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SPECIFICATION
TITLE OF THE INVENTION

BOARD RECOGNIZING APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a board
recognizing apparatus and method for recognizing a position
of a hole located at a specified location on a circuit
b.oard for use in the electronic component mounting process
in which a lead of an electronic component are fitted into
such a hole.

A conventional arrangement of board recognizing
apparatus fér recognition of hole positions in a circuit
board is explained with reference to Figs. 3 to 5. |

' In Fig. 3, thel conventional board recognizing
apparatus comprises a belt 23 and rails 24 in combination
for m_o_ving a circuit board 20, a light source 21 fixed
above the circuit board 20 and having substantially same
widt_h as the circuit board 20, and a compact line sensor 22
fixed:- béneath. the circuit board 20 and having a condenser
lens. In an alternative, the light source 21 may be fixed
beneath the circuit board 20, and the compact type 1line
sensor 22 may-be fixed above the circuit board 20.-l |

Next, operation of the conventional arrangement
is explained”with reference to Figs. 3 to 5.
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In Figs. 3 to 5, when light is projected from the
light source 21 toward the circuit board 20 as the circuit
board 20 is moved by means of the belt 23 and rails 24 as
shown in Fig. 3, light rays passing through holes 20a, 20b,
20c of the circuit board 20 are allowed to pass_through the
condenser lens for incidence on the compact type 1line
sensor 22. Thus, positions of the holes 20a, 20b, 20c can
bg recognized by the compact type line sensor 22.

| However, the foregoing conventional arrangement
involveslthe following issues. |

(1). As Fig. 4 shows, the angle of incidence @ of
.the light rays falling on the compact type line sensor 22
is such that in case of the hole 20a which is located at
the middle of the board 20, the angle is 2zero, the angle
becoming larger in proportion as the hole position goes
nearer to ei‘i:her of the holes 20b, 20c lo.cat_ed at edge
portions of the board 20. Therefore, while tﬁe hole 20a
located at the middle of the board 20 can be recognized to
be of a circular shape in the case where the holes 20a,
20b, 20c are circular in shape, the holes 20b, 20¢ at edge
portions of the board 20 will be.recogniz'ed to be of a
distorted circular - shape. As such, positions of the
centers 6f the holes 20b and 20c may not accurately be

recognized.



(2). As Fig. 5 illustrates, where the board 20
has electronic components 25, 25 mounted thereon, the hole
20b goes out of sight because of the component 25 and
cannoﬁ therefore be recognized as such.

(3). The compact type line sensor 22 is so
limited in the number of pixels that the reading range of
the sensor must be reduced if higher image resolution is to
be obtained for enabling image recogniﬁion. Whilst, if the
reading range isllﬁo be increased, the resolution aspect
must be sacrificed.

(4). The speed of movement in a direction.
perpendicular to the compact type line sensor 22, that is,
the speed of movement in the direction of transport of the
board 20 must be uniform, or otherwise a read image is
subject to expansion and contraction and cannot be relied
upon for recognition of accurate pésition. Therefore, a
high precision control is required to maintain éhe speed of
transﬁort of the board 20 at a uniform level.

(5). Since the board. 20 moves relative to thé
recognizing section, it is required that at the recognizing
section the belt 23 and rails 24 be twice as long as the
board 20. This poses a limitation upbn size reduction of

the board recognizing apparatus.

SUMMARY OF THE INVENTION



Accordingly, an object of the present invention
is to provide a board recognizing -apparatus and method
which enable accurate recognition of a hole position within
a board irrespective of a size of the board and of the
presence or absence of a pre-mounted electronic component.

In accomplishing +these and other aspects,
according to a first aspect of the present invention, there
is provided a board recognizing apparatus comprising:

a light source section having a 1light source
disposed transversely of a board having a hole for
inserting a lead of _.a component so as to illuminéte one
surface of the board;

a recognizing section including a lens disposed
transversely of the board so as to face the bocard from an
opposite side relative to the light source section and a
line image sensor disposed transversely of the board for
receiving light rays passing through the lens;:

N a moving device for moving both the light source
section and +the recognizing -section without changing
relative positions of these sections but in such a way as
to change their respective positions relative to the board;
and

an operating section for calculating image data

for an entire board from image information obtained by the



recognizing section and position information obtained by
the moving device.

