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VISUAL INSPECTION SUPPORTING APPARATUS AND
PRINTED CIRCUIT BOARD INSPECTING APPARATUS, AND METHODS OF

SOLDERING INSPECTION AND CORRECTION USING THE APPARATUSES

TECHNICAIL FIELD

The present invention related to a visual inspection
supporting apparatus which is used for an inspector to
visually inspect acceptability of soldering of electronic
parts mounted on a printed circuit board, and a printed
circuit board inspecting apparatus, as well as a soldering
inspecting method and a method of correcting an unacceptable

soldered portion using the apparatuses.

BACKGROUND ART

In this type of apparatus called by various names, for
example, a visual inspection supporting apparatus, a printed
circuit board inspecting apparatus, an automatic printed
circuit board inspecting apparatus, and an external
appearance inspecting'apparatus, light sources of the three
primary colors, i.e., red (R), green (G) and blue (B) are
generally used. The light sources are so arranged as to
project illuminating light at different®angles to a portion

to be inspected. When the portion to be inspected is imaged
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TECHNI CAL FI ELD The present invention related to a visual inspection
supporting apparatus which is used for an inspector to visually inspect
acceptabili‘ty of soldering, of electronic parts nounted on a printed
circuit board, and a printed circuit board inspecting apparatus, as well
as a soldering inspecting nethod and a nmethod of correcting an
unaccept abl e sol dered portion using the apparatuses. BACKGROUND

ART by an imaging device and an image obtained by the imaging is

displayed, inclined surfaces or flat surfaces having

different angles are indicated in different colors.

Consequently, color information can be also utilized for
5 Jjudging whether or not soldering is acceptable.

Various proposals have been made in such a direction as
to automate judgment whether or not soldering is accepfable.
Examples include a proposal for a illuminating method (see
Japanese Patent Application Laid-Open Publication No.

10 4-355311) and a proposal for image processing or judging
processing (Japanese Patent Application Laid-Open
Publication No. 4-343046).

However, there are not many devises and proposals from
the viewpoint of assisting an inspector in visual

15 inspection. It is highly important to increase the
operation (work) efficiency of the inspector and ensure more
objective judgment which is not dependeht on the personal
difference between inspectors. Particularly, the visual
inspection has the advantage that when an unacceptable

20 soldered portion is found out, the unacceptable soldered
portion can be immediately corrected. It has been desired
to realize a suitable apparatus for supporting such visual

inspection.

25 DISCLOSURE OF THE INVENTION
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In this type of apparatus called by various names, for exanple, a visual
i nspecti on. supporting apparatus, a printed circuit board inspecting
apparatus, ‘an automatic printed circuit board inspecting apparatus, and an

external appearance inspecting apparatus, |ight sources of the three
prinmary colors, i.e., red (R, green (G and blue (B) are generally used.
The light sources are so arranged as to project illumnating |ight at

different angles to a portion to be inspected. Wien the portion to be
‘inspected is i mage@n object of the present invention is to provide a

supporting apparatus for visual inspection and correction of
an unacceptable portion which makes it easy for an inspector
to perform work and makes it possible to improve operation

5 (work) efficiency.

Another object of the present invention is to provide a
visual inspection supporting apparatus capable of ensuring
the objectivity of judgment by an inspector.

Still another object of the present invention is to

10 provide a printed circuit board inspecting apparatus which
can be developed into not.only support of wvisual inspection
but also automatic inspection.

The present invention provides a method of judging
whether or not soldering on a printed circuit board is

15 acceptable and a method of correcting a soldered portion
which is judged to be unacceptable using the visual
inspection supporting apparatus and the printed circuit
board inspecting apparatus.

A visual inspection supporting apparatus according to

20 the present method comprises a illuminating device for
illuminating a printed circuit board to be inspected, an
imaging device for imaging an area on the board illuminated
by the illuminating device and outputting an image signal
representing an image obtained by the imaging, a stage which

25 is movable relatively to the illuminating device and the
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Substitute sheet - 12/9/96 -2 - by an i magi ng
devi ce.and an i mage obtained by the imaging is displayed, inclined
surfaces or’ flat surfaces having different angles are indicated in
different colors. Consequently, color information can be also utilized for
j udgi ng whet her or not soldering is acceptable. Vari ous proposal s
have been made in such a direction as,

- imaging device in two perpendicular directions, a board
supporting member supported on the stage for supporting the
board to be inspected, and a mechanism for moving the stage
until the board supported on the board supporting member

5 reaches a position outside of a range in which the
illuminating device and the imaging device exist.

There is generally provided a display device for
displaying the image represented by the image signal
outputted from the imaging.device.

10 The visual inspection supporting apparatus is suitable
for not only inspection but also correction of an
unacceptable portion. Since the board supported on the
stage is drawn out of the range in which the illuminating
device and the imaging device exist, it is possible to

15 correct the unacceptable portion at the position where the
board is drawn out.

Preferably, the board supporting member is supported on
the stage so as to be capable of being raised and laid down,
and provided is a mechanism for holding the board supporting

20 member in its obliquely raised position.

Since the unacceptable portion can be corrected on the
obliquely raised board, it becomes easy for the inspector to .
perform correcting work.

The image obtained by the imaging before the stage is

25 drawn out is frozen and is displayed as a still image on the

This Sheet Has Been Re[ilaced 4

N ARERD




to automate judgnment whether or not soldering is acceptable. Exanples
include a proposal for a illumnating method (see Japanese Patent
Application Laid-Open Publication No. 4-355311) and a proposal for inage
processing or judging processing (Japanese Patent Application Laid-Open
Publ i cati on No. 4-343046). However, there are not many devi ses and
proposals from the viewpoint of assisting an inspector in visual

| nspection. | iqiisplaiy0lkyib8POr vRE! i Adhd St HaArcAPEhat kag (work)
efficiency of the inspector and ensure nore
unacceptable portion on the board by seeing the image.

A visual inspection supporting apparatus according to

the present invention comprises a illuminating device for

5 illuminating a printed circuit board to be inspected, an
imaging device for imaging an area on the board illuminated
by the illuminating device and outputting an image signal
representing an image obtained by the imaging, a stage which
is movable relatively to the illuminating device and the

10 imaging device in two perpendicular directions, a movable
body supported on the stage movably in either one of the two
directions, and a board supporting member supported on the
movable body for supporting the board to be inspected.

Since the board, along with the movable bddy, can be

15 drawn out even by using this apparatus, it becomes easy to
perform correcting work of an unacceptable portion.

A visual inspection supporting apparatus according to
the present invention comprises a illuminating device for
illuminating a printed circuit board to be inspected, an

20 imaging device for imaging an area on the board illuminated
by the illuminating device and outputting an image signal
representing an image obtained by the imaging, a stage which
is movable relatively to the illuminating device and the
imaging device in two perpendicular directions, a rotating

25 body rotatably supported on the stage, and a board
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obj ective judgnent which is not dependent on the personal difference

bet ween |nspectors Particularly, the visual 1inspection has the advantage
that when an unacceptable soldered portion is found out, the unacceptable
sol dered portion can be imediately corrected. It has been desired to
realize a suitable apparatus for supporting such visual inspection.

Dl SCLOSURE OF THE | NVENTI ON

supporting member supported on the rotating body for
supporting the board to be inspected.

The board can be rotated in the use of this apparatus.
Consequently, the apparatus is suitable for soldering

5 inspection and correction of a part having a lead on four

perpendicular sides.

These visual inspection supporting apparatuses and the
board inspecting apparatuses further compriﬁe storage means
for storing previously taught position data representing a

10 point to be inspected on a board to be inspected and display
control means for performing control so as to indicate the
point to be inspected on the image displayed on the display
device in accordance with the position data stored in the
storage means.

15 Consequently, a portion to be inspected is indicated,
thereby improving the operating efficiency of the
inspection.

The result of the inspection is immediately entered
from an input device. A portion which is judged to be

20 unacceptable as the result of the inspection is indicated on
a screen of the display device.

More preferably, a layout display indicating the
position on the board of an area of the image displayed on
the display device is provided. Consequently, the inspector

25 can find an area currently inspected, and can also grasp the
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-3 - An object of the present invention is to provide a supporting
apparatus for visual inspection and correction of an unacceptable portion
whi ch akes it easy for an inspector to performwork and makes it possible
to inprove operation (work) efficiency. Anot her object of the
present invention is to provide a

progress of thé inspection.

In order to méke up the personal difference between

inspectors to ensﬁre objectivity, a scale for expressing the
 length is displayed on the image displayed on the display
5 device.

Furthermore, two lines are movably displayed on the
display screen of the display device, and the spacing
between the two lines is calculated and is displayed.

Additionally, a window is displayed on the display

10 screen of the display device, and data relating to the size
of a particular image in the window is displayed. More
preferably, data relating to the reference size is displayed
in addition to the data relating to the size of the
particular image.

15 The other features of the present invention will become

more apparent from embodiments explained hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1 to 4 illustrate an example of the mechanical |
20 construction of a visual inspection supporting apparatus
(Part 1),
Fig. 1 is a perspective view of the entire apparatus,
Fig. 2 is a perspective view showing a Y-axis table in
enlarged form,

25 Fig. 3 is a cross-sectional view showing in enlarged
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vi sual inspection supporting apparatus capable of ensuring the objectivity
of judgment by an inspector. Still another object of the present

invention is to

provide a printed circuit board inspecting apparatus which

can be devel oped into not only support of visual inspection but also
automati c inspection. The present invention provides a nethod of
judging whether or not soldering on a printed circuit board is acceptable

and a net hOdf8£mCQr{:ﬁ%@%&gugquofiqgn%d ap(x)nrotvia%_nte \ﬁ\’fiagg,i S judged to be

unaccept abl e"USI ng

Fig. 4 is a perspective view showing a state where a

board supporting member is raised;

Figs. 5a to 5d and Figs. 6a to 6d are cross-sectional

5 views showing the construction and the operation of a stay

for holding a board supporting member in its raised state;

Fig. 7 is a cross-sectional view showing the

construction of a light projecting device and an imaging

device (Part 1);

io

Fig. 8 is a cross-sectional view showing the

construction of a light projecting device and an imaging

device (Part 2);

Fig. 9 illustrates the construction of a light source

equipment to which the light projecting device shown in Fig.

15 8 is connected:;

Fig. 10 is a block diagram showing the electrical

construction of the visual inspection supporting apparatus

(Part 1);

Fig. 11 is a flow chart showing the procedure for

20 teaching processing;

Fig. 12 illustrates an example of a teaching table;

Fig. 13 is a plan view showing one example of a printed

circuit board:;

Fig. 14 illustrates an example of an image displayed in

25 teaching processing;
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I nspection supporting apparatus and the printed circuit board inspecting
apparatus. A visual inspection supporting apparatus according to the
present method conprises a illumnating device for illumnating a printed
circuit board to be inspected, an ineging device for inmaging an area on
the board illumnated by the illumnating device and outputting an inage
signal representing an i nage obtained by the imging, a stage which is

movabl e relative!»@féé}ly%g.Ehﬁnaggtkfguggygééaégghgles of a layout
display;
Figs. 16, 17, 18 and 19 are flow charts showing the
procedure for inspecting processing and correcting
5 processing;
Fig. 20 illustrates an example of an inspection-result
table:
Figs. 2la and 21b show how a mark representing a
designated point is successively driven;
10 Figs. 22a and 22b show how a layout display is changed;
Fig. 23 illustrates an example of an image in which
marks representing all designated points in one inspection
area are displayed once and for all;
Fig. 24 illustrates another example in which a
15 designated point is indicated}
Fig. 25 illustrates another example of a layout
display;
Fig. 26 illustrates an example in which a standard
image is displayed;
20 Fig. 27 illustrates an example in which a scale is
 displayed on an image;
Fig. 28 illustrates an example in which two lines are
displayed on an image;
Fig. 29 illustrates an exampl - in which the measured

25 fillet length, along with the criterion in inspection, is
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Substitute sheet - 12/9/96 -4- I magi ng
device, in two perpendicular directions, a board supporting nenber
supported on the stage for supporting the board to be i nspected, and a
mechani sm for noving the stage wuntil the board supported on the board
supporting member reaches a position outside of a range in which the
I1lum nating device and the inmagi ng devi ce exist.

displayed;

Fig. 30a is a cross-sectional view showing a lead,
solder and a land, and Fig. 30b illustrates an image
corresponding thereto;

5 Fig. 31 illustrates an éxample of a display in a case
where the fillet length is automatically measured;

Fig. 32 illustrates an example of a display in a case
where the fillet area is automatically measured;

Figs. 33a and 34a are cross-sectionél views showing

10 solder and its vicinity, and Figé. 33b and 34b illustrate an
example of a displayed image corresponding thereto;

Fig. 35 is a block diagram showing the electrical
construction of the visual inspection supporting apparatus
(Part 2);

15 Figs. 36 to 40 illustrate an'example of the mechanical
construction of the visual inspection supporting apparatus
(Part 2),

Fig. 36 is an enlarged perspective view of a Y-axis
table,

20 Fig. 37 is an enlarged cross-sectional view taken along
a line VII - VII shown in Fig. 36,

Fig. 38 is an enlarged cross-sectional view taken along
a line VIII - VIII shown in Fig. 36,

Fig. 39 is an enlarged cross-sectional view taken along

25 a line IX - IX shown in Fig. 36, and
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There is generally provided a display device for displaying the inmge
represented by the inmage signal outputted fromthe inaging device.

The visual inspection supporting apparatus is suitable for not only

i nspection but also correction of an wunacceptable portion. Since the board
supported on the stage is drawn out of the range in which the illum nating
device and the inmaging device exist, it is possible to correct the

unaccept abl e portp3g. kot he ROSEELMLINGY &10P snBRRRY hSsELAIN.RYL:

board supporting member is raised;
) Fig. 41 is an exploded perspective view showing an
example of the mechanical construction of the visual
5 inspection supporting apparatus (Part 3);
Figs. 42a and 42b illustrate a structure for inclining
a Y table base;
Figs. 43a to 43b illustrate a structure for inclining a
light projecting device and an imaging device;
10 Fig. 44 is an enlarged perspective view of an X stage;
and
Fig. 45 is a block diagram showing a system in which a
soldering correcting apparatus is combined with an automatic
board inspecting apparatus.
15
BEST MODE FOR CARRYING OUT THE INVENTION
(1) Mechanical construction of visual inspection supporting
apparatus (Part 1)
An example of the mechanical construction of a visual
20 inspection supporting apparatus for assisting in work for
visually inspécting a printed circuit (PC) board on which
parts are mounted for acceptability of soldering is
illustrated in Figs. 1 to 4.

A printed circuit board on which electronic parts are

25 mounted is generally manufactured through a mounting step
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Preferably, the board supporting nenber is supported on the stage so as to
be capabl e of being raised and laid down, and provided is a mechanism for
hol di ng the board supporting nember in its obliquely raised position.
Since the unacceptable portion can be corrected on the obliquely raised
board, it becones easy for the inspector to performcorrecting work.

The i nage obtai ned by the inaging before the stage is drawn out is frozen

and is d|Sp|%¥§P é“%ﬁ%éﬁhd and p%51tlongng an electronic part

(hereinafter merely referred to as a “part”) on a printed
circuit board (hereinafter merely referred to as a “PC
board” or “board”), a soldering step using soldering methods
5 such as a flow soldering method and a reflow soldering
method, a soldering inspecting step for judging whether or
not soldering is acceptable, and a soldering correcting step
for correcting a soldered portion which is judged to be
unacceptable. No soldering correcting step is, of course,

10 fequired with respect to a PC board having no unacceptable
soldered portion. The soldering step and the subsequent
steps may, in some cases, be performed again with respect to
a PC board having a soldered portion difficult or impossible
to correct.

15 The visual inspection supporting apparatus is used for
either one or both of fhe soldering inspecting step and the
soldering correcting step. That is, the visual inspection
supporting apparatus is used for assisting an inspector (a
worker) in performing work for visually inspecting a

20 soldered portion on a PC board for acceptability and
assisting a worker (an inspector) in performing manual work
for correcting an unacceptable soldered portion. As
apparent from the following, an unacceptable portion can be
corrected after visual inspection of one or a plurality of

25 PC boards is completed, and an unacceptable portion can be
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- 5- di spl ay device. The inspector can search for the unacceptable
portion on the board by seeing the image. A visual inspection
supporting ‘apparatus according to the present invention conprises a
illumnating device for illumnating a printed circuit board to be

I nspected, an imaging device for imaging an area on the board illum nated

also corrected every time the unacceptable portion is found
out in visual inspection of one PC board.
Particularly referring to Figs. 1 and 2, a.fixed table
11 is positioned on the rear half of a base 10, and legs 12
5 of the table 11 are secured to the base 10. The upper
surface of the table 11 is highér in position than the base
10, and a CRT display device 13 is disposed on the upper
surface of the table 11.
An X-axis table 20 is provided along the front edge of
10 the table 11. 1In addition, a Y-axis table 30 is provided on
the base 10 in such an arrangement as to perpendicularly
cross the X-axis table 20. The X-axis table 20 moves in the
X-axis direction and positions a light projecting device 70
and an imaging device 80. The Y-axis table 30 moves in the
15 Y-axis direction and positions a PC board PCB.
The X-axis table 20 is mounted on the lower surface of
the front edge of the table 11, and comprises an X-axis rail
23 and a supporting rail 24 extending in the transverse
direction (the X-axis direction). BAn X stage 21 is provided
20 with a slider 22. The slider 22 is slidably fitted to the
X-axis rail 23. A portion including the slider 22 of the X
stage 21 is slidably supported on the supporting rail 24.
~ An endless timing belt 25 is disposed along the X-axis
rail 23. The timing belt 25 is reeved around pulleys

25 (gears) 27 and 28 each having teeth on its peripheral
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by the illum nating device and outputting an inmage signal representing an
i mge obtained by the imaging, a stage which is novable relatively to the
i I'lum nating device and the imaging device in two perpendicul ar
directions, a novable body supported on the stage novably in either one of
the two directions, and a board supporting nmember supported on the
novabl e body for supporting the board to be inspected. Si nce the

Do, LN, YhakE TENEOLE DOEYyy oA e MNP EEB DU R
portion. surface of the table 11 at one end thereof, and the pulley
28 is fixed to the rotational shaft of an X-axis motor (a DC
motor) 29. The motor 29 is fixed to the lower surface of
5 the table 11. The timing belt 25 is attached to the X stage
21 at its one portion.

By driving the motor 29, the X stage 21 is moved
rightward and leftward along the X-axis rail 23 via the
timing belt 25 and is placed in an arbitrary position. The

10 light projecting device 70 and the imaging device 80 are
mounted on the X stage 21.

The Y-axis table 30 comprises a Y-axis rail 33 secured
to the base 10. The Y-axis rail 33 perpendiculaﬁly crosses
the X-axis rail 23.

15 A Y stage 41 comprises a supporting plate 43, a sliding
member 42 fixed to the lower surface of the supporting plate
43, side members 44 formed integrally with the supporting

- plate 43 on both sides thereof and extending in the

longitudinal direction (the Y-axis direction), and a rear

20 member 45 fixed between the rear ends of the side members
44. The sliding member 42 is slidably fitted to the Y-axis
rail 33.

An endless timing belt 35 is disposed along the Y-axis
rail 33. Pulleys (gears) 37 and 38 each having teeth formed

25 on its peripheral surface are rotatably provided at the
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A visual inspection supporting apparatus according to the present

I nventjon conprises a illumnating device for illumnating a printed
circuit board to be inspected, an inaging device for imaging an area on
the board illumnated by the illum nating device and outputting an inage
signal representing an i nage obtained by the inmaging, a stage which is
novabl e relatively to the illum nating device and the imaging device in

two per pendi C!kéhtdéﬁécéhénéhearéé)f Add'Sr RAY Halkah 80! YespoRLITEL, ON the

stage, and a board
The timing belt 35 is reeved around the pulleys 37 and 38.

A portion of the timing belt 35 is attached to a bracket 43a
fixed to the lower surface of the supporting plate 43.

5 A pulley 31 and the pulley 38 at the rear of the base
10 are secured to a common shaft. On the éther hand, a
pulley 36 is fixed to the rotational.shaft of a Y-axis motor
(a DC motor) 39. A timing belt 32 is reeved around the
pulleys 31 and 36. The common rotational shaft of the

10 pulleys 31 and 38 is rotatably supported by a suitable
bearing (not shown). The bearing and the motor 39 are fixed
to the base 10.by a fixing member (not shown).

A frame 34 is provided around the Y-axis rail 33 and
the timing belt 35. The frame 34 is fixed to the base 10.

15 A stopper 34a and a stopper 34b are respectiveiy fixed to
the front end and the rear end of the frame 34. The
stoppers 34a and 34b regulate the movement range of the Y
stage 41. A cover (not shown) is attached to the frame 34
in such a manner as not to prevent the movement of the Y

20 stage 41.

By driving the Y-axis motor 39, the Y stage 41 is moved
back and forth along the rail 33 via the timing belts 32 and
35 and is placed in an arbitrary position.

A board supporting body 50 is mounted on the Y stage 41

25 so as to be capable of being raised and laid down. The
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- 6- supporting nmenber supported on the rotating body for supporting the
board to be inspected. The board can be rotated in the use of this

appar at us.

Consequently, the apparatus is suitable for sol dering

i nspection and correction of a part having a |l ead on four

10

15

20

25

board supporting body 50 comprises a front plate 51, a
movable plate 52, a rear plate 53, and rods 54. Each of the
fiont plate 51 and the movable plate 52 has leg portions
extending downward.from both ends thereof. Supporting arms
51A and 52A horizontally extending in the transverse
direction (the rightward/leftward direction) are integrally
formed in the upper portions of the front plate 51 and the
movable plate 52, respectively. The rear plate 53 has leg
portions extending downward from both ends thereof. The leg
portions of the front plate 51 and the leq portions of the
rear plate 53 are respectively connected by the rods 54.
Both ends of the rod 54 are respectively fixed to the leg
portions of the front plate 51 and the rear plate 53.

Cylinders 55_are perpendicularly fixed to the leg
portions of the movable plate 52, respectively. 'The leg
portions of the movable plate 52 are respectively provided
with holes corresponding to through holes of the cylinders
55. The rods 54 slidably pass through the through holes of
the cylinders 55 and the holes of the leg portions,
respectively. Consequently, the movable plate 52 is movable
along the rods 54 between the front and rear plates 51 and
53.

As shown in Fig. 3, a splitted piece 61 is fixedly
attached to one of the leg portions of the movable plate 52,

on a surface opposite to the surface where the cylinder 55
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per pendi cul ar si des. These vi sual inspection supporting apparatuses
and the board inspecting apparatuses further conprise storage neans for
storing préviously taught position data representing a point to be

i nspected on a board to be inspected and display control neans for
performng control so as to indicate the point to be inspected on the

I mge di splayed on the display device I n accordance wth the position data

?;Orﬁg|ggtéges mé égern¥ﬂghe movabl eguegEIy,Tgeporiiéggé(%fgzé QﬁPeCted

also has a hole through which the rod 54 slidably passes,
and a slit 6la is formed downward from the hole. A screw
hole is formed in a direction perpendicular to the slit 6la,

5 and a screw 62a integrally secured to a lever 62 is fitted
in the screw hole. .The screw 62a is screwed in the screw
hole by means of the lever 62, whereby the hole of the
splitted piece 61 is reduced in size to tighten the rod 54.
Consequently, the movable plate 52 is fixed.

10 Receiving steps 5la and 52a are respectively formed on
the upper portions of the supporting arms 512 and 522 formed
in the front plate 51 and the movable plate 52 at inside
thereof along the longitudinal direction of the supporting
arms. A receiving piece 58 and a bracket 59 are,

15 respectively, fixedly attached to one end and the other end
of the supporting arm 51A of the front plate 51, and a shaft
57 is fixed at both ends thereof to the receiving piece 58
and tkz bracket 59. The shaft 57 is parallel to the
supporting arm 51A with small spacing. A préssing piece 56

20 1is slidably and rotatably mounted on the shaft 57.

The PC board PCB is received between the receiving step
5la of the supporting arm 51A and the receiving step 52a of
the supporting arm 52A. The position of the movable plate

- 52 is so adjusted that the PC board PCB just stays between

25 the receiving steps 5la and 52a, and the movable plate 52 is
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thereby inproving the operating efficiency of the inspection. ~ The
result of the inspection is immediately entered froman input device. A
portioh which is judged to be unacceptable as the result of the inspection
is indicated on a screen of the display device. More preferably, a

| ayout display indicating the position on the board of an area of the

I mge di splayed on the display device is provided. Consequently, the

' n find an area currently inspected, and can al so grasp the
| nspect or C%Qxéd Y means oé:the leéér 62? The PC board PCB is brought

leftward and is placed in a position abutting against the
receiving piece 58. The pressing piece 56 is moved to a
position abutting against the right end of the PC board PCB.

5 A permanent magnét is embedded in the front end of the
pressing piece 56, and the front plate 51 is formed of a
magnetic material (for example, iron). If the pressing
piece 56 is moved along the shaft 57 in a state where it is
raised as indicated by a one-dot and dash line in Fig. 2,

10 and is laid down in the position abutting against the right
end of the PC board PCB, the permanent magnet attracts the
front plate 51, whereby the pressing piece 56 is fixed. The
PC board PCB is fixed in a state where it is received by the
receiving steps 5la and 52a and put between the receiving

15 steps 5la and 52a and between the receiving piece 58 and the
pressing piece 56. 1If the front plate 51 is not formed of a
magnetic material, a magnetic plate may be fixedly attached
along the supporting arm 51A.

The front plate 51 of the board supporting body 50 is

20 attached at both leg portions thereof fotatably (so as to be
capable of being raised and laid down) to the front ends of
the side members 44 of the Y stage 41 by shafts 48. 1In a
state where the board supporting body 50 is laid down (a
state shown in Fig. 2), a block 53A fixed to the rear side

25 of the rear plate 53 of the board supporting body 50 abuts
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- 7- progress of the inspection. In order to make up the personal
di fference between inspectors to ensure objectivity, a scale for
expressing.the length is displayed on the image displayed on the display
devi ce.

against and is received by the rear member 45 of the Y stage
41. A handle 60 extending upward is mounted on the block
53A, and a permanent magnet 46 is embedded in the lower
surface of the block 53A. On the other hand, a magnetic

5 sensor (for example, a Hall element) 47 is embedded, at a
location, which corresponds to the permanent magnet 46, in
the rear member 45 of the Y stage 41. If the board
supporting body 50 is in the state shown in Fig. 2, the
magnetic sensor 47 detects the permanent magnet 46, to

1o output a detection signal. Consequently, it is possible to
recognize that the board supporting body 50 is in its laid
position (horizontal position). It goes without saying that
the magnetic sensor may be replaced with another sensor (a
limit switch or the like).

15 Brackets 63 are fixedly attached to the front portions
of the side members 44 of the Y stage 41 and brackets 64 are
attached to the leg portions of the rear plate 53 of the
board supporting body 50. A stay 65 comprises a guide 67, a
shaft 66 removably inserted into the guide 67, and a latch

20 mechanism for fixing the shaft 66 to a predetermined
position of the guide 67. The base end of the guide 67 of
the stay 65 and the top end of the shaft 66 are pivoted on
the bracket 63 and the bracket 64, respectively.

The rear end of the board supporting body 50 can be

25 pulled up, with the handle 60 in hand. The board supporting
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Furthernore, two |ines are novably displayed on the display screen of the
di spl ay device, and the spacing between the two lines is calculated and is
di spl ayed. Additionally, a w ndow is displayed on the display screen
of the display device, and data relating to the size of a particular image
in the window is displayed. More preferably, data relating to the _
reference size is displayed in addition to the data relating to the size

of the partiigiyalsg T9%aised, rSRGPhRCIndGal eI Teet 18.PY §3ERL LAYENti o
wi Il becone
board supporting body 50 is pulled up to a suitable height,
the end thereof is slightly lowered, then the latch
mechanism of the stay 65 operates so that the stay 65
5 stretches. Consequently, the board supporting body 50 is
held in its obliquely raised state, as shown in Fig. 4.
Thereafter, when the rear end of the board supporting
body 50 is slightly pulled up by means of the handle 60, the
latch mechanism of the stay 65 is released, whereby the
10 board supporting body 50 is returned to the horizontal
position as shown in Fig. 2. In a state where the board
supporting body 50 is obliquely raised, the magnetic sensor
47 cannot detect the permanent magnet 46.
In Fig. 1, a keyboard 14 for inspection and an
15 emergéncy stop switch 15 are further put on the base 10.
The keyboard 14 and the switch 15 are connected to a
controller, as described later. The keyboard 14 for
inspection and the emergency stop switch 15 are used in
inspecting a PC board. When a teaching operation as
20 described later is performed, a mouse and a keyboard for
teaching are put on the base 10.
Although the construction of the stay 65 functioning as
described above has already been known, the construction and
the function will be briefly described with reference to

25 Figs. 5a to 5d and Figs. 6a to 6d.
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nore apparent from enbodi ments expl ai ned herei nbel ow. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figs. 1to 4 iIIUStrape an exanpl e of the
nmechani cal construction of a visual inspection supporting apparatus (Part
1), Fig. 1 is a perspective view of the entire apparatus, Fi g.

2 is a perspective view showi.ng a Y-axis table in enlarged form
Fig. 3 is a cross-sectional view showi ng in enlarged

In Fig. 5a, the guide 67 is a hollow prism (rectangqular
in cross section), and the shaft 66 is inserted into the
guide 67 from an opening end of the guide 67 (an end on the
oppogite side of the base end, which is attached to the

5 Dbracket 63, of the guide 67). The guide 67 is formed with
an opening 67a in the vicinity of the opening end on a side
surface thereof. A stopper 68 having four claws is
rotatably provided at the base end of the shaft 66 (an end
on the opposite side of the top end, which is attached to

10 the bracket 64, of the shaft 66). In addition, the guide 67
is provided with a projection 69 outside of the stopper €8,
and the projection 69 is projected into the guide 67. The
stopper 68 and the projection 69 constitute a latch
mechanism.

15 In a process for obliquely raising the board supporting
body 50 from its laid position, the stay 65 operates, as
shown in Figs. 5a to 5d. When the guide 67 moves rightward
(the shaft 66 moves leftward), the stopper 68 rotates in a
counterclockwise direction in contact wifh the projection

20 69, and one of the claws of the stopper 68 is projected
outward from the opening 67a (the guide 67 can not move
rightward from this position) (Fig. 5b). When the guide 67
is returned leftward, the claw projected outward from the
opening 67a is brought into contact with an edge of the

25 opening 67a, whereby the stopper 68 rotates in a
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-8 - forma portion for fixing a novable plate, Fig. 4is a
perspective. view showing a state where a board supporting nenber is
rai sed, Figs. 5a to 5d and Figs. 6a to 6d are cross-sectional views

showi ng the construction and the operation of a stay

counterclockwise direction (Fig. 5c). One of the claws of
the stopper 68 and the adjacent claws are respectively
 brought into contact with the edge of the opening 67a and
the inner surface of the gqide 67, whereby the guide 67 can
-5 not further move leftward from this position (the shaft 66
can not move rightward) (Fig. 5d). Consequently, the board
supporting body 50 is kept in its obliquely raised position.
When the board supporting body 50 is slightly pulled
up, the handle 60 in hand as described above, the latch
10 mechanism is released, whereby the board supporting body 50
is returned to the horizontal position. This process is
illustrated in Figs. 6a to 6d.
When the guide 67 moves rightward from the state of
Fig. 5d, the stopper 68 abuts against the projection 69 to
15 rotate in a counterclockwise direction (Figs. 6a to 6b) (the
guide 67 can not further move rightward from this position).
When the guide 67 then moves leftward, the claw of the
stopper 68 projected outward from the opening 67a abuts
against the edge of the opening 67a, whereby the stopper 68
20 rotates in a counterclockwise direction, to enter the guide
67 (Fig. 6c). In this state, the guide 67 can move leftward
(the shaft 66 can move rightward) (Fig. 6d).
(2) Light projecting device and imaging device (Part 1 and
Part 2) |

25 An example of the construction of a light projecting
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for holding a board supporting nmenber in its raised state; ~Fig. 7is
a cross-sectional view show ng the construction of a Iight projecting

~device and an imaging device (Part 1); Fig. 8 is a cross-sectiona
view showing the construction of a light projecting device and an imaging
device (Part 2); Fig. 9 illustrates the construction of a |ight

source equipnent to which the |ight projecting device shown in Fig. 8 is

connect ed; ) . : . . .
device 70 will be described with reference to Fig. 7. A

;ing—shaped fluorescent lamp 71 is arranged in the upper
portion of a cylindrical case 79 inside thereof. The
fluoreﬁcent lamp 71 is covered with a cover 7%9a. A ring-

5 shaped photoconductor (made of acrylic, for example) 72 is
provided below the fluorescent lamp 71. The inner
peripheral surface of the photoconductor 72 is formed in a
three-stepped shape. The portion of the uppermost step is
the thickest and the lower the positioﬁ is, the thinner the

10 portion becomes. This peripheral surface of the
photoconductor 72 is also in a ring shape.

A red (R) color filer 73, a green (G) color filter 74,
and a blue (B) color filter 75 are respectively pdsitioned
on the lower surface of the uppermost step, the lower

15 surface of the middle step and the lower surface of the
photoconductdr 72. Diffusing plates 76 having slops are
respectively arranged inside of the color filters 73 to 75.
A black ring-shaped wall 77 is provided between the upper
and lower diffusing plates 76. The color filters 73 to 75

20 are also in a ring shape, and the diffusing plates 76 are
also in a ring shape. The R filter 73, the diffusing plate
76, the ring-shaped wall 77, the G filter 74, the diffusing
plate 76, the ring-shaped wall 77, the B filter 75, and the
diffusing plate 76 are successively fitted, and a stop ring

25 78 is finally screwed into the case 79, whereby the inner
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Fig. .10 is a block diagram showi ng the electrical construction of the

vi sual, i nspection supporting apparatus (Part 1); Fig. 11 is a flow
chart show ng the procedure for teaching processing; Fig. 12

il lustrates an exanple of a teaching table; Fig. 13 is a plan view
showi ng one exanple of a printed circuit board,; Fig. 14 illustrates

an exanpl e. of an inmage displayed in teaching processing;

peripheral surface of the light projecting device 70 is
assembled.
Light emitted from the fluorescent lamp 71 passes

through the photoconductor 72, to reach the R, G and B color

5 filters 73 to 75, where the light is converted into R light,
G light and B light, and the R light, G light and B light
are diffused by the diffusing plates ?6 and are directed
downward. The R light, G light and B light projected
downward through the color filters 73 to 75 differ in the

10 angle of projection. Letting 63, 62 and 61 be angles formed
by a horizontal surface of ah object positioned just below
the center of the light projecting device 70 (which
coincides with the center of an imaging device 80) and the
directions of projection of the R light, G light and B

15 1light, respectively, the relationship of 63 > 62 > 61 holds.
An imagé formed by light reflected from the object is pigked
up.by the imaging device 80 positioned just above the
object. When the surface of the object is near to-
horizontal, the red reflected light is the strongest of the

20 light incident on the imaging device. The larger the angle
of inclination of the surface of the object from the
horizontal surface is, the stronger the reflected green
light and blue reflected light become. The angles of
inclination of the surface of the object are thus

25 represented in different colors on the image picked up.

is Sheet Has Been Replaced

“ T




- 9-

10

15

20

25

Figs. 15a and 15b illustrate exanples of a |layout display;
Figs. 16, 17, 18 and 19 are flow charts show ng the procedure for
i nspecting processing and correcting processing;

Preferably, the emission spectrum of the fluorescent
lamp, the transmission rates of the color filters 73 to 75,
and the like are so determined that the R light, G light and
B light are mixed to generate white light.

The imaging device 80 is fixed to the upper portion in
the center of the light projecting device 70, and comprises
a zoom lens system (a lens cylinder) 81 and a camera head
82. The camera head 82 includes a CCD (solid state
electronic imagig device). The zoom lens system 81 causes
light reflected from an object positioned just below the
zoom lens system 81 to be formed on the CCD of the camera
head 82. The zoom magnification can be manually changed.

Fig. 8 illustrates another example of the construction
of a light projecting device. Fig. 9 illustrates the
cpnstruction of a light source equipment. An imaging device
is the same as the above described one.

In a light projecting device 90, there are provided no
color filters and fluorescent lamp. Three optical fiber
cables 93 to 95 are introduced into the light projecting
device 90 from a light source equipment 91. Each of the
optical fiber cables 93 to 95 is obtained by bundling a lot
of fine optical fibers and coating the periphery thereof.
The optical fiber cable 93 is for introducing red light, and
a lot of optical fibers 93A thereof are arranged at a

predetermined spacing in a ring shapé so that their tips
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Fig. 20 illustrates an exanple of an inspection-result table; Fi gs.
2l1a and 21b show how a mark representing a designated point is

successively driven; Figs. 22a and 22b show how a | ayout display is
changed,; Fig. 23 illustrates an exanple of an image in which marks
representing all designated points in one inspection area are displayed
once and for all; Fig. 24 illustrates another exanple in which a

desi gnated point is_indicated,
(light is pro;ected from the tips) are positioned above the

diffusing plate 76 in the uppermost step. Similarly, the
optical fiber cables 94 and 95 are for respectively
introducing green light and blue light, and a lot of optical

5 fibers 94A of the cable 94 and a lot of optical fibers 95A
of the cable 95 are respectively arranged at a predetermined
spacing in a ring shape so that their tips are positioned
above the diffusing plates 76 in the middle step and the
lower step. Even such the light projecting device 90 is

10 used, it is possible to illuminate an object just below the
light projecting device 90 at different angles and in
different colors.

In Fig. 9, three halogen lamps (light sources) 92 are

arranged in the light source equipment 91, and the light

15 sources 92 are shielded from each other by partition walls
98. Heat preventing glass 96 and color filters (R, G, B)
73, 74 and 75 are respectively arranged ahead of the light
sources 92. Connectors 97 of the optical fiber cables are
further respectively provided ahead of the color filters 73

20 to 75. The optical fiber cables 93 to 95 are respectively
inserted into the connectors 97 and are fixed by screws 97a,
so that the R light, G light and B light are respectively
introduced into the optical fiber cables 93, 94 and 95.

The light source equipment 91 has features that the

25 optical fiber cables 93 to 95 can be respectively connected
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Fig. 25 illustrates another exanple of a |layout display; Fig. 26

Il lustrates an exanple in which a standard inage is displayed, Fig.
27 illustrates an exanple in which a scale is displayed on an inage;

Fig. 28 illustrates an exanple in which two |ines are displayed on an

I mage; ' Fig. 29 illustrates an exanpl in which the neasured fillet

| ength, along with the criterion in inspection, is

to the arbitrary connectors 97. Consequently, the angles of
projection of the R light, G light and B light in the light
projecfing device 90 can be switched. For example, if the
optical fiber cable 93 is connected to ﬁhe connector 97

5 ahead of the blue.color filter 75, the blue light can be
projected at the greatest angle 63 from a position in the
uppermost step in the light projecting device 90. The light
projecting device 90 can be also changed into a light
projecting device of two colors or one color by omitting one

10 or two optical fiber cables.

Furthermore, the intensities of light emission of the
three light sources 92 are electrically controlled, whereby
the intensities of the R light, G light and B light
projected in the light projecting device 90 can be so

15 adjusted that the R light, G light and B light are mixed to
generate whiﬁe light.
(3) Electrical construction of visual inspection supporting
apparatus (Part 1)

Fig. 10 illustrates an example of the electrical

20 construction of the visual inspection supporting apparatus.
The wvisual inspection supporting apparatus is controlled by
a computer system. The main body of a computer including a
CPU to be the heart of the computer system is illustrated as
a controller 100. Interface circuits for connecting

25 input/output devices shall be included in the controller 100
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-10- di spl ayed,; Fig. 30a is a cross-sectional view show ng a | ead,
sol der,and a land, and Fig. 30b illustrates an i mage correspondi ng

t her et o;

10

15

20

25

as required.

The visual inspection supporting apparatus has mainly

the teaching mode and the inspection mode. Even in either

one of the modes, performed are the driving of the X-axis
table 20 and the Y-axis table 30, the imaging of the PC
board PCB, the displaying of an image obtained by the
imaging, and so on.

The camera head 82 of the imaging device 80 includes a
color CCD serving as an imaging device as described above,
and circuits such as a circuit for processing a video signal
outputted from the CCD (circuits for white balance
adjustment, and gamma correction, a matrix circuit for
producing R, G and B signals, and the like). The video
signal outputted from the camera head 82 is converted into
digital image data (generally, R, G and B image data) in an
A/D converter (comprising three A/D converters for R, G and
B) 101. The digital image data are stored once in a frame
memory 102. The digital image data read out from the frame
memory 102 are converted into an analog video signal by a
D/A converter 103. The analog video signal is fed to a CRT
display device 13 through a display control circuit 104.
Preferably, the frame memory 102 can write and read out data
simultaneously, and an image picked up by the camera head 82
is always displayed on the display device 13.

The display control circuit 104 produces image data
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Fig. 31 illustrates an exanple of a display in a case where the fillet

|l ength is automatically measured, Fig. 32 illustrates an exanple of a
display in a case where the fillet area is automatically neasured,

Figs. 33a and 34a are cross-sectional views showing solder and its
vicinity, and Figs. 33b and 34b illustrate an exanple of a displayed inage

correspondi ng t hereto; Fig. 35 is a block diagram show ng the
el ectrical constructi,on of t he vi sual |n%£eg£|on. u%p&rtlng ap%ara
(Part 2): representing a cursor, a mark escribed later; isp ay

of layout on the'entire PC board, a scale and the like, and
displays the image data one over the other on a screen of
the display device 13 under the control of the controller

5 100.

The X-axis motor 29 and the Y-axis motor 39 are
controlled by a XY table controller 105 on the basis of a
command of the controller 100.

The current position of the X-axis table 20 and more

10 precisely, the X-coordinate of the center of the visual
field of the imaging device 80 mounted on the X stage 21 is
detected by an X position sensor 106. Similarly, the
current position of the Y-axis table 30, that is, the ¥-
coordinate of the center of the visual field of the imaging

15 device 80 is detected by a Y pdsition senéor 107. The
position sensors 106 and 107 are, for example, rotary
transducers{ and are mounted on the rotational shafts of the
X-axis table 20 and the Y-axis table 30, for example, the
rotational shaft of the motor 29 or the shaft of the pulley

20 31. BAn X position signal representing the X-coordinate
outputted from the X position sensor 106, a Y position
signal representing the Y-coordinate outputted from the Y
position sensor 107, and a detection signal outputted from
the magnetic sensor 47 and indicating that the board

25 supporting body 50 is in its horizontal position are
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Figs. 36 to 40 illustrate an exanple of the nechanical construction of the

vi sual ,i nspgection supporting apparatus (Part 2), Fig. 36 is an

enl arged perspective view of a Y-axis table, Fig. 37 is an enlarged
cross-sectional viewtaken along a line VIl - VIl showm in Fig. 36,

Fig. 38 is an enlarged cross-sectional view taken along a line VIII - VIII
shown in Fig. 36, Fig. 39 is an enlarged cross-sectional view taken
al ong

inputted to the controller 100 via an interface 108. The
turning-on or -off of the power supply of the light
projecting device 70 is also controlled by the controller
100.

5 In the teaching mode, a mouse 111 and a keyboard 112
for teaching are used for entering various data and
commands. The mouse 111 is for designating the position and
the size of a cursor, a mark or the like displayed on the
CRT display device 13. The teaching keyboard 112 includes a

10 key for entering a command to move the X-axis table 20 and
the Y—axis.table 30 (hereinafter collectively referred to as
an XY table) in addition to keys for entering the board
name, the board size, the zoom magnification, and the
confirmation of entry.

