the board data_ i )
2. A method of generating teaching data for teaching a

mounted component inspection device. which inspects the
respective mounting qualities of components (2} mounted on
5 a board (1), comprising:
inputting board data comprising location data for each
of a plurality of board components (2);
identifying a memorised component corresponding to
each board cémponent (2);

10 retrieving memorised component data corresponding to
each memorised component thus identified from a storage
device (27) storing memorised component data for each
possible component type independent of the actual
components mounted on the printed circuit board (1), the

15 memorised component data comprising respective inspection
data; and

generating the teaching data for each board component
(2) from the respective location data for each board
component, and the inspection data for the corresponding

20 memorised component.

3. An apparatus for teaching mounted component inspection
data to a mounted component inspection device which
inspects the respective mounting qualities of components
(2T) mounted on a board (1T), comprising:

25 means for identifying a plurality of teaching
components (2S) on a teaching board (1S):

means for determining for each teaching component (2S)

the component type and location data;
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i C jIpn data for each of a plurality of board conponents;
|B!muﬂumlluﬂumm sheet -28- storage neans (27) for storing nenorised

Thi s

conponerit dat& for each possible conponent type independent of the actual
conponents nounted on the printed circuit board, the data conprising

respective inspection data for a plural34y-5 of nenorised conponents;

(26) for

I dentifying a nenorised conponent

10

15

20

25

means for generating teaching data for each teaching
component (2S) on the basis of the determination; and

means for supplying the teaching data to the mounted
component inspection device for generating the mounted
component inspection data therefrom:;

characterised in that:

the means for generating the teaching data comprises:

storage means (19) for storing memorised component
data for each possible component type independent of the
actual components mounted on the printed circuit board
(1T), the data comprising image data and decision data for
each of a plurality of memorised components;

means for identifying a memorised component
corresponding to each teaching component;

means for retrieving from the storage means (19) the
memorised component data corresponding to each memorised
component thus identified; and

means (24) for generating the teaching data for each
teaching component (2S) by combining the memorised
component data and the location data for the corresponding
memorised component.
4. An apparatus for generating teaching data for teaching
a mounted component inspection device which inspects the
respective mounting quality of components (2) mounted on a
board (1) comprising:

means for inputting board dafa, the board data
comprising location data for each of a plurality of board

components;

neans
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) corré_sgc;hdi ngto each board conponent (2); neans (26) for retrieving from
t he st the nmenori sed conponent thus identified; and 10
nmeans imgmjmﬁ“MMLe teaching data for each board conponent fromthe
respecttve | dcaf'i oh data for each board conponent  (2), and the

I nspection data
repl acenent sheet

for the correspondi n298 menori sed conponent. This is the

storage means (27) for storing memorised component

data for each possible component type independent of the
actual components mounted on the printed circuit board, the

data comprising respective inspection data for a plurality

5 of memorised components;

means (26) for identifying a memorised component

corresponding to each board component (2);

means (26) for retrieving from the storage means (27)

the memorised component thus identified; and

10

means for generating the teaching data for each board

component from the respective location data for each board

component (2), and the inspection data for the

corresponding memorised component.
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TEACHING METHOD AND SYSTEM FOR MOUNTED

COMPONENT INSPECTION

ABSTRACT
An operator actuates keyboard (22) to register

board name of a board for teaching (ST1ll), sets a
reference board (1S) on é Y-axis table unit (4) to
actuate a start key (ST12), inputs reference points of
the reference board (1lS) to be set to an original
position (ST13), takes a picture of a predetermined
area on the reference board to teach a mounting posi-
tion (ST14)( and reads data about component image and
its decision criteria of the corresponding component
from a component kind table (19) to be stored as
teaéhing data (ST1S). This operation is repeatedly
executed until all components are taught to a mounted
component inspection device which inspects mounting

qualities of a plurality of components mounted on an

inspected board.

FIGURE 1
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