According to a second aspect of the present
invention, there is provided a board recognizing apparatus
as set forth in the first aspect, wherein the lens and the
line image sensor are each plural in number, and wherein
the operating section composes pieces of image information
from the plurality of line image sensors.

According to a third aspect of the present
invention, there is provided a board recognizing apparatus
as set forth in the first aspect, wherein the moving device
is operative to move the 1light source section and the
recognizing section integrally with each other toward the
board at a stop position.

According to a fourth aspect of +the present -
invention, there is provided a board recognizing apparatus
'as set forth in the second aspect, wherein the moving
device is operative to move the light source section and
the recognizing section integrally with each other toward
the board at a stop position.

- According to a fifth aspect of the present
invention, there is provided a board recognizing apparatus
as set forth in the first aspect, wherein the image data
for the entire board from the image information obtained by

the recanizing section and the position information



obtained by the moving device is calculated while the board
is placed on a transport device for transporting the board.
According to a sixth aspect of the present
invention, there is provided a board recognizing apparatus
as set forth in the second aspect, wherein the image data
for the entire board from the image information obtained by
the recognizing section and the position information
obtained by the moving device is calculated while the board
is placed on a transport device for transpofting the board.
According to a seventh aspect of the present
invention, there is provided a board recognizing apparatus
as set forth in the third aspect, wherein the image data
for the entire board from the image information obtained by
the recogniziﬁg section and the posiﬁion information
- obtained by the moving device is calculated while the board
is placed on a transport device for transporting the board.
According to an eighth aspéct of fhe present
invention, there is providéd a board recognizing apparatus 
as set forth in_the fourth aspect, wherein the image data
for the entire board from the image'inférmation obtained by
the recognizing- section and the position 'iﬁformation
obtained by the moving device is calculated while the board

is placed on a transport device for transpofﬁing the board.



According to a ninth aspect of the present
invention, there is provided a board recognizing method
comprising: '
| - illuminating one surface of a board by a 1light
source section having a light source disposed transverself X
of a board having a hole for inserting a lead of a
component;

receivihg light rays passing through a lens by a
line image sensor diéposed 'transverseiy of the board, a
recognizing section including the lens disposad
transversely of the board so as to face the board from an
opposite side relative to thé light source section and the
line image sensor;

moving by a moving device both the light source
section ‘and@ the reéognizing section without changing
relative positions of these sections but in such a way as
to change their respective positions relatlve to the board;
and

calculating by an operating section image data
for an entire board from image information obtained by the
' recognizihg section and position information obtainéd by
the moving device.

According to a tenth aspect of the present
uinvention, there is provided a board recognizing method as

set forth in the ninth aspect, wherein in calculating the



image data, when the lens and the 1line image sensor are
each plural in - number, the operating section composes
pieces of image information from the plurality of line
-image sensors.

According to an eleventh aspect of the present
invention, there is provided .a board recognizing method as
set forth in the ninth aspect, wherein in moving both the
l;ght soufce section and the recognizing section, the
moving deyice is operative to move the light source sectioﬁ
and the recognizing section integrally with each other
toward the board at a stop position.- _

According to a twelfth aspéct of the present
invention, there is provided a board recognizing method as
set forth in the tenth aspect, wherein in moving both the
light source section and the' recognizing section, the
moving device is operative to move the light source section
and the recognizing section integrally withlaeach other
toward the board at a stop position.

According to a thirteenth aspect of the present
invention, there is provided a board recogniziné method as
set forth ;n the ninth, tenth, eleventh, or twelfth aspect,
wherein in éalculating the image data, the image data for
the entire board from the image information obtained by fhe

recognizing section and the position information obtained



by the moving device is calculated while the board is
placed on a transport device for transporting the board.