15 In the inspection mode, the inspecting keyboard 14 and
the emergency stop switch 15 are used for entering various
data and commands. The teaching keyboard 112 is also used
as required. The inspecting keyboard 14 is provided with
keys such as a key for moving a mark on a display screen

20 (the preceding point and the succeeding point), a key for
moving the XY table to the preceding or succeeding
inspection area (the preceding inspection area and the
succeeding inspection area), a key for moving the XY table
back and forth and rightward and leftward, a key for

25 entering a code representing unacceptable soldering, a draw
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aline IX- IXshowm in Fig. 36, and -
11 - ., Fig. 40 is a Perspective view showing a state where a board

supporting nmenber is raised, ~ Fig. 41 is an expl oded perspective view
showi ng an exanple of the mechani cal construction of the visual

command key for issuing a command to draw out the Y stage 41
forward (toward a worker), and a return key for entering a
command to return the Y stage 41 to the original position.
The emergency stop switch 15 is depressed in driving the XY

5 table. That is, the XY table is not moved even if a
movement command is entered from the inspecting keyboard 14,
unless the switch 15 is turned on. This is for the purpose
of safety of work (the worker cannot move the XY table
without using his or her both hands).

10 A memory 109 accompanied to the controller 100 is
provided with an area storing image data representing an
image indicating a standard (or on the limit) soldered state
of a part mounted on a reference PC board, an area storing a
teaching table created in the teaching processing as

15 described later, an area storing an inspection-result table
produced in the inspecting processing, an area storing a
position to which the Y stage 41 is to be returned before
being drawn out (a return position), an area storing the
current position (the X and Y coordinates) of £he XY table,

20 a working area, and other areas.

The teaching table created in the teaching processing
and the inspection-result table produced in the inspecting
processing are stored in a floppy disk or are printed out
after the termination of the processing. A floppy disk (FD)

25 drive 113 and a printer 114 are connected to the controller
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I nspection supporting apparatus (Part 3); Figs. 42a and 42b
illustrate a structure for inclining a Y table base; Figs. 43a to
43b illustrate a structure for inclining a light projecting device and an
i magi ng devi ce; Fig. 44 is an enl arged perspective view of an X
stage; and Fig. 45 is a block diagram showi ng a systemin which a
sol dering correcting apparatus is conbined with an automatic board
' nspecting apgggaggsérder to save and output the data.

(4) Teaching processing

Fig. 11 shows operations in the teaching mode (teaching

processing) in the visual inspection supporting apparatus.

5 The teaching processing is mainly supervised by the
controller 100. Fig. 12 shows one example of the teaching
table produced in the teaching processing.

In the teaching mode, a reference PC board to which
parts are suitably soldered is used. The reference PC board

10 is first set in the receiving steps 5la and 52a of the
supporting arms 51A and 52A of the board supporting body 50.
The board name (the type name representing the type of
board, the number and the like) and the board size of the
reference PC board are entered from the teaching keyboard

15 112 (step 201). The board size is useful in providing a
display 6f layout on the PC board.

When an initial positioning command is entered from the
teaching keyboard 112, the XY table is positianed at its
initial position (step 202). The initial position is a

20 position where a predetermined location, for example, the
lower left corner of the PC board set in the board
supporting body 50 is positioned in the center of the visual
field (field of vision) of the imaging device 80.

The entire PC board does not generally enter in the

25 visual field of the imaging device 80. Therefore, the
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BEST MODE FOR CARRYI NG OQUT THE I NVENTION (1) Mechani cal construction of
vi sual i nspection supporting apparatus (Part 1) An exanpl e of the
mechani cal construction of a visual . inspection supporting apparatus for
assisting in wrk for visually inspecting a printed circuit (PC) board on

which parts are nounted for acceptability of soldering is

illustrated in

Figs. 1 to 4. A printed circuit board on which electronic parts are

entire PC board is divided into a plurality of areas each

corresponding to a visual field. The range corresponding to

one visual field becomes one inspection area.

Fig. 13 illustrates an example of a PC board PCB. A

5 lot of parts are mounted on the PC board and soldered

thereto. The range of one visual field is indicated by a

one-dot and dash line. A range indicated by "IAl" is a

first inspection area, and a range indicated by "IA2" is a

‘second inspection area. If an image is enlarged by the zoom

10 lens system 81, an inspection area is narrowed, as an eighth

inspection area indicated by "IA8". Such an inspection area

is designated by an inspector (a worker). The inspection

areas are consecutively numbered starting with 1 so that

they are distinguished.

15 When the XY table is positioned at its initial

position, the visual field of the imaging device 80 is the

first inspection area IAl. An example of an image displayed

on the screen of the display device 13 at this time is

illustrated in Fig. 14. The contour of the entire PC board

20 PCB and the position of the first inspection area IAl in the

contour are displayed at the lower right portion of the

screen. This is a layout display LD.

The inspector views such a display screen to designate

a portion whose soldering is to be inspected (a designated

25 point) (step 203). The point to be inspected can be

33
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nounted is generally manufactured through a nounting step

-12-  for disposing and positioning an electronic part (hereinafter
merely referred to as a "part") on a printed circuit board (hereinafter
nerely referred to as a "PC

designated using various marks. For example, a part to be
inspected can be designated Qith a circular mark, as
indicated by a circle mark MC. Alternatively, a zone to be
inspected can be designated, put in a frame, as indicated by
5 a frame mark MF. The circle mark MC or the frame mark MF
need not necessarily correspond to one part. It is possible
to indicate a plurality of parts by one mark.
Alternatively, it is also possible to divide dne part into a
plurality of zones and indicaté the zones by a plurality of
10 marks.

The circle mark MC or the frame mark MF is produced by
the display control circuit 104 in response to a command
from the teaching keyboard 112 or the mouse 111, and is
displayed on the display screen with a particular color

15 superimposed thereon. The size of the circle of the circle
mark MC and the size of the frame of the frame mark MF are
variable by the command from the mouse 111.

The inspector successively designates points to be

inspected using the mark MC or MF while seeing an image of a

20 part displayed on the display screen. The designafed points
are assigned designation numbers (serial numbers) in the
order designated.

When the inspector designates all points on the display
screen (one inspection area) and provide entry indicating

25 that the designation has been completed, the designated
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board" or "board"), a soldering step using soldering nethods such as a
flow sol dering nethod and a reflow soldering nethod, a soldering

i nspecting step for judgi ng whether or not soldering is acceptable, and a
sol dering correcting step for correcting a soldered portion which is
judged to be. wunacceptable. No soldering correcting step is, of course,
required with respect to a PC board havi ng no unacceptable sol dered
portion. The soldering step and the subsequent steps may,_in sone cases,

be perforned BRARhS wri® Feeprdtin Fhey teachdRgd tRRVENESECR ? Wbt ed portion

difficult or inpossible . i . .
Referring to Fig. 12, the teaching table includes the

entered board name and board size.stored therein, and
includes for each inspection area number the coordinates

5 representing the position of an inspection area
corresponding thereto and data relating to points designated
in the inspection area. The coordinates of the inspection
area are the coordinates of a particular point of the
inspection area, for example, a point at the lower left

10 corner. The data relating to the designated point comprises
a designation number and the position of a designated point
corresponding thereto (coordinate data). Data representing
the position of the designated point is constituted by a
code representing the type of mark (MC or MF), the diameter

15 and the coordinates (the X and Y coordinates) of the center
of the mark in the case of the circle mark MC, or the length
and breadth of the mark and the coordinates of the center of
the mark in the case of the frame mark MF. If the
coordinates of the inspectién area and the zoom

20 magnification are found, the coordinates in the XY table of
an arbitrary point on the screen are uniquely determined.
The controller 100 calculates the coordinates of the center,
the diameter or the length of the side of the designated
mark on the basis of the position on the screen of the mark.

25 In the displayed image shown in Fig. 14, an electrode
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to correct. The vi sual inspection supporting apparatus is used for
either one or both of the soldering inspecting step and the soldering
correcting step. That is, the visual inspection supporting apparatus is
used for assisting an inspector (a worker) in performng work for visually
I nspecting a soldered portion on a PC board for acceptability and
assisting a worker (an inspector) in performng manual- work for correcting

an unaccept abl e _sol dered portion. As %?parent fromthe follow ng, an
unaccept abl e (fol€P8d EaRfp@ part, a land L on the PC board, and sdldered

areas R, G and B indicaﬁed in colors are indicated only with
respect to one part. This is also substantially the same in
the other drawings of the display screen.

5 When the designation of all points is completed with
respect to one inspection area, the inspector enters a
command to move the XY table from the teaching keyboard 112,
to position the succeeding inspection area (steps 206 and
207). The succeeding inspection area may be partially

10 overlapped with or spaced apart from the preceding
inspection area. The inspector may determine the succeeding
inspection area on his or her judgment.

A layout display image representing the succeeding
inspection area appears in the layout display LD. The

15 layout display LD may be e#pressed by an inspection area and
designated marks, as shown in Fig. 15a, a mark finally
designated may be indicated by an arrow as shown in Fig.
15b, or the current inspection area may be indicated by an
arrow. When the designation of points has already been

20 completed with respect to a plurality of inspection areas,
all the inspection areas and the points which have been
designated are displayed in the layout display 1LD.
Consequently, the inspector can know to what extent the
inspection areas and the points are designated.

25 Particularly if the inspection area which has already been
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corrected after visual inspection of one or a plurality of PC boards is
conpl eted, and an unacceptabl e portion can be

- 13 - al so corrected every tinme the unacceptable portion is found out

i n visual inspection of one PC board. Particularly referring to Figs.
1 and 2, a fixed table

designated and the inspection area which is being currently
designated are displayed in different forms (in different
colors, for example), they are easier to understand, The
inspector successively designates portions to be inspected

5 (inspection areas and points) on the PC board without
omission.

The processing in the steps 203 and 204 is also
repeated with respect to the succeeding inspection area.

The same processing is repeated while successively
10 positioning a new inspection area (steps 206 and 207).

When the foregoing operations and processing are
terminated with respect to all the areas on the'reference PC
board set on the board supporting body 50 (step 205), the
produced teaching table is saved in the floppy disk FD by

15 the FD drive 113 in response to entry indicating that the
operations and processing have been terminated by the
inspector (step 268).
In the foregoing description, the zoom magnification is
fixed at a constant value. When the zoom magnification is
20 fixed with respect to one PC board, the zoom magnification
is stored in the teaching table in conformity with the board
name. The zoom magnification will be entered from the
keyboard 112.
When a predetermined zoom magnification is set, the

25 zoom magnification need not be keyed. At this time, the
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11 is positioned on the rear half of a base 10, and legs 12 of the table
11 are, secured to the base 10. The upper surface of the table 11 is higher
in position than the base. 10, and a CRT display device 13 is di sposed on
t he upper surface of the table 11. An X-axis table 20 is provided
along the front edge of the table 11. In addition, a Y-axis table 30 is
provided on the base 10 in such an arrangenent as to perpendicul arly

cross the X-aghgmt ﬁQ@;ﬁlgﬁcaJﬂﬁi %2Hot halke %BIQEV% tRe L B8acKiAS Sable.

direction and positions a |light projecting device
The zoom magnification may be varied for each

inspection area. 1In this case, the size of the inspection
- area varies depending on the zoom magnification, as

5 described above. The zoom magnification is entered prior to
designating a point to be inspected (step 203). The zoom
magnification ié étored in the teaching table in confofmity
with an inspection area number. The zoom magnification may
be entered for each designated point.

10 Furthermore, a command to store an image may be
enterable from the keyboard 112 when a point to be inspected
is designated. In this case, anlimage in the wvicinity of a
part designated by a mark is extracted, and the extracted
image data is stored in an image data area, linking to an

15 inspection area number and a designation number. The image
data may be stored in the teaching table. The image daﬁa
thus extracted, along with the teaching table, is saved in
the floppy disk FD as one representing a standard image (or
a limit image). When the inspector uses the keyboard 112 to

20 enter the part name in conformity with the designation
number, the designation number may be replaced with the
entered.part name in the teaéhing table.
(5) Inspecting processing

As described above, the visual inspection supporting

25 apparatus can be used for the inspector to inspect a PC
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and an i maging device 80. The Y-axis table 30 noves in the Y-axis

direction and positions a PC board PCB. The X-axis table 20 is
nounted on the | ower surface of the front edge of the table 11, and
conprises an X-axis rail 23 and a supporting rail 24 extending in the

transverse direction (the X-axis direction). An X stage 21 is provided
wth a slider 22. The slider 22 is slidably fitted to the X-axis rail 23.

A portion including the slider 22 of the X stage 21 is sljdably supported
on the supporLPﬁﬁgré?lP§4.°ard to 4¢ SftARasEed)nitRg BEFEPBEPLLLEY sPbsed

al ong the X-axis . . . .
soldering in the inspection mode, and can be also used for

the inspector to immediately correct a soldered portion
which is judged to be unacceptable. For convenience, a case

5 where a plurality of PC boards are only inspected and a case
where they are corrected will be separately described.

Figs. 16 to 18 show the procedure for processing in a
case where only inspection is made. This processing is also
mainly supervised by the controller 100. Fig. 20 shows an

10 example of an inspection-result table.

A plurality of PC boards of the same type are
successively inspected. A floppy disk FD storing a teaching
table for the PC boards of the type to be inspected is set
in the FD drive 113. 1In addition, the board name (the type

15 of board) of the PC board to be inspected is entered from
the teaching keyboard 112 (or the inspecting keyboard 14)
(step 211). The plurality of PC boards to be inspected have
the same name. In order to distinguish the plurality of PC
boards, board numbers are assigned to the PC boards. A

20 number previously assigned to each of the PC boards can be
used as the board number. 1In this case, when the PC board
is set (step 213), the board number is entered. The
apparatus may automatically assign the board numbers

.starting with 1 in the order inspected. 1In this case, the

25 PC boards which have been inspected must be so preserved
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rail 23. The timng belt 25 is reeved around pulleys (gears) 27 and 28
each having teeth on its peripheral

-14- surface. The pulley 27 is rotatably nmounted on the | ower surface of
the table 11 at one end thereof, and the pulley

that the order of inspection can be found (they are numbered
or stacked).

In either case, when the board name is entered, the
teaching table designated by the board name is read out from

5 the floppy disk FD, and the teaching table is stored in the
memory 109 (step 212).

The inspector sets the PC board PCB to be inspected in
the board supporting body 50 (step 213). Upon entry
indicating that the PC board has been set, the controller

10 100 refers to the teaching table (particularly, the
coordinates of inspection areas) read in the memory 109, to
move the XY table to the position where the first inspection
area (No. 1) is imaged (step 214). Consequently, an image
of the inspection area No. 1 is displayed on the display

15 screen of the display device 13. The inséector judges
whether or not soldering on the PC board is acceptable while
seeing the displayéd image with his or her own eyes. An
acceptable soldered portion is not entered, while only a
soldered portion which is judged to be unacceptable, along

20 with a code indicating the particulars of its defect
(fault), is entered.

Since a soldered portion to be inspected is designated
using a mark as described above in teaching processing, and
a designation mark is also superimposed on a displayed image

25 of a PC board to be inspected, the inspector may follow a
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28 is fixed to the rotational shaft of an X-axis notor (a DC notor) 29.
The motor 29 is fixed to the lower surface of the table 11. The tim ng
belt 25 is attached to the X stage 21 at its one portion, By driving
the notor 29, the X stage 21 is noved rightward and |eftward al ong the
X-axis rail 23 via the timng belt 25 and is placed in an arbitrary
position. The |I|ight projecting device 70 and the imagi ng device 80 are

ted . - -
?grr 23 ggchgggxlgka%o %é inspect;g]wiéﬁnﬁi% E%b%%rsgy%S”Elkﬁeﬁna e fXIS

of the designation mark. Since data relating to the

designation mark is stored in the teaching table, the

designation mark is displayed by the display controller 104
5 on the basis of the data.

A method of displaying a designation mark is mainly
divided into three types. The three types are the mark
manually forwarding mbde, the automatically forwarding mode,
and the inspection-aréa manually fowarding mode. The

10 inspector uses the inspecting keyboard 14 (or the teaching
keyboard 112), to select any one of these modes (step 215).

When the mark manually forwarding mode is selected, a
circle mark MC of a designation number 1 is first displayed,
as shown in Fig. 2la, on an image on a display screen (an

15 image of an inspection area No. 1). The inspector judges
whether or not soldering of a part on which the circle mark
MC is put (in the case of a frame mark MF, a zone
circumscribed by the frame mark MF) is acceptable by seeing
the displayed image. If soldering is acceptable, the

20 inspector depressés the succeeding poin£ key on the
inspecting keyboard 14 (step 221). Consequently, a mark MC
of a designation number 2 is displayed on the display
screen, as shown in Fig. 21b (step 222). The inspector
successively forwards the mark (the circle mark MC or the

25 frame mark MF) while successively depressing the succeeding
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to the base 10. The Y-axis rail 33 perpendicularly crosses the X-axis rai
23. , A Y stage 41 conprises a supporting plate 43, a sliding nenber
42 fixed to the | ower surface of the supporting plate 43, side nenbers 44
formed integrally with the supporting plate 43 on both sides thereof and
extending in the |longitudinal direction (the Y-axis direction), and a rear
menber 45 fixed between the rear ends of the side nenbers 44. The sliding

menber 42 is gdigablosyl,i tbeJulife ifethdiXict ddt lsoldering of a portion to
be inspected which is indicated by the mark is acceptable.
The mark is displayed on the basis of the data relating to
the designated point in the teaching table.

5 When i£ is desired to look over once again a portion
where the mark of the precéding designation number is
displayed, the inspector depresses the preceding point key
(step 219). Consequently, the mark of the preceding
designation number is displayed again (step 220) (return

10 from display shown in Fig. 21b to display shown in Fig. 2la,
for example).

In a layout display LD on the display screen, the
position on the PC board of an inspection area currently
displayed is indicated by an arrow. Alternatively, a

15 portion on the PC board where a mark is displayed appears on
the layout display, as shown in Figs. 22a and 22b. Fig. 22a
and Fig. 22b respectively correspond to Figs. 2la and Fig.
21b.

Upon finding out an unacceptable soldered portion, the

20 inspector depresses a defect code key representing its
defect found out on the inspecting keyboard 14 (step 227).
Examples of the defect code include "no soldering”,
"excessive soldering”, "a bridge", and "a missing part (no
part)". When the defect code is entered, a board number for

25 identifying a PC board undergoing inspection (the board name
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An endl ess timng belt 35 is disposed along the Y-axis rail 33. Pulleys
(gears) 37 and 38 each having teeth formed on its peripheral surface are
rotatably provided at the - 15 -
front end and the rear end of the base 10, respectively. The timng belt
35 is reeved around the pulleys 37 and 38.

as required), an inspection area number representing an area
being inspected, a designation number representing a portion
where a defect is found out, the coordinates of the
designation number (a designated point : a code, the

5 diameter or the length and breadth, and the center
coordinates), and the defect code are registered in the
inspection-result table (step 228) (see Fig. 20).

At this time, an unacceptable portion may be explicitly
indicated by changing the color or the shape of a mark (MC,

10 MF) for designating the portion which is judged to be
unacceptable. It is preferable that the mark representing
the unacceptable portion is not erased until the display of
the succeeding inspection area is started. The unacceptable.
portion may be displayed in the layout display LD.

15 Alternatively, the particulars of the entered defect code
maylbe displayed in characters on the display screen to urge
the inspector to confirm the defect code. It is preferable
that the defect code which has been entered once can be
canceled as required.

20 When the inspection of the inspection area No. 1 is
terminated, the inspector depresses the succeeding
inspection area key (step 225), whereby the XY table is so
driven that the succeeding inspection area No. 2 can be
imaged by referring to data representing the coordinates of

25 inspection areas in the teaching table (step 226). The
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A portion of the timng belt 35 is attached to a bracket 43a fixed to the
| oner surface of the supporting plate 43. A pulley 31 and the pulley
38 at 'the fear of the base 10 are secured to a conmon shaft. On the other
hand, a pulley 36 is fixed to the rotational shaft of a Y-axis motor (a
DC notor) 39. Atimng belt 32 is reeved around the pulleys 31 and 36. The
common rotational shaft of the pulleys 31 and 38 is rotatably supported by

S0l ) SRR SbpaheI e Wole o0 brdPihe 30 BECidixed (O
thus possible to perform soldering inspection of all
designated points in all inspection areas which are
registered in the teaching table.

5 When the preceding inspection area key on the
inspecting keyboard 14 is depressed (step 223), the XY table
is so driven that the preceding inspection area is imaged by
the imaging device 80 (step 224).

When the automatically forwarding mode is designated, a

10 displayed mark MC or MF successively moves on the séreen in
order of désignation numbers at predetermined time intervals
(step 217). The inspector judges whether or not soldering
of a portion represented by the mark is acceptable while
successively following the displayed mark.

15 Upon finding out unacceptable soldering, the inspector
depresses the defect code key in the same manner as
described above, whereby data relating to the unacceptable
soldering is registered in the inspection-result table
(steps 227 and 228).

20 If the inspection of one inspection area is terminated,
the inspection of the succeeding inspection area is started
by depressing the succeeding inspection area key, as
described above (steps 225 and 226).

The time interval during which a displayed mark moves

25 may be predetermined. Alternatively, the inspector can also
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A frame 34 is provided around the Y-axis rail 33 and the timng belt 35.
The franme 34 is fixed to the base 10. A stopper 34a and a stopper 34b are
respectively fixed to the front end and the rear end of the frane 34. The
stoppers 34a and 34b regul ate the novenent range of the Y stage 41. A
cover (not shown) is attached to the frame 34 in such a manner as not to
prevent the novenent of the Y stage 41. By driving the Y-axis notor

3O e v SLog5edt Lo TRHRY 1 RAha1"dsR5! B! RBJLFa AL 0P 14 2 the

It is preferable that a stop key is previously provided
in the inspecting keyboard 14 so that a displayed mark is
fixed not to move when the stop key is depressed.

5 Consequently, the inspector can carefully inspect a
particular portion.

When the inspection-area manually forwarding mode is
selected, all marks MC and MF belonging to an area to be
inspected are displayed once and for all, as shown in Fig.

10 23 (step 218). The inspector visually inspects all portions
to be inspected while following the marks with his or her
eyes.

Upon finding out an unacceptable portion, the inspector
points a cursér (displayed on the display screen) at a mark

15 indicating an unacceptable portion, to specify the
unacceptable portion and keys a defect code. Alternatively,
the color or the shape of the displayed mark may be
successively changed every time the inspector depresses the
succeeding point key so that the inspector can indicate a

20 defective (faulty) point. 1In addition, designation numbers
may be displayed adjacent to the marks so that the inspector
can key-input a designation number of a defective point. 1In
any case, a point which is judged to be defective and a
defect code are registered in the inspection-result table.

25 When inspection of one inspection area is completed,

This Sheet Has Been Replaced

“ THRImAn




35 and is placed in an arbitrary position. A board supporting body 50
is mounted on the Y stage 41 so as to be capable of being raised and |aid

down. ‘The

-16- board supporting body

50 conprises a front plate 51, a

10

15

20

25

the inspector depresses the succeeding inspection area key
on the inspecting .keyboard 14 (step 225). Consequently, the
imaging device 80 and the Y stage 41 are so moved that the
succeeding inspection area can be imaged (step 226).
Thereafter, all the marks MC and MF belonging to the set
inspection area are displayed once and for all. The
inspector can thus perform visual inspection for each
inspection area.

Even in any of the inspection modés, when inspection
of one PC board is thus completed (inspection of all
inspection areas registered in the PC board is completed)
(step 229), the results of the inspection stored in the
inspection-result table are displayed on the display device
13 (step 230).

Thereafter, the inspector takes out a PC board having
been inspected from the board supporting body 50 (step 231),
and sets the succeeding PC board to be inspected (step 231),
after which soldering inspection is performed in the same
manner.

When inspection of all PC boards to be inspected which
are previously prepared is completed (step 232), the
contents of the inspection-result table are saved in the
floppy disk FD.

If required, a statistical operation is executed and

the result of the operation is displayed. Specifically,
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novable plate 52, a rear plate 53, and rods 54. Each of the front plate 51
and the novabl e plate 52 has leg portions extending dowward from both
ends t'hereof. Supporting arms 51A and 52A horizontally extending in the
transverse direction (the rightward/leftward direction) are integrally
formed in the upper portions of the front plate 51 and the novable plate
52, respectively. The rear plate 53 has leg portions extending downwar d

fromboth ends thereof. The ortions of the front pl nd the le
portions of tYhen rﬁﬂ%’ﬁ&s§F€t8§ %?g eI R RFAY b iR g@?@ﬁaﬁs ?ods 54. )

keyboard 14 or 112, a total or statistical operation
effective in analyzing the quality of mounting is executed
using data representing the result of inspection of all PC

s boards which have already been inspected, and the result of
the operation is displayed on the display device 13 and is
saved in the floppy disk FD. Examples of the total or
statistical operation include a rate of defect relating to
PC boards (a value obtained by dividing the number of

10 defective PC boards by the number of all PC boards),.a rate
of defect related to parts (a value obtained by dividing the
number of defective parts by the number of all parts), a
rate of defect for each type of part, the order of defective
items for each type of part, and the order of defective

15 portions starting with the most defective portion and the
particulars of the defect. The result of the inspection and
the result of the operation are printed out from the printer
114 as required.

Fig. 24 illustrates another method of displaying a

20 portion to be inspected (particularly in the mark manually
forwarding mode and the automatically forwarding mode). 1In
this method, the brightness in an area of a portion to be
inspected (the inside of a frame mark MF) is made different
from the brightness of the other areas (for example, the

25 1inside of the frame mark MF is made bright) instead of
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Both ends of the rod 54 are respectively fixed to the leg portions of the
front plate 51 and the rear plate 53. Cylinders 55 are
perpendicularly fixed to the leg portions of the novable plate 52,
respectively. The leg portions of the novable plate 52 are respectlvely
provided wth holes corresponding to through holes of the cylinders 55.
The rods 54 slidably pass through the through holes of the cylinders 55
and the hol &s; loddier Pl PBELiohCEBCEE! YRLYectRI AR Iftarkh@aiRyabl &
e along t

plate 52 is nova he "rods 54 between the front and rear plates 51
and MF. In a layout display LD, the portion to be inspected is

indicated by an arrow. In the inspection-area manually
forwarding mode, all areas which are circumscribed by frame

5 marks will be so displayed that the brightness of the areas
differs from the brightness of the other areas.

Fig. 25 illustrates another example of a layout display
LD. In this layout display LD, an area which has already
been inspected is displayed in a form different from those

10 in the other area (by changing the brightness and the color
of the area which has already been inspected, as indicated
by "IB"). An area being currently inspected is also
displayed so that it can be found that the area is being
currently inspected, as indicated by "IC" (by circumscribing

15 the area by a frame, changing the brightness or the color of
the area, for example).

The foregoing description premises that the zoom
magnification is fixed. As previously described, when the
zoom magnification is stored for each PC board in the

20 teaching table, the zoom magnification is displayed on the
display device 13. The inspector sees the display of the
zoom magnification to adjust the zoom lens system 81 by hand
so that the displayed zoom magnification is realized. When
the zoom magnification is stored for each inspection area in

25 the teaching table, the zoom magnification is displayed on
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53. : As shown in Fig. 3, a splitted piece 61 is fixedly attached to
one of the |leg portions of the novable plate 52, on a surface opposite to
the surface where the cyl i nder 55 -17-

is mounted, of the novable plate 52. The splitted piece 61

the display device 13 every time the inspection area is
changed (step 226), whereby the inspector adjusts the zoom
lens system 81 by hand so that the displayed zoom
magnification is realized. |
5 when standard image data obtained by photographing the
reference PC board is saved in the teaching table, linking
with a designated point (or part), the standard image (a
limit image) of a part designated by a mark MC (or MF) is
displayed on a display screen, as shown in Fig. 26 (in Fig.
10 26, the standard image is displayed at the upper left
portion). The inspector can compare the standard image (one
in which sbldering is acceptable or one in which soldering
is just in the boundary between acceptable and unacceptable)
with an image designated by the mark to judge whether or not
15 soldering in the image designated.by the mark is acceptable.
In a case where the visual inspection supporting -
apparatus comprises a marking unit, the inspector can enter
a marking command upon finding out unacceptable soldering.
Since the marking unit is moved to an unacceptable soldered
20 portion on a PC board which is pointed out by the inspector,
where ink is dropped on the unacceptable soldered portion,
the unacceptable portion is indicated on the actual PC
board.
Fig. 27 illustrates another example of a display. In

25 Fig. 27, a scale SC is displayed near a part, a portion or a
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al’so has a hole through which the rod 54 slidably passes, and a slit 61a
Is formed downward fromthe hole. A screw hole is fornmed in a direction
perpendicular to the slit 6la, and a screw 62a integrally secured to a
lever 62 is fitted in the screw hole. The screw 62a is screwed in the
screw hole by neans of the |lever 62, whereby the hole of the splitted
piece 61 is reduced in size to tighten the rod 54. Consequently, the

novabl e pl at BoS@tion fhedty cuurentRecangpeetetieniiblaifnth@leatdE by a
respectively forned on the upper portions of the supporting arnms 51A and
52A formed mark MC. The inspector can judge whether or not soldering

is acceptable by referring to the scale SC. Particularly,

it is judged whether or not soldering at the tip of a lead

5 (an electrode) is acceptable depending on whether or not a

fillet (a portion indicated in blue B on a display screen)

is correctly formed. It is ﬁudged whether or not soldering

is acceptable by measuring the length of the filet using the

scale SC (that will be described later with reference to

10 Figs. 30a and 30b).

If the zoom magnification is determined, the length on
the display screen can be converted, whereby the scale SC is
displayed on the basis of the zoom magnification. When the
zoom magnification is fixed, the fixed zoom magnification is

15 used. When the zoom magnification is entered, the entered
zoom magnification is used. When the zoom magnification is
detected as described later (see Fig. 35), the detected zoom
magnification is used. This is also the same in the other
examples of a display as described later.

20 The personal difference between inspectors is made up
by thus displaying the scale, whereby it is possible to
objectively and accurately make judgment and make the
quality of inspection constant. 1In addition, the operating
efficiency is improved.

25 In Fig. 28, two cursors CUl and CU2 are displayed on a
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in the front plate 51 and the novable plate 52 at inside thereof along the
| ongitudinal direction of the supporting arnms. A receiving piece 58 and a
bracket 59 are, respectively, fixedly attached to one end and the other
end of the supporting arm51A of the front plate 51, and a shaft 57 is
fixed at both ends thereof to the receiving piece 58 and the bracket 59.
The shaft 57 is parallel to the supporting arm51A with small spacing. A

pressing pi eckisflay ScddedaBloy thad théatabsyrOeHN &k Abvdie uidld thé
The PC board PCB is received between the receiving step
mouse 111. The inspector aligns the cursors CUl and CU2
with both ends of a fillet (one end is normally the tip of a
lead). The distance between the two cursors is calculated
5 using the zoom magnification and is displayed. The labor of
the inspector can be further reduced, and the operating
efficiency is improved. |
Fig. 29 illustrates still another example of a display,
in which a portion of a display screen is illustrated in
10 enlarged form. The distance between two cursors is
displayed as a measured value, and a standard value or a
boundary wvalue (the criterion in inspection) is also
displayed. The objective judgment is further ensured.
Fig. 30a illustrates a cross section of a part PA, a
15 lead (an electrode) E, solder SO, a laﬁd L, and a PC board
PCB, and Fig. 30b illustrates a photographed image thereof.
A portion having a steep slope in the solder SO is indicated
in blue B, and a portion having a gentle slope is indicated
in green G (see the construction of the above described
20 light projecting device 70 or 90). The portion indicated in
blue B is referred to as a fillet.
Figs. 31 and 32 illustrate still another example of a
display, in which the fillet length and the fillet area are
automatically measured, respectively. In the teaching mode,

25 a window W is set to a portion to be inspected by the
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5l1a of- the supporting arm 51A and the receiving step 52a of
arm 52A. The position of the novable plate

board PCB just stays between the receiving steps 5la and 52a, and the
novabl e plate 52 is - 18 -

10

15

20

25

inspector. The position and the size of the window W will
be determined using the mouse 111 by the inspector. A color
signal B representing a blue color out of signals
representing the three primary colors which are obtained
from the imaging device 80 is used. 1In the set window W,
the maximum value of the length in the horizontal direction
(the number of pixels) in which the color signal B has a
value of not less than a predetermined threshold value
represents the fillet length. In the window W, the number
of pixels in which the color signal B has a value of not
less than a predetermined threshold value represents the
fillet area. The fillet area will be represented utilizing
the number of pixeis, square millimeter or the like as a
unit.

The fillet length and the fillet area are thus
automatically found and are displayed, thereby improving the
operating efficiency.

Similarly, the area and the length of a flat portion (a
portion in red R) and the portion having a gentle slope (the
portion in green G) are also automatically found. The
soldered state can be represented by a numerical value by
calculating the ratio of the portion in blue B to the
portion in red R (the length ratio and the area ratio) and
the ratio of the portion in green G to the portion in red R.

As illustrated in Figs. 33a and 33b, the area and the
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fixed.by means of the [ever 62. The PC board PCB is brought [eftward and
S plgced in a position abutting against the receiving piece 58. The
pressing piece 56 is noved to a position abutting against the right end of
the PC board PCB. A permanent magnet is enbedded in the front end of the
pressing piece 56, and the front plate 51 is formed of a nagnetic materi al
(for exanple, iron). If the pressing piece 56 is noved along the shaft 57

in astate W*ﬂéﬁ hiofSthé PSR AS inFeRReArRY siganei 89ht BRdl SEGd | 1k i N
Fig. 2, and &F dommabn the position abuttlgg agalns?ﬁthe right

those of the portions in the other colors in a case where
the solder SO is small in amount and is almost
perpendicularly attached. As illustrated in Figs. 34a and

5 34b, the area and the length of the portion in green G are
increased in a case where the solder SO is small in amount
and is almost horizontally attached. The soldered state can
be found depending on which of portions in the colors is the
largest.

10 Description is finally made of operations and
processing for the inspector to correct unacceptable
soldering in the process of inspection with reference to
Fig. 19.

Upon finding out unacceptable soldering, the inspector

15 enters its defective point and a defect code representing
its defect as described above, whereby data representing the
defect are stored in the inspection-result table (steps 227
and 228).

The inspector then draws out the.PC board, along with

20 the Y stage 41, toward himself or herself to manually
correct an unacceptable portion by hand. When the inspector
enters a board draw command from the keyboard 14 (or 112)
(step 234), the positions of the X stage 21 and the Y stage
41 (the coordinates of the center of the visual field) at

25 that time are stored as return positions in the memory 109,
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end of. the PC board PCB, the permanent magnet attracts the front plate 51,
wher eby the pressing piece 56 is fixed. The PC board PCBis fixed in a
state ‘where it is received by the receiving steps 5la and 52a and put

bet ween the receiving steps 5la and 52a and between the receiving piece 58
and the pressing piece 56. If the front plate 51 is not fornmed of a
magnetic naterial, a magnetic plate may be fixedly attached along the

ZHPP PSR e, el BSFERN 18, pLoeh thvipe B idh gm0 booy
Specifically, an image of an inspection area at that time is
displayed as a still image by repeatedly reading out the
same image data from the frame memory 102.

5 The Y stage 41 is fed forward (nearer to the inspector)
to the leading end of the rail 33 along the Y-axis rail 33
(step 237). The ihspector obliquely raises the board
supporting body 50 with the handle 60 in his or her hand.
Consequently, the PC board PCB disposed on the board

10 supporting body 50 is inclined. 1In this state, the
inspector searches for an unacceptable soldered portion on
the PC board while referring to the layout display LD on the
display screen and the frozen image, to correct unacceptable
soldering using a éoldering iron (step 288).

15 When the correction of unacceptable soldering is
completed, the inspector returns the b&ard supporting body
50 to its horizontal position and provide entry indicating
that unacceptable soldering has been corrected from the
keyboard 14 (step 239). After it is confirmed that the

20 magnetic sensor 47 detects ﬁhe permanent magnet 46 (step
240), the Y stage 41 is returned to the stored return
position (step 241). The freezing of the displayed image is
released (step 242). The fact that unacceptable soldering
has been corrected is stored in the inspection-result table

25 in conformity with its defective point.
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capable of being raised and laid down) to the front ends of the side
menber,s 44 ,0f the Y stage 41 by shafts 48. In a state where the board
supporting body 50 is laid down (a state shown in Fig. 2), a block 53A
fixed to the rear side of the rear plate 53 of the board supporting body
50 abuts -19-

Every time the inspector finds out an unacceptable
portion while inspecting soldering of a PC board PCB, the
inspector can correct the unacceptable portion in a state
where the PC board PCB is drawn out toward himself or

5 herself and is obliquely raised. Moreover, the image of the
inspection area continues to be frozen and displayed even
after the PC board PCB is drawn out, whereby the inspector
can easily find out the unacceptable portion on the PC
board.

10 The inspector may mark the unacceptable portion instead
of correcting unacceptable soldering.

It goes without saying that correcting work in the step
234 and the subsequent steps can be performed after
inspection of one inspection area is completed or inspection

15 of one PC board is completed.

It goes without saying that soldering correction can be
made in the above aescribed manner by setting only a PC
board having an unacceptable portion on the board supporting
body 50 after the inspection of all PC boards is completed.

20 (6) Electrical construction of visual inspection supporting
apparatus (Part 2)

Fig. 35 illustrates another example of the electrical

construction of the visual inspection supporting apparatus.

The same blocks as those shown in Fig. 10 are assigned the

25 same reference numerals and hence, the description thereof
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against and is received by the rear nenber 45 of the Y stage 41. A handle
60 extending upward is nmounted on the block 53A and a permanent nagnet 46
i s enmbedded in the |ower surface of the block 53A. On the other hand, a
magnetic sensor (for exanple, a Hall elenent) 47 is enbedded, at a
| ocation, which corresponds to the permanent nmagnet 46, in the rear nenber
45 of the Y stage 41. If the board supporting body 50 is in the state
shown in Fig. i2 noterepempbt i c sensor 47 detects the permanent nagnet 46,
to output a detection signal. Consequently, it is possible to
There are provided a zoom lens driver 115 for moving a
zoom lens of the zoom lens system 81 in accordance with a
command from a controller 100 and a zoom position sensor 116
5 for sensing the position of the zoom lens. A zoom position
signal of the sensor 116 is fed to the controller 100. A
position command value given to the zoom lens driver 115 can
be also used as zoom lens position data without providing
the sensor 116. In either case, the zoom magnification is
10 determined by the position of the zoom lens. Further, the
light source equipment 91 shown in Fig. 9 is connected to
the controller 100 in place of the light projecting device
70.
By using the visual inspection supporting apparatus of
15 this construction, the zoom magnification can be determined
for each type of board or for each inspection area by
entering a zoom command from a keyboard 112 in teaching
processing. The zoom magnification is stored in a teaching
table. The zoom magnification may be designated for each
20 part (designated point). 1In this case, the zoom
magnification is stored for each designation number in the
teaching table.
In the inspection mode, the zoom lens is automatically

driven by the zoom lens driver 115 for each type of board,

25 for each inspection area, or for each part (point) in
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recogni'ze that the board supporting body 50 is inits laid position

(hori zontal

position). It goes without saying that the magnetic sensor

be replaced with another sensor (a limt switch or the like).

Brackets 63 are fixedly attached to the front portions
44 of the Y stage 41 and brackets 64 are

the rear plate 53 of the board supporting body 50. A stay 65 conprises
guide 67, a sbabkafics WDMRDINE iSR! I ol &eaftESngwae&Hna&?ea latch

mechani sm f or fixing the shaft 66 to a etermn

10

15

20

25

teaching table, and the designated zoom magnification is
realized. The zoom magnification may be also used for
displaying the scale, calculating the length and calculating
the area shown in Figs. 27 to 32.

(7) Mechanical construction of visual inspection supporting
apparatus (Part 2)

Figs. 36 to 40 illustrate another example of the
mechanical construction of the visual inspection supporting
apparatus.

A base 10, a table 11, an X-axis table 20, a light
projecting device 70, and an imaging device 80 are the same
as those shown in Fig. 1 and hence, the illustration thereof
is omitted. Fig. 36 corresponds to Fig. 2, which
illustrates a Y-axis table 120. 1In Figs. 36 to 40, the same
members, elements or portions as those shown in Figs. 1 to 4
(including those not only having the same shape but also
performing the same or similar function) are assigned the
same reference numerals to avoid overlapping of description
as much as possible.

The construction of a Y stage 41 is basically the same
as the above described one. A guide member 121 is fixed to
the front half of the Y stage 41 (a supporting plate 43) on
both sides thereof, and a guide groove 12la is horizontally

formed along the longitudinal direction of the guide member
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position of the guide 67. The base end of the guide 67 of the stay 65 and
the top end of the shaft 66 are pivoted on the bracket 63 and the bracket
64, respectively. The rear end of the board supporting body 50 can be
ngl?d up, with the handle 60 in hand. The board supporting
121 on an outer side surface thereof (particulérly see Fig.
37). A guide and lock plate 122 is fixed to the lower
surface of the guide member 121. The guide and lock plate
122 extends outward and is raised upward at its outer end.
5 A screw hole 122a is formed at the front portion of a raised
portion. A attaching piece 124 is fixed to the rear end of
the Y stage 41. The attaching piece 124 is provided with a
magnetic sensor 125. The front end of a Y-axis rail 33 is
raised to serve as stopper 33a.
10 The peculiar construction in the present embodiment is
that a sliding member 130 is provided. The sliding member
130 has sliding walls 131 provided on both sides thereof. A
rail 13la extending in the longitudinal direction is formed
inside of the sliding walls 131. The rail 13la is slidably
15 fitted in the guide groove 12la of the guide member 121.
Consequently, the sliding member 130 is slidable back and
forth with respect to the Y stage 41.
The right and left sliding walls 131 are fixedly
coupled to each other by a front plate 51 of the board
20 supporting member 50 and a cover 134 fixedly laid over the
sliding walls 131.
An auxiiiary plate 132 extending in the longitﬁdinal
direction is fixedly attached to the sliding wall 131

outside thereof. The auxiliary plate 132 extends outward

25 and is curved downward. A downwardly curved portion of the
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body 50 is raised, rotating about the shaft 48. After the -board supporting
body 50 is,pulled up to a suitable height, the end thereof is slightly

| owered, then the latch nmechanismof the stay 65 operates so that the stay
65 stretches. Consequently, the board supporting body 50 is held inits
obliquely raised state, as shown in Fig. 4. Thereafter, when the rear
end of the board supporting body 50 is slightly pulled up by neans of the

handl e 60, thexilaieh pretsn Imief fdimcst W thSal Song! ReBEd1 3 Wekedd ide
in the longitudinal direction. A fixing lever 136 has a
screw 136a fixed thereto and axially projected (particularly
see Fig. 37). The screw 136a is screwed in the screw hole

5 122a of the guide and lock plate 122 through the long hole
133. |

If the screw 136a fitted in the female screw 122a is
loosened by means of the lever 136, the sliding member 130
moves back and forth with respect to the Y stage 41. When

10 the screw 136a is tightly fitted in the female screw 122a by
means of the lever 136, the lock plate 122 and the auxiliary
plate 132 are tightly fastened, and the sliding member 130
is fixed to the Y stage 41 so that the sliding member 130 is
moved along with the Y stage 41.

15 The rail 13la inside of the sliding walls 131 is formed
with a raised stopper 131b at the rear end thereof. The
stopper 131b abuts against the rear end of the guide member
121 of the Y stage 41, to determine the limit of forward
draw of the sliding member 130 (see Fig. 40). A stopper 137

20 is secured on the front portion of the sliding walls 131
inside thereof to project inward. When the sliding member
130 retreats, the stopper 137 abuts against a projection 4la
provided on the front end surface of the stage 41.
Consequently, the retreat position of the sliding member 130

25 is determined. 1In the normal state (at the time of
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boar d ‘supporting body 50 is returned to the horizontal position as shown
in Fig. 2..1n a state where the board supporting body 50 is obliquely
rai sed, the magnetic sensor 47 cannot detect the pernanent magnet 46.
In Fig. 1, a keyboard 14 for inspection and an energency stop switch 15
are further put on the base 10. The keyboard 14 and the switch 15 are
connected to a controller, as described |ater. The keyboard 14 for
i nspecti on ahdspaetingr gehPCybsdnd) switeclsllidiagemambdri b30i pspbettings a PC
board. When a teaching operation as
retreat position.
The present embodiment is the same as the above
described embodiment in that the board supporting body 50
5 comprises a front plate 51 and a rear plate 53 which are
linked by rods 54, and a movable plate 52 which is mowvable
along the rods 54.
The board supporting body 50 is mounted on not the Y
stage 41 but the sliding member 130 so as to be capable of
10 being raised and laid down. That is, the front plate 51 of
the board supporting body 50 is pivoted at both lower
portion thereof to the front portions of the sliding walls
131 of the sliding member 130 by shafts 48.
One of the sliding walls 131 of the sliding member 130
15 1is formed with a hole 135 is provided at the front portion
thereof'(particularly see Fig. 38). A bolt 145 passes
through the hole 135. On the other hand, a bracket 142 bent
at right angles is secured to a portion, which corresponds
to the hole 135, of the board supporting body 50, and a arc-
20 shaped long hole 143 is formed on a forwardly projected
portion of the bracket 142. The bolt 145 is screwed into a
lever 141 through the arc-shaped long hole 143. In a state
where the board supporting body 50 is in its horizontal
position or is obliquely raised at an arbitrary angle,
25 therefore, if the lever 141 is turned to fasten the bolt 145
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descri-bed |l ater is perforned, a nouse and a keyboard for teaching are put
on the base 10. Al t hough the construction of the stay 65 functioning
as described above has al ready been known, the construction and the
function will be briefly described with reference to Figs. 5a to 5d and
Figs. 6a to 6d.

to a female screw of the lever 141, the board supporting

body 50 is fixed to its horizontal position or its obliquely

raised position. In order to make it easy to perform an

operation for raising and laying down the board supporting

5 body 50, a handle 147 is attached to the front plate 51 via

a bracket 146.

Two split pieces 61 through which the two rods 54 are
respectively inserted are fixedly attached to the rear
surface of the movable plate 52. The split pieces 61 are

10 respectively formed with holes so as to horizontally
intersect slits 6la of the split pieces 61, and a clamp
screw bar 148 passes through the holes (particularly see
Fig. 39). The screw bar 148 passes through a spacing
holding pipe 149 between the two split pieces 61. A clamp

15 150 and a cap 151 each having a female screw formed therein
are respectivei? screwed to both ends, which are extended
outward from the split pieces 61, of the screw bar 148.
Consequently, the two split pieces 61 respectively fasten
the rods 54 by turning the clamp 150.

20 A permanent magnet 152 is attached to a location, which
corresponds to the magnetic sensor 125, of the rear plate
53. The permanent magnet 152 is detected by the sensor 125
only in a case where the sliding member 130 is in its

retreat position and the board supporting body 50 is in its

25 horizontal position.
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-21- ¢ In Fig. 5a, the guide 67 is a hollow prism (rectangular in
cross ,section), and the shaft 66 is inserted into the guide 67 from an
opening end of the guide 67 (an end on the opposite side of the base end,
which is attached to the bracket 63, of the guide 67). The guide 67 is
formed wth an opening 67a in the vicinity of the opening end on a side
surface thereof. A stopper 68 having four claws is rotatably provided at

the base end of tHgReshadtiSbedre & suh BAsCRROELER £ desad dhgitanend,
which is attached to

to that in the above described embodiment in the teaching

mode and the inspection mode. At this time, the sliding

member 130 is held in the retreat position and the board
5 supporting body 50 is held in the horizontal position.

A method of using the Y-axis table differs from that in
the above described embodiment only when an unacceptable
soldered portion on the PC board is corrected. It is
assumed that a predetermined inspection area on a PC board

10 PCB is imaged by the imaging device 80, and an image
obtained by the imaging is displayed on a display device 13.
When the unacceptable soldered portion on the PC board is
corrected in this state, the inspector loosens the lever 136
to draw out the sliding member 130 forward while holding the

15 Y stage 41 in its position. Unacceptable soldering is
corrected in a state where the board supporting body 50 is
obliquely raised (see Fig. 40).

After the correcting work of unacceptable soldering,
the inspector returns the board supporting body 50 to the

20 horizontal position and returns £he sliding member 130 to
the original retreat position. Since this state is sensed
by the sensor 125, the driving of the Y stage 41 by a motor
39 is allowed.

It goes without saying that when the sliding member 130

25 is drawn out forward, an image so far picked up is displayed
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the brracket 64, of the shaft 66). In addition, the guide 67 is provided
wWith a projection 69 outside of the stopper 68, and the projection 69 is
projected into the guide 67. The stopper 68 and the projection 69
constitute a latch nechanism In a process for obliquely raising the
board supporting body 50 fromits laid position, the stay 65 operates, as
shown in Figs. 5a to 5d. Wien the guide 67 noves rightward (the shaft 66

noves | eftvwarag) a Shalst apage 68 s adBspldy Aevi@entsr dhoglewbsasdi £gchi on in
contact with the projection
correction start entry by the inspector or the fact that
there is no sensing signal from the sensor 125 (image
freezing).
5 (8) Mechanical construction of visual inspection supporting
apparatus (Part 3)

Fig. 41 illustrates still another example of the
construction of the Y-axis table. In the present
embodiment, a rotating base 160 is rotatably provided on a Y

10 stage 41. A board supporting body 50 is disposed on the
rotatiﬁg base 160. When a PC board on which a part having
leads (electrodes) extending to four perpendicular
directions is mounted is set on the board supporting body
50, the board supporting body 50 is rotated in a horizontal

15 plane to rotate the PC board, to facilitate correcting work
of an unacceptable soldered portion of the part.

A supporting plate 161 is fixed to the Y stage 41
through an intermediate plate 165. Tﬁe supporting plate 161
is provided with a cross-roller bearing 162. On the other

20 hand, a positioning ring 164 and a shaft 163 are fixed to
the lower surface of the rotating base 160. Four V grooves
164A and 164B are formed at angular intervals of 90° in the
positioning ring 164. The V groove indicated by "164B" out
of the V grooves is deeper than the other V groove 164A,

25 which represents the position of the origin. The shaft 163
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69, and one of the claws of the stopper 68 is projected outward fromthe
opening 67a (the guide 67 can not nove rightward fromthis position) (Fig.
5b). Wen the guide 67 is returned leftward, the claw projected outward
fromthe opening 67a is brought into contact with an edge of the opening
67a, whereby the stopper 68 rotates in a

is rotatably received by the bearing 162, whereby the
rotating base 160 is rotatably supported on the Y stage 41.
An arm 166 is rotatably pivoted at its one end.on the
supporting plate 161 through a shaft 168, a thrust bearing
5 169 and a bush 170. A lever 167 is fixed to the base end of
the arm 166. A cam follower 171 is rotatably mounted on an
approximately middle point of the arm 166. A spring (a
helical tension spring) 173 is provided between a pin 172
standing on the supporting plate 161 and a spring post 174
10 at the top end of the arm 166. Consequently, the top end of
the arm 166 is urged by the spring 173, so that the cam
follower 171 is brought into contact with the peripheral
surface of the positioning ring 164 or is fitted in the V
groove 164A or 164B. The rotating base 160 is positioned in
15 four positions where the cam follower 171 is fitted in the V
groove 164A or 164B. |
When the roﬁating base 160 is rotated, the cam follower
171 may be drawn out of the V groove 164A or 164B against
the urqging force of the spring 173 by means of the lever 167
20 to rotate the rotating base 160 by hand.
A proximity switch 175 is mounted on the supporting
base 161 by a bracket 176. On the other hand, an object 177
to be detected of the proximity switch 175 is mounted on the
top end of the arm 166. When the cam follower 171 is fitted

25 in the deepest groove 164B, the object 177 to be detected
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-22 - ¢+ counterclockw se direction (Fig. 5c). One of the claws of the
stopper 68 .,and the adjacent claws are respectively brought into contact
with the edge of the opening 67a and the inner surface of the guide 67,
whereby the guide 67 can not further nove leftward fromthis position (the
shaft 66 can not nove rightward) (Fig. 5d). Consequently, the board
supporting body 50 is kept in its obliquely raised position. When t he

board suppor bbResbed¥sale! foSthdPtdxidyedwitch 175. The proximity
switch 175 outputs a detection signal only at thié time.
Consequently, it is recognized that the rotating base 160 is
in the position of the origin by the detection signal of the
5 proximity switch 175. The driving of the Y stage 41 may be
allowed on the basis of this detection signal.

The board supporting body 50 can be also provided on
the rotating base 160 so as to be capable of being raised
and laid down as required. In addition, it is also poséible

10 to provide a drawable siiding member on the rotating base
160 and provide the board supporting body on the sliding
member fixedly or so as to be capable of being raised and
laid down.

(9) Still another examples of mechanical construction

15 In Fig. 42a, a Y-axis table base 181 is swingably
supported on an apparatus base 180 by a pivot shaft 182.
The pivot shaft 182 coincides with a moving path of a light
projecting device 70 and an imaging device 80.
Specifically, the shaft 182 is positioned just below the

20 center VC of the view of field of the imaging device 80. A
rail 33 is provided oﬁ the base 181, and a Y stage 41 is
moved along the rail 33. A board supporting body 50 for
supporting a PC board PCB is fixedly provided on the Y stage
41.

25 A motor 183 for swing is positioned at the rear of the
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up, thé handle 60 in hand as described above, the latch nechanismis

rel eased, whereby the board supporting body 50 is returned to the
horizontal position. This process is illustrated in Figs. 6a to 6d.

When the guide 67 noves rightward fromthe state of Fig. 5d, the stopper
68 abuts against the projection 69 to rotate in a counterclockw se
direction (Figs. 6a to 6b) (the guide 67 can not further nove rightward

[[om Lt s Roskisanlons IR 180 O4beaCLATRY BRYESAS S Al S Y ¥
pulley 185 fixed to the rotational shaft of the motor 183
and a pulley 184 rotatably provided above the pulley 185.
The timing belt 186 is linked to an attaching piece 187
5 provided for the base 181 at a portion thereof.

The base 181 is inclined, as shown in Fig. 42b, by
rotating the motor 183. It is thus possible to observe an
area to be detected on the PC board PCB through the imaging
device 80 in a state where the PC board PCB is inclined.

10 However, the center VC of the visual field moves, as
indicated by "VCl1", by inclining the base 181. In order to
bring the VC to the center of the visual field of the
imaging device 80, the Y stage 41 is slightly moved
(backward in this example). Letting h and a be the height

15 from the center of the shaft 182 to the PC board PCB and the
angle of inclination of the base 181, respectively, the ¥
stage 41 may be moved by a distance of h-.sin a. Since the
height h is a fixed value and the angle of inclination « can
be calculated from the amount of rotation of the motor 183,

20 the Y stage 41 can be automatically moved.

Figs. 43a and 43b.relate to an X-axis table, which is
so adapted as to incline'thé light projecting device 70 and
the imaging device 80. The Y stage 41 travels on the
swinging base 181 or the fixed base 10.

25 If it is assumed that the light projecting device 70
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agai nst the edge of the opening 67a, whereby the stopper 68 rotates in a
count ercl ockwi se direction, to enter the guide 67 (Fig. 6¢). In this
state, the guide 67 can nove leftward (the shaft 66 can nove ri ghtward)
(Fig. 6d). (2) Light projecting device and i magi ng device (Part 1 and
Part 2) An exanpl e of the construction of a |ight projecting

and the imaging device 80 are inclined at an angle of B to a
perpendicular, the visual field of the imaging device 80 is
shifted by a distance of h-sin B, where h is the distance
between an image forming surface of the imaging device 80
5 and the PC board PCB. Therefore, an X stage is moved by the
above amount of the shift in order to compensate for the
shift of the visual field.
Fig. 44 illustrates a mechanism for inclining the light
projecting device 70 and the imaging device 80. The light
10 projecting device 70 and the imaging device 80 are fixed to
a mounting plate 191. A shaft 192 is fixed to the mounting
plate 191. The shaft 192 is rotatably supported by the X
stage 21. A pulley 195 is fixed to the shaft 192. A motor
193 is mounted on the X stage 21, and a pulley 194 is fixed
15 to the rotational shaft of the motor 193. A timing belt 196
is reeved around the pulleys 194 and 195. The light
projecting device 70 and the imaging device 80 can be
inclined at an arbitrary angle in an arbitrary direction by
rotating the motor 193 in the forward and reverse
20 directions. The movement of the X stage 21 depends on the
motor 29, as described above.
(10) Still another embodiments
Although in the above described teaching processing,
the inspector enters a designated point representing a point

25 to be inspected from a keyboard, the designated point can be
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-23 -+ device 70 wll be described with reference to Fig. 7. A

ri ng--shaped
cylindri cal

with a cover
exanple) 72

fluorescent lanp 71 is arranged in the upper portion of a
case 79 inside thereof. The fluorescent lanp 71 is covered
79a. A ring- shaped photoconductor (made of acrylic, for

I's provided below the fluorescent |anp 71. The inner

peri pheral surface of the photoconductor 72 is fornmed in a

10

15

20

also determined using position data representing a part to
be mounted. which is stored in a CAD system for designing a
PC board, or position data representing a position where a
part is to be mounted or of a soldered portion which are
held by a part mounting apparatus for mounting a part on a
PC board. In this case, all positions represented by the
existing data or its groups may be taken as designated
points. Alternatively, the position data, along with an
image, may be displayed on a display screen, to make the
inspector select any of the position data.

Although in the example of the construction of the
above described mechanism, the board supporting body is so
constructed that it is pivoted at its front end and is
raised by pulling up its rear end, the board supporting body
may be pivoted in the middle position between the front end
and the rear end therecf. 1In addition, the board supporting
body can be also brought into its raised state (inclined
state) by pivoting the board supporting body at its rear end
and lowering its front end.

Although in the above described teaching processing,
the inspector sets an inspection area, the apparatus may set
an inspection area.' The number of inspection areas into

which a PC board should be divided is calculated based on

" the size of the PC board and the size of the wvisual field of

25

the imaging device. If the number of inspection areas is
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tshr ee«st epped shape. The portion of the uppernost step is the thickest
and the lower the position is, the thinner the portion becones. This

peri pheral surface of the photoconductor 72 is also in a ring shape.

Ared (R color filer 73, a green (G color filter 74, and a blue (B)
color filter 75 are respectively positioned on the |ower surface of the
upper nost step, the Iomer surface of the mddle step and the | ower surface

Channsy s o ASSOMEIAN, K 42 LLMILITOLS! EinlolRid M O Y fouan
field is succe551vely set in the respective divided
inspection areas. Teaching processing is performed for each
visual field (inspection area).

5 Fig. 45 illustrates an example of the construction of a
system utilizing the above described visual inspection
supporting apparatus as a soldering correcting apparatus.

An automatic PC board inspecting apparatus 301 judges
whether or not soldering on a PC board is acceptable, to

10 produce data representing the result of inspection. The
inspection result data includes at least a PC board ID,
position data representing an unacceptable portion, a defect
code. The inspection result data is sent to a data
collecting apparatus 302. The data collecting apparatus 302

1s stores the inspection result data in a floppy disk FD, and
sends the inspectign result data to a soldering correcting
apparatus 303 online or via a server 304. The inspection
result data stored in the floppy disk FD is read by the
soldering correcting apparatus 303.

20 In the soldering correcting apparatus 303, when a
defective PC boerd is set in an XY table and the PC board ID
is entered, the XY table is so controlled that an area
including an unacceptable soldered portion is imaged on the
basis of the pertinent inspection result data. An image

25 picked-up is displayed on a display device. The displayed
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A*bl ack ring-shaped wall 77 is provided between the upper and | ower
diffusing plates 76. The color filters 73 to 75 are also in a ring shape,
and the diffusing plates 76 are also in a ring shape. The Rfilter 73, the
diffusing plate 76, the ring-shaped wall 77, the Gfilter 74, the
diffusing plate 76, the ring-shaped wall 77, the B filter 75, and the
diffusing plate 76 are successively fitted, and a stop ring 78 is finally

screved intOihQSeC§§efzgzeM@erfqgoffgééfyﬁﬂhorker draws out the PC board

toward himself or herself and corrects unacceptable
soldering on the PC board while seeing the displayed image.
The PC board ID can be also entered by the worker.
5 Alternatively, a bar code expressed on the PC board may be
read by a bar code reader connected to the data collecting
apparatus 302 and transmitted to the soldering correcting

apparatus 303 from the data collecting apparatus 302.
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-24 - * peripheral surface of the light projecting device 70 is assenbled
Light emtted fromthe fluorescent |anp 71 passes through the

phot oconductor 72, to reach the R, G and B col or fI|H . mhere
the light is converted into Rlight, G light and B I| m q ght

Glight and B light are diffused by the diffusing plat

di rect ed

10

15

20

25

CLAIMS

1. A visual inspection supporting apparatus
comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected; and

a mechanism for moving said stage until the board
supported on said board supporting member reaches a position
outside of a range in which said illuminating device and
said imaging device exist.

2. The visual inspection supporting apparatus
according to claim 1, wherein

said board supporting member is supported on said stage
so as to be capable of being raised and laid down.

3. The visual inspection supporting apparatus
according to claim 2, further comprising

a mechanism for holding said board supporting member in

its obliquely raised position.
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downward. The R 1light, Glight and B light projected ~downwar d fhfaagh t he
color filters 73 to 75 differ in the angle of pro;r Séﬂe&'ﬂhst&ﬁk"ﬂ'ﬁe‘{e”]?’

[err]2 and 01 be angles formed by a horizontal sur
posi tioned just below the center of the |ight pI’Oj m‘l“ g‘ 0 (which
coincides with the center of an inmagi ng device 80) I ons of
projection of the R1light, Glight and B Ilight, respectively, the

rel ati onshi p of [eigLQ% k%%%gic%g%SEEL} %ﬂép?$é§h4ug %rf Bged by i ght

reflected fromthe evice 80 positioned

just above trﬁécordlng to claim 1, wherein

said illuminating device and said imaging device are
fixed to each other, and are arranged movably in one of said
5 +two perpendicular directions, and
said stage is arranged movably in the other of said two
perpendicular directions.
5. The visual inspection supporting apparatus
according to claim 4, wherein
10 the other of two perpendicular directions is a
direction nearer to or away from the position of an
inspector.
6. The visual inspection supporting apparatus
according to claim 5, wherein
15 the direction in which said stage is moved until the
board reaches the position outside of said range is said
other direction.
7. The visual inspection supporting apparatus
according to claim 1, wherein
20 said moving mechanism includes a device for driving
said stage in response to a movement command and bringing
the board to the position outside of said range.
8. The visual inspection supporting apparatus
according to claim 1, further comprising

25 a display device for displaying the image represented
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obj ect.’ When the surface of the object is near to horizontal, the red

reflected |ightgw, of the 1light incident on the imaging
devi ce. The Iaﬂakgh s%&&ﬂ@g&éé i nclination of the surface of the object
fromthe hori zoE“Hl

i

0
FmEEBl s, the stronger the reflected green |Iight
and bl ue refl ect | . The angles of inclination of the surface
of the object are thus represented in different colors on the inmage picked

up- by the image signal outputted from said imaging device.

9. The visual inspection supporting apparatus
according to claim 7, further comprising
a memory for storing the image signal outputted from
5 said imaging device,
a display device for displaying the image represented
by the image signal read out from said memory, and
display control means for performing control in
response to said movement command so as to stop writing to
10 said memory the image signal outputted from said imaging
device, repeatedly read the image signal stored in said
memory, and display on said display device a still image
represented by the image signal stored in said memory.
10. The visual inspection supporting apparatus
15 according to claim 7, further comprising
contorl means for storing the current position of said
stage when said movement command is issued and so
controlling said driving device as to return said stage to
said current position when a return command is issued.
20 11. The wvisual inspection supporting apparatus
according to claim 10, wherein
said board supporting member is arranged on said stage
so as to be capable of being raised and laid down, said
apparatus has a sensor detecting that said board supporting

25 member is in its horizontal position on said stage, and

S



-25 - - Preferably, the enission spectrumof the fluoréscent |anp,
the transm ssion rates of the color filters 73 to 75, and-}i08heliH4EBER RepifRed

determned that the Rlight, Glight and B light are nixe
white |ight. The imagi ng device 80 is fixed to the up;ﬁ“llﬁmn”mwml III
the center of the light projecting device 70, and conpri ses

said stage is so controlled as to be returned to said
current position in response to the return command, provided
that a sensing signal is outputted from said sensor.
12. The wvisual inspection supporting apparatus
5 according to claim 8, further comprising
storage means for storing previously taught position
data representing a point to be inspected on a printed
circuit board to be inspected, and
display control means for performing control so as to
10 indicate the point to be inspected on the image displayed on
said display device in accordance with the position data
stored in said étorage means.
13. The visual inspection supporting apparatus
according to claim 12, wherein
15 said display control means changes, in a case where
there are a plurality of points to be insbected on the
displayed image, said indication of the point for each entry
indicating that inspection has been completed or for each
predetermined time in accordance with a predetermined order.
20 14. The visual inspection supporting apparatus
according to claim 12, wherein
said display control means indicates, in a case where
there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be

25 1inspected once and for all.
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a zoom'l ens system (a | ens cyli'nder) 81 and a canera head 82. The canera
head 82 includes a CCD (solid gfakiRet 1t B&h RepMced | Magi g device). The zoom

| ens system 81 causes |ight refj  obj ect positioned just bel ow
the zoomlens system8l to beﬂmﬂmuﬂnmgm:CD of the camera head 82.
The zoom magnification can be I : Fig. 8 illustrates
anot her exanple of the construction of a light projecting device. Fig. 9
o SLr oL es e CEOSU g $okbANk 3R GRS A S AT 70
according to claim 8, further comprising
input means for entering the result of inspection
performed with respect to the image displayed on said
5 display device.
16. The visual inspection supporting apparatus
according to claim 12, further comprising
input means for entering the result of inspection of
the point performed in relation to the indication of the
10 point on said display device.
17. The visual inspection supporting apparatus
according to claim 16, wherein
said display control means indicates the point which is
entered by said input means as unacceptable.
15 18. The visual inspection supporting apparatus
according to claim 8, further comprising
display control means for performing control so as to
provide on said display device a layout display indicating
the position on the board of an area of the image displayed
20 on the display device.
19. The visual inspection supporting apparatus
according to claim 18, wherein
said display control means performs control so as to

indicate an area of the image where inspection has been

25 completed.
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Ih a light projecting device 90, there are provided no color filters and
fluorescent. hpBheet HAE 8&n RBHAER! fiber cables 93 to 95 are introduced into-

the light pro | 90 froma light source equi prent 91. Each of
the optical fjmm“ﬂﬁﬁ U to 95 is obtained by bundling a lot of fine
optical fiber he periphery thereof. The optical fiber cable
93 is for introducing red light, and a |ot of optical fibers 93A thereof

are arranged at ayq pr el €L IL080 SRALNY " sBpbb PG A UG AGALRT thel T tips

according.to claim 12, wherein
said display control means performs control so as to
provide a layout display indicating the position on the
5 board of said indicated point.
21. The visual inspection supporting apparatus
according to claim 8, further comprising
display control means for displaying a scale for
expressing the length on the image displayed on said display
10 device.
22. The visual inspection supporting apparatus
according to claim 8, further comprising
display control means for performing control so as to
display two lines on the image displayed on said display
15 device,
input means for entering a command to move said two
lines on a display screen of the display device, and
control means for calculating the spacing between the
two lines displayed on said display device and causing said
20 display device to display the calculated spacing.
23. The visual inspection supporting apparatus
according to claim 8, further comprising
display control means for displaying a window on the
display screen of said display device, and

25 control means for producing data relating to the size

© mmay



-26 - - (light is projected fromthe tips) are positioned above the
diffusing plate 76 in thg;pReresiebeged Simlarly, the optical fiber

cables 94 and 95 are for i ntroduci ng green light and bl ue
light, and a | ot of opti céﬂﬂﬂﬂm HE
optical fibers 95A of th

of the cable 94 and a | ot of
pr edet er m ned

respectively arranged at a
of a particular image in said window and displaying the

produced data on said display device.
24. The visual inspection supporting apparatus
according to claim 23, further comprising
5 input means for designating the position and the size
of said window.
25. The visual inspection supporting apparatus
according to claim 23, wherein
said control means indicates data relating to the
10 reference size in addition to the data relating to the size
of said particular image.
26. The visual inspection supporting apparatus
~according to claim 1, wherein
said illuminating device comprises light sources of
15 light of a plurality of colors.
27. The visual inspection supporting apparatus
according to claim 26, wherein
said plurality of light sources comprise a plurality of
optical fiber cables and light emitting devices for emitting
20 light of a plurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
coupled and decoupled.
28. The visual inspection supporting apparatus
according to any one of claims 1 to 27, wherein

25 the visual inspection supporting apparatus is an
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spacing in a ring shape so that their tips are positioned above the
di ffusjng pl ates Iﬁksm&thﬁs lafeqSt €p and the lower step. Even such the
e

| i ght prOJectlng d d, it is possible to illum nate an object
just bel ow t he ;ﬁ device 90 at different angles and in
9, three hal ogen lanps (light sources) 92

di fferent colors
are arranged in the light source equipnent 91, and the |ight sources 92

are shi el ded from each other by gartltlon walls 98. Heat preventing gl ass
96 and col or %% correcting apparatus.

29. A method of inspecting soldering of a printed
circuit board using the visual inspection supporting
apparatus according to any one of claims 1 to 28.

5 30. A method of manufacturing a printed circuit board
by correcting an unacceptable soldered portion after moving
said stage until the board reaches a position outside of a
range in which said illuminating device and said imaging
device exist, using the visual inspeétion supporting

10 apparatus according to any one of claims 1 to 28.

31. A visual inspection supporting apparatus
comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

15 an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the ;maging;

a stage which is movable relatively to said
illuminating device and said imaging device in two

20 perpendicular directions;

a movable body supported on said stage movably in
either one of said two directions; and

a board supporting member supported on said movable
body for supporting the board to be inspected.

25
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73, 74*and 75 are respectively arranged ahead of the |ight sources 92.
Connectors 97 of the optical f i'bﬁﬁSh@ﬂHbsd&;ﬁt&RﬁiTeﬂurt her respectively

provi ded ahead of the color filt¢f n ‘The optical fiber cables 93
to 95 are respectively insertedy
t

bctors 97 and are fixed by
screws 97a, so that the R 1light, g and B |ight are respectively

I ntroduced into the optical fiber cables 93, 94 and 95. The |ight
e e e p-natnECRiHRE? Adfed{ion Mgt it Bpps2RkES 3 10 9
according to claim 31, wherein
said movable body is movable until the board supported
on said board supporting member reaches a position outside
5 of a range in which said illuminating device and said
imaging device exist.
33. The visual inspection supporting apparatus
according to claim 31, wherein
said board supporting member is supported on said
10 movable body so as to be capable of being raised and laid
down.
34. The visual inspection supporting apparatus
according to claim 33, further comprising
a mechanism for holding said board supporting member in
15 its obliquely raised position.
35. The visual inspection supporting apparatus
according to claim 31, further comprising
a mechanism for fixing said movable body to said stage.
36. The visual inspection supporting apparatus
20 according to claim 31, wherein
said illuminating device and said imaging device are
fixed to each other, and are arranged movably in one of said
two perpendicular directions, and
said stage is arranged movably in the other of said two

25 perpendicular directions.

T



-*27 -+ to the arbitrary connectors 97. Consequently, the angl es. .of
projection . of the RIlight, Glight and B light in the I| prOJectlng

device 90 can be switched. For exanple, if the optical encReplaced
connected to the connector 97 ahead of the blue color f|| ue
i ght can be

37. The visual inspection supporting apparatus
according to claim 36, wherein
the other of said two pérpendicular directions is a
direction nearer to or away from the position of an
5 inspector.
38. The visual inspection supporting apparatus
according to claim 37, wherein
the direction in which said movable body is movable
until the board reaches the position outside of said range
10 is said other direction.
39. The visual inspection supporting apparatus
according to claim 31, further comprising
a display device for displaying the image represented .. .
by the image signal outputted from said imaging device.
15 40. The visual inspection supporting apparatus
according to claim 31, further comprising
a memory for storing the image signal outputted from
said imaging device,
a display device for displaying the image represented
20 by the image signal read out from said memory; and
display control means for performing control in
response to a movement command so as to stop writing to said
memory the image signal outputted from said imaging device,
repeatedly read out the image signal stored in said memory,

25 and display on said display device a still image represented
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prioj ected at the greatest angle [err]3 froma position in the uppernpst
step in the light projecting device 90. The light projecti.ng..device_90 can
be al so changed into a light projecting device of tmo col ors or one col or

by onmitting one or two optical fiber cables herThTﬁ@etHahBecnR laced
and B |ight wwx&ctﬁﬁgens&gﬁailmréa%? dd 00 rieirge 90 can

intensities of light em ssion of the three Ilght sources 9 Hm”"m l,
electrically controlled, whereby the intensities of the R
adjusted that the R Iight l'i ght and t are xed to
41. The visual inspection supporting apparatus
according to claim 31,.wherein
said board supporting member is arranged on said stage
5 so as to be capable of being raised and laid down, said
apparatus has a sensor detecting that said board supporting
member is in its horizontal position on said movable body,
and the driving of said stage is allowed, provided that a
sensing signal is outputted from said sensor.
10 42. The visual inspection supporting apparatus
according to claim 31, further comprising
a sensor for sensing that said movable body is in a
predetermined position on said stage,
the driving of said stage being allowed, provided that
15 a sensing signal is outputted from said sensor.
43. The visual inspection supporting apparatus
according to claim 39, further comprising
storage means for storiqg prefiously taught position
data representing a point to be inspected on a printed
20 circuit board to be inspected, and
display control means for performing control so as to
indicate the point to be inspected on the image displayed on
said display device in accordance_with the position data
stored in said storage means.

25 44. The visual inspection supporting apparatus
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genherat'e white light. (3) Electrical construction of visual inspection
supporting .apparatus (Part 1) Fig. 10_illustrates an exanple of the
el ectrical construction of the visual inspection supporting apparatus.
The visual inspection supporting apparatus is memhéeqkds%denb&m&d conput er

system The main body of a conputer including a e heart of the
conputer systemis illustrated as a controller : U e circuits for
connecting i QUi OPUo LAKinee35Nahbrlgni nel uded™

troller 100
said display control means changes, in a case where
there are a plurality of points to be inspected on the
displayed image, said indication of the point for each entry
5 indicating that inspection has been completed or for each
predetermined time in accordance with a predetermined order.
45. The visual inspection supporting apparatus
according to claim 43, wherein
said display control means indicates, 1n a case where
10 there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.
46. The visual inspection supporting apparatus
according to claim 39, further comprising
15 input means for entering the result of inspection
performed with respect to the image displayed on said
display device.
47. The visual inspection supporting apparatus
accerding to claim 43, further comprising
20 input means for entering the result of inspection of
the point performed in relation to the indication of the
point on said display device.
48. The visual inspection supporting apparatus
according to claim 47, wherein

25 said display control means indicates the point which is

Wy -



-28 - . as required. The vi sual inspection supporting apparatus has
mainly the teaching node and the inspection node. Even in either -one-of -~

t he nodes,
tabl e 30,

10

15

20

25

performed are the driving of the X-axis table 20.and.t -axi s
the i maging of the PC I%ls(ghee’pﬁasﬁeen Re

49. The visual inspection supporting apparatus

i

|l

entered by said input means as unacceptable.

according to claim 39, further comprising

display control means for performing control so as to
provide on said display device a layout display indicating
the position on the board of an area of the image displayed
on the display device.

50. The visual inspection supporting apparatus
according to claim 49, wherein

said display control means pefforms control so as to
indicate an area of the image where inspection has been
completed.

51. The visual inspection supporting apparatus
according to claim 43, wherein

said display control means performs control so as to
provide a layout display indicating the position on the
board of said indicated point.

52. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for displaying a scale for
expressing the length on the image displayed on said display
device.

53. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for performing control so as to

ST
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board *PCB, the displaying of an inage obtained by the imging, and so on.
The canera.head 82 of theT&ggg}@gsggyk&ﬁmﬁﬁ I ncl udes a color CCD serving

as an imagi ng device as de and circuits such as a circuit
for processing a video sigaalll ‘ fromthe CCD (circuits for white
bal ance adjustnent, and g 'on, a matrix circuit for producing

R, G and B signals, and the like). The video signal outputted fromthe

carera head 8ok Paf NS 1fibd WO end' Shbgk AUBIR.FRN o SIRY Ao © 2nd B

device,
input means for entering a command to move said two
lines on a display screen of the display device, and
5 control means for calculating the spacing between the
two lines displayed on said display device and causing said
display device to display the calculated spacing.
54. The visual inspection supporting apparatus
according to claim 39, further comprising
10 display control means for displaying a window on the
display screen of said display device, and
control means for producing data relating to the size
of a particular image in said window and displaying the
produced data on said display device.
15 55. The wvisual inspection supporting apparatus
according to claim 54, further comprising
input means for designating the position and the size
of said window.
56. The visual inspection supporting apparatus
20 according to claim 54, wherein
said control means displays data relating to the
reference size in addition to the data relating to the size
of said particular image.
57. The visual inspection supporting apparatus

25 according to claim 31, wherein

W



A*D converter (conpr|5|ng three A/ID converters for R Gand B) 101. The

di gi t @his Sheer e stored once in a frame menory 102. The digital
|nage romthe frane nenory 102 are converted into an anal og
vi deo SI A converter 103. The analog video signal is fed to a
CRT disp ay deV|ce 13 through a display control circuit 104. Preferably,
the frame nenory 102 can wite and read out data simultaneously, and an

i mage picked up b e 1 . | | [ e e gdispl ay
device 13. $RuG AR RathR vide RS, TRRBLC o RRot ot

plurality of colors.

58. The visual inspection supporting apparatus

according to claim 57, wherein
5 said plurality of light sources comprise a plurality of

optical fiber cables and light emitting devices for emitting
light of a plurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
coupled and decoupled.

10 59. The visual inspection supporting apparatus
according to any one of claims 31 to 58, wherein

the visual inspection supporting apparatus is an
unacceptable scldering correcting apparatus.

60. A method of inspecting soldering of a printed

1s circuit board using the wvisual inspection supporting
apparatus according to any one of claims 31 to 59.

61. A method of manufacturing a printed circuit board
by correcting an unacceptable soldered portion after moving
said movable body until the board reaches a position outside

20 of a range in which said illuminating device and said
imaging device exist, using'the visual inspection supporting
apparatus according to any one of claims 31 to 59.

62. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed

25 circuit board to be inspected;

e



-29 - * representing a cursor, a mark as described later, a display of
| ayout. on the enti rei-hgghégga;s@eenq{eﬁ‘mae and the like, and displays the

i mage data one over t screen of the display device 13 under
the control of the co m I|

an imaging device for imaging an area on the printed

circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

5 a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

'~ a rotating body rotatably supported on said stage; and
a board supporting member supported on said rotating

10 body for supporting the printed circuit board to be
inspected.

63. The board inspecting apparatus according to claim
62, further comprising
a display device for displaying the image represented

15 by the image signal outputted from said imaging device.

64. The board inspecting apparatus according to claim
63, further comprising

storage means for storing previously taught position
data representing a point to be inspected on a printed

20 circuit board to be inspected; and

display control means for performing control so as to
indicate the point to be inspected on the image displayed on
said display device in accordance with the position data
stored in said storage means.

25 65. The board inspecting apparatus according to claim

T



100. * The X-axis nmotor 29 and the Y-axis notor 39 are controlled by a

XY tabl,e controller 105 on the basis of a_command of -the controller 100.

The current position of the X-axis table 20 and nore precisely, the

X-coordi nate of the center of the vi suairhisiﬂeell—ldszn‘enwﬁ*?drmgi ng device 80
|

nmounted on the X stage 21 is detected b ' sensor 106
, that is, the Y-
[ 0 e | magi ng

Simlarly, the <current position of the
said display control means changes, in a case where

coordi nat e ofséjm%ﬁéggfy of the visual fi

there are a plurality of points to be inspected on the
displayed image, said indication of the point for each entry
5 indicating that inspecﬁion has been completed or for each
predétermined time in accordance with a predetermined order.
66. The board inspecting apparatus according to claim
64, wherein
said display control means indicates, in a case where
10 there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.
67. The board inspecting apparatus according to claim
63, further comprising
| 15 input means for entering the result of inspection
performed with respect to the image displayed on said
display device.
68. The board inspecting apparatus according to claim
64, further comprising
20 input means for entering the result of inspection of
the point performed in relation to the indication of the
point on said display device.
69. The board inspecting apparatus according to claim
68, wherein

25 said display control means indicates the point which is

T



device* 80 is detected by a Y position sensor 107. The position sensors 106
and 107 are, for exanple, rotary transducers, and are nounted-on-the.. . .__.._.__
rotational shafts of the X-axis table 20 and the Y-axis table 30, for

exanple, the rotational shaft of the motor 29 or the shaft &iis @E.whmd
31. An X position signal representing the X-coordinate outpu
X position sensor 106, a Y position signal representing the

outputted fromdihe, }%sor %flﬁlg)ﬁge ghslg; uRRGe a?pg%gf{t i on signal out putte

from the magnetic Icating t oar d
70. The board inspecting apparatus according to claim

63, further comprising
display control means for performing control so as to
5 provide on said display device a layout display indicating
the position on the printed circuit board of an area of the
image displayed on the display device.
71. The board inspecting apparatus according to claim
70, wherein
10 said display control means performs control so as to
indicate an area of the image where inspection has been
completed.
72. The board inspecting apparatus according to claim
64, wherein
15 said display control means performs control so as to
provide a layout display indicating the position on the
printed circuit board of said indicated point.
73. The board inspecting apparatus according to claim
63, further comprising
20 display control means for displaying a scale for
expressing the length on the image displayed on said display
device.
74. The board inspecting apparatus according to claim
63, further comprising

25 display control means for performing control so as to

R O R P "
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supporting body 50 is in its horizontal position are—- -
- 30 -. inputted to the controller 100 v*q 0.,
turning-on or -off of the power supply of lfmlimr

terface 108. The
AT dcting device 70
is also controlled by the controller 100. ’"I

display two lines on the image displayed on said display

device,
input means for entering a command to move said two
lines on a display screen of the display device, and
5 control means for calculating the spacing between the
two lines displayed on said display device on said display
device and causing said display device to display the
calculated spacing.
75. The board inspeéting apparatus according to claim
10 63, further comprising
display control means for displaying a window on the
display screen of said display device, and
control means for producing data relating to the size
of a particular image in said window and displaying the
15 produced data on said display device.
76. The board inspeéting apparatus according to claim
75, further comprising
input means for designating the position and the size
of said window.
20 77. The board inspecting apparatus according to claim
75, wherein
said control means displays data relating to the
reference size in addition to the data relating to the size
of said particular image.

25 78. The board inspecting apparatus according to claim

T



In thesteaching node, a nouse 111 and a keyboard 112 for teaching are used
for entering various data and commands. The..nouse 111 is for designating
the position and the size of a cursor, a mark or the |ike displayed on the
CRT di splay device 13. The teaching keyboaﬂHS$kﬂ}hmB&uaTSmai key for

entering a conmand to nove the X-axis table axis table 30
(hereinafter collectively referred to as a iififj addi ti on to keys
the zoom magni fication, and

for entering e _hoard name, the board size, [
t he confirmﬁ%%ﬁB§F%ﬁﬁry.

said illuminating device comprises light sources of a

plurality of colors.
79. The board inspecting apparatus according to claim
s 78, wherein
said plurality of light sources comprise a plurality of
optical fiber cables and light emitting devices for emitting
light of a plurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
10 coupled and decoupled.
80. The board inspecting apparatus according to any
one of claims 62 to 79, wherein
the board inspecting apparatus is a wvisual inspection
supporting apparatus or an unacceptable soldering correcting
15 apparatus.
81. A method of inspecting soldering of a printed
circuit board using the board inspeéting apparatus according
to any one of claims 62 to 80.
82. A method of manufacturing a printed circuit board
20 by correcting an unacceptable soldered location using the
board inspecting apparatus according to any one of claims 62
to 80.
83. A printed circuit board inspecting apparatus
comprising:

25 a illuminating device for illuminating a printed

T



I the+inspection node, the inspecting keyboard 14 and the energency stop
switch 15 are used for entering various data and comrands: - The teachi ng
keyboard 112 is also used as required. The ins.ecgin% keyboard 14 is
provided with keys such as a key for noving a dﬁ? gRlaceds o een
(the preceding point and the succeeding point), a g the XY
table to the preceding or succeeding inspection di ng

i nspection area and the _succeedjng inspection area), a key for noving the
XY table baERTSH&tBPERA aHQ ??gﬁﬂ%b59¥4%ﬁd leftward, a key for

an imaging device for imaging an area on the board

illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;
5 a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;
a board supporting member supported on said stage for
supporting the board to be inspected;

10 a display device for displaying the image represented

by the image signal outputted from said imaging device;
a base for pivotably supporting said stage; and
a device for moving said stage so that the center of
the wvisual field of said imaging device does not move on the

15 board depending on the angle of inclination when said base
is inclined. |

84. A board inspecting apparatus comprising:
a illuminating device for illuminating a printed
circuit board to be inspected;

20 an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by tne imaging;

a first stage which is movable relatively to said

illuminating device and said imaging device in two

(U n



entering a code representing unacceptable soldering, a draw
-31 - ., command key for issuing a conmmand-t-o-draw out~the Y stage 41
foreard (toward a worker), and a return key fohﬂﬁQ&ﬁ&JP&da comand to

A ][]

perpendicular directions;
a board supporting member supported on said first stage

for supporting the board to be inspected;
a display device for displaying the image represented

5 by the image signal outputted from said imaging device;

a second stage for pivotably supporting said
jlluminating device and said. imaging device; and

a device for moving said second stage so that the
center of the visual field of said imaging device does not

10 move on the board depending on the angle of inclination when
said illuminating device and said imaging device are
inclined.

85. A board inspecting apparatus comprising:
a illuminating device for illuminating a printed
15 circuit board to be inspected;
an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

20 a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

‘25 a memory for storing the image signal outputted from

>2 A )
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The emergency stop swtch 15 is depressed in driving the XY

tabl e. That

I S, Fhe XY table is not noved even if a novenent command i s-ent-ered-from
the inspecting keyboard 14, wunless the switch 15 is turneg on This is for

the purpose of safety of work (the worker cannot nove 7}
W t hout using his or her both hands). A nmenory 109
controller 100 is provided with an area storing inage d

i mage indicating a standard (or on the limt) soldered state

mount ed on a $&¥ErHRBLEL IRYAHE7 an area storing a

pan Replaced
o the

.

of a part

a display device for displaying the image represented

by the image signal read out from said memory; and

display control means for performing control in

5 response to a freeze command so as to stop writing to said

memory the image signal outputted from said imaging device,

repeatedly read out the image signal stored in said memory,

and display on said display device a still image represented

by the image signal stored in said memory.