Aécording to the above arrangement of the first
and ninth aspects, the light rays enteriné the line image
sensor of the recognizing section are light rays emitted,
for example, vertically downward from +the 1light source
section and passed through the hole of the board from above
and in a vertically downward direction, which have thus
passed through the lens, for example, vertically downward
from above. In other words, the line image sensor views
the portion to be recognized from right below or from right
above. ' Therefore, the line image sensor can accurately
recognize the configuration of a hoie of the board, thus
eliminating the issue of image distortion at board edge
portions which would occur when a 1line sensor of the
conventional compact type is used. Even where the board
has an electronic component previously mounéed on the
underside thereof, there will be no occurrence of f;eld—of-'
view shadow due to such an electronic component, éhd the
entirety of the board can thus be accurately recognized.

In order to solve aforesaid issues, according to
the second and tenth aspects, there are provided - the
plurality .of- lenses and the plurality of 1line image
sensors, and the operating section composes pieces of image

information from the plurality of line image sensors.
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In this case, the use of thé plural line image
sensors makes it possible to recognize the entire area of
the board which extends longer than the.effective reading
length of one line image sensor and, in éddition, permits
the use of inexpensiﬁe, popular size line image sensors
which are generally widely used in facsimile and the like.
This provides for 'cost reduction with respect to the
apparatus.

' Further, according to .the third, fourth,
eleventh, and twelfth aspects, with an intention to solve
aforesaid issues, the moving device is operative to move
the 1light source section and the recognizing secﬁion
integrally with each other toward the board at a stop
position.

In this case, the lighﬁ source section and the
fecognizing section are moved without moving the board.
This makes it possible to construct the apparatﬁs generally
to the length of the board and provides for size reduction
of the apparatus. Furthermore, the moving velocity of the
light source section.and'recognizing section relative to
that of the board can be accurately controlled. This
prbvides an advantage over the case in which the board is
moved by transport device, with the light source section

and recognizing section being held stationary, in that
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image expansion and contraction possibilities can be

eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the
present invention will become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference tq the accompanying
draWings, in which:

Fig. 1 is a perspective view showing a board
recognizing apparatus and method accerding to an embodiment
of the present invention;

Fig. 2 is a diagrammatic view illustrating an
image composing operation of +the ©board recognizing
apparatus;

Fig. 3 is a perspective view of a conventional
board recognizing apparatus;

Fig. 4 is a diagram illustrating issues involved
in the operation of the conventional board .recognizinq
apparatus; |

Fig. 5. is a diagram showing a further issue
involved in the operation éf the conventional 'board

recognizing apparatus; and
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Fig. 6 is a flow chart showing a board
recognizing method according to the embodiment of the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the'description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the _accompanying
drawings. |

A Dboard ' recognizing apparatus and a board
'fecognizing method according to one embodiment of the
present invention is explained with reference to Figs. 1,
2, and 6.

In Fig. 1 which shows a perspective view of the
one embodiment; numeral 4 designates a transport device
comprising a belt 2 and rails 3 for trénsporting a board 1
placed thereon; 14 designates a stationary base set beneath
the transport device 4; 13, 13 designate guide rails
mounted on the upper surface of the stationary base 14 and -
in parallel with a transport direction in which the board 1
is transported by the transport device 4; f desiqnatés a
moving carriage guided by the guide rails 13, 13 for back
and forth movement on the stationary base 14 and ‘in
parallel with the transport direction of the transport