10 86. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed

circuit board to be inspected;

an imaging device for imaging an area on the printed

circuit board illuminated'by said illuminating device and

15 outputting an image signal representing an image obtained by

the imaging;

a stage which is movable relatively to said

illuminating device and said imaging device in two

perpendicular directions;

20 a board supporting member supported on said stage for

supporting the board to be inspected;

a display device for displaying the image represented

by the image signal outputted from said imaging device;

storage means for storing previously taught position

25 data representing a point to be inspected on the board to be
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teachig table created in the teaching processing as described later, an
area storing an inspection-result..table ..produced in the inspecting
processing, an area storing a position to mhlch the Y stage 41 is to be

returned before being drawn out TmsleﬁbhmB an area storing the
current position (the X and Y coor " XY table, a working
area, and ot her areas. The t

t ta

reated in the teaching
processing  apgspdi:ddishagi i on-resu

e produced in the inspecting
processing are stored in a floppy disk or are printed out

display control means for performing control so as to
indicate a point to be inspected on the image displayed on
said display device in accordance with the position data
5 stored in said storage means.
87. The board inspecting apparatus according to claim
86, wherein
said display control means changes, in a case where
there are a plurality of points to be inspected on the
10 displayed image, said indication of the point for each entry
indicéting that inspection has been completed or for each
predetermined time in accordance with a predetermined order.
88. The board inspecting apparatus according to claim
86, wherein
15 . said display control means indicates, in a case where
there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.
89. The board inspecting apparatus according to claim
20 86, further comprising |
input means for entering the result of inspection
performed with respect to the image displayed on said
display device.
90. The board inspecting apparatus according to claim

25 86, further comprising
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after the ternination of the processing. A floppy disk (FD) drive 113 and
a printer 114 are connected to the control ersﬁeeﬂHasBeenReﬁaced

-32 - 100 in order to save and output t & Teachi ng
processi ng Fig. 11 shows operations m “ HI“H\‘W\ “g node (teaching
input means for ente;ing the reéult of inspection of
the point performed in relation.to the indication of the
point on said display device.
91. The board inspecting apparatus according to claim
5 90, wherein

said display control means indicates the point which is
entered by said input means as unacceptable.

92. The board inspecting apparatus according to claim
86, wherein

10 said display control means further controls said
display device so as to provide a layout display indicating
the position on the board of an area of the image displayed
on said display device and indicate the position on the
board of said indicated point in the layout display.

15 93. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and

20 outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perﬁéﬁdicular directions; |

25 a board supporting member supported on said stage for

> A O R O
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processfng) in the visual inspection supporting apparatus. The teaching
processing is mainly supervised by the controller 100. Fig. 12 shows one
exanpl e of the teaching table produced in the teaching processing.

In the teaching node, a reference PC board to which arts are s |tab

soldered is used. The reference PC board is first s m t@ m y
steps 5la and 52a of the supporting arns 51A and 52A
SSRPSr L ng bolpder il SRPHAAGE (e aecpale ol type o
a dlsplay device for displaying the image represented
by the image signal outputted from said imaging device; and
input means for entering the result of inspection
5 performed with respect to the image displayed on said
display device.
94. A board inspecting apparatus comprising:
a illuminating device for illuminating a printed
circuit board to be inspected;

10 an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said

15 illuminating device and said imaging device in two

perpendicular directions;

a.board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented

20 by the image signal outputﬁed from said imaging device; and

display control means for performing control so as to
provide on said display device a layout display indicating
the position on the board of an area of the image displayed
on the display device.

25 95. The board inspecting apparatus according to claim

L



referernce PC board are entered fromthe teaching keyboard 112 (step 201).
The board size is useful in providing a .display of layout on the PC board.
Wien an initial positioning conmand is entered fromthe teaching keyboard
112, the XY table is positioned @{,gs&anamuehkqﬂacgbsmmn (step 202). The

initial position is a position n1ned | ocation, for
exanple, the |ower left corner M‘mﬂg set in the board
supporting bod¥ 50 i s positioned cen er of the visual field (field
of vision) of 7¢he"ReE&HHg devi ce 80.

said display control means performs control so as to
indicate an area of the image where inspection has been
completed.

5 96. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and

10 outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

15 a board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device; and

display control means for displaying a scale for

20 expressing the length on the image displayed on said display
device.

97. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

25 an imaging device for imaging an area on the printed

NN D



The entire PC board does not generally enter in the visual field of the
i magi ng device 80. Ther ef G§g shdef¥as Been Replaced -33

- entire PC board is dIVI rality of areas each
corresponding to a visual e corresponding to

circuit board 1llum1nated by said illuminating device and

'outputting an image signal representing an image obtained by
the imaging;
a stage which is movable relatively to said
5 illuminating dévice and said imaging device in two
perpendicular directions;
a board supporting member supported on said stage for
supporting the board to be inspected;
a display device for displaying the image represented
10 by the image signal outputted from said imaging device;
display control means for carrying out control so as to
display two lines on the image displayed on said display
device;
input means for entering a command to move said two
15 lines on a display screen of the display device; and
control means for calculating the spacing between the
two lines displayed on said display device and causing said
display device to display thg calculated spacing.
98. A board inspecting apparatus comprising:
20 a illuminating device for illuminating a printed
circuit board to be inspected;
an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

25 the imaging;
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ome visual field becones one inspection area. =~ ~ “Fig. 13 illustrates an

exanpl e of a PC board PCB. A ot of parg E§ nqgnt d on the PC board and

sol dered thereto. The range of one V|sua ated by a one-dot
and dash line. A range indicated by "IA1" g nspection area, and

a range indicated by "I A2" is a second i If an inmage is

enl arged by the zoom |ens systen181 an |nspect|on area IS narrowed, as an

eighth inspecti or}=1 asrtea§ gﬂt gg %Yaﬂj“?%"re rir "J?JS%%&td' on area is

desi gnated by an inspe WOr k nspectlon
illuminating device and said imaging device in two

perpendicular directions;
a board supporting membér supported on said stage for
5 supporting the printed circuit board to be inspected;
a display device for displaying the image represented
by the image signal outputted from said imaging device;
display control means for displaying a window on a
display screen of said display device; and
10 control means for producing data relating to the size
of a particular image in said window and displaying the
produced data on said display device.
99. The board inspecting apparatus according to claim
98, further comprising
15 input means for designating the position and the size
of said window.
100. The board inspecting apparatus according to claim
98, wherein
said control means displays data relating to the
20 reference size in addition to the data relating to the size
of said particular image.
101. The board inspecting apparatus according to any
one of claims 83 to 100, wherein
the board inspecting apparatus is a visual inspection

25 supporting apparatus.

s



areas are consecutively nunbered starting wwth 1 so that they are

di st i ngui shed. When the XY table is posi kggﬁg}gég&%swﬂakalal
position, the visual field of the inmaging deV|c rst

i nspection area | Al. An exanple of an inmage disj mﬂml B Hﬂscr een of the
di splay device 13 at this time is illustrated cont our of

the entire PC board PCB and the position of the first inspection area |Al

|nthe —contour ang,d Shhgyedaph 1ASpd Vg "dgtirates! bBRoEH1hE o SaRFe-

This is a layout display
one of claims 83 to 100, wherein

the board inspecting apparatus is an unacceptable
soldering correcting apparatus.
5 103. A method of inspecting soldering of a printed
circuit board using the board inspecting apparatus according
to any one of claims 83 to 102.
104. A method of correcting an unacceptable soldered
portion using the board inspecting apparatus according to

10 any one of claims 83 to 102.
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The inspector views such a display screen to designate _a portion_whose
soldering is to be inspected (a designated point) (step 203). The point to

be inspected can be ThnsSheetHészBeenRe lBegi gnat e
usi ng various marks. For exanple, a part to be insp eS|gnated
with a circular mark, as

ABSTRACT

An X stage (21) arranged on the front edge of a table

(11) is movable in the X-axis direction along a rail (23).
The X stage (21) supports a light projecting device (70) for

5 illuminating a printed circuit board (PCB) and an imaging
device (80) for imaging an inspection area illuminated by
the light projecting device (70). An image obtained by the
imaging device (80) is displayed on a display device (13).
A Y stage (41) is movably provided along a rail (33) on a

16 base (10). A board supporting member (50) for supporting
the board (PCB) is pivotably attached to the Y stage (41l) at
front portion thereof. An inspector judges whether or not
soldering is acceptable while seeing the image displayed on
the display device (13). When it is judged that soldering

15 is unacceptable, the inspector can correct an unacceptable
soldered portion by drawing out the Y stage (41) forward and

obliquély raising the board supporting member (50).

101



I mdicated by a circle mark MC. Alternatively, a zone to be inspected can
be designated, Put in a frame, as indicated by a frame mark M. The circle
mark MC or the franme mark M= need not necessarily correspond to one part.
It is possible to indicate a plurality of parts by one mark

Alternatively, it is also possible to d%v%ﬁg one part into a plurality of
zones and indicate the zones by a pIuraI/t of marks. The circle
mark MC or the frame mark MF is produced by the display control circuit
104 in response to a comand




from the teachi ng keyboard 112 or the nouse 111, and is displayed on the
di splay screen with a particular color superinposed thereon. The size of
the circle of the circle mark MC and the size of the franme of the frane
mark MF are variable by the conmand fromthe nouse 111. The

i nspect or successively designates poi nta/8® be inspected using the mark MC
or MF while seeing an igage of a grt di spl ayed on the display screen. The
designated points are ghation nunbers (serial nunbers) in the
order desi gnat ed. %




When the inspector designates all points on the display screen (one
I nspection area) and provide entry indicating that the designation has

been conpl eted, the designated -35 -
points are stored in the teaching table (step 204).
3/39
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Referring to Fig. 12, the teaching table includes the entered board nane
and board size stored therein, and includes for each inspection area
nunber the coordinates representing the position of an inspection area
correspondi ng thereto and data relating to points designated in the

I nspection area. The coordi nates of the4i ection area are the

coordi nates of a particular point of the nspection area, for exanple, a
point at the lower left <corner. The data relating to the designated point
conprises a designation nunber andal he position of a designated point

B8\




correspondi ng thereto (coordinate data). Data representing the position of
the designated point is constituted by a code representing the type of
mark (MC or MF), the dianeter and the coordinates (the X and Y

coordi nates) of the center of the mark in the case of the circle mark MC
or the length and breadth of the mark :§93k?e coordi nates of the center of
the mark in the case of the frame mark .71t the coordinates of the

i nspection area and the zoom magnification are found, the coordinates in
the XY table of an arbitrary point on the screen are uniquely determ ned.

Fig. 5a
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The controller 100 cal cul ates the coordi nates of the center, the dianeter
or the length of the side of the designated mark on the basis of the

position on the screen of the mark. In the displayed i mage shown in
Fig. 14, an el ectrode -

36 - (a | ead)
E of a part, a land L on the PC board,eagggsoldered
Fig.6a
67a ©8
sz @)
) 3 69 LS
66 —
67
Fig.6b
68 67a
ez O
[ eig
66 —
er
Fig.6c¢c
7 67 68
o] —
} . 69—= \O
T
66 —
67
Fig.6d
67a 68
> za— 69 O
L
]

67



areas R, Gand B indicated in colors are indicated only with respect to
one part. This is also substantially the sane in the other draw ngs of the
di spl ay screen. When the designation of all points is conpleted with
respect to one inspection area, the inspector enters a comrand to nove the
XY table fromthe teaching keyboard 112r7 %g posi tion the succeedi ng

I nspection area (steps 206 and 207). Thé/ cceedi ng i nspection area nay be
partially overlapped with or spaced apart fromthe preceding inspection
area. The inspector nay determ ne the succeedi ng

Fig.r T
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I nspection area on his or her judgnent. A |l ayout display inmage
representing the succeeding inspection area appears in the |ayout display
LD. The |ayout display LD may be expressed by an inspection area and

desi gnated marks, as shown in Fig. 15a, a mark finally designated nay be

I ndi cated by an arrow as shown in Fig. 15b, or the current inspection area
may be indicated by an- arrow. Wien the3d89i gnati on of points has al ready
been conpleted with respect to a plurality of inspection areas, all the

i nspection areas and the points which have been

Fig.8

93(94,95)

94A




designated are displayed in the | ayout display LD. Consequently, the
I nspector can know to what extent the inspection areas and the points are
designated. Particularly if the inspection area which has already been
-37 -
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designated and the inspection area which is being currently designated are
displayed in different forns (in different colors, for exanple), they are
easier to understand. The inspector successively designates portions to be
i nspected (inspection areas and points) on the PC board w thout om ssion.
The processing in the steps 203 and 20 ';sggso repeated with respect to
the succeedi ng inspection area. The sane processing is repeated while
successively positioning a new inspection area (steps 206 and 207).
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when the foregoing operations and processing are termnated with respect
to all the areas on the reference PC board set on the board supporting
body 50 (step 205), the produced teaching table is saved in the fl oppy
disk FD by the FD drive 113 in response to entry indicating that the
operations and processi ng have been térvnd®Bated by the inspector (step

208) . In the foregoing description, the zoommagnification is fixed
at a constant value. Wen the zoomnmagnification is fixed with respect to

one PC board, the zoom rragni}:i,cat e}
/qg. /'

TEACHING
PROCESSING

ENTER
PC BOARD NAME
AND BOARD SIZE

—

POSITION PCBOARD |
AT INITIAL POSITION | 202

——201

DESIGNATE POINT 203
TO BE INSPECTED

STORE
DESIGNATED POINTS |——204
(TEACHING TABLE)

TERMINATED

SAVE TEACHING
TABLE IN FD

208

MOVEMENT
COMMAND

END

DRIVE XY TABLE 207




I s" stored in the teaching table in conformty wth the board name. The

zoom magni fication will be entered fromthe keyboard 112. Wen a
predet erm ned zoom magni fication is set, the zoom nagnification need not
be keyed. At this tinme, the -38 -
12739
Frg. 12
TEACHING TABLE

BOARD NAME (TYPE OF BOARD)

BOARD SIZE (AND ZOOM MAGNIFICATION)

E CODE,
DESIGNATION DIAMETER OR
D I
NO. Es;gm;r ED | LENGTH & BREADTH,
(PART NAME) | COORDINATES OF
i CENTER
INSPECTION :
AREA NO. !
(COORDINATES) !
|




zoom magni fication is not also stored in the teaching table. The zoom
magni fication may be varied for each inspection area. In this case, the
size of the inspection area varies depending on the zoom nagnification, as
descri bed above. The zoom magnification LS gnt ered prior to designating a
point to be inspected (step 203). The zdéh %‘agnification Is stored in the
teaching table in conformty wth an inspection area nunber. The zoom
magni fi cation may be entered for each designated point.
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Furthernore, a command to store an imge nmay be enterable fromthe
keyboard 112 when a point to be inspected is designated. In this case, an
image in the vicinity of a part designated by a mark is extracted, and the
extracted inage data is stored in an imge data area, linking to an

i nspection area nunber and a desi gnati oldAGRber. The i mage data may be
stored in the teaching table. The inage data thus extracted, along with
the teaching table, is saved in the floppy disk FD as one representing a
standard image (or a limt inmage). Wen the inspector uses the keyboard
112 to
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enter the part nanme in conformty with the designation nunber, the
desi gnation nunber nay be replaced with the entered part nanme in the

teaching table. (5) Inspecting processing As descri bed above, the
vi sual inspection supporting apparatus can be used for the inspector to
i nspect a PC 15739

Fig./5a
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-39 - ¢+ board (a PC board to be inspected) for acceptability of soldering
I n the inspection node, and can be also used for the inspector to

i mmedi ately correct a soldered portion which is judged to be unacceptabl e.
For conveni ence, a case where a pIuraJitg'of PC boards are only inspected
and a case where they are corrected WVI3Be separately descri bed.

Figs. 16 to 18 show the procedure for processing in a case where only

i nspection is made. This processing is also mainly supervised by the

controller 100. Fig. 20 shows .
ﬁn/g. /6

INSPECTING
PROCESSING

ENTER 211
BOARD NAME

READ TEACHING TABLE Z‘i 2

SET BOARD

MOVE XY-TABLE
TO POSITION OF
INSPECTION AREA No.1

214




in

Q3131dW0D S

A plurality of PC boards of
of board) of the
A

A floppy disk FD storing a

The plurality of PC boards to be
In order to distinguish the plurality of PC

t he board nane (the type
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Is entered fi@m3®Phe teaching keyboard 112 (or the

successi vel y inspected.
(step 211).

I n additi on,

table for the PC boards of the type to be inspected is set
t he sane nane.
board nunbers are assigned to the PC boards.

PC board to be inspected
I nspecting keyboard 14)

i nspect ed have

exanpl e of an inspection-result table.
boar ds,

the sane type are

t eachi ng
the FD drive 113.
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nunber -previously assigned to each of the PC boards can be wused as the
board nunber. In this case, when the PC board is set (step 213), the board
nunber is entered. The apparatus may autonmatically assign the board
nunbers starting with 1 in the order in d. In this case, the PC
boards whi ch have been inspected nust be So preserved

Fig I8
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SAVE RESULT OF
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END



-40 - + that the order of inspection can be found (they are nunbered or

st acked). In either case, when the board nane is entered, the

teachi ng tabl e designated by the board nane is read out from the floppy

di sk FD, and the teaching table is stored in the nenory 109 (step 212).
The i nspector sets the PC board PCB ti® B&9 nspected in the board
supporting body 50 (step 213). Upon entry indicating that the PC board has

been set, the controller .
| Fig 19

227
ENTER DEFECT CODE

STORE DESIGNATED POINT
AND DEFECT CODE
(INSPECTION-RESULT TABLE)

228

BOARD DRAW
COMMAND

! STORE CURRENT PQSITION 235

FREEZE DISPLAY SCREEN 236

_—

MOVE Y-STAGE 237

IS CORRECTION
TERMINATED

240

MAGNETIC SENSOR
TURN ON

RETURN Y-STAGE

TO ORIGINAL POSITION 241

RELEASE FREEZING OF

DISPLAYED IMAGE 242




100 refers to the teaching table (particularly, the coordinates of

i nspection areas) read in the nenory 109, to nove the XY table to the
position where the first inspection area (No. 1) is imged (step 214).
Consequently, an inmage of the inspectign area No. 1 is displayed on the

di splay screen of the display device 180 488 i nspector judges whether or
not soldering on the PC board is acceptable while seeing the displayed
image with his or her own eyes. An acceptable sol dered portion is not
entered, while only a soldered portion which is judged to bé unacceptabl e,
al ong

Fig.20

INSPECTION-RESULT TABLE

BOARD NO. INSPECTION

(AND BOARD NAME)| __ AAREA NO.
DESIGNATION NO.

DESIGNATED
POINT | DEFECT CODE




wi'th a-code indicating the particul ars of
Since a soldered portion to be inspected is designated
descri bed above in teaching processing,

superi nposed on a di spl ayed i nage

I nspector may follow a

and

its defect

(fault),

is entered.

using a mark as
a designation mark is al so
of a PC board to be inspected, the
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-41 - * portion to be inspected with his or her eyes with the help of the
designation mark. Since data relating to the designation mark is stored in
the teaching table, the designation mark is displayed by the display
controller 104 on the basis of the dat(aé, A met hod of displaying a
designation mark is mainly divided int %'fﬂ?’ge types. The three types are
the mark manually forwardi ng node, the automatically forwardi ng node,

Fig.22a
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and the inspection-area manually fowarding node. The inspector uses the

I nspecting keyboard 14 (or the teaching keyboard 112), to select any one
of these nodes (step 215). When the mark manual |y forwardi ng node is
selected, a circle mark MC of a designation nunber 1 is first displayed,
as shown in Fig. 2la, on an inmage on a @P€@%hy screen (an inmage of an

I nspection area No. 1). The inspector judges whether or not sol dering of
a part on which the circle mark lﬁ_lgp Bn the case of a franme mark M,
a zone circunscribed by the frane mark MF) i s acceptabl e by seeing

M\F r-—-..-_.__.
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the displayed image. If soldering is acceptable, the inspector depresses
t he succeedi ng point key on the inspecting keyboard 14 (step 221).
Consequently, a mark MC of a designation nunber 2 is displayed on the

di splay screen, as shown in Fig. 21b &E{eg 222). The inspector
successively forwards the mark (the ci £3%rk MC or the frame mark IVF)
whi | e successively depressing the succeedi ng

Fig.25
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-42- :point key, to judge whether or not soldering of a portion to be

i nspected which is indicated by the mark is acceptable. The mark is

di spl ayed on the basis of the data relating to the designated point in the
teachi ng table. Wien it is desired to | ook over once again a portion
where the mark of the precedi ng designata®r3®unber is displayed, the

i nspect or depresses the preceding point key (step 219). Consequently, the

mar k of the preceding

Fig. 26
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desi gnati on nunber is displayed again (step 220) (return fromdisplay
shown in Fig. 21b to display shown in Fig. 2l1a, for exanple). In a

| ayout display LD on the display screen, the position on the PC board of
an inspection area currently. displayed is indicated by an arrow.
Alternatively, a portion on the PC boa@AB®re a mark is di spl ayed appears
on the layout display, as shown in Figs. 22a and 22b. Fig. 22a and Fig.

22b respectively correspond to Figs}:21a ang?F' . 21b.
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Upon firndi ng out an unacceptabl e sol dered portion, the inspector depresses
a defect code key representing its defect found out on the inspecting
keyboard 14 (step 227). Exanples of the defect code include "no

sol dering”, "excessive soldering”, "a bridge", and "a m ssing part (no
part)". Wien the defect code is entere®@74&3Board nunber for identifying a
PC board undergoing i nspection (the board nane

Fig.29
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-43 - : as required), an inspection area nunber representing an area being
I nspected, a designation nunber representing a portion where a defect is
found out, the coordinates of the designation nunber (a designated point

a code, the dianmeter or the length and breadth, and the center

coordi nates), and the defect code are r2g@yg®red in the inspection-result

table (step 228) (see Fig. 20). At this time, an unacceptable portion
may be explicitly
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i ndi cat'ed by changi ng the col or or the shape of a mark (MC, M) for
designating the portion which is judged to be wunacceptable. It is
preferable that the nmark representing the unacceptable portion is not
erased until the display of the succeeding inspection area is started. The
unacceptable portion may be displayed i peghgol ayout display LD.
Alternatively, the particulars of the entered defect code nay be displayed
in characters on the display screen to urge the inspector to confirmthe
defect code. It is preferable that the defect code which has been entered

once can be
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cancel ed as required.

1lis termnated, the inspector depresses the succeedi ng
key (step 225), whereby the XY table is so
i nspection area No. 2 can be

When the inspection of the inspection area No.
I nspection area

driven that the succeeding
i maged by referring to data representing the

coordi nates of inspection areas in theakfggglng table (step 226). The
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-44 - : inspector repeats the above described operations. It is thus
possible to performsoldering inspection of all designated points in al
i nspection areas which are registered in the teaching table. When
t he preceding inspection area key on the inspecting keyboard 14 is
depressed (step 223), the XY table. is gﬁiven that the preceding

I nspection area is imaged by the inaginéﬂé ce 80 (step 224).

o
s Q




when the automatically forwarding node is designated, a displayed mark MC
or MF successively noves on the screen in order of designation nunbers at
predetermned tine intervals (step 217). The inspector judges whether or
not soldering of a portion represented £¥ F?e mark i s acceptable while
successively follow ng the displayed nmar 2 /39 Upon findi ng out
unaccept abl e sol dering, the inspector depresses the defect code key in the
same nmanner as described above, whereby data relating to the unacceptable
soldering is registered in the inspection-result table
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(st eps .227 and 228). If the inspection of one inspection area is
termnated, the inspection of the succeeding inspection area is started
by depressing the succeeding i nspection area key, as described above
(steps 225 and 226). The time interval during which a displayed mark
noves may be predeterm ned. Alternative®ys3phe i nspector can al so

Fig.38
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-45 - . enter the time interval using the keyboard 14 or- 112. It is
preferable that a stop key is previously provided in the inspecting
keyboard 14 so that a displayed mark is fixed not to nove when the stop
key is depressed. Consequently, the inspector can carefully inspect a
particul ar portion. When the inspection-area manual |y forwardi ng node
is selected, all marks MC_and MF bel ongidfly 88 an area to be '

W




I nspect.ed are displayed once and for all, as shown in Fig. 23 (step 218).
The inspector visually inspects all portions to be inspected while
following the marks with his or her eyes. Upon finding out an
unaccept abl e portion, the inspector points a cursor (displayed on the

di splay screen) at a mark indicating an3gpagceptable portion, to specify
the wunacceptable portion and keys a defect code. Alternatively, the color
or the shape of the displayed mark may be successively changed every tine
t he i nspector depresses the




succeedi ng point key so that the inspector can indicate a defective
(faulLty) point. In addition, designation nunbers nmy be displayed adjacent
to the marks so that the inspector can key-input a designation nunber of a
defective point. In any case, a point which is judged to be defective and
a defect code are registered in the inggg;?éon-result tabl e. When

I nspection of one inspection area is conplelé&d,

Fig.42a
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-46- the inspector depresses the succeeding inspection area key on'the

i nspect’i ng keyboard 14 (step 225). Consequently, the inmaging device 80 and
the Y stage 41 are so noved that the succeeding inspection area can be

i mged (step 226). Thereafter, all the marks MC and MF belonging to the
set inspection area are displayed oncqsﬁﬁggfor'all. The inspector can
thus performvisual inspection for each 1 nSpection area.
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Even ip any of the inspection nodes, when inspection of one PC board is

t hus conpleted (inspection of all 1inspection areas registered in the PC
board is conpleted) (step 229), the results of the inspection stored in
the inspection-result table are displayed on the display device 13 (step
230) . Thereafter, the inspector tagszgut a PC board having been

I nspected fromthe board supporting body 50 (step 231), and sets the
succeedi ng PC board to be inspected (step 231), after which soldering

i nspection is perfornmed in the sane
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manner - When inspection of all PC boards to be inspected which are

previously prepared is conpleted (step 232), the contents of the
_inspection-result table are saved in the floppy disk FD. | f
“required, a statistical operation is executed and the result of the

operation is displayed. Specifically, 39,39
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when the inspector enters an operation conmand fromthe Kkeyboard

. 14‘or 112, a total or statistical operation effective in analyzing the

quality of nounti-ng

i nspeBEfion of all: PC
si{t=sofi phbie oper gt P ditEe T
s AvECH A

r

D ._;.,J_QQLTN_&;‘S_:-@W usi ng data represg t%iquthﬁgé,se_s!l%zgﬁ%

oart i ch have al ready be Sheé
pl ayed -dn- t he di splay device 13 and is
anples of the total or
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SPECIFICATION

VISUAL INSPECTION SUPPORTING APPARATUS AND
PRINTED CIRCUIT BOARD INSPECTING APPARATUS, AND METHODS OF

SOLDERING INSPECTION AND CORRECTION USING THE APPARATUSES

TECHNICAL FIELD

The present invention related to a wvisual inspection’
supporting apparatus which is used for an inspector to
visually inspect acceptability of soldering of electronic
parts mounted on a printed circuit beoard, and a printed
circuit board inspecting apparatus, as well as a soldering
inspecting method and a method of correcting an unacceptable

soldered portion using the apparatuses.

BACKGROUND ART

In this type of apparatus called by various names, for
example, a visual inspection supporting apparatus, a printed
circuit board inspecting apparatus, an automatic printed
circuit board ihspecting apparatus, and an external
appearance inspecting apparatus, light.sources of the three
primary colors, i.e., red (R), green (G) and blue (B) are
generally used. The light sources are so arranged as to

project illuminating light at different angles to a portion

to be inspected. When the portion to be inspected is imaged

This is the replacement sheet

Date: ‘ 4 SEP 199

|y



statistical operation include a rate of defect relating to PC boards (a
val ue obtai ned by dividing the nunber of defective PC boards by the nunber

of all PC boards), a rate of defect related to par | bt 3i by
di viding the nunber of defective parts by the nunbéé';jbs(btﬁug?ls“gﬁftg?,/g/?é

rate of defect for each type of part, tRe order of defective items for
each type of part, and the order of defective portions starting with the
nost defective portion and the particulars of the defect. The result of

ItO Plenlt gfpect bPNaANdma§ g ' &s¥ide nd 0 ARAGA! bBBa2AEd PHY NERE Oudgidpmd he
displayed, inclined surfaces or flat surfaces having
different angles are indicated in different colérs.
Consequently, color information can be also utilized for
judging whether or not soldering is acceptable.

Various proposals have been made in such a direction as
to.automate judgment whether or not soldering is acceptable.
_Examples include a proposal for a illuminating method (see
Japanese Patent Application Laid-Open Publication No.
4-355311) and a proposal for image processing or Jjudging
processing (Japanese Patent Application Laid-Open

Publication No. 4-343046)..

_ However, there are not many devises and proposals from

:the ;iewpoint of assisting an inspector in visual
inspection. It is highly important to increase the
operation (work) efficiency of the inspector and ensure more
objective judgment which is not dependent on the personal
difference between.inspectors. Particularly, the wvisual
inspection has the adwvantage that when an unacceptablé
soldered portion is found out, the unacceptable soldered
portion can be immediatsly corrected. It has been desired
to realize a suitable apparatus for supporting such visual

inspection.

DISCLOSURE OF THE INVENTION

Thiz is lhe repiacernent shest
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174 as required. Fig. 24 illustrates another nmethod of displaying a
portion to be inspected (particularly in the mark manually forwardi ng node

and the automatically forwarding node). 1In this td BEed¥ | gBIg¥RBS 1 N
an area of a portion to be inspected (the inside gﬁkgﬁ??ane %ark MF) is

made different fromthe brightness of -Btte other areas (for exanple, the
I nside of the frame mark MF is made bright) instead of

An object of the present invention is to provide a
supporting apparatus for visual inspection and correction of
an unacceptable portion which makes it easy for an inspector.
to perfofm work and makes it possible to improve operation
(work) efficiency.

Another object of the present invention is to provide a
visual inspection supporting apparatus capable of ensuring
the objectivity of judgment by an iﬁspector.

Still another object of the present invention is to
provide a printed circuit board inspecting apparatus which
can be developed into not only support of wvisual inspection
but also automatic inspection.

The present invention provides a method of judging
whether or not soldéring on a printed circuit board is
acceptable and a method of correcting a soldered portion
which is judged to be ﬁnacceptable using the wvisual
inspection supporting'apparatus and the printed circuit
board inspecting apparatus.

A visual inspection supporting apparatus according to
the present method comprises a illuminating device for
illuminating a printed circuit board to be inspected, an
imaging device for imaging an area on the board illuminated
by the illuminating device and outputting an image signal
representing an image obtained by the imaging, a stage which

is movable relatively to the illuminating device and the
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-48 -

circunscribing the portion to be inspected by the frame mark

VF.

In a layout display LD, the portion to be inspected is I ndi cated by an
In the inspection-area manually forwarding_npde, all areas which
are circumscribed by frame marks will be so di spl ayeatituigshest - rg@ﬁéﬁess

arr ow.

of the areas differs fromthe brightnegs of the other areas. Fig. 25

Il lustrates anot her exanple of a | ayout display

imaging device in two perpendicular directions, a board
supporting member supported on the stage for supporting the
board to be inspected, and a mechanism for moviné the stage
until the board supported on the board supporting member
reaches a position outside of a range in which the
illuminating device and the imaging device exist.

There is generally provided a display device for
displaying the image represented by the image signal
outputted from the imaging device.

The visual_inspection supporting apparatus is suitable
for not only inspection but also cor:ection of an
unacceptable portion. Since the board supported on the
stage is drawn out of the range in which the illuminating
device and the imaging device exist, it is possible to
lcorrect the unacceptable portion at the position where the-
board is drawn out. |

Preferably, the board supporting member is supported on

the stage so as to be capable of being raised and laid down,’

and provided is a mechanism for holding the board supporting
member in its obliquely raised position.

Since the unacceptable portion can be corrected on the
obliquely raised board, it becomes easy for the_inspector to
perform correcting work.

The image obtained by the imaging before the stage 1is

drawn out is frozen and is displayed as a still image on the
This is th
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LD: In this layout display LD, an area which -has already been inspected is
displayed in a formdifferent fromthose in the other area (by changing
the brightness and the color of the area which has_already been inﬁfgcted,
as-indicated by "1B"). An area being currently inspHRstityte shegtsy12/9/96

di spl ayed so that it can be found that -tShe area is being currently

I nspected, as indicated by "IC" (by circunscribing the area by a frane,
changi ng the brightness or the color of the area, for exanple). The

foregoing QEf§§i£§ié£biEé?“ The EH@EeEQSrZQQH1searCh for the

unacceptable portion on the board by seeing the image.

A visual inspection supporting apparatus aécording to
the present invention comprises a illuminating device for
illuminating a printed circuit board to be inspected, an
imaging device for imaging an area on the board illuminated
by the illuminating deviée and outputting an image signal
representing an image obtained by the imaging, a stage which
is movable relatively to the illuminating device and the
imaging device in two perpendicular directions, a movable
body supported on the stage movably in either one of the two
directions, and a board supporting member supported on the
movable body for supporting the board to be inspected.:

Since the board, along with the ‘movable body, caﬁ be
drawn out even by using this apparatus, it becomes easy to
perform correcting work of an unacceptable portion.‘

A visual iﬁspection supporting apparatus according to
the present invention comprises a illuminating device for
illuminating a printed circuit board to be inspected, an
imaging device for imaging an area on the board illuminated
by the illuminating device and outputting an image signal
representing an image obtained by the imaging, a stage which
is movable relatively to the illuminating device and the
imaging device in two perpendicular directions, a rotating
body rotatably supported on the stage, and a board

This is the reuimcement sheet
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magnification is fixed. As previously described, when the zoom
magni fication is stored for each PC board in the teaching table, the zoom

magni fication is displayed on the display device 13. The ipspect S
the display of the zoom nagnification to adj ust t%%b§QEM?P ﬁgtéfgggﬁﬁgl by
hand so that the displayed zoom magnifgcation is realized. Wien the zoom
magni fi cation is stored for each inspection area in the teaching table,
the zoom magni fication is displayed on

supporting member supported on the rotating body for
supporting the board to be inspected.

The board can be rotated in the use of thig apparatus.
Consequently, the apparatus is suitable for soldering
inspection and correction of a part having a lead on four
perpendicular §ides.

These visual inspection supporting apparatuses and the
board inspecting apparatuses further coﬁprise storage means
for storing previously taught position data representing'a
point to be inspected on'a board to be inspected and display
conﬁrol means for performing control so as to indicate the
point to be inspected on the image displayed on the display
device in:accordance with the position data stored in the
storage means.. o |

Consequently, a portion to be inspected is indicated,
thereby improving thé.operating efficiency of the
inspection.

The result of the inspeqtion is immediately entered
from an input device. A portion which is judged to be
unacceptable as the result of the inspection is indicated on
a screen of the display device.

More preferably, a layout display indicating the
position on the board of an area of the image displayed on
the display device is ptovided. Consequently, the inspector

can find an area currently inspected, and can also grasp the

Thi s he s siHacemeni shoot
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-39 - the display device 13 every tine the inspection area is changed
(step 226), whereby the inspector adjusts the zoom |ens system 81 by hand
so that the displayed zoom nagnification is realized. When st andard
i mage data obtai ned by photographing the referenc8ubstiBBarshees -sb2/8496 n
the teaching table, linking with a desYgnated point (or part), the
standard i mage (a ' _

progress of the inspection.

In order to make up the personal difference between
inspectors to ensure objectivity, a scale for expressing the
length is displayed on the image displayed on the display
device.

Furthermore, two lines are movably displayed on the
display screen of the display deviqe, and the spacing
between the two lines is calculated and is displayed.

Additionally, a window is displayed on the display
screen of the display device, and data relating to the size
of a particular image in the window is displayed. More
preferably, data relating to the reference size is displayed
.in addition to the data relating to the size of the
particular image.

The other features of the present invention will become

more apparent from embodiments explained hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 to 4 illustrate an example of the mechanical
construction of a visual inspection supporting apparatus
(Part 1),

Fig. 1 is a perspective view of the entire apparatus,

Fig. 2 is a perspective view showing a Y-axis table in
enlarged forﬁ,

Fig. 3 is a cross-sectional view showing in enlarged

Thig is the replacement sheet
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Il +mt image) of a part designated by a mark MC (or MF) is displayed on a
di splay screen, as shown in Fig. 26 (in Fig. 26, the standard inage is

di spl ayed at the upper left portion). The inspector can conpare the
standard i mage (one in which soldering is accept alfubstitutenshdet -wh2/2{96
soldering is just in the boundary betwgen acceptable and unaccept abl e)
with an i nmage designated by the mark -to judge whether or not soldering in
the i mage designated by the nmark is acceptabl e. In a case where the

visual Lnshechl on SURRAL 00 (2RPALAL USo PP ISR Mrking unit, the

Fig. 4 is a perspective view showing a state where a
board supporting member is raised; |

Figs. 5a to 5d and Figs. 6a to 6d are cross-sectional
views showing the construction and the operation of a stay
"for holding a board supporting member in its raised state;

Fig. 7 is a cross-sectional view showing the
construction of a light projecting device and an imaging
device (Part 1);

Fig. 8 is a cross-sectional view showing the
construction of a light projecting device and an imaging
device (Part 2);

 Fig. 9 illustrates the construction of a light source
" equipment to which the light projectiﬁg.deVicé shown in Fig.
8 is connected;

Fig. 10 is a block diagram showing the electrical
construction of the visual inspection supporting apparatus
(Part 1);

Fig. 11 is a flow chart showing the procedure for
teaching processing;

Fig. 12 illustrates an example of a teaching table;

Fig. 13 is a plan view-showing one example of a printed
circuit board;

Fig. 14 illustrates an example of an image displayed in
teaching processing;

This is ihe replacement sheet
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a~-mar ki ng conmand upon findi ng out unacceptabl e soldering. Since the
marking unit is noved to an unacceptabl e sol dered portion on a PC board
which is pointed out by the inspector, where ink is dropped
unaccept abl e sol dered portion, the unacceptabl e peHRStEHS §h?WdT &3{%@@)n
t he actual PC board. Fig 27 ildaustrates anot her exanple of a
display. In Fig. 27, a scale SCis displayed near a part, a portion or a
Figs. 15a and 15b illustrate examples of a layout
display;
Figs. 16, 17, 18 and 19 are flow charts shoﬁing the
procedure for inspecting processing and correcting
processing;
Fig. 20 illustrates an example of an inspection-result
table;
Figs. 2la and 21b show how a mark representing a
.designated point is successively driven;
Figs. 22a and 22b show how a layout display is changed;
Fig. 23 illustrates an example of an imagelin which
marks representing all designated points in one inspection
area are displayed oﬁce and for all;
Fig. 24 illustrates another example iﬁ which a
designated point is indicated;
Fig. 25 iliustratés another example of a layout
display;_
Fig. 26 illustrates an example in which a standard
image is displayed;
Fig. 27 illustrates an example in which a scale is
displayed on an image;
Fig. 28 illustrates an example in which two lines are
displayed on an image;
Fig. 29 illustrates an exampl - - in which the measured

fillet length, along with the criterion in inspection, is

THis g ihe replacement shee
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-50 - | ocation being cuurently inspected which is indicated by a mark
MC. The i nspector can judge whether or not soldering is acceptable by
referring to the scale SC. Particularly, it is judged whether or not
sol'dering at the tip of a lead (an electrode) is &ubsptutsl sheedpehdi986on
whet her or not a fillet (a portion indigcated in blue B on a display
screen) : '

displayed;

Fig. 30a is a cross-sectional view sthing a lead,
solder and a land, and Fig. 30b illustrates an iﬁage
corresponding thereto;

Fig. 31 illustrates an example of a display in a case
where the fillet length is automatically measured;

Fig. 32 illustrates an example of a display in a case
where the fillet area is automatically measured; |

Figs. 33a and 34a are cross-sectional views showing
solder and its vicinity, and Figs. 33b and 34b illustrate an
example of a displayed image corresponding.theretp;

Fig. 35 is a.block diagram showing the electrical
construction of the visual inspection supporting apparatus
(Part 2); | -

Figs. 36 to 40 illustrate an example of the mechanical
construction of the viéual inspection supporting apparatus
(Part 2),

Fig. 36 is an enlarged perspective view of a Y-axis
table, |

Fig. 37 is an enlarged cross-sectional view taken along
a line VII - VII shown in Fig. 36,

Fig. 38 is an enlaréed cross-secﬁional view taken along
a line VIII - VIII shown in Fig. 36,

Fig. 39 is an enlarged cross-sectional view taken along

a line IX - IX shown in Fig. 36, and
This is the replacement sheet
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I s-correctly fornmed. It is judged whether or not soldering is acceptable
by nmeasuring the length of the filet using the scale SC (that wll be
described later with reference to Figs. 30a and 30b). If the zoom
magni fication is determined, the length on the di Subsatitwersheetcah2/9¢96
converted, whereby the scale SCis disgl.ayed on the basis of the zoom
magni fi cation. When the zoomnmagnification is fixed, the fixed zoom

magni fication is used. Wien the zoom magnification is entered, the entered

ZOO”]nagnifiCatiPfglS4§Sf9'a%ﬁﬁ%p%%%iQQOGEgaggﬁé$fﬁgié”%ﬂé%e where a
board supporting member is raised;
Fig. 41 is an exploded perspective view showing an
example of the mechanical construction of the visual
'inspection supporting apparatus (Part 3);
Figs. 42a and 42b illustrate a structure for inclining
a Y table base;
Figs. 43a to 43b illustrate a structure for inclining a
light projecting device and an imaging device;
Fig. 44 is an enlarged perspective view of an X stage;
and
Fig. 45 is a block diagram showing a system in which a
soldering correcting appa;ggg;_is combined with an automatic

board inspecting apparatus.

BEST MODE FOR CAﬁRYING OUT THE INVENTION
(1) Mechanical construction of wvisual inspection supporting
apparatus (Part 1)

An example of the mechanical construction of a visual
inspection supporting apparatus for assisting in work for
visually inspecting a printed circuit (PC) board on which
parts are mounted for acceptability of soldering is
illustrated in Figs. 1 to 4.

A printed circuit board on which electronic parts are

mounted is generally manufactured through a mounting step

This is ihe repiacement sheet
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detected as described |ater (see Fig. 35), the detected zoom nagnification
is used. This is also the same in the other exanples of a display as
descri bed | ater. The personal difference between inspectors is nmade

up- by thus displaying the scale, whereby it is posabbtiritkGheeh)-c2/Oyesy
and accurately make judgnent and nake_HQQ quality of inspection constant.
In addition, the operating efficiency Ts inproved. In Fig. 28, two
cursors CUL and CU2 are displayed on a

for disposing and positioning an electronic part
(hereinafter merely referred to as a “part”) on a printed
circuit board (hereinafter merely referred to as a “PC
board” or “board”), a soldering step using soldering methods
such as a flow soldering method and a reflow soldering
method, a sbldering inspecting step for judging whether or
not soldering is acceptable, and a soldering correcting step
for correcting a soldered portion which is judged to be
unacceptable. No soldering correcting step is, of course,
required with respect to a PC board having no unacceptable
soldered portion. The soldering step and the subsequent
steps may, in some cases, be performed again with respect to
a PC board having a soldered portion difficult or impdssible
to correét.

The visual inspection supporting ;pparatus is used for
either one or both of fhe soldering inspecting step and the
soldering correcting step. That is, the visual inspection
supporting apparatus is used for assisting an inspector (a .
worker) in performing work for visually inspecting a
soldered portion on a BC board for acceptability and
assisting a worker (an inspector) in performing manual work
for correcting an unacceptable soldersd portion. As
apparent from the following, an unacceptable portion can be
corrected after visual inspection of one or a plurality of

PC boards is completed, and an unacceptable portion can be

red s ihe rspicamenl shect
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-~b1 - di spl ay screen so that the cursors can be noved using the nouse
111. The inspector aligns the cursors CUl and CU2 wth both ends of a
fillet (one end is normally the tip of a lead). The distance between the
two cursors is calculated wusing the zoom magnifi c&ubgtfiti@a@dkHeetdi B29296d.
The | abor of -13-

also corrected every time the unacceptable portion is found
out in visual inspection of one PC board.

Particularly referring to Figs. 1 and 2, a fixed table
11 is positioned on the rear half of a base 10, and legs 12
of the table 11 are secured to the base 10. The upper
surface of the table 11 is higher in pcsition than the base
10, and a CRT display device 13 is diséosed on the upper
surface of the table 1l1.

An X-axis table 20 is provided along the front edge'of
the table 11. 1In addition, a Y-axis table 30 is provided on
the base 10 in such an arrangement as to perpendiculatly
cross the X-axis table 20. The X-axis table 20 moves in the
X-axis direction and positions a light projecting device 70
and an imaging device 80. The Y-axis table 30 moves in the
Y-axis direction and positions a PC board PCB.

The X-axis table'zo is mounted on the lower surface of
the front edge of the table 11, and comprises an X-axis rail
23 and a supporting rail 24 extending in the transverse
direction (the X-axis direction). BAn X stage 21 is prowvided .
with a slider 22. The slider 22 is slidably fitted to the.
X-azis rail 23. A portion including the slider 22 of the X
stage 21 is slidably supported on the supporting rail 24.

An endless timing belt 25 is disposed along the X-axis
rail 23. The timing belt 25 is reeved around pulleys

(gears) 27 and 28 each having teeth on its peripheral

This is the replacement sheet
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the inspector can be further reduced, and the operating efficiency is

| mpr oved. Fig. 29 illustrates still another exanple of a display, in
which a portion of a display screen is illustrated in enlarged form The
di stance between two cursors is displayed as a negghsgaity dheet - ArR/9#296
standard val ue or a boundary value (thg criterion in inspection) is also
di spl ayed. The objective judgnent is further ensured. Fig. 30a
illustrates a cross section of a part PA, a lead (an electrode) E, sol der

SO, a land L, gnd a PCI;1 boarq_ )
surface. The pulley 27 is rotatably mounted on the lower

surface of the table 11 at one end thereof, and the pulley
28 is fizxed to the rotational shaft of an X-axis motor (a DC
motor) 29. The motor 29 is fixed to the lower surface of
the table 11. The timing belt 25 is attached to the X stage
21 at its one portion.

By driving the motor 29, the X stage 21 is moved
rightward and leftward along the X-axis rail 23 via the
timing belt 25 and is placed in an arbitrary position. The
light projecting device 70 and the imaging device 80 are
mounted on the X stage 21.

The Y-axis table 30 comprises a Y-axis rail 33 secured
to the base 10. The Y-axis rail 33 perpendicularly crosses

" the X-axis rail 23.

A Y stage 41 comprises a supporting plate 43, a sliding
member 42 fizxed to thé lower surface of the supporting plate
43, side members 44 formed integrally with the supporting
plate 43 on both sides thereof and extending in the
longitudinal direction (the Y-axis direction), and a rear
member 45 fixed between the rear ends of the side members
44. The sliding member 42 is slidably fitted to the Y-axis
rail 33. | |

An endless timing belt 35 is disposed along the Y-axis
rail 33. Pulleys (gears) 37 and 28 each having teeth formed

on its peripheral surface are rotatably provided at the

Thig ig the replecerneni sheel
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PCB, and Fig. 30b illustrates a photographed i nage thereof. A portion
having a steep slope in the solder SOis indicated in blue B, and a
portion having a gentle slope is indicated in green G (see the
cohstruction of the above described |ight projectiSupstiQiecsheéd -0r2/2096 The
portion indicated in blue Bis referred to as a fillet. Figs. 31 and
32 illustrate still another exanple of ‘@ display, in which the fillet
length and the fillet area are automatically neasured, respectively. In

t he teachin% mode, a window Wis set to a portion to be inspected by the
ront end and the rear end of the base 10, respectively.

The timing belt 35 is reeved around the pulleys 37 and 38.
A portion of the timing belt 35 is attached to a bracket 43a
fizxed to the lower surface of the supporting plate 43.

A pulley 31 and the pulley 38 at the rear of the base
10 are secured to a common shaft. On the other hand, a
pulley 36 is fixed to the rotational shaft of a Y-axis motor
(2 DC motor) 39. A timing belt 32 is reeved around the
pulleys 31 and 36. The common rotational shaft of the
pulleys 31 and 38 is rotatably supported by a suitable
bearing (not shown). The bearing and the motor 39 are fixed
to the base 10 by a fixing member (not shown).

A frame 34 is provided arocund the Y-axis rail 33 and
the timing belt 35. The frame 34 is-fixed to the base 10.

A stopper 34a and a stopper 34b are respectively fixed to
the frogt end and the rear end of the frame 34. The
stoppers 34a and 34b regulate the movement range of the ¥
stage 41. A cover (not shown) is attached to the frame 34':
in such a manner as not to prevent the movement of the Y
stage 4l.

By driving the Y-axis motor 39, the Y stage 41 is moved
back and forth along the rail 33 wvia the timing belts 32 and
35 and is placed in an arbitrary position.

A Fkocard éubporting body 50 is mounted on the ¥ stage 41
SO as to be capable of being raised and laid down. The

Thes 13 the repiscernerd shee:
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-52 - I nspector. The position and the size of the window Wwill be
determ ned using the nouse 111 by the inspector. A color signal B
representing a blue color out of signals representing the three prinmary
colors which are obtained fromthe imagi ng devi ceS@Bstifutd sheet M 2/0¢aset
w ndow W -16-

board supporting body 50 comprises a front plate 51, a
movable plate 32, a rear plate 53, and rods 34. Each of the
- front plate 51 and the movable plate 52 has leg portions
extending downward from both ends thereof. Supéorting arms
51A and 52A horizontally extending in the transverse
direction (the rightward/leftward direction) are integrally
formed in the upper portions of the front plate 51 and the
movable plate 52, respectively. The rear plate 53 has ‘leg
portions extending downward from both ends thereof. The leg
"portions of the front plate 51 and the leg portiéns of the
rear plate 53 are respectively connected by the rods 54.
Both ends of the rod 54 are respectively fixed to the leg
portions of the front plate 51 and the rear plate 53.
Cjiinders 55 are perpendicularly fixed to the leé
portions of the movable plate 52, respectively. The leg
portions of the movabie plate 52 are respectively provided
with holes corresponding to through holes of the cylinders
55. The rods 54 slidably pass through.the through holes of
the cylinders 55 and the holes of the leg portions,
respectively. Consequently, the movable piate 52 is movable
along the rcds 54 between the front and rear plates 51 and
53.
As shown in.Fig. 3, a splitted piece 61 is fixedly
attached to one of the leg portions of the movable plate 52,

on a surface opposite to the surface where the cylinder 55
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t he maxi mum val ue of the length in the horizontal direction (the nunber of
pi xel s) in which the color signal B has a value of not |less than a
predeterm ned threshold value represents the fillet length. In the w ndow
W "the number of pixels in which the col or signal SBbstitute sheetie 12/9/8

| ess than a predeterm ned threshold valjye represents the fillet area. The
fillet area will be represented utiltzing the nunber of pixels, square

mllimeter or the like as a wunit. The fillet length and the fillet

area are thus . .
is mounted, of the movable plate 52. The splitted piece 61

also has a hole through which the rod 54 slidably passes,
and a slit 6la is formed downward from the hole. A screw
hole is formed in a direction perpendicular to the slit 6la,
and a screw 62a integrally secured to a lever 62 is fitted
in the screw hole. The screw 62a is screwed in the screw
hole by means of the-lever 62, whereby the hole of the
splitted piece 61 is reduced in size to tighten the rod 54.
Consequently, the movable plate 52 is fixed.

Receiving steps 5la and 52a are raspectively formed on
the upper portions of the supporting arms 51A and 52A formed
in the front plate 51 and the movable plate 52 at inside

~ thereof along the longitudinal dire¢;iog of the supporting
arﬁs; a receiving gieCeISB and a bracket 59 are,

.respectively, fixedly attéched to one end and the other end
of the supporting arm 51A of the front plate 51, and a shaft
57 is fixed at both ends thereof to the receiving piece 58
and th2 bracket 59. The shaft 57 is parallel to the
supporting arm 51A with small spacing. A pressing piece 56
is slidably and rotatably mounted on the shaft 57.

The PC board PCB is received between the receiving step
5la of the supporting arm 51A and the receiving step 52a of
the supporting arm 52A. The position of the movable plate
52 is so adjusted that the PC board PCB just stays between

the receiving steps Sla and 52a, and the movable plate 52 is
This i5 the replacement sheet
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automatically found and are di splayed, thereby inproving the operating
efficiency. Simlarly, the area and the length of a flat portion (a-
portion in red R) and the portion having a gentle slope (the portion in
green G are also automatically found. The sol der@dbstitate sbaet bd 2/9/96
represented by a nunerical value by cgakculating the ratio of the portion
in blue Bto the portioninred R (the length ratio and the area ratio)
and the ratio of the portion in green Gto the portion inred R As

illustrated in Figs. 33a and 33b, the area and
fixed 8% means of the iever 62. The pC %oard PCB is brought

leftward and is placed in a position abutting agginst the
receiving piece 58. The pressing piece 56 is moved to a
position abutting against the right end of the PC board PCB.
A permanent magnet is embedded in the front end of the
" pressing piece 56, and the front plate 51 is formed of a
magnetic material (for example, iron). If the pressing
piece 56 is moved along the shaft 57 in a state where it is
raised as indicated by a one-dot and dash line in Fig. 2,
and is laid down in the position abutting against the right
end of the PC board PCB, the permanent magnet attracts the
front plate 51, whereby the pressing piece 56 is fixed. The
" PC board PCB is fixed in a state where it is received by the
receiving steps 5la and 52a and put between the receiving
steps 5la and 52a and between the recgiving piece 58 and the
. pressing piece 56. If the front plate 51 is not formed of a
magnétic material, a magnetic plaﬁe may be fixedly attached
along the supporting arm 51A. |
The front plate 51 of the board supporting body 50 is
attached at both leg portions thereof rotatably (so as to be
capable of being raised and laid down) to the front ends of
the side members 44 of the Y stage 41 by shafts 48. 1In a
state where the board supporting body 50 is laid down (2
state shown in Fig. 2), a block 53A fixed to the rear side

of the rear plate 53 of the board supporting body 50 abuts
Tray iy Ui reoimcsment sheet
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-53 - length of the portion in red Rare significantly larger than those
of the portions in the other colors in a case where the solder SOis snal
in anount and is alnost perpendicularly attached. As illustrated in Figs.

34a and Substitute sheet - 12/9/96
-19-

against and is received by the rear member 45 of the Y stage
41. A handle 6J extending upward is mounted on the block
53A, and a permanent magnet 46 is embedded in the lower
surface of the block 53A. On the other hand, a magnetic
sensor (for example, a Hall element) 47 is embedded, at a
location, which corresponds to the permanent magnet 46, in
the rear member 45 of the Y stagé 41. 1If the board
supporting body 50 is in the state shown in Fig. 2, the:
magnetic sensor 47 detects the permanent magnet 46, to
output a detection signal. Consequently, it is possible to
recognize that the board supporting body 50 is in its laid
position (horizontal position). It goes without saying that
the magnetic sensor may be replaced with another sensor (a
limit switch or the like). '

Brackets 63 are fixedly attached to the front portions
of the side members 44-of the ¥ stagé 41 and brackets 64 are
ttached to the leg portions of the rear plate 53 of the
board supporting body 50. A stay 65 comprises a guide 67, a
shaft 66 removably inserted into the guide 67, and a latch
mechanism for fixing the shaft 66 to a predetermined
position of the guide 67. The base end of the guide 67 of
the stay 65 and the top end of the shaft 66 are pivoted on
the bracket 63 anﬁ the bracket 64, respectively.

The rear end of the board supporting body 50 can be

pulled up, with the handle 60 in hand. The board supporting
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34b, the area and the length of the portion in green Gare increased in a

case where the solder SOis small in anbunt and is al nost horizontally
attached. The sol dered state can be found dependi ng on which of portions
inthe colors is the |largest. Descri ption i Substituteysheste 02/9/96

operations and processing for the inspgctor to correct unacceptable
soldering in the process of inspection with reference to Fig. 19.
Upon finding out unacceptabl e sol dering, the inspector

body 50 is raised, rotating about the shaft 48. After the
board supporting'body 50 is pulled up to a suitable height,
the end thereof is slightly lowered, then the latch
mechanism of the stay 65 operates so that the stay 65
stretches. Consequently, the board supporting body 50 is
held in its obliquely raised state, as shown in Fig. 4.

Thereafter, when the rear end of the board supporting
bedy 50 is slightly pulled up by means of the handle 60, the
latch mechanism of the stay 65 is released, whereby the
board supporting body 50 is returned to the horizontal
position as shown in Fig. 2. In a state where the bqard
supporting body 50 is obliquely raised, the magnetic sensor
47 cannot detect the permanent magnet 46.

In Fig. 1, a keyboard 14 for inspectién and an
emergency stop switch 15 are further put on the base 10.
The keyboard 14 and thé switch 15 are connected to a
controller, as described later. The keyboard 14 for
inspection and the emergency stop switch 15 are used in
inspecting a PC board. When a teaching operation as
described iater-is performed, a mouse and a keyboard for
teaching are put on the base 10.

Although the construction of the stay 65 functioning as
described above has already been known, the construction and
the function will be briefly described with reference to

Figs. 5a to 5d and Figs. 6a to 6éd.
TR U resimcement sl
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enters its defective point and a defect code representing its defect as
descri bed above, whereby data representing the defect are stored in the

i nspection-result table (steps 227 and 228). The inspector then
draws out the PC board, along with the Y stage 41 Substitute sheetel 12/8/96
herself to manually correct an unaccepjypble portion by hand. \Wen the

I nspector enters a board draw conmand fromthe keyboard 14 (or 112) (step
234), the positions of the X stage 21 and the Y stage 41 (the coordi nates

of the center (ﬁl&'yid%'§%§|tkéeég d3167 is a hollow prism (rectangular

in cross section), and the shaft 66 is inserted into the
guide 67_from an opening end of the guide 67 (an.end on the
opposité side of the base end, which is attached to the
bracket 63, of the guide 67). The guide 67 is formed with
an opening 67a in the vicinity of the opening end on a side _
surface thereof. A stopper 68 having four-claws is
rotatably provided at the base end of the shaft 66 (an end
on the opposite side of the top end, which is attached to
the bracket 64, of the shaft 66). In addition, the guide 67
is provided with a projection 69 outside of the stopper 68,
and the projection 69 is projected into the guide 67. The
"stopper 68 and the projection 69 constitute a latch
mechanism.

In a process for obliquely raising the board supporting
body SO.from its laid bosition, the stay 65 operates, as
shown in Figs. 5a to 5d. When the guide 67 moves rightward
(the shaft 66 moves leftward), the stopper 68 rotates in a .-
counterclockwise direction in contact with the projection
69, and one of the claws of the stopper 68 is projected
outward from the opening 67a (the guide-67 can not move
rightward from this position) (Fig. Sb). When the gquide 67
is returned leftward, the claw projected outward from the
opening 67a is brought into contact with an edge of the

opening 67a, whereby the stopper 68 rotates in a

This is the raplscement sheet
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that tinme are stored as return positions in the nenory 109,

- 54 - and the display screen is frozen (steps 235 and 236).

Specifically, an inage of an inspection area at thgt tine i dis as
a still inmage by repeatedly reading out the sane gHBﬁ@“ﬁ%ﬁiePFOﬂgbﬁéﬁ?rane
menory 102. o -22-

counterclockwise direction (Fig. 5¢). One of the claws of
the stopper 68 and the adjacent claws are respeqtively
brought into contact with the edge of the opening 67a and
the inner surface of the guide 67, wheréby the guide 67 can
not further move leftward from this position (the shaft 66
can not move rightward) (Fig. 5d). Consequently, the board
supporting body 50 is kept in its obliquely raised position.

When the board supporting body 50 is slightly pulled
up, the handle 60 in hand as described abowe, the latch
mechanism is released, whereby the board supporting bedy 50
is returned to the horizontal positién. This process is
illustrated in Figs. 6a to 6d.

When thé_guide 67 moves rightward_from the state of
Fig. Sa, the ;topper 68 abuts against the projection 69 to
rotate in a counterclockwise direction (Figs. 6a to éb) (the
guide 67 can not further move rightward from this position).
When the guide 67 then moves leftward, the claw of the
stopper 68 projected outward from the opening 67a abuts
against the edge of the opening 67a, whereby the stopper 68
rotates in a counterclockwise direction, to enter thé guide
67 (Fig. 6¢). 1In this state, the guide 67 can move leftward
(the shaft 66 can move rightward) (Fig. 6d).
(2) Light projecting device and imaging device (Part 1 and
Part 2)

An example of the construction of a light projecting

This is the replacement sheet
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The Y stage 41 is fed forward (nearer to the inspector) to the |eading end
of the rail 33 along the Y-axis rail 33 (step 237). The inspector
obliquely raises the board supporting body 50 with the handle 60 in his or
her hand. Consequently, the PC board PCB di sposed SQibstkitgtebstadet - $R/HQ6L I nNg
body 50 is inclined. In this state, the,, inspector searches for an
unaccept abl e sol dered portion on the board while referring to the
| ayout display LD on the display screen and the frozen inage, to correct
unacceptabl e soldering using a soldering iron (step 288).

device 70 will be described with reference to Fig. 7. A

ring-shaped fluorsscent lamp 71 is arranged in the upper

portion of a cylindrical case 79 inside thereof. The

fluorescent lamp 71 is covered with a cover 7%a. A ring-

shaped photoconductor (made of acrylic, for example) 72 is

provided below the fluorescent lamp 71. The inner

peripheral surface of the photoconductor 72 is formed in a

- three-stepped shape. The portion of the uppermost step is

the thickest and the lower the position is, the thinner the

pertion becomes. This peripheral surface of the

photoconductor 72 is also in a ring shape.

A red (R) color filer 73, a green (G) color filter 74,

and a blue (B) color filter 75 are respectively pdsitioned

on the lower surface of the uppermost step, the lower

surface of the middle step and the lower surface of the

photoconductor 72. Diffusing plates 76 having slops are

respectively arranged inside of the color filters 73 to 75.

A black ring-shaped wall 77 is provided between the upper

and lower diffusing plates 76. The color filters 73 to 75

are also in a ring shape, and the diffusing plates 76 are

also in a ring shape. The R filter 73, the diffusing plate

76, the ring-shaped wall 77, the G filter 74, the diffusing

plate 76, the ring-shaped wall 77, the B filter 75, and the

diffusing plate 76 are successively fitted, and a stop ring

78 is finaily screwed into the case 79, whereby the inner

TRea i ng reniscament shed
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When t-he correction of unacceptable soldering is conpleted, the inspector
returns the board supporting body 50 to its horizontal position and
provide entry indicating that unacceptable sol dering has been corrected
fromthe keyboard 14 (step 239). After it is confSubsttuthatheehe 12/8§96t i c
sensor 47 detects the pernmanent magnet. 46 (step 240), the Y stage 41 is
returned to the stored return position (step 241). The freezing of the

di spl ayed image is released (step 242). The fact that unacceptable

soldering has been_corrected is stored in the inspection-result table
peripheral surface of the light projecting device 70 is

assembled.

Light emitted from the fluorescent lamp 71 passes
through the photoeconductor 72, to reéch the R, G and B color
filters 73 to 75, where the light is converted into R light,
G light and B light, and the R light, G light and B light
are diffused by the diffusing plates 76 and are directed
downward. The R light, G light and B light projected
downward through the color filters 73 to 75 differ in the
angle of projection. Letting 63, 62 and 81 be angleslformed
by a horizontal surface of an object positioned just below
the center of the light projecting device 70 (which
coincides with the center of an imaging device 50) and the
directions of projection of the R light, G light and B
light, respectively, the relationship of 63 > 62 > 81 holds.
An image formed by light reflected from the object is picked
up by the imaging device 80 positioned just above the
object. When the surface of the object is near to
horizontal, the red reflected light is the strongest of the
light incident on the imaging device. The larger the anéle
of inclination of the surface of the object from the
horizontal surface is, the stronger the reflected green
light and blue reflected light become. The angles of
inclination of the surface of the object are thus

represented in different colors on the image picked up.

This is the replacement sheat
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in-conformty with its defective point.

- 55- Every time the inspector finds out an unacceptable portion
whi l e inspecting soldering of a PC board PCB, the inspector can correct
t hé unacceptable portion in a state where the PC SobstittR€EBHestdrb2ve®/86t
toward hinself or -25-

Preferably, the emission spectrum of the fluorescent
lamp, the transmission rates of the color filte;s 73 to 75,
and the like are so determined that the R light, G light and
B light are mixed to generate white light.

The imaging device 80 is fixed to the upper portion in
the center of the light projecting device 70, and comprises
a zoom lens system (a lens cylinder) 81 and a camera head
82. The camera head 82 includes a CCD (solid state
electronic iﬁagig device). The zoom lens system 81 causes
light reflected from an object positioﬁed just below the
zZoom lgns system 81 to be formed on the CCD of the camera
head 82. The zoom magnification can bé manually changed.

Fig. 8 illustrates another example of the construction
_of a light projecting device. . Fig. 9 illustrates the
construction of a light source equipment. An imaging device
is the same as the ab&ve described one.

In a light projecting device'90, there are provided no
color filters and fluorescent lamp. Three optical fiber
cables 93 to 95 are introduced into the light projecting
device S50 from a light source equipment 91. Each of the
optical fiber cables 93 to §5 is obtained by bundling a lot
of fine optical fibers and coating the periphery thereof.
The optical fiber cable 93 is for introducing red light, and
a lot of optical fibers 93A thereof are arranged at a

predetermined spacing in a ring shape so that their tips

Thig is the replacernent sheei
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herself and is obliquely raised. Mreover, the inmage of the inspection
area continues to be frozen and di spl ayed even after the PC board PCB is
drawn out, whereby the inspector can easily find out the unacceptahle
portion on the PC board. The inspector may SuPRrtitute shegtceld/MHPE
portion instead of correcting unacceptxhl e sol dering. It goes

W t hout saying that correcting work in the step 234 and the subsequent
steps can be perforned after inspection of one inspection area is

conpl et ed ?&i&ﬂ%pigtbggjected from the tips) are positioned above the
diffusing plate 76 in the uppermost step. Similarly, the
optical fiber cables 94 and 95 are for respectivély
introducing green light and blue light, and a lot of optical
fibers 94A of the cable 94 and a lot of optical fibers 95A
of the cable 95 are respectively arranged at a predetermined
‘'spacing in a ring shape so that their tips are positiocned
above the diffusing plates 76 in the middle step and the
lower step. Even such the light projecting device 90 is
used, it is possible to illuminate an object just below the
light projecting device 90 at different angles and in
different colors.
s In Fig; 9, th:ee.halogen lamps (light sources) 92 are
arranged in the light source équipment 91, and the,light
sources 92 are shielded from each other by partition walls
98. Heat preventing giass 96 and color filters (R, G, B)
73, 74 and 75 are respectively arranged ahead of the light
sources 92. Connectors 97 of the optical fiber cables are .-
further respectively provided ahead of the color filters 73
to 75. The optical fiber cables 93 to 95 are respectively
inserted into the connectors 97 and are fixed by screws 97a,
so that the R light, G light and B light are respectively
introduced into the optical fiber cables 93, 94 and 95.

The light source equipment 91 has features that the

optical fiber cables 93 to 95 can be respeétively connected

Thig 15 the rapiscarment sheel
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of - one PC board is conpl et ed. - It goes without saying that sol dering
correction can be nade in the above descri bed manner by setting only a PC
board havi ng an unacceptabl e portion on the board supporting body 50 after
the inspection of all PC boards is conpleted. (6) Sdbatitutecsheetont2/2406i on
of visual inspection supporting apparaj-ts (Part 2) Fig. 35

Il lustrates anot her exanple of the electrical construction of the visual

i nspection supporting apparatus. The sane bl ocks as those shown in Fig. 10
are assigned the
to the arbitrary connectors 97. Consequently, the angles of

projection of the R light, G light and B light ip the light
projecting device 90 can be switched. For example, if the
optical fiber cable 93 is connected to the connector 37
ahead of the blue color filter 75, the blue light can be
projected at the greatest angle 83 from a position in the
uppermost step in the light projecting device 90. The light
projecting device 90 can be also changed into a light |

rojecting device of two colors or one color by omitting one
or two optical fiber cables.

Furthermore, the intensities of light emission of the
thrée light sources ‘92 are electriqa;ly controlled, whereby
the ihtéhsitigs-of the R light, G light.an&;B ;ight

"proiécfed in.the light projecting device %0 can be so
adjusted that the R light, G light and B light are mixed to
generate white light. |
(3) Electrical construction of visual inspection supporting
apparatus (Part 1)

Fig. 10 illustrates an example of the electrical
construction of the visual inspection supporting apparatus.
The visual inspection supporting apparatus is controlled by
a computer system. The main body of a computer including a
CPU to be the heart of the computer system is illustrated as
a controller 100. Interface circuits for connecting
input/output devices shall be included in the controller 100

This is the replacement sheet
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same reference nunerals and hence, the description thereof
-56 - I S not repeated. There are provided . a zoomlens driver 115
for noving a zoomlens of the zoom|ens system 81 in accordance with a

Substitute sheet - 12/9/96
-28 -

as required.

The visual inspection supporting apparatus has mainly
the teaching mode and the inspection mode. Even in either
one of the modes, performed are the driving of the X-axis
table 20 and the Y-axis table 30, the imaging of the PC
board PCB, the displaying of an image obtained by the
imaging, and so on.

The camera head 82 of the imaging device 80 includes a
color CCD serving as an imaging device as described above,
and circuits such as a circuit for processing a video signal
outputted from the CCD (circuits for white balance
adjustment, and gamma correction, a matrix gircuit for
producing R, G and B signals, and the like). The Qideo
signal outputted from the camera.héad éz is converted into.
digital image data (generally, R, G apd B image data) in an
A/D converter (comprising three A/D converters for R, G and
B) 101. Thé digital image data are stored once in a frame
memory 102. The digital image data read out from the frame -’
memory 102 are converted into an analog video signal by a
D/A converter 103. The analog video signal is fed to a CRT
display device 13 through a display control circuit 104.
Preferably, the frame memory 102 can write and read out data
simultaneously, and an image picked up by the camera head 82
is always displayed on the display device 13.

The display control circuit 104 produces image data

This is the replacement sheet
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cormmand froma controller 100 and a zoom position sensor 116 for sensing
the position of the zoomlens. A zoom position signal of the sensor 116 is
fed to the controller 100. A position conmand val ue given to the zoom | ens
drirver 115 can be also used as zoom | ens positi onSgbktitutetshmet -pt2/9/96ng
the sensor 116. In either case, the zoojy magnification is determ ned by
the position of the zoomlens. Further, 'the |ight source equipnent 91
shown in Fig. 9 is connected to the controller 100 in place of the |ight
proj ecting device 70.

representing a cursor, a mark as described later, a display

of layout on the entire PC board, a scale and the like, and

displays the image data one over the other on a screen of

the display device 13 under the control of the controller

100.

The X-axis motor 29 and the Y-axis motor 39 are
controlled by a XY table controller 105 on the basis of a
command of the controller 100.
The current position of the X-axis table 20 and more

precisely, the X-coordinate of the center of the visual

field of the imaging device 80 mounted on the X stage 21 is

detected by an X position sensor 106. Similarly, the

current position of the Y-axis table 30, that is, the ¥-

coordinate of the center of the wvisual field of the imaging

device 80 is detected by a Y position sensor 107. The

position sensors 106 and 107 are, for example, rotary

transducers, and are mounted on the rotational shafts of the

X-axis table 20 and the Y-axis table 30, for example, the

rotational shaft of the motor 29 or the shaft of the pulley

31. 2n X position signal representing the X-coordinate

outputted from the X position sensor 106, a Y position

signal representing the Y-coordinate outputted from the Y

position sensor 107, and a detection signal outputted from

the magnetic sensor 47 and indicating that the board

supporting body 50 is in its horizontal position are
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By-using the visual inspection supporting apparatus of this construction,
the zoom magni fication can be determ ned for each type of board or for
each inspection area by entering a zoom conmand froma keyboard 112 in

teaching processing. The zoom magnification is st@easktitGtedsheschi P/96
table. The zoom magnification may be_d§§6gnated for each part (designated
point). In this case, the zoom magnifiCation is stored for each
designati on nunber in the teaching table. In the inspection node,
the zoomlens is automatically

inputted to the controller 100 via an interface 108. The

turning-on or -off of the power supply of the light

projecting device 70 is also controlled by the controller

100.

In the teaching mode, a mouse 111 and a keyboard 112
for teaching are used for entering various data and
commands. The mouse 111 is for designating the position and
the size of a cursor, a mark or the like displayéd on the

' CRT display device 13. The teaching keyboard 112 includes a
key for entering a command to move the X-axis table 20 and
the Y-axis table 30 (hereinafter collectively referred to as
an XY table) in addition to keys for entering the board
néme, the board size, the zoom magnification, and ﬁhe

" confirmation of entry.

In the inspection mode, the inspecting keyboard 14 and
the emergency stop switch 15 are used for entering various
data and commands. The teaching keyboard 112 is also used
as required. The inspecting keyboard 14 is provided with

~keys such as a key for moving a mark on a display screen
(the preceding point and the succeedipg point), a key for
moving the XY table to the preceding or succeeding
inspection area (the preceding inspection area and the
succeeding inspection area), a key for moving the XY table

back and forth and rightward and leftward, a key for

entering a code representing unacceptable soldering, a draw
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driven by the zoomlens driver 115 for each type of board, for each
I nspection area, or for each part (point) in
-57 - accordance with the zoom magni fication stored in the teaching

tabl e, and the designated zoom magnification is reggbhsérde sHeetzo@o/96
magni ficati on may be al so used for 31 -

command kay for issuing a command to draw out the Y stage 41
forward (toward a worker), and a return key for entering a
command to return_the Y stage 41 to the original position.
The emergency stop switch 15 is depressed in driving the XY
table. That is, the XY table is not moved even if a
movement command is entered from the inspecting keyboard 14, .
unless the switch 15 is turned on. This is for the purpose
of safety of work (the worker cannot move the XY taple"'
without using his or her both hands).

A memory 109 accompanied to the controller 100 is
provided with an area storing image data representing an
image indicating a standard (or on the limit) soldered state

. of a part mpunted on a reference PC board, an area storing a
teaching table created in the teaching processing as
described later, an area storing an inspection-result tablé
produced in the inspecting processing, an area storing a
position to which the Y stage 41 is to be returned before
being drawn out (a return pos;tiony,'an area storing the
current position (the X and Y coordinates) of the XY table,
a working area, and other areas.

The teaching table created in the teaching processing
and the inspection-result table produced in the inspecting
processing are stored in a floppy disk or are printed out
after the termination of the processing. A floppy disk (FD)
drive 113 and a printer 114 are connected to the controller
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drsplaying the scale, calculating the length and calculating the area
shown in Figs. 27 to 32. '(7) Mechanical construction of visual inspection
supporting apparatus (Part 2) Figs. 36 to 40 illustrate another
exanpl e of the mechanical construction of the Vi S@@bstiﬂ&[@%e@p BRpest i ng
appar at us. A base 10, a table 11,3580 X-axis table 20, a light
projecting device 70, and an imagi ng. dévice 80 are the sanme as those shown
in Fig. 1 and hence, the illustration thereof

100 in order to save and output the data.
(4) Teaching processing
Fig. 11 shows operations in the teaching mode (teaching

processing) in the visual inspection supporting apparatus.

The teaching processing is mainly supervised by the

controller 100. Fig. 12 shows one example of the teaching
table produced in the teaching processing.

In the teaching mode, a refersnce PC board to which
parts are suitably soldered is used. The reference PC board
is first set in the receiving steps 5la and 52a of the
supporting arms 51A and 52A of the board supporting body 50.
The board name (the type name representing the type of
board, the number and the like) and the board size of the
reference PC board are entered ffom the teaching keyboard
112 (step 201). The board si;e is useful in providing a
display_of layocut on tﬁe PC board. |

When an initial positioning command is entered from the
teaching keyboard 112, the XY table is positioned at its
initial position (step 202). The initial position is a
position where a predetermined location, for example, the
lower left corner of the PC board set in the board
suppbrting body 50 is positioned in the center of the wvisual
field (field of wvision) of the imaging device 80.

The entire PC board does not generally enter in the
visual field of the imaging device 80. Therefore, the
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Is-omtted. Fig. 36 corresponds to Fig. 2, .which illustrates a Y-axis
table 120. In Figs. 36 to 40, the sanme nenbers, elenents or portions as
those shown in Figs. 1 to 4 (including those not only having the sane

shape but also performing the same or simlar funcéd&@i)cu@r&@&&g@@gghe
sane reference nunerals to avoid overl ing of description as much

possi bl e. The construction of a tage 41 is basically the sane as
t he above described one. A guide nenber 121 is fixed to the front half of
the Y stage 41 (a supporting plate 43) on

entire PC board is divided into a plurality of areas each
cofresponding to a visual field. The range corresponding to
one visual field becomes one inspection area.

Fig. 13 illustrates an example of a PC board PCB. A
lot of parté are mounted on the PC board and soldered
thereto. The range of one visual field is indicated by a
one-dot and dash line. .A range indicated by "IAl" is a
first inspection area, and a range indicated by "IA2" is a
second inspection area. If an image is enlarged by the zoom
lens system 81, an inspection area is narrowed, as an eighth
inspection area indicated by "IA8". Such an inspection area
is designated by an inspector (a worker). The inspection
areas are consecutively numbered starting with 1 so that
they are distinguished.

When the XY table is positioned at its initial
position, the visual field of the imaging device 80 is the
first inspection area IAl. An example of an image displayed
on the screen of the display dévice 13 at this time is

‘illustrated in Fig. 14. The contour of the entire PC board
PCB and the position of the first inspection area IAl in the
contour are displayed at the lower right portion of the
screen. This is a layout display LD.

The inspector views such a display screen to designate
a portion whose soldering is to bé inspected (a designated
point) (step 203). The point to be inspected can be
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both sides thereof, and a guide groove 121a is horizontally fornmed al ong
the longitudinal direction of the guide nenber

-58 -

121 on an outer side surface thereof (particularly see Fig. 37).

guide and lock plate 122 is fixed to the | ower Substitute sheet - 12/9/96

-34-

designated using various marks. For example, a part to be
inspected can be designated with a circular mark, as
indicated by a circle mark MC. Alternatively, a zone to be
inspected can be designated, put in a frame, as indicated by
a frame mark MF. The circle mark MC or the frame mark MF
need not necessarily correspond to one part. It is possible.
to indicate a plurality of parts by one mark.

Alternatively, it is also possible to divide one part into a
plurality of zones and indicate the'zoﬁes by a plurality of
marks. |

The circle mark MC or the frame mark MF is produced by
.the display control circuit 104 in response to a command
from the teaching keyboard 112 or the mouse 111, and is
displayed on the display screen with a particular color
superimposed thereon. The size of the circle of the circle
mark MC and the size of the frame of the frame mark MF are
variable by the command from the mouse 111.

The inspector successively designates points to be
inspected using the mark MC or MF while seeing an image of a
part displayed on the display screen. The designated points
are assigned designation numbers (serial numbers) in the
order designated.

When the inspectof designates all points on the display
screen (one inspection area) and provide entry indicating

that the designation has been completed, the designated

A
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sturface of the guide nmenber 121. The guide and lock plate 122 extends
outward and is raised upward at its outer end. A screw hole 122a is forned
at the front portion of a raised portion. A attaching piece 124 is fixed

to-the rear end of the Y stage 41. The attachi ng mgRitdttsheet? P¥j9/06
with a magnetic sensor 125. The front g_d of a Y-axis rail 33 1s raised

to serve as stopper 33a. The pecuftfar construction in the present
enbodiment is that a sliding nenber 130 is provided. The sliding nenber
130 has sliding walls 131 provided on both sides thereof. A
points are stored in the teaching table (step 204).
Referring to Fig. 12, the teaching table includes the
entered board name and board size stored therein, and
includes for each inspection area number the coordinates
representing the position of an inspection area
corresponding thereto and data relating to points designated_
in the inspection area. The coordinates of the inspection
area are the coordinates of a particular point of the
inspection area, for example, a point at the lower left
corner. The data relating to the designated point comprises
a designation number and the position of a designated point
-corresponding thereto (coordinate data). Data representing
the position of the designated point is constituted by a
code représénting the-typé of mark (MC or MF), the diameter
and the coordinates (the X and Y coordinates) of the center
of the mark in the casé of the circle mark MC, or the length
and breadth of the mark and the coordinates of the center of
the mark in the case of the frame mark MF. If the
coordinates of the inspection area and the zoom
magnification are found, the éoordinates in the XY table of
an arbitﬁary point on the screen are uniquely determined.
The controller 100 calculates the coordinates of the center,
the diameter or the length of the side of the designated
mark on the basis of the position on the screen of the mark.
In the displayed image shown in Fig. 14, an electrode
Thiz is the replacement sheet
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rairl 13la extending in the longitudinal directionis formed inside of the
sliding walls 131. The rail 13la is slidably fitted in the guide groove
121a of the guide nenber 121. Consequently, the sliding nmenber 130 is

sl rdabl e back and forth with respect to the Y sta . Th | gRt
and left sliding walls 131 are fixedly _coupl ed to%g'ggﬁt%ttehsel}e%j gzég/gﬁt

plate 51 of the board supporting nenbéﬂSSO and a cover 134 fixedly laid
over the sliding walls 131. An auxiliary plate 132 extending in the
| ongi t udi nal

(2 lead) E of a part, a land L on the PC board, and soldered
areas R, G and B indicated in colors are indicated only with
respect to one part. This is also substantially the same in
the other drawings of the display screen.

When the designation of all points is completed with
respect to one inspection -area, the inspector enters a
command to move the XY table from the teaching keyboard 112,
to position the succeeding inspection area (steps 206 and
207). The succeeding inspection area may be partially
overlapped with or spaced apart from the preceding
inspection area. The inspector may determine the succeeding
inspection area on His or her judgment.

A layout display image representing the succeeding
inspection area appears in the.layout display LD. The
layout display LD may be expressed by an inspedtion area énd
designated marks, as sﬁown in Fig. 15a, a mark finally
designated may be indicatsd by an arrow as shown in Fig;
15b, or the current inspection area may be indicated by an -
arrow. When the designation of points has already been
completed with respect to a plurality of inspection areas,
all the inspection areas and the points which have been
designated are displayed in the layout display LD.
Consequently, the inspector can know to what extent the
inspection areas and the points are designated.

Particularly if the inspection area which has already been

ke
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direction is fixedly attached to the sliding wall 131 outside thereof. The
auxiliary plate 132 extends outward and is curved downward. A downwardly
curved portion of the -59- auxiliary

p! ate 132 is fornmed with a long hol e 133 ext endi ngSubstitdte dhegi-t1Lzlionaé
direction. Afixing lever 136 has a _34_ '

'designated and the inspection area which is being currently
designated are displayed in different forms (in different
colors, for example), they are easier to understand. The
inspector successively designates portions to be inspected
(inspection areas and points) on the PC board without
omission.

The processing in the steps 203 and 204 is also
repeated with respect to the succeeding inspection area.

The same processing is repeated while successively
positioning a new inspection area (steps 206 and 207).

when the foregoing operations and processing are-
terminated with respect to all the areas on the reference PC
board set on the boérd supporting body 50 (step 205), the
produced teaching table is saved in the floppy disk fD by
the FD driwve 113 in responée to entry indicating that the
operations and processing have been terminated by the
inspector (step 208).

In the foregoing description, the zoom magnification is
fixed at a constant value. When the zoom magnification is
fixed with respect to one PC board, the zoom magnification

_is stored in the teaching table in confcrmity with the board
name. The zoom magnification will be entered from the
keyboard 112.

When a predetermined zoom magnification is set, the

.zoom magnification need not be keyed. At this time, the
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scirew 136a fixed thereto and axially projected (particularly see Fig. 37).
The screw 136a is screwed in the screw hole 122a of the guide and | ock
pl ate 122 through the long hole 133. - If the screw 136a fitted in the
femal.e screw 122a is |oosened by neans of the | evesybsiftutd Sisest 4 UR/ay96
menber 130 noves back and forth with respect to the Y stage 41. Wen the
screw 136a is tightly fitted in the fenale screw 122a by neans of the
| ever 136, the lock plate 122 and the auxiliary plate 132 are tightly
fastened, and the sliding nenber 130

zoom magnification is not also stored in the teaching table.

The zoom magnification may be varied for eqch
inspection area. 1In this case, the size of the inspection
area varies depending on.the zoom magnification, as
described above. The zoom magnification is entered prior to
designating a point to be inspected (step 203). The zoom
magnification is stofed in th; teaching table in conformity
with an inspection area number. The zoom magnification may
be entered for each designated point.

Furthermore, a command to store an image may be
enterable from the keyboard 112 wheﬁ a point to be inspected
is designated. 1In this case, an image in the vicinity of a
~part designated by a mark is extracted, and the extracted

~ image data is stored in an image data area, linking to an
inspection area number and a designation number. The image
data may be stored in.the teaching table. The image data
thus extracted, along with the teaching table, is saved in
the floppy disk FD as one representing a standard image (or’
a limit image). When the inspector uses the keyboard 112 to.
enter the part name in conformity with the designation
number, the designation number may be replaced with the
entered part name in the teaching table.
(5) Inspecting processing

As described above, the visual inspection supporting

apparatus can be used for the inspector to inspect a PC
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is fixed to the Y stage 41 so that the sliding nmenber 130 is noved al ong
with the Y stage 41. The rail 13l1la inside of the sliding walls 131 is
formed wth a raised stopper 131b at the rear end thereof. The stopper
131b abuts against the rear end of the gui de nenberSubsfitutefshded -Y1 24586 41
to determine the limt of forward drawgf the sliding nmenber 130 (see Fig.
40). A stopper 137 is secured on the front portion of the sliding walls
131 inside thereof to project inward. Wien the sliding menber 130

retreats, the stopper. 137 abuts against a projection 41la ...
boaré Jg)PC oaf% to beggnspecte ) for accepté%xllty of

soldering in the inspection mode, and can be also used for
the inspector to immediately correct a soldered éortion
which is judged to be unacceptable. For convenience, a case
where a plurality of PC boards are only inspected and a case
where they are corrected will be separately described.

Figs. 16 to 18 show the procedure for processing in a
case where only inspection is made. This processing is also
mainly supervised by the controller 100. Fig. 20 shows an
example of an inspection-result table.

A plurality of PC boards of the same type are
successively inspected. A floppy disk FD storing a teaching
table for the PC boards of the type to be inspected is set
in the FD drive 113. 1In addition, the board name (the type
of board) of the PC board to be inspected is entered from-
the teaching keyboard i12 (or the inspecting keyboard 14)
(step 211). The plurality of PC boards to be inspected have

the same name. In order to distinguish the plurality of PC’

. boards, board numbers are assigned to the PC boards. A
number previously assigned to each of the PC boards can be
used as the board number. In this case, when the PC board
is set (step 213), the board number is entered. The
apparatus may automatically assign the board numbers
starting with 1 in the order inspected. In this case, the
PC boards which have been inspected must be so preserved
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provided on the front end surface of the stage 41. Consequently, the
retreat position of the sliding nenber 130 is determned. In the normal
state (at the tinme of Substitute sie@et-- 12/9/96
i nspecting a PC board), the sliding memfpgr 130 is in this retreat

posi tion. : :

that the order of inspection can be found (they are numbered
or stacked).