device 4 in the directions of arrows A; 10 designates
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moving carriage drive device provided on the statibnary
base 14 for moving the moving carriage 7 in parallel with
the transport direction of the transport device 4 while
issuing position signals from an encoder, the drive device
10 including a servo motor 8 into which the -encoder is
incorporated and a feed screw 9 driven in both directions
by the motor 8; 5§ desigﬁates _a light source section
supported by a 1light source section supporting arm Sé
secured to the mbving carriage 7, the iight source section
5 including. a light source disposed above the transport
device 4 and set to the width of the transport device 4 in
a direction perpendicular to the transport direction of the
_transport device 4; and 6 designates a recognizing section
'including two contact type line image sensors 12a, 1i2b,
each of length C, extending in a direction perpendicular to
the direction of movement of the moving carriage 7 and
mounted on the moving carriage 7 so as to fiﬁ within the
distance between the guide rails 13.and 13, with an overlap
~area D and a space B provided between the line image
sensors 1l2a, 12b,'aﬁd rod 1lenses 1lla, 1llb disposed above
these sensors 12a, 12b. The rod lenses 1l1lla, 1lb each
pomprise 2 great number of SELFOCs ("SELFoC" is' the
trademark of Nihon 1Ita éarasu Kabushikiﬁﬁgaisha for a
gradient index lens), each of which is an Sﬁtical system

compoéed of arrangement of a great number of gradient index
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lenses to form a single image as a whole and each of which
functions as a thin microscope with a magnifying power of
1, as arranged 1in vertically parallel relation. The
distance H between each rod lens 1l1lla, 11b and the bbard.l'
is about 15 mm.

In this émbodiment, the light source section 5
and the recognizing section 6 are arranged in generally
same position on the transpoft device 4.. Accordiné to this
arrangement, light rays entering the line image sensors
12a, 12b of the recognizing section 6 are 1light rays
emitted vertically downward from the light source section 5
for passage through the holes of the board 1 from above and
in a verticaily downward direction, which have thus passed
through the rod 1lenses 1lla, 11b vertically downward from
above. Thus, the 1line image sensors iZa, 12b can
accurately recognize ﬁhe holes of the board 1.

The 1line image sensors are arranéed in two
‘separate units 12a, 12b. This makes it possible to use
readily available and inekpensive short-length line image
sensors 12a, 12b, thereby enabling recognition of a wider-
width board 1.

The apparatus also includes a controiler 200
connected to the liﬁe image sensors 12a, 12b, the servo
motor 13, and its encoder for.detecting the positions of

the line image sensors 1l2a, 12b. The controller 200 has an
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operating section 201 for operating data such a.s image
information obtained from the line image sensors 12a, 12b
and a storage section 20_2 for storing information of the
positions of thé. line image sensors 12a, 12b, the image_
information, apd the data operated by the operating section
201, etc. The controller 200 also controls the driving of
the servo motor 9 for moving the moving carriage 7.

- Next, opefation of the embodiment will be
explained with reference to Figs. 1 and 2.

As Fig. 1 illustrates, with the two 1iné image
sensors 1l2a, 12b constituting the reqognizing section &6,
the position of the front_ side image sensor 12a is brought
into alignment with the rear end E of the board 1 at a stop
position (step g1). The servo motor 8 of the moving
carriage drive device 10 Ais driv_en to actuate the feed-
screw 9 to move the moving carriage 7 forward (step S2).
That is, the feed screw 9 is rotated in one airection in
accordance with the rotation of the servo motor 8 and then’
the moving carriage 7 is moved in one direction while a; nut
incorporated into the moving carriage 7 is engaged with the
feed screw 9. The quantity of movement made in this case
is a length L of the board 1 plus the space B. In a first
stroke for a distance correspor;xding to the space B, the
front side line image sensor 12a only is to take in image

information with respect to the board 1 (step S3). In a



- 16 -

next stroke, the two line image sensors 12a, 12b will, and
in a final stroke for the distance -correspondin§ to the
space B, the line image sensor 12b only will take in image
information with respect to the board 1. |

The line image sensors iZa, 12b take in images
within their respective share ranges while common data for.
the overlap area D within the effective take—-in length C
with a time difference corresponding to the space B. In
this case, the line image sensors 1l2a, ;zb can verify their
respective positions through signals from the encoder of
the servo motor 8.

Pieces of image information taken in by the line
image sensors 12a, 12b aré operated by the operating
section 201, so that the image informétion for the overlap
area.D is processed for composition (step S4). Thus, iﬁage
data fér the entiréty of the board 1 ié obtained (step S5).