In either case, when the board name is entered, the
teachiﬁg.table designated by the board name is read out from
the floppy disk FD, and the teaching table is stored in the
memory 109 (step 212).

The inspector sets the PC board PCB to be inspected in
the board supporting body 50 (step 213). Upon entry
indicating that the PC board has been set, the controller
100 refers to the teaching table (particularly, the
‘coordinates of inspection areas) read in the memory 169, to
move the XY table to the position where the first inspection
area (No. 1) is imaged (step 214). Consequently, an image
of the.inspeétion area No.'liis displayed on the display
screen of the display device 13. The inspector judges
whether or not solderiﬁg on thg PC board is acceptable while
seeing the displayed image with his or her own eyes. An
acceptable soldered portion is not entered, while only a
soldered portion which is judged to be unacceptable, along
with a code indicaﬁing the particulars of its defect
(fault), is entered.

Since a soldered portion to be inspected is designatea‘.
using a mark as described above in teaching processing, and
a designation mark is also superimposed on a displayed image

of a PC board to be inspected, the inspector may follow a
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The present enbodinent is the sanme as the above described enbodi nent in
that the board supporting body 50 conprises a front plate 51 and a rear

plate 53 which are |I|inked by rods 54, and a novable, pl.ate
novabl e along the rods 54. The board suppor%f‘ﬁgé'%ﬁf vhl %(ﬁsﬁed

on not the Y stage 41 but the sliding4kenber 130 so as to be capable of
being raised and laid dowmn. That is, the front plate 51 of the board
supporting body 50 is pivoted at both |ower portion thereof to the front

portions OEorgﬁoﬁlrgiBg Y85b&cted with his or her eyes with the help

of the designation mark. Since data relating to the
designation mark is stored in the teaching table; the
designatiom mark is displayed by the display controller 104
on the basis of the data.

A method of displaying a designation mark is mainly
divided into three types. The three types are the mark
manually forwarding mode, the automatically forwarding mode,
and the inspecrion-area manually fowarding mcde. The
inspector uses the inspecting keyboard 14 (or the teaching
- keyboard 112), to select any one of these modes (step 215).

When the mark manually forwarding mode is selected, a
circle mark MC of a designation number 1-is first displayed,
as shown ;m.Flg. 2la, on an image on a display screen (an
image of an inspection area No. 1). The inspector judges
whether or not solderimg of a part on which the circle mark
MC is put (in the case of a frame mark MF, a zone
circumscribed by the frame mark MF) is acceptable by seeingf
the displayed image. If soldering is acceptable, the
inspector depresses the succeeding point kay on the
inspecting keyboard 14 (step 221). Consequently, a mark MC
of a designation number 2 is displayed on the display
screen, as shown in Fig. 21b (step 222). The inspector
successively forwards the mark (the circle mark MC or the

frame mark MF) while successively depressing the succeeding
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131 of the sliding menber 130 by shafts 48. - One of the sliding walls
131 of the sliding nmenber 130 is formed with a hole 135 is provided at the

front portion thereof (particularly see Fig. 38). 0l.t .14 SS
through the hole 135. On the other hand, a bracket éfgﬁl'%gﬁtS%e%?'rf%ﬁ{QG

angles is secured to a portion, which cdresponds to the hole 135, of the
board supporting body 50, and a arc- shaped long hole 143 is forned on a
forwardly projected portion of the bracket 142. The bolt 145 is screwed

into a level, il by oughshhge At SlaPest | R0 A9kerifg: okr_‘aapékéPLSn to
be inspected which is indicated by the mark is acceptable.
The mark is displayed on the basis of the data ?elating to
the designated point in the teaching table. |

When it is desired to lock over once again a portion
where the mark of the preceding designation number is
displayed, the inspectof depresses the preceding point key
(step 219). Consequently, the mark of the preceding
designation number is displayed again (step 220) (return
from display shown in Fig. 21b to display shown in Fig. 21la,
for example).

In a layout display LD on the display screen, the
position on the PC board of an inspection area currently.
displayed is indicated by an arrow. Alternatively, a
portion on the PC board where a mark is displayed appears on
the layout display, as.shown in Figs. 22a and 22b. Fig. 22a
and Fig. 22b respectively correspond to Figs. 2la and Fig.
21b.

Upon finding out an unacceptable soldered portion, the .
inspector depresses a defect code key representing its
deféct found out on the inspecting keyboard 14 (step 227).
Examples of the defect code include "no soldering”,
"excessive soldering”, "a bridge", and "a missing part (no
part)". When the defect code is entered, a board number for
identifying a PC board undergoing inspection (the board name
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where the board supporting body 50 is in its horizontal position or is
obliquely raised at an arbitrary angle therefore, if the |ever 141 S
turned to fasten the bolt 145

to a female screw of the |lever 141, the board suppditbstigute sheet - 12/9/96

-43 -

as required), an inspection area number representing an area
being inspected, a designation number representing a portion
where a defect is found out, the codrdinates of éhe
designation number (a designated point : a code, the
diameter or the length and breadth, and the center
coordinates), and the defect code are registered in the
inspection-result table (step 228) (see Fig. 20).

At this time, an unacceptable portion may be explicitly
indicated by changing the color or the shape of a mark (MC,
MF) for designating the portion which is judged to be
unacceptable. It is preferable that the mark representing
the unacceptable portion is not erased until the display of
the succeeding inspection area is started. The unacceptable
portion may be displayed in the layout display LD.
Alternatively, thé particulars of the entered defect code
may be displayed in chéracters on the display screen to urge

the inspector to confirm the defect code. It is preférable
that the defect code which has been entered once can be
canceled as required.

When the inspection of the inspection area No. 1 is
terminated, the inspector depresses the succeeding
inspection area key (step 225), whereby the XY table is so
driven that the succeeding inspection area No. 2 can be
imaged by referring to data représenting the coordinates of

inspection areas in the teaching table (step 226). The
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body 50 is fixed to its horizontal position or its obliquely raised
position. In order to nake it easy to performan operation for raising and
| ayi ng down the board supporting body 50, a handl 47 i s attac to the
front plate 51 via a bracket 146. Two splitgﬂgﬁgﬁge eehr o\id /9 ch
the two rods 54 are respectively insedded are fixedly attached to the rear
surface of the novable plate 52. The split pieces 61 are respectively
formed with holes so as to horizontally intersect slits 6la of the split

i eces 61, .and a cla . . .
P inspector Eggeats the above described operations. It is

thus possible to perform soldering inspection of all
designated points in all inspection areas which are
registered in the teaching table.

When the preceding inspection area key on the
inspecting keyboard 14 is depressed (step 223), the XY table.
is so driven that the préceding inspection area is imaged by
the imaging device 80 (step 224).

When the automatically forwarding mode is designated, a
displayed mark MC or MF successively moves on the screen in
order of designation numbers at predstermined time interwvals
(step 217). The inspector judges whether or not soldering
of a portion represented by the mark is acceptable while

 sﬁéeessivély foll@wing the aisplayea ﬁa;k.

Upén finding out gnacceptable soldering, the inspector
~depresses the defect code key in the same manner as
described above, whereby data relating to the unacceptable
soldering is registered in the inspection-result table
(steps 227 and 228).

If the inspection of one inspection area is terminated,
the inspection of the succeeding inspection area is started
by depressing the succeeding inspection area key, as
described above (steps 225 and 226).

The time interval during which a displayed mark moves

may be predetermined. Alternatively, the inspector can also
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screw bar 148 passes through the holes (particularly see Fig. 39). The
screw bar 148 passes through a spacing holding pipe 149 between the two

split pieces 61. A clanp 150 and a cap 151 each having a fenal e
formed therein are respectively screwed to both e%‘dks,tﬂ\%? éﬁe’étr'e@zéaéded

outward fromthe split pieces 61, of the-screw bar 148. Consequently, the
two split pieces 61 respectively fasten the rods 54 by turning the clanp
150. A permanent nmagnet 152 is attached to a | ocation, which

corresponds to the nagneti.c sensor 125, of the rear, plate
P enter the é%me interval us%ng the keyboard q4 or 11l2.

It is preferable that a stop key is previogsly provided
in the inspecting keyboard 14 so that a displayed mark is
fizxed not to move when the stop key is depressed.
Consequently, the inspector can carefﬁlly inspect a
particular portion.

when the inspection-area manually forwarding mode is
selected, all marks MC and MF belonging to an area to be
inspected are displayed once and for all, as shown in Fig.
23 (step 218). The inspector visually'inspects all portions
to be inspected while following the marks with his or her
eyes.

Upon finding_out an unacceptable portion, the inspector
poinfs a cursbrﬁkaisblayea on the display screen) at a mark |
indicating an unacceptable portion, to specify the
unacceptable portion and keys a defect code. Alternatively,
the color or the.shape of the displayed mark may be
successively changed every time the inspector depresses the:
succeeding point key so that the inspector can indicate a
defective (faulty)} point. In addition, designation numbers
may be displayed adjacent to the marks so that the inépector
can key-input a designation number of a defective point. In
any case, a point which is judged to be defective and a
defect code are registered in the inspection-result table.

When inspection of one inspection area is completed,
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53: The permanent magnet 152 is detected by the sensor 125 only in a case
where the sliding nenber 130 is inits retreat position and the board
supportlng body 50 is in its horizontal position.

The Y-axis table of such constructi onSHBstitsise sbeat + 4:2/9/96

-46 -

the inspector depresses the succeeding inspection area key
on the inspecting keyboard 14 (step 225). Consequently, the
imaging device 80 and the Y stage 41 are so moved_that the
succeeding inspection area can be imaged (step 226).
 Thereafter, all the marks MC and MF belonging to the set
inspection area are displayed once and for all. The
inspector can thus perform visual inspection for each
inspection area.

Even in any of the inspection modes, when inspection
of one PC board is thus completed (inspection of all
inspectien areas registered in the PC board is completed)
(step 229), the results of the inspection stored in the
inspection-result table are displayed on the display device
13 (step 230).

Thereafter, the ihspector takes out a PC board having

.been 1nspec ted from the board supportlng body 50 (step 231),
and sets the succeeding PC board to be inspected (step 231),
after which soldering inspection is performed in the same
manner.

When inspection of all PC boards to be inspected which
are previously prepared is completed (step 232), the
contents of the inspection-result table are saved in the
floppy disk FD.

If required, a statistical operation is executed and

the result of the operation is displayed. Specifically,
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to-that in the above described enbodinent in the teaching node and the

I nspection node. At this tine, the sliding nenber 130 is held in the
retreat position and the board supporting body 50 is held in the

hori zontal position. A nmet hod of using the Y-Sabistitytebsheeati-fT2/9H996r om
that in the above described enbodi nentganly when an unacceptabl e sol dered
portion on the PC board is corrected: It is assuned that a predeterm ned

i nspection area on a PC board PCB is imged by the imagi ng device 80, and

an mmge  obLal gd by e Lnglig | 5, 0l anl A58 0o fndh Pt da dgHL o° 13

keyboard 14 or 112, a total or statistical operation
effective in analyzing the guality of mounting ié executed
using data representing the result of inspection of all PC
boards which have already been inspected, and the result of
the operation is displayed on the display device 13 and is
saved in the floppy disk FD. Examples of the total or
statistical operation include a rate of defect relating to
PC boards (a value obtained by dividing the number of
defective PC boards by the number of all PC boards), a rate
of defect related to parts (a value obtained by dividing the
number of defective parts by the number of all parts), a
rate of defect for each type of part, the order of defective l
‘items for each type of part, and the order of defectivé."
portions starting with the most defective portion and the
particulars of the deféct. The result of the inspection and
the result of the operation are printed out from the printer
114 as required.

Fig. 24 illustrates another method of displaying'a
portion to be inspected (particularly in the mark manually
forwarding mode and the automatically forwarding mode). In
this method, the brightness in an area of a portion to be
inspected (the inside of a frame mark MF) is made different
from the brightness of the other areas (for example, the

inside of the frame mark MF is made bright) instead of
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When t he unaccept abl e sol dered portion on the PC board is corrected in
this state, the inspector |oosens the |lever 136 to draw out the sliding
menber 130 forward while holding the Y stage 41 in its position.
Undcceptabl e soldering is corrected in a state wh8ubstitute sheed - Si2/80261 ng
body 50 is obliquely raised (see Fig. 44Q). After the correcting work
of unacceptable soldering, the inspector returns the board supporting body
50 to the horizontal position and returns the sliding nmenber 130 to the

ori ginal r%tig.’?:%}nsg%iyihgnthes | E&ﬁito'}xi o aetelrfs%e%%gaegy the frame mark
MF. In a layout display LD, the portion to be inspected is
indicated by an arrow. In the inspection-area mﬁnually
forwarding mode, all areas which are circumscribed by frame
marks will be so displayed that the brightness of the areas
differs from the brightness of the other areas.

Fig. 25 illustrates another example of a layout display
LD. In this layout display LD, an area which has already
been inspected is displayed in a form different from those
in the other area (by changing the brightness and the color
_of'the area which has already been inspected, as indicated
by "IB"). An area being curfently inspected is also
displayed so that it can be found that the area is being
currently'inséécted, as indicated by "IC" (by circumscribing
the area by a frame, changing the brightness or the color of
the area, for examplef.

The foregoing description premises that the zoom
magnification is fixed. As previously described, when the .-
zoom magnification is stored for each PC board in the
teaching table, the zoom magnification is displayed on the
display device 13. The inspector sees the display of the
zoom magnification to adjust the zoom lens system 81 by hand
so that the displayed zoom magnification is realized. When
the zoom magnification is stored for each inspection area in

the teaching table, the zoom magnification is displayed on
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by the sensor 125, the driving of the Y stage 41 by a notor 39 is all owed.
It goes wi thout saying that when the sliding nenber 130 is drawn out
forward, an imge so far picked up is displayed .
- 63 - as a still image on the display device 18ubsfitute shret-(14/8/96

’ -49 -

the display device 13 every time the inspection area is
changed (step 226), whereby the inspector adjusts the zoom
lens system 81 by hand so that the displayed zoom
magnification is realized.

When standard image data obtained by photographing the
reference PC board is sa?ed in the teaching table, linking
with a designated point (or part), the standard image (a
limit image) of a part designated by a mark MC (or MF) 'is
displayed on a display screen, as shown in Fig. 26 (in Fig.
26, the standard image is displayed at the upper left
portion). The inspector can compare the standard image (one
in which soldering is acceptable or oné in which soldering
is just in the boundary between_accgptgblg and_up;ccept;ble)
-Qith én:iﬁaéé aeéigﬁatéd Syzﬁhé'hafk.éo.jﬁdée.wﬁéthértor ﬁéQ-
soldering in the image designated by the mark is acceptable.

In a case where the visual inspection supporting
apparatus comprises a marking unit, the inspector can enter
a marking command upon finding out unécceptable soldering. -
Since the marking unit is moved to an unacceptable soldered
portion on a PC board which is pointed out by the inspector,
where ink is dropped on the unacceptable soldered portion,
the unacceptable portion is indicated on the actual PC
board.

Fig. 27 illustrates another example of a display. In

Fig. 27, a scale SC is displayed near a part, a portion or a
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correction start entry by the inspector or the fact that there is no
sensing signal fromthe sensor 125 (inage freezing). (8) Mechanical
construction of visual inspection supporting apparatus (Part 3) Fig
41 illustrates still another exanple of the const8ulbstitute shethe 12/2/96
table. In the present enbodinment, a rghating base 160 is rotatably
provided on a Y stage 41. A board supporting body 50 is disposed on the
rotating base 160. Wien a PC board on which a part having

location being cuurently inspected which is indicated by a
mark MC. The inspector can judge whether or not soldering
is acceptable by referring to the scale SC. Particularly,
it is judged whether or not soldering at the tip of a lead
(an electrode) is acceptable depending on whether or not a
fillet (a portion indicated in blue B on a display screen)
is correctly formed. It is judged whether or not soldering
is acceptable by measuring the length of the filet using the
scale SC (that wiil be described later with reference to
Figs. 30a and 30b).
If the zoom magnification is determined, the length on
the display scréen can be converted, whereby the scale SC is
. displayed on the basis of the zoom magnification. When the

Zo

ghification is fixed, the fixed zoom ﬁagnification is
used. When the zoom magnification is entered, the entered
zoom magnification is ﬁsed. When the zoom magnification.is
detected as described later (see Fig. 35), the detected zoom
‘magnification is used. This is also the same in the other .-
examples of a display as described later.

The personal difference between inspectors is made up
by thus disélaying the scale, whereby it is possible to
objectively and accurately make judgment and make the
quality of inspection constant. In addition, the operating
efficiency is improved.

In Fig. 28, two cursors CUl and CU2 are displayed on a
This is the replacement shest
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| eads (el ectrodes) extending to four perpendicular directions is nounted
Is set on the board supporting body .50, the board supporting body 50 is
rotated in a horizontal plane to rotate the PC board, to facilitate
correcting work of an unacceptabl e sol dered porti 8abstitutaeshestt.12/9/96 A
supporting plate 161 is fixed to the Ysyt.age 41 through an internediate

pl ate 165. The supporting plate 161 -is provided with a cross-roller
bearing 162. On the other hand, a positioning ring 164 and a shaft 163 are

fixed to the |l ower surface of the rotating base 160. Four V grooves
display screen so that the cursors can be moved using the

mouse 111. The inspector aligns the cursors CUl and CU2
with both ends of a fillet (one end is normally the tip of a
lead). The distance between the two cursors is calculated
using the zoom magnification and is displayed. The labor of
the inspector can be further reduced, and the operating
efficiency is improved.

Fig. 29 illustrates still another example of a display,
in which a portion of a display screen is illustrated.in

“enlarged form. The distance between two cursors is
displayéd as a measursd value, and a standard value or a
boundary wvalue (the criterion in inspection) is also
displayed. The objective judgment is further ensured.

Fig. 305 illustrates a cross section & "Eﬂparﬁ PA, a
lead (an electrode) E,_solder S0, a land L, and a PC board
PCB, and Fig. 30b illustrates a photographed image thereof.
A portion having a steep slope in the solder SO is indicated
in blue B, aﬁd a portion having a gentle slope is indicated:
in green G (see the construction of the above described
light projecting device 70 or 90). The portion indicated in
blue B is referred to as a fillet.

Figs. 31 and 32 illustrate still another example of a
display, in which the fillet length and the fillet area are
automatically measured, respectively. In the teaching mode,
a window W is set to a portion to be inspected by the

This 13 {he replacement shesl
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164A and 164B are formed at angular intervals of 90 in the positioning
ring 164. The V groove indicated by "164B" out of the V grooves is deeper
than the other V groove 164A, which represents the position of the origin

The shaft 163 Sulgstitute sheet ot! /6§
recei ved by the bearing 162, whereby the.-

inspector. The position and the size of the window W will
be determined using the mouse 111 by the inspector. A color
signal B representing a blue color out of signalé
representing the three primary éolors which are obtained
from the imaging device 80 is used. 1In the set window W,
the maximum value of the length in the horizontal direction
(the number of pixels) in which the color signal B has a
value of not less than a predetermined threshold value .
represents the fillet length. In the window W, the number
of pixels in which the color signal B has a value of not
less than a predetermined threshold value represents the
_fillet area. The fillet area will be represented utilizing
the numbgr pf pixels, sqﬁére“millimeter or the like as a
-uhiﬁ. - | |

The fillet length and the fillet area are thus
aﬁtomatically found and are displayed, thereby improving the
operating efficiency.

Similarly, the area and the length of a flat portion (&
portion in red R) and the portion having a gentle slope (the
portion in green G) are also automatically found. The
soldered state can be represented by a numerical value by
calculating the ratio of the portion in blue B to the
portion in red R (the length ratio and the area ratio) and
the ratio of the portion in green G to the portion in red R.

As illustrated in Figs. 33a and 33b, the area and the
This s the replecement sheed
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rotating base 160 is rotatably supported on the Y stage 41. An arm
166 is rotatably pivoted at its one end on the supporting plate 161
through a shaft 168, a thrust bearing 169 and a bush 170. A lever 167 is
fixed to the base end of the arm 166. A cam fol | oSkbstitite isheebt 4t248/96
mounted on an approximately mddl e poisgt of the arm 166. A spring (a
helical tension spring) 173 is provided between a pin 172 standing on the
supporting plate 161 and a spring post 174 at the top end of the arm 166.

Consequent by, ot HeoEOPhENGo R 1od N Hal ¥6ides sULaediBnt g 3RELEY 4da SO

that the cam
those of the portions in the other colors in a case where

the solder SO is small in amount and is almost
perpendicularly attached. As illustrated in Figs. 34a and
34b, the area and the length of the portion in green G are
_increased in a case where the solder SO is small in amount
and is almost horizontally attached. The soldered state can
be found depending on which of portions in the colors is the
largest.

Description is finally made of operations and
processing for the inspector to correct unacceptable
soldering in the process of inspection with reference to
Fig. 19.

Upon finding out unacceptable soldering, the inspector
enters its defective point and a defect code representing
its defect as described above, whereby data representing the
defect ére stored in the inspection-result table (steﬁs 227
and 228).

The inspector then draws out the PC board, along with
the Y stage 41, toward himself or herself to manually
correct an unacceptable portion by hand. When the inspector
enters a board draw command from the keyboard 14 (or 112)
(step 234), the positions of the X stage 21 and the Y stage
41 (the coordinates of the center of the visual field) at
that time are stored as return positions in the memory 109,
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fol{ower 171 is brought into contact with the peripheral surface of the
positioning ring 164 or is fitted in the V groove 164A or 164B. The
rotating base 160 is positioned in four positions where the cam fol r
171 is fitted in the V groove 164A or 164B. Wﬁ't‘t”ﬁes'?‘?ﬁtaﬂ?/gwggge
160 is rotated, the camfollower 171 vy~ be drawn out of the V groove 164A
or 164B against the urging force of the spring 173 by neans of the |ever
167 to rotate the rotating base 160 by hand. A proximty switch 175

i's mount ed Oy the YiRPALY B8reen is frozen (steps 235 and 236).

Specifically, an image of an inspection area at that time is
displayed as a still image by repeatedly reading.out the
same image data from the frame memory 102.

The Y stage 41 is fed forward (nearer to the inspector)
to the leading end of the rail 33 along the Y-axis rail 33
(step 237). The inspector obliquely raises the board
supporting body 50 with the handle 60 in his or her hand.
Consequently, the PC board PCB disposed on the board
supporting body 50 is inclined. In this state, the
inspector searches for an unacceptable soldered portion on
the PC board while referring to the layout display LD on the
display scrzen and the frozen image, to correct unacceptable
soldering using a soldering iron (step 288). |

When the correction of unacceptable soldering is
completed, the inspec£or returns the'bdard suppbrting body
50 to its horizontal position and provide entry indicating
that unacceptable soldering has been corrected from the
keyboard 14 (step 239). After it is confirmed that the
lmagnetic sensor 47 detects the permanent magnet 46 (siep
240), the Y stage 41 is returned to the stored return
position (step 241). The freezing of the displayed image is
released (step 242). The fact that unacceptable soldering
has been corrected is stored in the inspection-result table

in conformity with its defective point.
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base 161 by a bracket 176. On the other hand, -an object 177 to be detected
of the proximty switch 175 is nounted on the top end of the arm 166. Wen
the camfollower 171 is fitted in the deepest groove 164B, the object 177
to be detected Sub6fitute sheetes! 2/9¢38st

to the proximty switch 175. The proxi gsty

Every time the inspector finds out an unacceptable
portion while inspecting soldering of a PC board PCB, the
inspector can correct the unacceptable portion in a state
where the PC board PCB is drawn out toward himself or
herself and is obliquely raised. Moreover, the image of the
inspection area continues to be frozen and displayed even
after the PC board PCB is drawn out, whereby the inspector
can easily find out the unacceptable portion on the PC -
board.

The inspector may mark the unacéeptable portion instead
of correcting unacceptable soldering.

It goes without saying that correcting work in the step
.234 and the subsequent steps can be performed after
‘inspection of one inspection area is éompleted or inspection
of one PC board is completed.

It goes without séying that soldering correction can be
made in the above described manner by setting only a PC
board having an unacceptable portion on the board supportind
body 50 after the inspection of all PC boards is completed.
(6) Electrical construction of visual inspection supporting
apparatus (Part 2)

Fig. 35 illustrates another example of the electrical
construction of the visual inspection'suppdrting apparatus.
The same blocks as those shown in Fig. 10 are assigned the

same reference numerals and hence, the description thereof
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switch 175 outputs a detection signal only at ‘this tine. Consequently, it
I's recogni zed that the rotating base 160 is in the position of the origin
by the detection signal of the proximty switch 175. The driving of the Y
stage- 41 may be allowed on the basis of this deted@ubstitgiegsiadet - 12/9/9Bhe
board supporting body 50 can be al so pragvdi ded on the rotating base 160 so
as to be capable of being raised and |laid down as required. In addition,
it is also possible to provide a drawable sliding nenber on the rotating

base 160 and égé“gékéééga board supporting body on the sliding

There are provided a zoom lens driver 115 for moving a

zoom lens of the zoom lens systemlsl in accordanée with a
command from a conﬁroller 100 and a zoom position sensor 116
for sensing the position of the zoom lens. A zoom position
signal of the sensor 116 is fed to the controller 100. A
position command value given to the zoom lens driver 115 can
be also used as zoom lens position data without prowviding
the sensor 116. In either case, the zoom magnification is
determined by the position of the zoom lens. Further, the
light source equipment 91 shown in Fig.. 9 is connected to
the controller 100 in place of the light projecting device
70. “

| By;uéiﬁé'ﬁﬁéTGiéﬁéi-ingééétibﬁ.suppéfiing apparatus of
this construction, the zoom magnification can be determined-

~ for each type of boar& or for each inspection area by
entering a zoom command from a keyboard 112 in teaching
processing. The zoom magnification is stored in a teaching-
table. The zoom magnification may be designated for each
paﬁt (designated point). In this case, the zoom
magnification is stored for each designation number in the
teaching table.
In the inspection mcde, the zoom lens is automatically

driven by the zoom lens driver 115 for each type of board,

for each inspection area, or for each part (point) in
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menbér fixedly or so as to be capable of being raised and laid down. (9)
Still” anot her exanpl es of mechanical construction In Fig. 42a, a
Y-axis table base 181 is swingably supported on an apparatus base 180 by a
pi vot shaft 182. The pivot shaft 182 coinci des wi tSubstitwe sttegiat h2(4/98
light projecting device 70 and an inmagéng device 80. Specifically, the
shaft 182 is positioned just below the center VC of the view of field of
the imagi ng device 80. A rail 33 is provided on the base 181, and a Y

stage 41 ' %ccordance with the zoom magnification stored in the

teaching table, and the designated zoom magnification is
realized. The zoom magnification may be also uséd for
displaying'the scale, calculating the length and calculating
the area shown in Figs. 27 to 32.

{(7) Mechanical construction of visual inspection supporting
apparatus (Part 2)

Figs. 36 to 40 illustrate another example of the
mechanical construction of the wvisual inspection supporting
apparatus.

A base 10, a table 11, an X-axis table 20, a light
projecting device 70, and an imaging device 80 are the same
as those shown in Fig. 1 and hence, the illustration thereof
is omitﬁed. Fig. 36 corresponds to Fig. 2, which
illustrates a Y-axis table 120. 1In Figé. 36 to 40, the same
members, elements or portions as those shown in Figs. 1 to 4
(including those not only having the same shape but also
performing the same or similar function) are assigned the

'same reference numerals to avoid overlapping of description
as much as possible.

The construction of a Y stage 41 is basically the same
as the above described one. A guide member 121 is fixed to
the front half of the Y stage 41 (a supporting plate 43) on
both sides thereof, and a guide groove 12la is horizontally

formed along the longitudinal direction of the guide member
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nmoved al ong the rail 33. A board supporting body 50 for supporting a PC

board PCB is fixedly provided on the Y stage 41. A notor 183 for

swng is positioned at the rear of the

- 66 .- Substitute sheet - 12/9/96
-58-

121 on an outer side surface thereof (particularly see Fig.
37). A guide and lock plate 122 is fixed to the lower
surface of the guide member 121. The ggide and iock plate
122 extends outward and is raised upward at its outer end.
A screw hole 122a is formed at the front portion of a raised
portion. A attaching piece 124 is fixed to the rear end of
the Y stage 41. The attaching piece 124 is provided with a
magnetic sensor 125. The front end §f a Y—a#is rail 33 is
raised to serve as stopper 33a.

The peculiar construction in the present embodiment is
‘that a sliding member 130 is provided. The sliding member
130 has sliding walls 131 provided on both sides thereof. A
rail 13la extending in the longitudinal direction is formed
inside of the sliding walls 131. The rail 131a is slidably
fitted in the guide groove 12la of the guide member 121.
Consequently, the sliding member 130 is slidable back and
forth with respect to the Y stage 41. _

The right and left sliding walls 131 are fixedly
coupled to each other by a front plate 51 of the board
supporting member 50 and a eover 134 fixedly laid over the
sliding walls 131.

An auxiliary plate 132 extending in the longitudinal
direction is fixedly attached to the sliding wall 131
outside thereof. The auxiliary plate 132 extends outward

and is curved downward. A downwardly curved portion of the
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appar atus base 180, and a timng belt 186 is reeved around a pulley 185
fixed to the rotational shaft of the notor 183 and a pulley 184 rotatably -
provi ded above the pulley 185. The timng belt 186 is linked to

attachi ng pi ece 187 provided for the base 181 at §U%ﬂl‘ttuf‘%ﬁhﬁﬁ'éré@99/96

The base 181 is inclined, as shown in-BPg. 42b, by rotating the notor 183.
It is thus possible to observe an area to be detected on the PC board PCB
through the imaging device 80 in a state where the PC board PCB is

i ncli ned. auxiliﬂ%@eﬁﬁﬁtetT?ZCfgnfgrﬁéacﬁiéﬂ“ﬁ‘ﬁdﬁ%aho&EEHQBWBKQQndfﬁg

in the longitudinal direction. A fixing lever 136 has a
‘screw 136a fixed thereto and axially projected (particularly
see Fig. 37). The screw 136a is screwed in the screw hole
122a of the guide and lock plate 122 through the long hole
133.

If the screw 136a fitted in the female screw 122a is
loosened by means of the lever 136, the sliding member 130
moves back and forth with respect to the Y stage 41. When
the screw 136a is tightly fitted in the female screw 122a by
means of the lever 136, the lock plate 122 and the auxiliary
plate 132 are tightly fastened, and'thé sliding mémber 130
is fixed to the Y stage 41 so that the éliding member 130 is
moved along with @hg Y stage 41.

The rail 131a inside of the sliding walls 131 is.formed
with a-;aised stopper i31b at the rear end thereof. The
stopper 131b abﬁts against the rear end of the guide member
121 of the Y stage 41, to determine the limit of forward
draw of the sliding member 130 (sée Fig. 40). A stopper 137
is secured on the front portion of the sliding walls 131
inside thereof to project inward. When the sliding member
130 retreats, the stopper 137 abuts against a projection 4la
provided on the front end surface of the stage 41. |
Consequently, the retreat pésition of the sliding member 130

is determined. 1In the normal state (at the time of
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i ndi cated by "VC1", by inclining the base 181. In order to bring the VCto
the tenter of the visual field of the inmaging device 80, the Y stage 41 is
slightly nmoved (backward in this exanple). Letting h and a be the height
fromthe center of the shaft 182 to the PC board PEgbstitute sheetindi249(36
inclination of the base 181, respectiveéby, the Y stage 41 may be noved by
a distance of h sin a. Since the height his a fixed value and the angle
of inclination a can 'be calculated fromthe amount of rotation of the

mot or 183, ; e YiNPReeptlpbaRd Pe e WBdGR émBBY¥eH30 is in this
retreat position.

The present embodiment is the same as the aﬁove
described embodiment in that the board supporting body 50
comprises a front plate 51 and a resar plate 53 which are
linked by rods 54, and a movable plate 52 which is movable

. along the rods 54.

The board supporting body 50 is mounted on not the ¥
stage 41 but the sliding member 130 so as to be capable of
being raised and laid down. That is, the front plate 51 of
the board supporting body 50 is pivoted at both lower
portion thereof to the front portions of the sliding walls
131 of the sliding member 130 by shafts 48.

One of the sliding walls 131 of the sliding member 130
is formed with a hole 135 is provided at the front portion-
thereof.(particularly'gee Fig. 38). A bolt 145 passes |
through the hole 135. On the other hand, a bracket 142 bent
at right angles is secured to a portion, which correséonds.‘
to the hole 135, of the board supporting body 50, and a arc-
shaped long hole 143 is formed on a forwardly projected
portion of the bracket 142. The bol: 145 is screwed into a
lever 141 through the arc-shaped long hole 143. 1In a state
where the board supporting body 50 is in its horizontal
position or is obliquely raised at an arbitrary angle,

therefore, if the lever 141 is turned to fasten the bolt 145
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Frgs. 43a and 43b relate to an X-axis table, which is so adapted as to
incline the |ight projecting device 70 and the imging device 80. The Y
stage 41 travels on the sw nging base 181 or the fixed base 10.

it-is assumed that the |ight projecting device 70 Substitute sheet - 12/9/96
- 67 - -61-

to a female screw of the lever 141, the board supporting
body 50 is fixed to its horizontal position or ;ts obliquely
raised position. In order to make it easy to perform an
operation for'raising and laying down the board supporting
body 50, a handle 147 is attached to the front plate 51 via
é bracket 146.

Two split pieces 61 through which the two rods 54 are
respectively inserted are fixedly attached to the rear '
surface of the movable plate 52. The split pieces 61 are

. respectively formed with holes so as to horizontally -
intersect slits 6la of the split pieces 61, and a clamp
screw bar 148 passes through the holes (particularly see
Fig. 39). The screw bar 148 passes through a spécing
holding pipe 149 between the t@o éplit éieces 61. A élamp
150 and a cap 151 each having a female screw formed therein
are respectively screwed to both ends, which are extendéd
outward from the split piecés 61, of the screw.bar 148.
Consequently, the two split pieces 61 respectively fasten
the rods 54 by turniné the clamp 150.

A permanent magnet 152 is attached to a location, which
corresponds to the magnetic sensor 125, of the rear plate
53. The permanent magnet 152 is detected by the sensor 125
only in a case where the sliding member 130 is in its
retreat position and the board supporting body 50 is in its

horizontal position.
Tras iy e reniroenieny shee
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anhd the inmaging device 80 are inclined at an angle of [err] to a
perpendi cul ar, the visual field of the inmaging device 80 is shifted by a
di stance of h sin [err], where h is the distance between an inmage fog&ing
surface of the imaging device 80 and the PC boar dSpbstitutgsshaed el 2/84
stage is noved by the above anmount of-&he shift in order to conpensate for
the shift of the visual field. - Fig. 44 illustrates a nechani smfor
inclining the light projecting device 70 and the inmaging device 80. The

light projectingdeniGss/QaBnd 5@esﬁ@@gééﬁbé¥ﬂééﬁ%n8QSaﬁgeHié?ﬂiigrly
to that in the above described embodiment in the teaching
'mode and the inspection mode. At this time, the.sliding
member 130 is held in the retreat position and the board
supporting body 50 is held in the horizontal position.

A method of using the Y-axis table differs from that in_
the above described embodiment only when an unaccepﬁable
soldered portion'on the PC board is corrected. It is
assumed that & predetermined inspection area on a PC board
PCB is imaged by the imaging device 80, and an image
obtained by the imaging is displayed on a display device 13.
When the unacceptable soldered po;fion on the PC board is

~corrected in this-staté, the inspect;r léésens the lever 136
to draw out the sliding member 130 forward while holding the-
Y stage 41 in its position. Unacceptable soldering is
corrected in a state wﬁere the board supporting body 50 is
obliquely raised (see Fig. 40). |

After the correcting work of unacéeptable scldering,
the inspector returns the board supporting body 50 to the
horizontal position and returns the sliding member 130 to
the original retreat position. Since this state is sensed
by the sensor 125, the driving of the ¥ stage 41 by a motor
39 is allowed.

It goes without saying that when the sliding member 130

is drawn out forward, an image so far picked up is displayed
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a mounting plate 191. A shaft 192 is fixed to the mounting plate 191. The
shaft 192 is rotatably supported by the X stage 21. A pulley 195 is fixed

to the shaft 192. A notor 193 is nounted on the X d ey
194 is fixed to the rotational shaft of the nntorsﬁbggﬁﬁgﬁvwgﬂd‘§%@v§§96
I's reeved around the pulleys 194 and 195, The light projecting device 70
and the imaging device 80 can be inclined at an arbitrary angle in an

arbitrary direction by rotating the nmotor 193 in the forward and reverse

directi ons.asThae s@.‘ﬁ.ﬁeﬂaggf okhghs).ﬁ( §iggfa§;ldéi&i%eenq% 1% E:ggponse to a

correction start entry by the inspector or the fact that
there is no sensing signal from the sensor 125 (image
freezing).

(8) Mechanical construction of wvisual inspection supporting
'apparatué (Part 3)

Fig. 41 illustrates still another example of the
construction of the Y-axis table. 1In the present
embodiment, a rotating.base 160 is rotatably provided on a Y

. stage 41. A board supporting body 50 is disposed on the
rotating base 160. When a PC board on which a part having
leads (electrodes) extending to four perpendicular
directions is mounted is set on the 5oard supporting body
,56, the board supporting body 50 is rotated i a horizontal
plane to rotate the Pq board, to facilitate correcting work
~of an unacceptable soldered portion of the part.

A supporting plate 161 is fixed to the Y stage 41
through an intermediate plate 165. .The supporting plate lsi
is provided with a cross-roller bearing 162. On the other
hand, a positioning ring 164 and a shaft 163 are fixed to
the lower surface of the rotating base 160. Four V grooves
164A and 164B are formed at angular intervals of 90° in the
positioning ring 164. The V groove indicated by "164B" out
of the V grooves is deeper than the other V groove 164A,

which represents the position of the drigin. The shaft 163

Thiz is the repiscement shest



motor 29, as described above. (10) Still another enbodi nents

Al t hough in the above described teaching processing, the inspector enters
a designated point representing a point to be inspected froma ke d,
the designated point can be 8ibstitute sheet - 1 %g?fé

-64 -

is‘rotatably received by the bearing 162, whereby the
rotating base 160 is rotatably supported on the ¥ stage 4¢1.

An arm 166 is rotatably pivoted at its one end on the
supporting plate 161 through a shaft 168, a thrust bearing
169 and a bush 170. A lever 167 is fixed to the base end of
the arm 166. A cam follower 171 is rotatably mounted on an .
approximately middle point of the arm 166. A spring (a
"helical tension spring) 173 is provided between a pin 172
standing on the supporting plate 161 and a spring post 174
'at the top end of the arm 166. Consequently, the top end of
the arm 166 is urged by the spring 173, so that the cam
follower 171 is brought into contact with the peripheral
surface of the positioning ring 164 or is fitted in the V
groove 164A or 164B. The rotatihg base 160 is positioned in
four positions where the cam follower 171 is fitted in the V
groove 164A or 164B.

When.the rotating base 160 is rotated, the cam follower
171 may be drawn out of the V groove 164A or 164B against
the urging force of the spring 173 by means of the lever 167
to rotate the rotating base 160 by hand.

A proximity switch 175 is mounted on the supporting
base 161 by a bracket 176. On the other hand, an object 177
to be detected of the proximity switch 175 is mounted on the
top end of the arm 166. When the cam follower 171 is fitted

in the deepest groove 164B, the object 177 to be detected

ThiE L he ranimcament shoat
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atso determ ned using position data representing a part to be nounted
which is stored in a CAD systemfor designing a PC board, or position data
representing a position where a part is to be nmounted or soldered
portion which are held by a part nounting apparat§§bﬁﬁﬂﬂﬁﬁﬁﬁﬁtn %92t on
a PC board. Inthis case, all Positio represented by the existing data
or its groups may be taken as designated points. Alternatively, the
position data, along with an inage, may be displayed on a display screen,

to make t hc_?omeiasnS océé)srt Stec|> $h te %n Ox.LIIlltt 89.%&%1' P15 .datﬁie proximity
switch 175 outputs a detection signal only at this time.
.Consequently, it is recognized that the rotating base 160 is
in the position of the origin by the detection signal of the
proximity switch 175. The driving of the Y stage 41 may be
allowed on the basis of this detection signal.

The board supporting body 50 can be also provided on
the rotating base 160 so as to be capable of being raised
and laid down as required. 1In addition, it is also possible
to provide a drawable sliding member on the rotating base
160 and provide the board supporting body on the sliding
member fixedly or so as to be capable of being raised and
laid down.

(9) sStill andther examples of mechanical constructioﬁ

In Fig. 42a, a Y-axis table base 181 is swingably
supported on an apparaéus base 180 by a pivot shaft 182.

The pivot shaft 182 coincides with a moving path of a light
projecting device 70 and an imaging device 80.

Specifically, the shaft 182 is positioned just below the
center VC of the view of field of the imaging device 80. A
rail 33 is provided on the base 181, and a Y stage 41 is
moved along the rail 33. A board supporting body 50 for
supporting a PC board PCB is fixedly provided on the Y stage
41.

A motor 183 for swing is positioned at the rear of the

-~ Tﬁmistherepwcementsheet
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Art hough in the exanple of the construction of the above described

mechani sm

the board supporting body is so constructed that it is pivoted

at its front end and is raised by pulling up its rear end, the board
supporting body may be pivoted in the mddl e posi tSubstibwtewswett-hb2/2/86t
end and the rear end thereof. In addilggn, the board supporting body can
be al so brought into its raised state (inclined state) by pivoting the
board supporting body at its rear end and lowering its front end.

Al though |na%ggrggggebgggcEég?da&fqgF%{gkdgwgé $°18% is reeved around a

pulley 185 fixed to the rotational shaft of the motor 183
and a pulley 184 rotatably provided above the pulley 185.
The timing belt 186 is linked to an attaching piece 187
provided for the base 181 at a portion thereof.

The base 181 is inclined, as shown in Fig. 42b, by
rotating the motor 183. t is thus possible to observe an
area to be detected on the PC board PCB through the imaging
device 80 in a state where the PC board PCB is inclined.

However, the center VC of the wvisual field moves, as

indicated by "VCl", by inclining the base 181. In order to

bring the VC to the center of the visual field of the

imaging device 80, the Y stage 41 is slightly moved
(backward in this example). Letting h and « be the height

from the center of the shaft 182 to the PC board PCB and the

- angle of inclination of the base 181, respectively, the Y

stage 41 may be moved by a distance of h-sin a. Since the
height h is a fixed value and the angle of inclination a can
be calculated from the amount of rotation of the motor 183,
the Y stage 41 can be automatically moved.

Figs. 43a and 43b.relate to an X—axis table, which is
so adapted as to incline thé light projecting device 70 and
the imaging device 80. The Y stage 41 travels on the
swinging base 181 or the fized base 10.

If it is assumed that the light projecting device 70

This is the replacement sheet
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the inspector sets an inspection area, the apparatus nmay set an inspection
area. The nunber of inspection areas into which a PC board should be
divided is cal cul ated based on the size of the PC_board and the sj f
the visual field of the imaging device. |f the noHBEHtEE s1"‘ﬁ§béc1té./é29§r eas
IS -67-69 - :

and the imaging device 80 are inclined at an angle of B to a

perpendicular, the visual field of the imaging device 80 is

shifted by a distance of h-sin f, where h is the‘distance

between an image forming surface of the imaging device 80

and the PC board PCB. Therefore, an X stage is moved by the

above amount of the shift in order to compensate for the

shift of the visual field.

Fig. 44 illustrates a mechanism for inclining the light
projecting device 70 and the_iﬁaging device 80. The light
projecting device 70 and the imaging device 80 are fixed to
a mounting plate 191. A shaft 192 is fixed to the mounting
plate 191. The shaft 192 is rotatably supported by the X
stage 21. A pulley 195 is fixed to the shaft 192. 1A motor
193 is mounted on the X stage 21, and a pulley 194 is fixed
to the rotational shaft of the motor 193. A timing belt 196
is reeved around the pﬁlleys 194 and 195. The light
projecting device 70 and the imaging device 80 can be
inclined at an arbitrary angle in an arbitrary direction.byf-
rotating the motor 193 in the forward and reverse
directions. The movement of the X stage 21 depends oﬁ the
motor 29, as described above.

(10) Still another embodiments
Although in the above described teaching processing,

the inspector enters a designated point representing a point

to be inspected from a keyboard, the designated point can be

Thia iz the replposment shoe!
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determ ned, an XY table is so controlled that the visual fieldis
successively set in the respective divided inspection areas. Teachi ng
processing is perforned for each visual field (inspection area).

Fig.. 45 illustrates an exanpl e of the constructi onSgbstituteysheein ut3/0/26 ng
t he above described visual inspection_ggupporting apparatus as a sol dering
correcting apparat us. - An automatic PC board inspecting apparatus 301
judges whether or not soldering on a PC board is acceptable, to

also determined using position data representing a part to
be mounted. which is stored in a CAD system for designing a
PC board, or position data representing a position where a
part is to be mounted or of a soldered portion which are
held by a part mounting apparatus for mounting a part on a
PC board. In this case, all positions represented by the
existing data or its groups may be taken as designated
points. Alternatively, the position data, along with an
image, may be displayed on a display screen, to make the
inspector select any of the'position data.
Although in the example of the construction of the
_above described mechanism, the board supporting body is so

constructed that it is pivoted at its front end and is

raised'by pulling up its rear end, the board supporting body
may be pivoted in the middle position between the front end
and the rear end therebf. In addition, the becard supporﬁing
body can be also brought into its raised state (inclined
state) by pivoting the board supporting body at its rear end
and lowering its front end.

Although in the abbve described tea&hing processing,
the inspector sets an inspection area, the apparatus may set
an inspection area. .The number of inspection areas into
which a PC board. should be divided is calculated based on
the size of the PC board and the size of the wvisual field of

the imaging device. If the number of inspection areas is
This is the replacement sheet

« P4 NP anpus
Date: i} & 2Fn vy



produce data representing the result of inspection. The inspection result
data includes at |least a PC board ID, position data representing an
unaccept abl e portion, a defect <code. The inspection result data is sent to
a data collecting apparatus 302. The data col | ect iSulpstipytar shaes -302/9/860r es
the inspection result data in a floppy.gysk FD, and sends the inspection
result data to a soldering correcting apparatus 303 online or via a.server
304. The inspection result data stored in the floppy disk FD is read by

the soldering correcting agparatus 303. )
determined, an XY table is so controlled that the wvisual

field is successively set in the respective div;ded
inspection areas. Teaching processing is performed for each
visual field (inspection area).

Fig. 45 illustrates an example of the construction of a
system utilizing the above described visual inspection
supporting apparatus as a soldering correcting apparatus.

An automatic PC board inspecting apparatus 301 judges
whether or not soldering on a PC board is acceptable, to
produce data representing the result of inspection. The
inspection result data includes at least a PC board ID,
position data representing an unacceptable portion, a defect
code. The inspection result data is sent to a data
collecting apparatus 302. Tﬁe data collecting apparatus.302
stores the inspection result data in a floppy disk Fﬁ, and
sends the inspection result data to a soldering correéting
apparatus 303 online or via a server 304. The inspection
result data stored in the ‘floppy disk FD is read by the
soldering correcting apparatus 303.

In the soldering correcting apparatus 303, when a
defective PC boérd is set in an XY table and the PC board ID
is entered, the XY table is so controlled that an area
including an unacceptable soldersd portion is imaged on the
basis of the pertinent inspection result data. An image

picked-up is displayed on a display device. The displayed

This is the replscement sheet
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In-the soldering correcting apparatus 303, when a defective PC board is
set in an XY table and the PC board ID is entered, the XY table is so
controlled that an area including an unacceptable soldered portion is

i raged on the basis of the pertinent inspection r&ubpstitetg sheetr 12486
pi cked-up is displayed on a display devige. The di spl ayed

image is frozen. A correction worker draws out the PC board
toward himself or herself and corracts unacceptable
soldering on the PC board while seeing the displayed image.
The PC board ID can be also entered by the worker.
Alternatively, a bar code expressed on the PC board may be
read by a bar code reader connected to the data collectiqg
apparatus 302 and transmitted to the soldering correcting

apparatus 303 from the data céllecting apparatus 302.

iz tha raoiscemetil shool

My

Cimie: 'i’ 4 SEP 39%



-70 - image is frozen. A correction worker draws out the PC board
toward hinself or herself-and corrects unacceptable soldering on the PC
board whil e"séei ng the d|spla ed i mage. The PC board | D ca,@?g%gg
entered by thqlswe{qasBeen@? ﬁ: atively, a bar code S¥pFutdeshestnE?/ oard
e

my be read b ader conneqgted to the data collecting
appar atus 302 to the- SO|derIng,QﬁEFPeL+RG~~aQQ§E§IUS 303
fromthe data c I ng appar atus 302. lTH SHIET HAS BEEN i

CLAIMS

1. A visual inspection supporting apparatus
comprising: |

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the board -
illuminated by said illuminating device and outputting an

 image signal representing an image obtained-by the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected; and

a mechanism for.moving said stage until the board
supported on said board supporting meﬁber reaches a position
outside of a range in thch said illuminating device and
said imaging device exist.

2. The visual inspection supporting apparatus
according to claim 1, wherein

said board supporting member is supported on said stage
SO as to be capable of being raised and laid down.

3. The visual inspection supporting apparatus
according to claim 2, further comprising

a mechanism for holding said board supporting member in

its obliquely raised position.

-&
]
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CLAI M5 1. A visual inspection supporting apparatus conpri sing:

This Sheet Has Been Replaced

4. The visual inspection supporting apparatus

-72-

according to claim 1, wherein

said illuminating device and said iﬁaging device are
fixed to each other, and are arranged movably in one of said
two perpendicular directions, and

said stage is arranged movably in the other of said two
perpendicular directions.

S. The visual inspection supporting apparatus
according to claim 4, wherein

the other of two perpendicular directions is a
direction nearer to or away from the position of an
inspector.

6. The visual inspection supporting apparatus
aécording to claim 5, wherein

the direction in which said stage is moved until the
board reaches the posiéion outside of said range is said
other direction.

7. The visual inspection supporting apparatus
according to claim 1, wherein y

said moving mechanism includes a device for driving
said stage in response to a movement command and bringing
the board to the position outside of said range.

8. The wvisual inspection supporting apparatus
according to claim 1, further comprising

a display device for displaying the image represented

HIIIIII |||I|| III|| ||I|| ll lIII
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a board supportlng nenber(SO)or supporting a printed 5 <circuit board to

eéhemxnﬁwhwd a stage (41) having said board supporting nenber
and rable in at |east one direction; an
| I I e €70, 90)”f or 111 gp nating the priSubstitute shedtr-cL219/88ar d
o be |nspecte 10~ ”goﬁ ﬂ}g gevice (80)for inmaging an area on
the printed weircul el i 1L nated by said illum nating device and
outputting an image signal representing an inage obtained by t he
i magi ng;

by the image signal outputted from said imaging device.

9. The visual inspection supporting apparatus
according to claim 7, further comprising

a memory for storing the image signal outputted from
said imaging device,

a display device for displaying the image represented
by the image signal read out from said memory, and

display control means for performing control in
response to said movement command so as to stop writing to
said memory the image signal outputted from said imaging
device, repeatedly read the image signal stored in said
memory, and display on said display deyice a still image
represented by the image signal stored in said memory.

| 10. The wvisual inspection supporting apparatus .

according to claim 7, further comprising

contorl means for sﬁoring the current position of said
stage when said movement command is issued and so
controlling said driving device as to return said stage to -
said current position when a return command is issued.

11. The visual inspection supporting apparatus
according to claim 10, wherein

said board supporting member is arranged on said stage
SO as to be capable of being raised and laid down, said.
apparatus has a sensor detecting that said board supporting

member is in its horizontal position on said stage, and

This is the replacement sheet
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axmgm@@ymggﬁgkeiﬁgistorlng the image signal outputted from 15 said
a display device (13)for displaying the image
mzﬂ lII by the image signal outputted from sai d i magi ng devi ce;
evice ﬁ}r-— 1g a board draw Substitbggrahegt - Dd/9/96
a stage drive nechan ( $@EV3%V|ngJBB4d stage to a pr edet er m ned
boar

position in re ponse to-t draw command entered through said

comand i nput device (14, 71I12) a di.splay control device
100, 104 f r. performn control .

( ) Q %tage gg go controlied as to be returned to said

current position in response to the return command, provided
that a sensing signal is outputted from said sensor.

12. The visual inspection supporting apparatus
according to claim 8, further comprising

storage means for storing previously taught position
data representing a point to be inspected on a printed
circuit board to be inspected; and

display control means for performing control so as to
indicate the point to be inspected on the image displayed on
said display device in accordance with the position da;a
stored in said storage means.

13. The visual inspection supperting apparatus
according to claim 12, wherein | |

said display control means changes, in a case where
there are a plurality ef points to be inspected on the
displayed image, said indication of the point for each entry
indicating that inspection has been completed or for each
predetermined time in accordance with a predetermined order.

14. The visual inspection supporting apparatus
according to claim 12, wherein

said display control means indicates, in a case where
there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be

inspected once and for all.

Rz is thc renimcamiant shee!
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qg@ggasﬁsganh capard draw conmand entered thorough said 25 command input

repeatedly read out t he i mage signal stored in said
y device a still inmage represented
I’la|oi—$1 AP BER Substitute sheet - 12/9/96)
-75-
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15. The visual inspection supporting apparatus
according to claim 8, further comprising

input means for entering the result of inspection
performed with respect to the image displayed on said
display device.

16. The visual inspection supporting apparatus
according to claim 12, further comprising

input means for entering the result of inspection of
the point performed in relation to the indication of the
“point on said display device.

17. The visual inspection supporting apparatus
according to claim 16, wherein

said display control means indicates the pqipt which is
entered by said input means as unacceptable.

18. The visual 1nspectlon supporting apparatus
according to claim 8, further comprising

display control means for performing control so as to
provide on éaid display device a layout display indicating .
the position on the board of an area of the image displayed
on the display device.

19. The wvisual inspection supporting apparatus
according to claim 18, wherein

said display control means performs control so as to
indicate an area of the image whers inspection has been

completed.
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%ﬁs qhggggw%hwd : The vi sual inspecti‘on supporting apparatus
ﬂﬂm El cl al m 1, further conprising a device(109) for
SlfTﬂﬂ:ﬁi;h\“ stage (41) when 5 the board draw co dis
sai '8 ‘armray Lk devi ce (149 ﬂﬁﬁyuﬁﬂéhﬁéF'§é%gq%€ t he
det ected positigea_as BEm at’wfrn SEN T posiTbi-on. 3.  The visual
I nspection supportlng agcording to claim1, wherein the

predeterm ned position where safa“stage (41) 10 is noved to is a position

where an i nspectar c Correc s
P E%. %%e v15uai 1nspectlon supporting apparatus

according to claim 12, wherein

said display control means performs control‘so as to
provide a layout display indiéating the position on the
board of said indicated point.

21. The visual inspection supporting apparatus
according to claim 8, further comprising

display control means for displaying a scale for
expressing the length on the image displayed on said display
device.

22. The visual inspection supporting apparatus..

. .according to claim 8,'further comprising

dlsplay control means for performing control so as to
dlspl;;.two llnes on the image displayed on said dlsplay
device,

input means for entering a command to move said two
lines on a display screen of the display device, and

control means for calculating the spacing between ;he-:
two lines displayed on said display device and causing said
displav device to display the calculated spacing.

23. The wvisual inspection supporting apparatus
according to claim 8, further comprising

display control means for displaying a window on the
display screen of said display device, and

control means for producing data relating to the size

the repimocement sheet

I l“IIII I“I" III" "III " |Ill e
* ¢ L M s * LA AR L

N ia o P i
Date; - whl UEH



to wherein the predeterm ned p05|t|on wher e sald st age(41)
I's : f a range in ch_sali )

il I ce 1§ 6080 ) ptkigal ¢ 1 magi ng devi ceé‘('%ﬂjté';ﬁ fheet 12‘59/96

vi sual inspectiopn supguﬁnjngiﬁppar tus7 onpri si ng: a board
supporting nenbe t==g a printed circuit board to be

I nspect ed; a stage(41) having said board supporting nenber and

being 20 JEMPralhs duladt iheGSts #Nea f 'edRM and displaying the

tﬂ‘%ﬂ%ﬁ%e’mjﬁ&d The vi sual inspection supporting apparatus according

produced data on said display device.

24. The visual inspection supporting appafatus
according to claim 23, further comprising

input means for designating the position and the size

- of said window.

25. The visual inspection supporting apparatus
according to claim 23, wherein

said control means indicates data relating to the
reference size in addition to the data relating to the size
of said particular image.

26. The visual inspection supporting apparatus
.according to claim 1, wherein

.said illuminating device éomprises ligh£ sources of
light of a plurality of colors.

27. The visual inspection supporting apparatus
according to claim 26, wherein

said plurality of light sources comprise a plurality of
optical fiber cables and light emitting devices for emitting
light of a plurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
coupled and decoupled.

28. The visual inspection supporting appératus
according to any one of claims 1 to 27, wherein

the visual inspection supporting apparatus is an

HIIIIII llllll IIIII IIIII Il IIII
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an\FILuninating device(70,90) for illumnnating the printed circuit

board to be inspected, an i magi ng device(80)for inmaging an area
on the printed circuit board illumnated by said illum nating device
and 25

outputting an inmage_signal representing agubgaflfedHerit nEXR/PyY96
t he i magi ng; = L

-78 - -
This Sheet Has Been Replaced

29. A method of inspecting soldsring of a printed

unacceptable soldering correcting apparatus.

circuit board using the visual inspection supporting
apparatus according to any one of claims 1 to 28.

30. A method of manufacturing a printed circuit board
by correcting an unacceptable soldered portion after moving .

said stage until the boarc reaches a position outside of a

~range in which said illuminating device and said imaging

device exist, using the visual inspection supporting
apparatus according to any one of claims 1 to 28.

31. A visual inspection supporting apparatus
comprisings:

. é illuminating device for illuminating a printed

circuit boafd to be inspected;

an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imagihq;:

a stage which is movable relatively to said

illuminating device and said imaging device in two

perpendicular directions;

a movable body supported on said stage movably in
either one of said two directions; and

a board supporting member supported on said movablel

body for supporting the board to be inspected.

L T
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7 3This Sheet Has Been Repluc&di Spl ay devi ce(13) or displaying the inmage represent ed

Egnvl"mmlmnﬂmice(‘iﬁ 31@??’ HASY B r:jnI rr:glmr;geggw S n
retur X Aidde d?ke gew ce(39) r%"g’rs(%m% %%tal ?j%f’&%e to

a pr edet er m ned p05|t|on T respon&e-to the novement command
entered through said conmand i nput device; and

32. The visual inspection supporting apparatus
according to claim 31, wherein

said movable body is movable until the board supported
on said board supporting member reaches a position outside
of a range in which said illuminating device and said
imaging device exist.

33. The visual inspection supporting apparatus
according to claim 31, wherein

said board supporting member is supported on said
movable body so as to be capable of being raised and laid
down.

34. The visual inspection supporting apparatus -
according to claim 33, further comprising

Ia mechanism for holding said board supporting member in
its obligquely raised position.

35. The visual inspection supporting apparatus
according to claim 31, further comprising

a mechanism for fixing said movable body te said stage:

36. The visual inspection supporting apparatus
according to claim 31, wherein |

said illuminating device and said imaging device are
fixed to each other, and are arranged movably in one of said
two perpendicular directions, and

said stage is arranged movably in the other of said two

perpendicular directions.

Illlllll llllll |II|| IlIII Il IIII
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a de| aséép@%ﬁ&hfor storing the current position of said stage when

t nd is issued and so controlling said 10 stage drive
ﬁ rn sald stage to the current position when a return
=6 The visual inspectionsappfifuteishg@etppia/oroe
15 down. 7.

cma$amﬁrT¢ggr ;Qdfal% board supporting nmenber(50) is
saldﬂﬂﬁgﬁﬁ_ ?LSO'aS to capabl e of being raised and laid
claim6, further conprising
37. The visual inspection supporting apparatus

accordlng to
supported 0

ction supporting apparatus according to

according to claim 36, wherein

the other of said two perpendicular directions is d
direction nearer to or away from the position of an

| inspector.
38. The visual inspection supporting apparatus
~according to claim 37, wherein

the direction in which said movable body is movable
until the board reaches the position outside of said range
is said other direction.

39. The visual inspection supporting apparatus
éccording to claim 31, further comprising

a display dévice for diépl#ying £he imagé'represgnted'
by the image siénal outputted from said imaging device.

40. The visual inspection supporting apparatus
according to claim 31, further comprising

a memory for storing the image signal outputted from
said imaging device,

a display device for displaying the. image represented
by the image signal read out from said memory; and

display control means for performing control in
response to a movement command so as to stop writing to said
memory the image signal outputted from said imaging device,
repeatedly read out the image signal stored in said memory,

and display on said display device a still image represented

T This i3 the rooleosment steel
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a~sensor (47,125) for detecting that said board supporting menber
(50)is in its horizontal position on said stag 20 sai d stage being
so controlled as to be returned to the current position in response to
the return comg W that a detectingSsbgtialteisheett-pL2/9¢d6f r om
said sensor. | AE W3 BEFY, Ispectd{on supporting apparatus conpri si ng:
a stage(41) whi h sup ff§“§ﬂQLLﬂted CIrCUIt board to be gn ﬁgﬁﬁ&ﬂﬂmﬁ&d

LS rrgvabl e; =—=an 11Tum nating device (70,90) for | Il m'“ “leﬂ ml
oar d;
by the image signal stored in said memory.

41. The visual inspection supporting apparatus
according to claim 31, wherein

said board supporting member is arranged on said stage
sO as to be capable of being raised and laid down, said
apparatus has a sensor detecting that said board supporting
member is in its horizontal position on said movable body,
and the driving of said stage is allowed, provided that. a
sensing signal is outputted from said sensor.

42. The visual inspection supporting apparatus
according to claim 31, further comprising

a sensor for sensing that said movable body is in a
predetermined position on said stage,

the driving of said stage béing allowed, provided that
a sensing signal is outputted from said sensor.

'43, The wvisual inspection supporting apparatus
according to claim 39, further comprising

storage means for storiqg previously taught position
data representing a point to be inspected on a printed
circuit board to be inspected, and

display control means for performing control so as to
indicate the point to be inspected on the image displayed on
said display device in accordance with the position data
stored in said storage means.

44. The visual inspection supporting apparatus

* c L ] S *
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74, an i magi ng device(80) or inmaging an area on the board

i 11 uni nat ed by said illum nating device and outputting an | mge signal
representing an i mage obtai ned by the imaging; a di spl ay

devi ce(13)for di splLaying. the-i =t epresented 5 Substitetd siwg S12/8106
outputted froms |@Il,p3mg|: ng @tem:ﬁsa( 0)482-

is Sheet Has Been Reilaced

ORI | [ (11!

said display control means changes, in a case where
there are a plurality of points to be inspected on the
¢isplayed image, said indication of the point for each entry
indicating that inspection has been completed or for each-
predetermined time in accordance.with a predetermined order.

45. The visual inspection supporting apparatus
according to claim 43, wherein

said display control means indicates, in a case where
there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.

46. The visual inspection supporting apparatus
according to claim 39, further comprising

input means for entering the result of inspection
performed with respect to the image displayed on said
display device.

47. The visual inspection supporting apparatus
according to_claim 43, further comprising

input means for entering the result of inspection of
the point performed in relation to the indication. of the
point on said display device.

48. The visual inspection supporting apparatus
according to claim 47, wherein

said display control means indicates the point which is

This is the replacement stet
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’A’"'“"”"““”é“éféfage device for storing previously taught position
dﬁ&s%hée?ﬁ&s%%&ﬂiebl@&da point to be inspected on the board to be

|n a display control device (100,104)for performn ng
EM‘BU ““‘ te=indicate the point to be i nshdustitdteoshedic- 1| REYS6
n s&8 gHgespha ;ﬁﬁm ce_ accordance wth the position data
stored in said orag@hdeﬁhééfiLheu 89
changi ng, in a Case WeFe===—==—=11h¢ e are a plurality of points to be

sai d display control device
inspected on the 15 displayed inmage, said indication of the point for
each entryentered by said input means as unacceptable.

49. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for performing control so as to
provide on said display device a layout display indicating
the position on the board of an area of the image displayed .
on the display device.

50. The wvisual inspection supporting apparatus
according to claim 49, wherein |

said display control means performs control so as to
indicate an area of the image where inspection has been
completed.

51. The wvisual inspection supporting apparatus
acco;ding to claim 43, wherein

said display control means performs control so as to
provide a layout display indicating the position on the
board of said indicated point.

52. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for displaying a scale for
expressing the length on the image displayed on said display
device.

53. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for performing control so as to

This is the replacement sheet
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i'ndi cating that inspection has beens;%$p< _____ i n accor dance wth a
pr%ﬂ?&ﬁ%ﬁh@ﬁ@m@&ﬂﬁéd 9. A~ e ﬂﬁp ction supporting apparatus
| su

ml a sfages( orts a printed circuit board

Ed and i vab ;..,/ an glibsiutatshegt dend/ge06
natlng sq%g:bﬂa 4. an i magi ng device(80) for
|nag|ng an area on the boar %
and outputting an i mage signal representing an i mage obtained by the

|i|u nated by said illuminating device
i magi ng; 25 a display device, (13)for displaying the inmage
rep?esgnted@lSPlaY two lﬂ%esyon the léagg dlsplaJ%d %n %ald dlspg

device,

input means for entering a command to move said two
lines on-a display screen of the display device, and

control means for calculating the spacing between the
two lines displayed on said display device and causing said
display device to display the calculated spacing.

54. The visual inspection supporting apparatus
according to claim 39, further comprising

display control means for displaying a window on the
display screen of said display device, and

control means for producing data relating to the size
of a partlcular lmage in sald w1ndow and dlsplaylng the

. produced data on said dlsplay dev1ce. |

55. The visual inspection supporting apparatus
accordipg to claim 54,-further comprising

input means for designating the position and the size
of said window.

;56. The visual inspection supporting apparatus
according to claim 54, wherein

said control means displays data relating to the
reference size in addition to the data relating to the size
of said particular image.

57. The visual inspection supporting apparatus
according to claim 31, whérein

This i5 the replacemeni sheet
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by. the i mage signal outputted fromsaid inmnging device;

- a storage deviiCeT. {ﬂsbam‘ g previously taught position
dat a r epheSest HRPea Rephdtd t 0|l be' T on thie board to be

““II“ IIII" I Il “l TR O PSlbstitite sheet - 12/9/56
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said illuminating device comprises light sources of a

plurality of colors.

58. The visual inspection supporting apparatus
according to claim 57, wherein

said plurality of light sources comprise a plurality of
optical fiber cables and light emitting devices for emitting
light of a plurality of different colors, and the optical
fiber cables and the light emitting devices cén be optically
coupled and decoupled. |

59. The visual inspection supporting apparatus

| according to any one of claims 31 to 58, wherein

the visual inspection supporting apparatus is an
unacceptable soldering correcting apparatus.

60. A method of inspecting soldering of a prlnted
circuit board using the visual inspection supporting
apparatus according to.any one of claims 31 to 59.

61. A method of manufacturing a printed circuit board
by correcting an unacceptable_soldered portion after moving-:
said movable body until the board reaches a position outside *
of a range in which said illuminating device and said
imaging device exist, using the visual inspection supporting
apparatus according to any one of claims 31 to 59.

62. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed

circuit board to be inspected;

Thiz is the rgpinoamery shoet
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| hspected; and a.display contrgl device(100,104) for performng
control so as 5 to indicﬁFngbgn O Dkt éﬁinspected on the imge

di spl 3¥%gdneet Has BOUA Regthcdd di spl ay devi -:f ‘accofidance with the position data
stor ed e devilee; said-di spl 8YbsRIte YhedeVin9/96
changi n ere t here are _a plurality of points to be

| nspect di spl ayed i mage, said indication of the point for
each predetermned tine in accordance with a predeterm ned order.
10. A visual inspection supporting apparatus conprising:

an imaging device for imaging an area on the printed

circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a rotating body rotatably supported on said stage; and

a board supporting member supported on said rotating
body for supporting the printed circuit board to be |
inspected.

63. The board inspecting apparatus according to claim
62,'further'com§rising

a display device for displaying the image represented
by the image signal outputted from said imaging device. |

647 The board iﬁspecting apparatus according to claim
63, further comprising

storage means for storing previously taught position
data representing a point to be inspected on a printed
circuit board to be inspected, and

display control means for performing control so as to
indicate the point to be inspected on the image displayed on
said display device in accordance with the position data
stored in said storage means.

65. The board inspecting apparatus according to claim

] l . _ e This i the repiacement sheet
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an.illumnating device (70,90) for iI'lum nating a printed circuit
board to be inspected; 15 e(80) or inmging an area

on the ﬂréﬁ e?ﬁ SBeenRe akguit b aﬂd: said illum nating device

and I mage |gnalérepfe$ehtrn agyk n
t he |nag L a dis ‘—%$€}+Fﬂl dlsp aylng%?F qqﬁax96
repr esen i mage signal odtputted fromsaid i magi ng deV|ce

a di spl ay control device (100, 104) for performng control so as to
provi de on said display device a | ayout display

64, wherein

said display control means changes, in a case where
there are a plurality of points to be inspected on the
displayed image, said indication of the point for each entry
indicating that inspection has been éompleted or for each
predetermined time in accordance with a predetermined order.

66. The board inspecting apparatus according to claim
64, wherein

said display.control means indicates, in a case where
there are a plurality of points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.

67. The board inspecting apparatus.according to claim
63, further comprising

input means for entering the fesult of inspection
performed with respect.to the image displayed on said
display device.

68. The board inspecting apparatus according t§ claim”
64, further comprising

input means for entering the result of inspection of
the point performed in relation to the indication of the
point on said display device.

69. The béard inspecting apparatus according to claim
68, wherein |

said display control means indicates the point which is

OO TN e
* c L M s * 7‘ 4 SEP ‘8%

Daie:



i ndi cating the position on the board of an area of the inage di spl ayed
on the display. device;- 25[:

———_a_podr rting nmenber(50) for
suppOrt|ng t he boardltg ii ’ wzﬁ&ﬂi iEPM
\ lﬂii‘tﬁiiﬁ;ﬂeil iTiii\ce le————ms=mms=—====" Substitute sheet - 12/9/96
-88 -

entered by said input means as unacceptable.

70. The board inspecting apparatus according to claim
63, further comprising

display control means for performing control so as to
provide on said display device a layout display indicating
the position on the printed circuit board of an area of the
image displayed on the display device.

71. The board inspecting apparatus according to claim
70, wherein

said display control means performs control so as to
indicate an area of the image where inspection has been
completed.

72. The board inspecﬁing'apparatus.according to claim
64, wherein |

éaid display control means performs control so as to
provide'a layout displéy indicating the position on the
printed circuit board of said indicated point.

73. The board inspecting apparatus according to claim
63, further comprising

display control means for dispiaying a scale for
expressing the length on the image displayed on said display
device.

74. The board inspecting apparatus according to claim
63, further comprising

display control means for performing control so as to

) 0 I
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a stage(41) which is movabl e and has the board supporting
a mechani sn(31~39) for _noving faFe=stage-until the board
sai d board supporting nmenber rfaﬁﬁégbﬁ‘pwak vﬁﬁh

menber; and
supported on

outside of a range in

whi ¢h. sa'nQSShleétHIEbaﬁR calevi cefland REFLagaid T magi ng. device exist;

said illu i and sai ?fm sallbeitPstitute shegtd 12/996h
ot her and nmovably in one &~ two per pendi cul ar

di rection ald stage bei ng arranged novably in the other of
sai d

display two lines on the image displayed on said display

device,

input means for entering a command to move said two

lines on a display screen of the display device, and

control means for calculating the spacing between the

two lines displayed on said display device on said display

device and causing said display device to display the

calculated spacing.

75. The board inspecting apparatus according to claim

63, further comprising

display control means for displaying a window on the

display screen of said display device, and

control means for producing data relating to the size

of a particular image in said window and displaying the

produced data on said display device.

76. The board inspecting apparatus according to claim

75, further comprising

input means for designating the position and the size -

of said window.

77. The board inspecting apparatus according to claim

75, wherein

said control means displays data relating to the

reference size in addition to the data relating to the size

of said particular image.

78. he board lnspectlng apparatus according to claim

Hllllll I IR s s th epiacemen, shost
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tmo perpendicul ar directions. _____ 1 _w;;;VL&ﬂ%f I nspection supporting
apparatus according to crﬁl R mmzﬂ sai d di splay

contr ol qlﬁyslﬁ&(i-ﬁﬂﬂaeﬂﬁé}iiz@erfor\ns con - 15 indicate an area of

the jmage on hastbeen—: ::Jeenfﬁ’r’ fedSubstltuté?sheétV'ﬂJ/Q/ge
|nspect|o par at us conpr|§ an illum nating
device (70, Iun1nat|ng a prlntg circuit board to be

i nspected; 20 an i magi ng device (80) for imaging an area on the
printed

62, wherein

said illuminating device comprises light scurces of a
plurality of colors.

79. The board inspecting apparatus according to claim
78, wherein

said plurality of light sources comprise a plurality of
optical fiber cables and light emitting devices for eﬁittinq
light of a piurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
coupled and decoupled.

80. The board inspecting apparatus éccording to any
one of claims 62 to 79, wherein

the board inspecting apparatus is a visual inspection
supporting apparatus or an unacceptable soldering correcting
apparatus.

81. A method of inspecting soldering of a printed
circuit board using the board inspecting apparatus according
to any one of claims 62 to 80.

82. A method of manufacturing a ﬁrinted circuit board
by correcting an unacceptable soldered loccation using the
board inspecting apparatus according to any one of claims 62
to 80.

83. A printed circuit board inspecting apparatus
comprising:

a illuminating device for illuminating a printed

AR This f the repiscement shee
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circuit board illum nated by said |Ilun1nat|ng:dEV|ce and out putting

an i mage signal representing ! \Hb“ t he i nmaging;

a display device (13) for dis jﬁ' nage‘r%presented 25 by the

I mage S|gnal outputted from saijd | ﬁﬁ dEMLGﬁwJ

(50) a board supportlmrg (50) for sﬁ%@ﬂwtﬁgh?ﬁb Hé’éQéﬂGo
1-

This Sheet Has Been Replaced
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an imaging device for imaging an area on the board

circuit board to be inspected;

illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member suppoerted on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

a base for pivotably supporting said stage; and

a device for moving said stage so that the center of
the visual field of said imaging device doe% not move on the
board depending on the angle of inclination when said base
is inciined.

84. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

a first stage which is movable relatively to said

illuminating device and said imaging device in two

L
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77:“ ~be-tnspected; T astagetA=whi ch is novabl e and has the
boar d suppqrt% =7 145 BEENM Imechani sm (31~39) for noving

TR LT |
sai d stage &gl Igﬁiﬁaei’ﬁg §55"%§dﬂpm.ﬁe§mon sgl d board supporting nenber
[

reaches a po t si de—of—g—ramge—tm whi ch Les [.L1 um natj
devi ce and ng devi ce exi . stBbfldtt! K2 98,96

perpendicular directions;

a board supporting member supported on said first stage
for supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

a second stage for pivotably supperting said
illuminating device and said imaging device; and

a device for moving said second stage so that the.
center. of the visual field of said imaging device does not
move on £he board depending on the angle of inclination when
said illuminating device and said imaging device are
inclined.

85. A board inspecting apparatus comprising:

a illuminatihg.&eViée for illuminating a printed
circuit board to be inspected;

an imaging devicé for iﬁéging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

a memory for storing the image signal outputted from

This is the replacement sheet
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a‘storage device(113)for storing previously taught position dat a
representing a point to be |n§peQLﬁd_Qn_a_boaLd to be 10 |nspected and
a di Sp’hﬂé’Sh@@ﬂEﬂDAenH@%b&ie( 100H} I4) feeTreif @R fo control so as

|nd|cat
di spl ay
st or age
bei ng

ecte

S o i T 2

R o 5

be i ns d; he ¥
ﬂ!'ﬁﬂ i rdance .
L M sai d |IILnnTﬁ&1ng devi ce and said i magi ng device "

fi xed to.each other and being arranged novably in one of two

per pendi cul ar directions,

said imaging device;

a display device for displaying the image represented
by the image signal read out from said memory; and’

display control means for performing control in
response to a freeze command so as to stop writing to said
memory the image signal outputted from said imaging device,
repeatedly read out the image signal stored in said memory,
and display on said display device a still image represented
by the image signal stored in said memory.

86. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

‘an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtainéd by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

storage means for storing previously taught position

data representlng a p01nt to be lnspected on the board to be

Hllllll HIIM IIIH Hlll H llll
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sai d stage being arranged movably in the other of said t wo
per pendi cul ar directions, pl ay control device performng

fﬁntrol sobas i of todpro i ay indicating the position on
e oard of said in 3, 13. sfip¥tifita!sHeash

supporting apparat us corrprl si ng: an illum nalttl ngs devi g?/l(g?%GgO)
for illumnating a printed 25 C|rcurﬁMbbard to be ins ec

Leet Has Been Replaced

display control means for performing control sc as to

an i magi ng device (80) for imaging an area on the print ﬂ

inspected; and

indicate a point to be inspected on the image displayed on
said display device in accordance with the position data
stored in said storage means.

87. The board inspecting apparatus according to claim
86, wherein

said display control means changes, in a case where
there are a plurality of points to be inspected on the
displayed image, said indication of the point for each entry
indicating that inspection has been completed or for each
predetermined time in accordance with a predetermined order.

88. The board.inspecting apparatus according to claim
86, wherein

said display control means indicates, in a case where
there are a plurality éf points to be inspected on the
displayed image, all said plurality of points to be
inspected once and for all.

89. The board inspecting apparatus according to claim

- 86, further comprising

input means for entering the result of inspection
performed with respect to the image displayed on said
display device.

90. The board inspecting apparatus according to claim

86, further comprising

* € L M5 o i
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78 circuit board illum
outputting an image signal re réﬁbnhl
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input means for entering the result of inspection of

'Iluninating devi ce and

Jii S h pg€el! obt ai ned by t he
i qblaying t he i mage
sl i Substitute sheet - 12/9/96

the point performed in relation to Ehe indication of the
point on said display device.

91. The board inspecting apparatus according to claim
90, wherein

said display control means indicates the point which is.
entered by said input means as unacceptable.

92. The board inspecting apparatus according to claim
86, wherein

said display.control means further controls said
display device so as to provide a layout display indicating
the position on the board of an area of the image displayed
on said display device and indicate the position on the
board of said indicated point'in the layout display.

93. A board inspecting apparatus comprising:

a illuminating de?ice for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on.the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging; |

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for

l lllllll llllll IIIII ] H llll - This s the replacemen shost
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57 by the i mage signal outputted from said imagi ng device; a
stage (41)which supports a pprnhggqclrcu 1 Dpﬁ E to be | nspected and

i s nmovabl e; }{ Bwn e Q|splay 0L, devrc 100, 104)for displaying a
wi-ndow oTﬁn o ay sqreen 6 SAMH dis %%\Hs%‘?ute%etl% 2/9/96 2
cont’r ol cing data rehﬂég@ to the 0 particul ar

| mage in di spl ayi ng the produced data on said display
devi ce. The vi sual inspection supporting apparatus according to
claim 13, further conpri sing

supporting the beocard to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device; and
input means for entering the result of inspection
performed with respect to the image displayed on said

display device.

94. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device foi imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

é stage which is movable relatively to séid
illuminating device and said imaging device in two
perpendicular directioﬁs;

a board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device; and

display control means for performing control so as to
provide on said display.device a layout display indicating
the position on the board of an area of the image displayed
on the display device.

95. The board lnspectlnq apparatus according to claim

This is the replacement sheet
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15 an input device (111)for desi-gnatingsthe position and the
size of the w ndow. 15 11 ¥istrRABIEIEECH|i on supporting appar at us
conpri si ng: an il um natsipgstevi ceflifor illumnating a printed
circuit board to be inspects: SRS &1 magi nggdgyd f Qrs i ing
an area on the printed circuit boarg i1 um nat--ed...%.;/ﬁgg%ﬁgﬁl tc}_r%/_%g%?ng
devi ce and out putting an inmage sigﬁ I~ representing an i mage obt ai ned

by t he i magi ng: a di splay device (1%is{Sheet ldas plagd t.he
e represent 0 W
B

94, wherein

said display control means performs control-so as to
indicate an area df the image where inspection has been
completed.

96. A board inspecting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed

‘circuit board illuminated by said illuminating device ‘and
outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device; and;“

display control means for displaying a scale for
expressing the length on the image diéplayed on said display
device.

97. A board inspecting apparatus comprising:

a illuminating device for iiluminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed

I
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25 by the inmage signal outputted from said imagi ng device; a

stage (41) which support uit board to be

79 i nspect ed and §Hﬁbsabﬁé;;:szgzj a display control device
(100, ﬂﬁéi;i«imiiiilriﬁril gedng] 8 Wi IREsws Q_ﬁsi f Substitute sheet - 12/9/96
—— ———__;W:

circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating dévice and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

display control means for carrying out control so as to
display two lines on the image displayed on said display
device;

input means for entering a command to move said two
lines on a display screen of the display device; and |

control means for calculating the spacing between the
two lines displayed on said display device and causing said
display device to display the calculated spacing.

98. A board inspeéting apparatus comprising:

a illuminating device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

the imaging;
This is the replacement shest
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di'spl ay screen of said display deV|ce and - a control device for
produci ng data relatlng to the - size of a particular inmage in the w ndow
and data relatf he reference si ze and di spl ayi ng the produced
data on 5‘ 16. A Vi SUaBubBERS!dIgbtSUPEe/SENT
appar at us conpr an il nating device (90) f
illumnating a |rCU|t board t —oe—kfAspected, an
I magi ng devi ce (80) for |nag|ng an area on h@hﬂﬁﬂﬂtﬁdﬂﬁ_aggﬁquUit board
illumnated by said illum nating device and R

a stage which is movable relati y-Eézgaidrrm=

fi

illuminating device and said imaging device in two
perpendicular directions;
a board supporting member supported on said stage for
_supporting the printed circuit board to be inspected;
a display device for displaying the image represented
by the image signal outputted from said imaging device;
display control means for displaying a window on a
display screen of said display device; and
control means for producing data relating te the size
of a particular image in said window and displaying the
produced data on said display device.
99. The board inspecting apparatus according to claim
98, further comprising
input means for designating the position and the size
of said window.
160. The board inspecting apparatus according to claim
98, wherein |
said control means displays data relating to the
reference size in addition to the data relating to the size
of said particular image.
101. The board inspecting apparatus according to any
one of claims 83 to 100, wherein
the board inspecting apparatus is a visual inspection

supporting apparatus.

This is the repfacsmeht sheet
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out putting an image signal representing an i mage obtai ned by t he
Ot pll

I mgl ng; 15 a display device (13)for displaying the image
represent ed by- the i mage si gnal outputted from said i magi ng devi ce;
and . Substitittarsheztt ppi2 /996

N

nenber (50) forTE cen Replas oard to1oo- be i nppeeted; said
i 1lum nating devi a plurality of /IHQI@Qﬁ%rlLDEf “‘sapl es and
light emtting de 5,92,96)for emittilng ﬁkpgj;gﬁﬁhbw
plurality of different colors, and t he opti cal o |Q“NJ
(93~95)and the light emtting devices can be optically
102. The board inspecting apparatus according to any
one of claims 83 to 100, wherein
the board inspecting apparatus is an unacceptable
soldering correcting apparatus.
103. A method of inspecting soldering of a printed
circuit board using the board inspecting apparatus according
to any one of claims 83 to 102.
104. A method of correcting an unacceptable soldered

portion using the board inspecting apparatus according to

any one of claims 83 to 102.
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coupl ed and decoupl ed. 17. The visual inspection supporting apparatus

according to 25 any one of claims 1 to 16, V\/nerel n t he vi sual

| nspection supporting apparatus is an

80 Substitute sheet - 12/9/96
ABSTRACT

VISUAL INSPECTION SUPPORTING APPARATUS AND
PRINTED CIRCUIT BOARD INSPECTING APPARATUS, AND METHODS OF
SOLDERING INSPECTION AND CORRECTION USING THE APPARATUSES

An X stage (21) arranged on the front edge of a tabls
(11) is movable in the X-axis direction aloﬁg a rail (23).
The X stage (21) supports a light projecting device (70) for
illuminating a printed circuit board (PCB) and an imaging
device (80) for imaging an inspection area illuminated by
the light projecting device (70). An image 6btained bf the
imaging device (80) is displayed on a display devicde (13).
A Y stage (41l) is movably proyided along a rail (33)'on a
base (10). A board supporting member (50) for supporting
the board (PCB) is piwvotably attached to the Y stage (41) at
front portion thersof. An inspector judges whether or not
soldering is acceptable while seeing the image displayed on
the display device (13). When it is judged that soldering -
is unacceptable, the inspector can corr ect an unacceptable
soldered portion by drawing out the Y stage (41) forward and

obliquely raising the board supporting member (50).

(Fig. 1)
This is the replacement sheet
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unaccept abl e sol dering correcting appar at us. 18. A nmethod of
manuf act uri ng a pr| nt ed Ci rcwt board by correcting an unacceptabl e

sol der V\lﬁl d stage until the board reaches a

posi ti g | M s&uBstitdteshaat L N@ Fsbriuagy 2000

(70, 90) apge L (80) ext-st—ustng—the—visuat—Enspection .
suppor ti p ~@app: ding to claim1. W/&B::’:P-E”rret hod of

manuf agt Bri.ng.. ;| Inted circlit  boarld using rg\s\/@,s ,‘ SBeenRepl
T A S L e [P i

1. A visual inépection suppo;ting.apparatus comprising:
a board supporting member for supporting a printed
5 circuit board to be inspected;
a stage having said board supporting member and being

memorable in at least one direction;
an illuminating device for illuminating the printed
w circuit board to be inspected;

10 an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a memory for storing the image signal outputted from

15 said imaging device;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

a command input device for entering a board draw

command ;

20 a stage drive mechanism for moving said stage to a
predefermined position in response to the board draw command
entered through said command input device; and

a display control device for performing control in
response to the board draw command entered thorough said

25 command input device so as to repeatedly read out the image
signal stored in said memory and display on said display

device a still image represented by the image signal stored

This is the r ment sheet
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10 anmrrrﬁnfhafinb'device (70,90) for illuminating a printed

circuit boarﬂ,,stggegggasl an imagi ng device (80) for imaging
an area on th CIrCUIt board illum nated by said illumnating
devi ce and . n image signal ISppERRRBIdHYEt 3N 8 PBERIPP Y0
by 15 the | a di spl ay devtrece—{i3rfor—di-sptayrnrg—the—

| mage represented by the i mage signal out

devi ce; and a stage(41)whi ch support

be i nspedinegaaddmenonpyvabl e;

2. The visual inspection supporting'eéparatus ace;}ding to
claim 1, further comprising
a device for detecting the position of the stage when
5 the board draw command is entered through said command input
device and for storing the detected position as a return
position.
3. The wvisual inspection supporting apparates according to
claim 1, wherein the predetermined position where said stage
10 is.moved to is a position where an inspector can correct on
the board.
4. The visual inspection supporting apparatus according to
claim 1, wherein the predetermined position where said stage
is moved to is a position outside of a range in which said
15 illuminating device and said imaging device exit.
5. A visual inspection supporting apparatus comprising:
a board supporting member for supporting a printed
circuit board.to be inspected;
a stage having said board supporting member and being
20 | memorable in at least one direction;
an illuminating device for illuminating the printed
circuit board to be inspected;
an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
25 outputting an image signal representing an image obtained by

the imaging;

This is the replacement sheet
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20 by correcting an unaccept abl e sol der e
said stage until the board reaches a p05|t|on out5|ﬁ.
whi ch said il | unmi ndlhjsiSteetigasiBee Repigkes al d gt -Ceﬂ{86)eX|st
20. A printed ci rcw ?mmmmﬂ“ ng ?@p%ﬁéﬂﬁu#&e&mp& iFebRsiry 2000

an illumnating deV| | um natTTTg—aprnted

movi ng

a display device for displaying the image represented
bY the image signal 6utputted from said imaging device;
a command input device for entering a movement command
and a return command;
5 ~ a stage drive device for moving said stage to a
predetermined position in response to the movement command

entered through said command input device; and
a device for storing the current position of said stage
when the movement command is issued and so controlling said

10 stage drive device as to return said stage to the current
position when a return command is issued.

6. The wvisual inspection sﬁpporting apparatus according to
claim 5, wherein said board supporting member is supported
on said stage so as to capable of being raised and laid

15 down.

7. The visual inspection supporting apparatus according to
claim 6, further comprising

a sensor for detecting that said board supporting
member is in its horizontal position on said stage,

20 said stage being so controlled as to be returned to the
current position in response to the return command, provided
that a detecting signal is outputted from said sensor.

8. A visual inspection supporting apparatus comprising:
a stage which supports a printed circuit board to be
25 inspected and is movable;

an illuminating device for illuminating said board;

vhiz i3 the replecsmeni sheet
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81 circuit board to be inspected;

:i T et TR
for 'lmi o gﬂz‘%%eé’yﬁ 228 the board il lumn té}i e |

devi ¢ g an i mage signal re fing - an-i-mage obt ai ned
by the m ml& a stage (41) Wy clsibstii@ieadHedt!-e @ Febflaty tZ0GmHi d

iIIun1 and said i magi ng devi ce—T1mtwo perperdrcutar
di recti ons;

”d§VICE (80)
;umfinat i ng

an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

a display device for displaying the image represented

5 by the image signal outputted from said imaging device;

a storage device for storing previously taught position
data representing a point to be inspected on the board to be
inspected; and

a display control device for performing control so as

10' to .indicate the point to be inspected on the image displayed
on said display device in accordance with the position data
stored in said storage device,

said display control device changing, in a case where
there are a plurality of points to be inspected on the

15 displayed image, said indication of the point for each entry
indicating that inspection has been completed in accordance
with a predetermined order.

9. A visual inspection supporting apparatus comprising:

a stage which supports a printed circuit board to be

20 inspeéted and is movable;

an illuminating device for illuminating said board;

an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal re?resénting an image obtained by the imaging;

25 a display device for displaying the image represented

by the image signal outputted from said imaging device;

[T H\l\l IIIH i This s the replacement sheet
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a board supporting menber supported on said sﬁa;ge-—:#fa?:-" - i__,;})’c'ijti ng the
board to be jnspectefdies 10 a di splay deyji TS .Splaying the

i mage ROE by the i mge signal ou - $ai-g-i'hagi ng

devi ce; I E‘lm m ILa base (181)for pi7eot 8hb t g 8sketsruaiyp@opoand
a devic Sl ving said stage so that—the—Ttenter of The visual
field of said imging device does not nove on the 15 board dependi ng on
the angle of inclination when said base is inclined. 21. A

printed circuit boarstorspecdevigeappar atosing previously taught position
data representing a point to be inspected on the board to be
inspected; and

a display control device for performing control so as

5 +to indicate the point to be inspected on the image displayed
on said display device in accordance with the position data
stored in said storage device,

said display control device changing, in a case where
there are a plurality of points to be inspected on the

10 displayed image, said indication of the point for each
predetermined time in accordance with a predetermined order.
10. A visual iﬁspection supporting apparatus comprising:

an illuminating device for illuminating a printed

circuit board to be inspected;
15 an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
_ outputting an image signal representing an image obtained by
\
~ the imaging;
a display device for displaying the image represented
20 by the image signal outputted from said imaging device;

a display control device for performing control so as
to provide on said display device a layout display
indicating the position on the board of an area of the image
displayed on the display device;

25 a board supporting member for supporting the board to

be inspected;
Thiz is the replacemen sheet

I

ate:



conpri si ng: an il lum nating device (1

printed 20 C|rcmhs$bdéthemR cthspect ed;

(80) for imaging a oard i1 g o

i1l um nati ng devi c g an 76 suugagﬁesgtggml- T&pésﬁﬁaylz@mn

| mage obt ai ned by the | magl ng; a9 a f1rst
stage (41) which is novable relatively to said 25 illumnating device and
said i magi ng device in'two per pendi cul ar directions;

a stage which is movable and has the board supportlng
member; and

a mechanism for moving said stage until the board
supported on said board supporting member reaches a position

5 outside of a range in which said illuminating device and

said imaging device exist;

said illuminating device and said imaging device being
fixed to each other and being arranged mo?ably in one of two
perpendicular directions,

10 . said stage being arranged movably in the other of said
two perpendicular directions.

11. The visual inspection sﬁpporting apparatus according to
claim 10, wherein
said display control device performs control so as to

15 indicate an area of the image where inspection has been
completed.

12. A visual inspection supporting apparatus comprising:
an illuminating device for illuminating a printed
circuit board to be inspected;

20 an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a display device for displaying the image represented

25 Dby the image signal outputted from said imaging device;

a board supporting member for supporting the board to

Triz i e rapiacemen sheel
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for supgpor
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_
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25
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t to be inspected, A
(13)for | iH ‘ﬁ mage represent ed byt _ﬁﬂggﬁ,ﬁﬁgﬁﬂ¢=
ce,

a oard supportlng nmenber (50)su? ghkeqjan s’fﬁfﬁQ'Et st age
l ; e
ut putted
77 Substitute sheet - 18 February 2000

be inspected;

a stage which is movable and has the board supporting
member; and

a mechanism for moving said stage until the board
supported.on said board supporting member reaches a position
outside of a range in which said illuminating device and
said imaging device exist;

a storage device for storing previously taught poéition
data representing a point to be inspected on a board to be
inspected; and

a display control device for performing control so as
to indicate the point to be inspected on the image displayed

on said display device in accordance with the position data

'stored in said storage device;

said illuminating device and said imaging device being
fixed to each other and being arranged movably in one of two
perpendicular directions,

said stage being arranged movably in the other of said
two perpendicular directions,

said display control device performing control so as
to provide a layout display indicating the position on the
board of said indicated point.
13. A visual inspection supporting apparatus comprising:

an illuminéting device for illuminating a printed
circuit board to be inspected;

an imaging device for imaging an area on the printed

| RRER I ) This is the replacement sheet
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5 a second §fage(217for'pivotably SUPPOK-Lisng.:Sai ;
devi ce and sai d |gﬁgggglgggé lm

novi ng sai d secon

sai d i magi ng devic M‘

of inclination mhe

i ncl i ned.

an illumnating device (70,90Q) for
board to be Iﬁébgg%gmpoard 'i1luminated by said

are

5

h—
10
15

e
20
25

=ni 1 uni nati ng
a device~£22, 23}?7 29) for
cepter—ofthe-vi-sual’ fiel d of
Tove o7 t IBbREAIE SHRENNBepRA PO ©
n1nat|ng devirce—ant—seat-d—ragHag—device
22 A board i nspecting apparatus conprising:

|Ilun1nat|n a printed circuit
illuminating device and

outputting an image signal representing an image obtained by
the imaging;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

a stage which supports a printed circuit board to be
inspected and is movable;

a display control device for displaying a window on the
display screen of said display device; and

a control device for producing data relating to the
size of a particular image in the window and displaying the
produced data on said displaf device.
14. The visual inspection supporting apparatus according to
claim 13, further comprising

an input device for designating the position and the
size of the window.
15. A visual inspection supporting apparatus comprising:

an illuminating device for illuminating a printed
circuit board to be inépected;

an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

a display_device for displaying the image represented
by the image signal outputted from said imaging device;

a stage which supports a printed circuit board to be

This is the rmpimﬁmem shest
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15 an inmging device (80) for inmging anjanea

CIrCUItTﬁgg&Q}hLb £f by said iIIun1nat|nngeV| utputting
an |nage nting an image obta|nedlh¥“__»__Lhe;Lnag| g;

a stage ( vabl e relativelyzgo %s@ttut%oshéejt' Urg rebhiiy S0 e
and said i in two per pendictutar—cirect+ofs: a
board supportlng nenber (50) supported on said stage for supporting
the board to be inspected, a nmenory (102) for storing the inmge

si gnal out put {REPEFERA and is movable;

a display control device for displaying a window on the
display screen of said display device; and
a control device for producing data relating to the
5 size of a particular image in the window and data relating
to the reference size and displaying the produced data on
said display device.

16. A visual inspection supporting apparatus comprising:

~ an illuminating device for illuminating a printed
10 circuit board to be inspected;
an imaging device for imaging an area on the printed
circuit board illuminated by said illuminating.device and
outputting an image signal representing an image obtained by
the imaging;
15 a display device for displaying the image represented
by the image signal outputted from said imaging device; and
a board supporting member for supporting the board to
_

be inspected;
said illuminating device comprising a plurality of
20 optical fiber cables and light emitting devices for emitting
light of a plurality of different colors, and the optical
fiber cables and the light emitting devices can be optically
coupled and decoupled.
17. The visual inspection supporting apparatus according to
25 any one of claims 1 to 16, wherein

the visual inspection supporting apparatus is an

HIIIIII IHIH IIIIl lllll H lIII
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25 said i maging devi ce; a displ ay G8G7
i mage represent ed This Sheet Has Been Replaced

i mage signal outputt “‘nmumlmu magi ng devi ceh_—- T |
rd mo8enmegubstitute sheet - 18 February 2000

device (14, 112) for
unacceptable soldering correcting apparatus.

18. A method of manufacturing a printed circuit board by
correcting an unacceptable soldered portion after moving
said stage until the board reaches a position outside of a

5 range in which said illuminating device and said imaging
device exist, using the visual inspection supporting
apparatus according to claim 1. H
19. A method of manufacturing a prihted circuit board using
a visual inspection supporting apparatus comprising:

10 . an illuminating device for illuminating a printed

circuit board to be inspected;

an imaging device for iﬁaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

15 +the imaging;

a display device for displaying the image represented
by the image signal outputted from said imaging device; and

a stage which supports a printed circuit board to be
inspected and is movable;

20 by correcting an unacceptable soldered portion after
moving said stage until the board reaches a position outside
of a range in which said illuminating device and said
imaging device exist.

20. A printed circuit board inspecting apparatus
25 comprising:
an illuminating device for illuminating a printed

This is the replacement sheet
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comran'd""“““""""" " a stage drive device (39) ov‘ 'mw_hg sa“dm g¢ to a 5
pred t@ﬁngggé;;lchﬂ in response to the boar: ~overent nd
ente nd i nput device; and ES L@Qir‘ trol
devi Cﬂg perfor m ng cont r0'81 N Substitt@SAUBIE 19 Fe ﬁjab?fi(ibo
nove ered by said COMBRE—-Apti—dew-ce-s0-as
repeat edly read out the inage 10 signal stored in said nenory and display
on said display device a still image represented by the-inage signal
stored i pizeumit rrandy to be inspected;
an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
‘image signal representing an image obtained by the imaging;
5 a stage which is movable relatively to said
illuminating device and said imaging device in two:
perpendicular directions;
a board supporting member supported on said stage for

supporting the board to be inspected;
10 - a display device for displaying the image represented
by the image signal outputted from said imaging device;
a base for pivotably supporting said stage; and
a device for moving said stage so that the center of
the visual field of said imaging device does not move on the
15 Dboard depending on the angle of inclination when said base
is inclined.
_ 21. A printed circuit board inspecting apparatus
- comprising:
an illuminating device for illuminating a printed
20 circuit board to be inspected;
an imaging device for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;
a first stége which is movable relatively to said
25 illuminating device and said imaging device in two
perpendicular directions;
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23 The board {ngaé&ifﬁéméhbaratus according t ,gLa#ﬂ422 'fither
ising 15 ThnsSheaHdﬂsexe i for det ect H{ngHiBH ) t he stage

(41) mhen t he board nnv%nent cﬁnnﬁnﬂ i.s..entered by
sai d command |npu nd for &onsmgﬂfﬂ“te """ect1ea:lF@@|sjaWQm(m a
return posi t |on gto
claim22, 20 wherein the predetern1ned position where said stage (41)is

noved tois a pOSItIOI’] wher e an |nspect or can correct on the
boar d. a board supporting member supported on said first stage

for supporting the board to be inspected;

a display device for displaying the image represented
by the image signal outputted from said imaging device;

5 a second stage for pivotably supporting said

illuminating device and said imaging device; and

a device for moving said second stage so that the
center of the visual field of said imaging device does not
move on the board depending on the angle of inclination when

10 said illuminating device and said imaging device are
inclined.

22. A board inspecting apparatus comprising:
an illuminating device for illuminating a printed
circuit board to be inspected;

15 an imaging device for imaging an area on the printed
circuit board illuminated by said iliuminating device and
outputting an image signal representing an image obtained by

- the imaging;
a stage which is movable relatively to said

20 illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;
a memory fér storing the image signal outputted from

25 said imaging device;

a display device for displaying the image represented

ORI L R s i e coiscemen shoes
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thereln t he
to islla position

predﬂmémﬂﬂ aedn where said stage (41)ils 'Moved«;
out si jﬁa n which said |Ilunﬂ Lag-gdeviee={70,90) and said
| magi exit. 83 Substitute sheet - 18 February 3300

by the image signal outputted from said imaging device;

The board [ nspectl ng apparatus accordi ngy 10,

a command input'device for entering a board movement
command;
a stage drive device for moving said stage to a
5 predetermined position in response to the board movement
command entered by said command input device; and
a display control device for performing control in
response to the board movement command entered by said
command input device so as to repeatedly read out the image
10 signal stored in said memory and display on said display
device a still image represepted by the image signal stored
in said memory.
23. The board inspecting apparatus according to claim 22,
further comprising
15 a device for detecting the position of the stage when
the board movement command is entered by said command input
device and for storing the detected position as a return
position.
24. The board inspecting apparatus according to claim 22,
20 wherein the predetermined position where said stage is moved
to is a position where an inspector can correct.on the
board.
25. The board inspecting apparatus according to claim 22,
wherein the predetermined position where said stage is moved
25 to is a position outside of a range in which said

illuminating device and said imaging device exit.

his is the replacement sheet
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26. Aﬁq §ﬁééma@§9&<kteblslgaappar atus conpri sing:
an i magi ng device (80) tor_inn g‘%@?eﬁ ared on the

devi ce

oo TN

printed oard illum nated ba4sa$lqbstlthtm|m@"éﬂ ﬂggt}@vsmayambo
outputting an image signal representing an’

I magi ng; a stage (41)which is novable relatively to sald

i I lum nating device and sajd imaging device in two
6. A board inspectling apparatus comprising:

an illuminating'device for illuminating a printed
circuit board to be inspected;
an imaging device for imaging an area on the printed
5 circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;
a stage which is movable.relatively to said
illuminating device and said imaging device in two
10 perpendicular directions;
a board supporting member supported on said stage for
supporting the board to be inspected;
a storage device for storing data representing
inspection areas, displayed on one display screen, of the
15 board to be inspected and storing previously taught position
data representing-the position of a portion to be inspeéted
for each inspection area;
a display device for displaying an enlarged image of
the inspection area designated on the basis of the image
20 signal outputted from said imaging device; and
a display control device for performing control so as
to indicate the position of the portion to be inspected on
the enlarged image displayed on said display device in
accordance with the data representing the inspection areas
25 and the position data which are stored in said storage

device.
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10 perpendicul ar directions; a boa] uppmt,._.éﬂ.:,rrenber (50)
supported on sai dTsé @& HadBeen ReplacgdIpPporti ng ﬁhe oaad;tn :he |nspected

(/13) a (113) for stiori-ng-dat-a-frepresenting
i nspection areas,. ne di s aySudrstitate stodett-he8 FEbrudrga2@0@ o be

I nspected and stori 'Y t aught position data representing the
position of a portion to be inspected for each inspection area;

a display device (13)for displayirng an enl arged inage of t he

i nspecti on ar2a. deBigyrianasd dnsphetbagi sppdratius jagggeding to claim 26,

wherein
said display control device changes, in a case where
there are the positions of a plurality of portions to be
5 inspected on the displayed image, said indication of the
position of the portion to be inspected for each entry
indicating that inspection has been completed or for each
predetermined time in accordance with a predetermined order.
28. The board inspecting apparatus according to claim 26,
10 wherein
said display control device indicates, in a case where
there are the positions of a plurality of portions to be
inspected on the displayed image, all said positions of the
plurality of portions to be inspected once and for all.
15 29. The board inspecting appafatus according to claim 26,
further comprising
an input device for entering the result of inspection
performed with respect to the image displayed on said
display device.
20 30. The board inspecting apparatus according to claim 26,
further comprising
an input device for entering the result of inspection
of the position of the portion t6 be inspected performed in
relation to the indication of the position of the portion to
25 Dbe inspected on said display device.

31. The board inspecting apparatus according to claim 30,

This s he raplecsment sheeat
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20 signal outputted from said imaging device;

control device (100, 104)for perform ng control : . -, ?cate t he
posi t i offhigBheettias BeniReplaced 0 be i nspected o : --ar..ged_:rrmgel
di spl aye iﬂl‘F dﬁlay. device in @ccswbanee ghddt 1 he FdBkaary 2000
represent tion areas 25 and ttheposttron—data—wht-ch—are—
stored in said storage : devi ce.
wherein
said display control device indicates the position of
the portion to be inspected which is entered by said input
device as unacceptable.
5 32. The board inspecting apparatus according to claim 26,
wherein
said display control device further controls said
display device so as to provide a layout'display indicating
&H the position on the board of an area of the image displayed
10 on said display device and iﬁdicate the position on the
board of said indicated position of the portion to be
inspected in the layout display.
33. A board inspecting apparatus comprising:
an illuminating device for illuminating a printed
15 circuit board to be inspected;
an imaging device for imaging inspection areas on the
printed circuit board illuminated by said illuminating
R

device and outputting an image signal representing an image
obtained by the imaging;

20 ;a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

a board supporting member supported on said stage for
supporting the board to be inspected;

25 a display device for displaying the image in the
inspection area represented by the image signal outputted

This is the replacement sheet
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85
V\hel’éfhnsSheetHasBeenR Rted di spl ay control -a_s-zchar‘rges ,n a case
j~ons—to-Pe 5

wher e the positions of a plurali ¥
I nspec llayed image, said 8ndig@isdtRUtedshédte 18 FebP@&ryt 2000 Of

t he por |on pected for each entry I ndr cattng rhat—Tmspecti on
has been conpleted or for each

from said imaging device;
a storage device for storing position data representing
each of the inspection areas on the board; and
a d;splay control device for performing control so as
5 to provide on said display device a layout diéplay
indicating the position on the board of the inspection area
in the image displayed on said display device on the basis

of said position data in addition to the display of the

k/. image in the inspection area.
16 34. The board inspecting apparatus according to claim 33,
wherein
said display control device performs control so as to
indicate an area of the image where inspection has been
completed.
15 35. A board inspecting apparatus comprising:
an illuminating device for illuminating a printed
o circuit board to be inspected;

an imaging device for imaging an area on the printed

circuit board illuminated by said illuminating device and
20 outpuiting an image signal representing an image obtained by
the imaging;

a stage which is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

25 a board supporting member supported on said stage for

supporting the board to be inspected;

HIIIlII IIIIH IIIII IIIII II IIII
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predeterm ned t| rre |n ccordance with a predelﬁ

boar d This§ tus according to claim ’; - iher ! .
sai d di deV|ce ) 100, 104) i ndi cate A-casé where.
are the plurality of p0r880r$uﬁsmtbﬁe sheet—l msrr@bt'@&yom@d)e

di spl ayed i mage, aI | said positions of the pruratityof—port+ons—to be
i nspected once and for all. 15 29. The board |nspect|ng apparatus
according to claim urther caonprisi put: dSV|ce

(14, 112) for enteﬁlﬁésPﬁéyr@%Xﬂqe(ﬁoq ﬁ%ﬁE&FV6%g the image Tepresente

by the image signal outputted from said imaging device;

a display control device for displaying a window on a
display screen of said display device; and
5 a control device for éonverting the size of a
predetermined particular image in said window into numerical
information and displaying the numerical information on said

display device.

~ 36. The board inspecting apparatus according to claim 35,
10 further comprising
an input device for designating the position and the
size of said window. |
37. The board inspecting apparatus according to claim 35,
wherein
15 said control device displaya data relating to the
reference size in addition to the data relating to the size
of said particular image.
“_

38. The board inspecting apparatus according to any one of
claims 20 to 37 wherein

20 the board inspecting apparatus is an unacceptable
soldering correcting apparatus.
39. A method of correcting an unacceptable soldered portion
using the board inspecting apparatus according to any one of

claims 20 to 37.
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R, B oate; 18 FEB 200

ate:



performed with respect to the image di spl ayed on said

(13

di spl ay device (13).

(14
porjt i
bodi &
31.}

il
ae |nspecte

%nggléﬁ%§ qnl

20 30. The board inspecting apparatus
accordmmgumgjahaxmbgﬁng g urther conprising
a)R Hel o ] > Df inspection of the

an i nput device
position of the

CLATMS

s

.10

20

[ us according to cIa|n130

zgﬁg'ca |og )Fhe

1. A wvisual lnsoectlon supporting apparatus comprising:

a board supporting membes«zor supporting a printed

circuit board to be

inspected;

a stag%APaving said board supporting member and being

memorable in at least one direction;

90)

an illuminating devic%&zor illuminating the printed

circuit board to be

inspected;

an imaging device,for imaging an area on the printed

circuit board illumi
outputting an image

the imaging;

(102)

nated by said illumin aulng dev1ce and

signal representing an image obtained by

a ﬂemor%NLoL ‘storing the image s:.gna1 outpu

said imaging device;

a display device

by the image signal

(13)

tted from

for displaying the image represented

outputted £from said imaging device;

a command input deévice for entering a board draw

command ;

a stage drive mechanismafor moving said stage to a

predetermined positi

M

on in response to the

(14, 112)

ntered'tnrough said command input dOVlcax and
(100,104 )

board draw connand

a display control devwc%Afor performing control in

response to the boar

command input dévice

d draw command entered thorough said

SO as to repeatedly

read out the image -

signal stored in said memory and display on said display

device a still image represented by the image signal stored

AR AL R R
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86

wherein said display control device (100, 104) indicates

the position of the portion to be inspected which is entered by said

_i nput

15

20

device (14, 112)as unaccept abl e.

72 : Substitute sheet - 29 December 2000

in said memory.

2. The visual inspection supporting apparatus according to

claim 1, further comprising

109) 4|
a devic%ﬂfor detecting the position of the stagéﬂy%en

the board draw command is entered through said command input

(14 112)

devic%AFnd for storing the detected position as a return
position.
3. The visual inspection supporting apparatus according to

(41)

claim 1, wherein the predetermined position where said stagi\

is .moved to i1s a position where an inspector can correct on

the board.

4. The visual'inspecﬁion supporting apparatus according to
: : - 4]
claim 1, wherein the predetermined position where said stag%« )

is moved to is a position outside of a range in_which'said
. S (w90) . (30) .
illuminating devzc%AFnd said imaging dev1c%A?x1t.
5. A wvisual inspection supporting apparatus comprising:
50 .
a board supporting membeéA or supporting a printed

circuit board to be inspected;
a.stag%Nhaving sald board supporting member and being
memorable in at least one direction;
(70, 90)

an ‘illuminating devicej for illuminating the printed

circuit board to be inspected;

an imaging devic?Aer imaging an area on the printed

cr

circui

LA}

board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

the imaging;

T ——
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5 32. The board inspecting apparatus according to claim 26, wherein

said display control device (104) further controls said di spl ay device
(13)so as to provide a layout display indicating the position on the
board of an area of the inmage displayed 10 on said display.device and

i ndi cate the position on the boar& of said indicated position of the
portion to be inspected in the |aycut drRyififyte sheet 3329 Dacemerd2000

i nspecting apparatus conpri si ng: an 1 ITTumnating device (70, 90)
for illumnating a printed o

a display'devic%AéLr displaying the image represented
by the image signal 6utputted from said imaging device;

14, 112)
a command input devicg/For entering a movement command

and a return command;
: . (39 . .
5 a stage drive devlc%Afor moving said stage to a
predetermined position in response to the movement command

entered through said command input device; and
. (100,105) _ . : .

a dev1c%Afor storing the current position of said stade
when the movement command is issued and so controlling said
~” 10 stage drive device as to return said stage to the current
position when a return .command is issued.
6. The visual inspection supporting apparatus according to’
. . . : (50)
claim 5, wherein said board supporting membeﬁle supported
on said stag%Aéo as to capable of being raised and laid

15 down.

-

7. The visual inspection supporting apparatus according to

claim 6, further comprising

a sensoiafor detecting that said board supporting

membe%&xs in its horizontal position on said stagg?)

20 said stage being so controlled as to be returned to the
current position in response to the return command, provided
that a detecting signal is outputted from said sensor.

8. A visual inspection supporting apparatus comprising:

a stag%Awhich supports a printed circuit board to be

25 inspected and is movable;

(70, 90)

an illuminating_deviciﬂfor illuminating said board;

AR oo omone s
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15 circuit board to be inspected, an i magi ng device (80)for

| magi ng i nspection areas on the printed circuit board illum nated by
said illumnating devi ce and outputting an i mage signal representing
an i mage obtained by the imging; 20 -a stage (41) which is
novabl e relatively to said 1 um atlng devi ce and sajd i in

device in two perpendi cul ar dire ofubstitute sheet - %m%&?%“ai’-%ﬁp%b@@ti ng
nmenber (50) supported on said stage for supporting the board to be

I nspect ed; 9 :

an imaging deviciA.or imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

(13)

a display device, for displaying the image represented

. 80
S by the image signal outputted from said imaging devic§< )
(¢#3)

a storage deviclﬂfor storing previously taught position

s data representing a point to be inspected on the board to be
inspected; and

(100, /04)
a display control dEVlC%ArOI performing control so as

10 to indicate the point to be inspected on the image displayed
on said display device in accordance with the position data
stored in said storage device,

said display control device changing, in a case where
there are a plurality of points to be inspected on thé.

15 displayed image, said indication of the point for each eptry
indicating thaﬁ'inspection has been cdmpleted in'accordAnce
with a predetermined order.

9. A visual inspection supporting apparatus comprising:
a sbag%Nwhlch supports a printed circuit board to be

20 inspected and is movable;

(70,90)

an 11lumlnablng dev;c%Ator illuminating said board;
o (80) T
an imaging device,for imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

I3 -
25 a display devicefeor displaying the image represented

by the image signal outputted from said imaging device;

HIIIIII HIIN IIIH Hlll H lIIl
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25 a display device (13)for displaying the imge in the
I nspection area represented by the inage signal outputted
.87 from said i magi ng devi ce;

75 Substitute sheet - 29 December 2000

a storage devicé%for storing previously taught position
data representing a point to be inspected oﬂ the board to be
inspected; and

_ | (100, 104) _
a display control dev1c?AFor performlng control so as
5 to indicate the point to be inspected on the image displayed
on said display device in accordance with the position data
o stored in said storage device,
_said display control device changing, in a case where
there are a plurality of.points to.be inspected on the
lO_ displayed image, said indication of the point for each
predetermined time in accordance with a predetermined order.
10. A visual iﬂspgction supporting apparatus comprising:
an-illuminating devic%%?gr illuminating a printed

circuit board to be inspected;.

(80

15 an imaging deviciAFLr imaging an area on the printed

circuit .board illuminated by said illuminating device and
\\‘/.J - . ) - - -
N outputting an image signal representing an image obtained by

the imaging;
a display deVLC?AFor displaying the image represented
20 by the image signal outputted from said imaging device;
a display control dEVlC%Afor performing control so as
to provide on said display device a layout display

indicating the position on the ‘board of an area of the image

displayed on the display device;

(50)

25 a board supporting membei/§or supporting the board to

be inspected;

L R —
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Date: -~ 2 JAN 7001



‘a storage device (109) for storing position data representing each of
the i nspection areas on the board; and a display control device
.(100, 104)for performng control 'so as 5 to provide on said display device
a |layout display i ndicating the position on the board of the

I nspection area ~in the imge disglayed on said display device on the
basi s of said position data in adfitidRStdutaesherspt 29 Racember 2000

i mage in the inspection area. 10 34. The board inspecting apparatus
according to claim 33, | wherein o

a stage,which is movable and has the board supporting
A

member; and
(B81~39) _ :
a mechanLSﬁAFor moving said stage until the board
supported on said board supporting member ;eaches a position

5 outside of a range in which said illuminatiﬁg device and

said imaging device exist;

v said illuminating device and said imaging device being
fixed to each other and being arranged_mo?ably in one of two
perpendicular directions;.

'10 said stage being arranged movably in the other of said

 two perpendicular directions.
11.. The visual inspection supporting apparatus according to
claim 10, wherein
(100, 104")

said display control devic%A?erforms control so as to

15 indicate an area of the image where inspection has been

completed.
12. A visual inspection supporting apparatus comprising:
an i1lluminating devic?AFor illuminating a printed
N~ circuit board to be inspected;
o . (%) - :
20 an imaging GEVlC%AFOI imaging an area on the printed

circuit board illuminated by said illuminating device and
ocutputting an image signal representing an image obtained by

the imaging;

(13

a display devic%Aror displaying the image represented

25 by the image signal outputted from said imaging device;

(50)

a board supporting member,for supporting the board to

A
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'said display control device (100, 104)perfornms control so as to

I ndi cate an area of the imge where inspection has been conpleted. 15
.35. A board inspecting apparatus conpri sing: an illumnating
device (70,90) for illumnnating a printed circuit board to be

I nspect ed; (80 , an i magi ng device for
i magi ng an area on the printed ci r7c721i Substityte 1 sheRt n‘ag 0(9%5?"“3% d000
illum nating device and 20 outputting an inage signal representing an

| mage obt ai ned by t he i magi ng; :

be inspected;

a stag?Ayhich is movable and has the board supporting

member; and

(31~39)

a mechanis§AFor moving said stage until the board
5 supported on said board supporting member reaches a position
outside of a range in which said illuminating device and
s said imaging device exist;
//3)

a storage device,for storin reviously taught pos;tlon
/\ g P Y

data representing a po;nt to be inspected on a board to be

10 inspected; and
(/00, 104)

a display control dev*c%Aror performing control so as
to indicate the point to be inspected on the image q;splayed
on said display device in accordance with the position data
stored in said storage device;

15 'said illuminating device and said imaging device being
fixed to. each other and being arranged movably in one of two
S
perpendicular directions,
said stage being arranged movably in the other of said
S

two perpendicular directions,

20 said display control device performing control so as
to providé a laybut display indicating the position on the
board of said indicated point.

13. A wvisual inspection supporting apparatus comprising:
(70,90)
an 1llumlnau1ng dev;cimror illuminating a printed
25 circuit board to be inspected;
)
an lmaglng-deVLc%« or imaging an area on the printed

This is the replacement sheet
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‘a stage (41) which is novable relatively to said I 1lum nating device
and said i magi ng device in two per pendi cul ar directions; 25 a
board supporting menber (50) supported on said stage for supporting
the board to be inspected,;

15 -

5
W
—
10
\—
R
20
25

78 Substitute sheet - 29 December 2000

circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;
. 3 . .
a display devxc%“ or displaying the image represented
by the image signal outputted from said imaging device;
. gﬂ).. . . :
a Stag/«whlch supports a printed circuit board to be
inspected and is movable;
_ (100,104) , ,
a display control deVlC%AFOI displaying a window on the
display screen of said display devicé; and
a control device for producing data relating to the
size of a particular image in the window and displaying the
produced data on said display device.
14. The visual inspection supporting apparatus according to
claim 13, further comprising

1t '
an input devic né%r designating the position and the

‘size of the window.

15. A visual inspection supporting apparatus comprising:
. — _ (70.90) | . ,
an lllumlnatlng-dev1c%Afor illuminating a printed
circuit board to be inspected;
an imaging devic%«ror imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

the imaging;
. (13)
a display deviceﬁFor displaying the image represented

by the image  signal outputted from said imaging device;

(41)
a Stag?ﬂ? ich supports a printed circuit board to be

L I
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a display device (13) for displaying the i mage represented by the

I mge signhal outputted fromsaid i magi ng devi ce; a di splay
control device for displaying & wi ndow on a di spl ay screen of said
di spl ay device; and 5 a control device for converting the size of a

predeterm ned particular inmage in saidygn L ric
I nformati on and di spl ayi ng the nuneri cg}@ i bidfe PSS % Decenbes;

devi ce. 36. The board inspecting apparatus according to claim 35,

Sy

inspected and is movable;
. (100,/04) : ,
a display control dEVlC%NFOI displaying @ window on the
display screen of said display device; and
a control device for producing data relating to the
5 size of a .particular image in the window and data relating
to the reference size and displaying the produced data on
said diéplay device.
16. A visual inspection supporting apparatus comprising:
. %)
an illuminating devic%% or illuminating a printed
=~ 10 circuit board to be inspected;
L L) :
an imaging deVlClA or imaging an area on the printed
circuit board illuminated by said illuminating device and
cutputiting an image éignal :épresenting an image obtained by
the imaging; _
. L 03) :
15 a display dEVlC%ALOI displaying the image represented
by the image signal outputted from said imaging device; and
50)
a board supporting membeiqzor supporting the board to
be inspected;
said illuminating device comprising a plurality of
. . | | (73,74, 75.92,96)
20 opticeal fiber cables and light emitting dev1ceiﬂfor emitting
light of ‘a plurality of different colors, and the optical

(93~95)

fiber cableiAfnd the light emitting devices can be optically

1}

¥

coupled and decoupled.

17. The visual inspection supporting apparatus according to

25 any one of claims 1l to 18, wherein

the visual inspection supporting apparatus is an

PTHS IS NS repimcemisng sheel
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10 further conpri sing an input device (111)for designating the

position and the size of said w ndow. 37. The board inspecting
apparatus according to claim 35, wherein 15 ~said control device
(100, 104) di spl ays data relating to the reference size in addition to
the data relating to the size of sald partlcular I mage.

Substitute sheet g—-29 December 2000

unacceptable soldering correcting apparatus.

18. A method of manufacturing a printed circuit board by

correcting an unacceptabie soldered portion after moving

said stag%igntll the board reaches a position outside of a
S range in which_?aid illuminating devic%iggd said imaging

devic%Afxist, using the visual inspection supporting

Ry apparatus according to claim 1

19. A method of manufacturing a printed circuit board using

a visual inspection supporting apparatus comprising:

. . : 0, 40 :
10 _ an illuminating devié%&égr illuminating a printed
circuit board to be inspected;
o . (80) : :

. an imaging dev1ceﬁfor imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by

15 the imaging;
L s 13D : . ;
_ a display deVLC?Aeor displaying the image represented
f——e . :
by the image signal outputted from said imaging device; and
a stag%A?Lich supports a printed circuit board to be

inspected and is movable;
20 by correcting an unacceptable soldered portion after
moving sald Suag%AFnt*_ the board reaches a position outside
o L (10,90)
of a range in which said illuminating dev1c%Aand said
imaging devicd8
ilmaging aev1c%A Xist.
20. A printed circuit board inspecting apparatus
25 comprising:

(70, ?0)

-an illuminating dEVlC%AFOI illuminating a printed

This is the replacement sheet
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circuit board to be inspected;
. S50 . .

an imaging devic /\or imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

: 4) . -

a stag%Ayhlch is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

. _ (50) o

a board supporting membesﬂfupported on said stage for

supporting the board to be inspected;
(32 :
a display devic%« or displaying the image represented
by the image signal outputted from said imaging device;
f
a base fgr pivotably supporting said stage; and
.QPS‘U . . : -

a devic /§or moving said stage so that the center of
the visual field of said imaging device does not move on the
board depending on the angle of inclination when said base
is inclined.

21. A printed circuit board inspecting apparatus
comprising:
R (pgo) .

an illuminating dEVlC%AFOI illuminating a printed
circuit board to be inspected;

S . (80) . .

an imaging devxciﬁror imaging an area on the board
illuminated by said illuminating device and outputting an
image signal representing an image obtained by the imaging;

a first stég%Nwhich is movable relatively to said
illuminating device and said imaging device in two

perpendicular directions;

W

Thig is the replacement sheet
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0 . .
a board supporting membeéséhpported on said first stage

A

for supporting the board to be inspected;
: . (3) .' . .

a display dev;c%Afcr displaying the image represented
by the image signal outputted from said imaging device;

a second stag%ALor pivotably supporting said
illuminating device and said imaging device; and

(22,23,27~29) _

a devxc%Afor moving said second stage so that the
center of the visual field of said imaging device does not
move on the board .depending on the angle of inclination when
said illuminating device and said imaging device are
inclined.

22. A board inspecting apparatus comprising:
. N . (70,90) L :

an illuminating dev1c%Aror illuminating a printed
circuit board to be inspected;

an imaging devic%A or imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imaging;

@) . . .

a stag%«whlch is movable relatively to said
illuminating device and said imaging device in two
perpendicular directions;

) (50) : :

a board supporting membesasupported on said stage for
supporting the board to be inspected;

(r02) : o . | )

a memor%Aror storing the image signal outputted from
said imaging device;

(/13) .
a display devic%Afor displaying the image represented

e
i
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by the image signal outputted from said imaging device;

(14, 112

a command input devic%&for entering a board movement

command;

, 39
a stage drive devic%A or moving said stage to a

predetermined position in response to the board movement
command entered by said command input device; and
.  (/00, 19%) . .
a display control deVLC%Afor periorming control in

response to the board movement command entered by said

cormand input device so as to repeatedly read out the image

'

-signal stored in said memory and display on said display

device a still image represented by the image signal stored
in said memory.

23. The board inspecting apparatus according to c¢laim 22,

further comprising

(41)

a deviciﬂfor detecting the position of the stagiAyhen
the board movement command is entered by said command inpﬁt

(14,112)

devic?Afnd for storing the detected position as a return
position.
24. The board inspecting apparatus according to claim 22,

: . s : 4!)
wherein the predetermined position where said staggA}s moved
to is a position where an inspector can correct on the
board.

25. The board insvecting apparatus according to claim 22,

: : o s : (41)
wherein the predetermined position where said stage,is moved
to is a position outside of a range in which said

(70, 90) (30)

illuminating devic%«énd said imaging device,exit.

A
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26. A board inspecting apparatus comprising:

an illuminating devic%ﬁ?or illuminating a printed
éircuit board to be inspected;

an imaging devic%ALOI imaging an area on the printed
circuit board illuﬁinated by said illuminating device and
outputting an image .signal representiné an image obtained by
the imaging;

a stag?AﬁLich is movable.relatively to said
illuminating device and éaid imaging device in two
perpendiculér directions;

a board supportiﬁg membeésglpported on said stage for
supéorting the board to be inspected;

a storage device,for storing data representing

inspection areas, displayed on one display screen, of the

‘board to be inspected and storing previously taught pOSlthn

data representlng the position of a portion to be 1nspected
for each,inspection area;
. (13) .

a display devic?ﬂfor displaying an enlarged image oxf
the inspection area designated on the basis of the image
signal outputted from said imaging device; and

(00, 104)

a display control dEVlCﬁACOI performing control so as
to indicate the position of the portion to be inspected on
the enlarged image displayed on said display device in
accordance with the data representing the inspection areas

and the position data which are stored in said storage

device.
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27. The board inspecting apparatus according to claim 26,

‘wherein

(100, 704)
said display control dev1ciAFhanges, in a case where

there are the positions of a plurality of portions to be
5 inspected on the displayed image, said indication of the
posit;on of the portion to be inspected for each entry
s indicating that inspection has been completed or for each
predetermined time in accordance with a preaétermined order.

28. The board inspecting apparatus aécording to claim 26,

10_ wherein

(100, 104-)
said display control dev;ciﬁlndlcates, in a case where

there are the positicns of a plurality of portions to be
inspected on the displayed image, all said positions of the
plurality of portions to be inspected once and for all.

15 29. The board inspecting apparatus according to claim 2§,

"further compriéing
(14, 112) . .
an input devxciafor entering the result -of inspection
performed with respect to the iﬁage displayed on said
(13)
display dev1c7\

20 30. The board inspecting apparatus according to claim 26,

further comprising
(14, 112)

an input devmceﬁcor entering the result of inspection
of the position of the portion to be inspected performed in

relation to the indication of the position of the portion to

(13)

25 .be inspected on said display devxce.

A

31. The board inspecting apparatus according to claim 30,

HIIIIII IIIIII |II|| IlIII | |II|
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wherein

L . (100, f04) L
said display control devmc%Afndlcates the position of

the portion to be inspected which is entered by said input

(14 12
devic(e/\as )unacceptable .

32. The board inspecting apparatus ;ccording to claim 26,

wherein

said display control devic%XFurther controls said
display devic%ﬁ?é as to provide a layout'display'indicating
the position on the board of an area of the image displayed
on said display device and indicate the position on the
board of said indicated position of the portion to be
inspected in the layout display.
33. A board inspec£ing apparatus comprising:

an illuminating devichézg)illuminating a_printed'

circuit board to be inspected;

(30)

- an imaging device/For imaging inspection areas on the

printed circuit board illuminated by said illuminating

device and outputting an image signal representing an image

obtained by the imaging;
(#H) . . :
-a stagéAyhlch is movable relatively to said

illuminating device and said imaging device in two

perpendicular directions;
(50)

2 board supporting membeﬁAFupported on said stage for

supporting the board to be inspected;

(3) :

a display'devic%Afor displaying the image in the

inspection area represented by the image signal outputted
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from said imaging device;
a storage deviciNfor storing position data representing

each of the inspection areas on the board; and

(r00, 104-)
a dlsplay control deVlC%AFOI performing control so as

to provide on said display device a layout display
indicating the position on the board of the inspection area
in the image displayed on said display device on the basis
of said position data in addition to the display of the
image in the inspection %rea.

34. The board inspecting apparatus according to claim 33,

wherein

(00, 104)
said display control deVlC?AFerLO'mS control so as to

indicate an area of the image where inspection has been

completed.

35. A board inspecting apparatﬁs comprising:

an'iilumiﬁéting de#ic§%For illuminating a printed
circuit board to be inspected;

(80) .

an imaging device,for imaging an area on the printed
circuit board illuminated by said illuminating device and
outputting an image signal representing an image obtained by
the imagiﬁg;

a stag%Ayhich is movable relatively to said
illuﬁinating device and said imaging device in two

perpendicular directions;

a board supporting membe?”fupported on said stage for

supporting the board to be inspected;
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(13

a display deviciﬁ\or displaying the image represented
by the image signal outputted from said imaging device;

a display control deviggaggg)displaying i window on a
display screen of said display device; and

a control device for éonverting the size of a
predetermined particular image in said window into numerical
information and displaying the numerical information on said
display device. -
36. The board inspecting-apparatus according to claim 35,.
further comprising

an input de&ic%%?or designating the position and the
size of said window.
37. The board ihspecting apparatus according to claim 35,

wherein

(100, 104-) . - '
said control deviciﬁéisplays data relating to the

reference size in addition to the data relating to the size

of said particular image.

W
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