According to _the foregoing arranéement, as
earlier stated, light rays ehtering the line image sensors
12a, 12b 6f the recognizing section 6 are 1light rays
emitted vertically downward from the light source section §
and.paésed'through the holes of the board 1 from above and
in a vertically downward direction, which have thus passed
- through the rod 1lenses 1lla, 11b vertically downward from
above. In other words, the line image sensors 12a, 12b

view the portion of the board 1 to be recdgnized from right
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below through the YSELFOCs" of the rod lenses 1l1lla, 11b.
Therefore, the line image sensors 1l2a, 12b can accurately
recognize the holes of the board 1, thus eliminating the.
issue of image distortion at board edge portions which
would occur when line sensors of the conventional compact
type are used. ' Even where the board 1 has electronic
components previously mounted on the underside thereof,
. there will be no occurrence of field-of-view shadow due to
such electronic components, and the entirety of the board 1
can thus be accurately recognized.

The use of plural iine image sensors makes it
possible to recognize the entire area of the board which
extends longer than the effective reading length of one
contact type line image sensor and, in addition, permits
the use of inexpensive, popular size contact line image
sensors which are generally widely used in facsimile and
the like. This provides for cost reduction witﬁ respect to
the apparatu;.

By arranging that the light source section and
the recognizing section are moved without moving the board,
it is now possible to construct the apparatus generally to
the léngth of the board and this in turn provides for size
reduction of the apparatus. Furtherﬁore, the moving
veloéity of fhe light source section and recognizing

section relative to that of the board can be more
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accurately controlled than the' moving velocity of the
transport device. This provides an advantage over the case
in which the board is moved by transport device, with the -
light source section and recognizing section being held
stationary, in <that image expansion and contraction
possibilities can be eliminated.

The board recognizing apparatus of the invention
p;cvides the following advantages.

(1). Board portions including median and edge.
portions can be accurately.recognized; distortion-free.

(2). Previously mounted electronic components
make no hindrance to board recognition.

(3). Recognition of larger boards is made
possible through use. of readily available, inexpensive
short-length contact 1iné image sensors which are generally
widely used in facsimile and the like in plurality.

(4) . Less space - is reguired 'for board
recognition, which provides for reduction of apparatus
size.

(5). The issue of image expansion and contraction
is eliminated.

Although the present invention has been fully
describe&‘ in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is

to be noted that various changes and modifications are
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apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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WHAT }ZS CLAIMED IS:
1. A board recognizirig apparatus comprising:

a light source section (5) having a light source
disposed transversely of a board (1) having a hole for
insérting- a lead of a component so as to' illuminate one
surface of the board;

a recognizing section (6) i_ncluding' a lens
(11a,11b) disposed transversely of the board so as to face
the board from an opposite side relative to the 1light
source section and a line image sensor (12a,12b) disposed
transversely of the board for receiving light rays passing
through the lens; B .

a moving device (7,10) for moving both the_light
source section and the recognizing section without 'c..hanginq
relative positions of these sections but in such a way as
. to change their respective positions relative to the board;
and | :

an operating section (201) for calculating image
data for an .entire board from image information obtained by
the recognizing section and position information obtained
by the moving device.

2. A board recognizing apparatus as set forth in
claim 1, wherein the lens and the 1line image sensor are

each plural in number, and wherein the operating section
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composes pieces of image information from the plurality of
line image ‘sensors.

3. A board recognizing apparatus as set forth in
claim 1, wherein the moving device is operative to move the
light source section and the recognizing section integrally
with each other toward the board at a stop position.

4. A board recognizing apparatus as set forth in
claim 2, wherein the moving device is operative to move the
light source section and the recognizing section integrally
with each other toward the board at a stop position.

5. A board recognizing apparatus as set forth in
claim 1, wherein the imgge data for the entire board from
the image information obtained by the recognizing section
and the position informatipn obtained by the moving device
is calculated while the board is placed on a transport.
device (4) for transporting the board.

6. A board recognizing apparatus as §§t forth in
.claim 2, wherein the image data fof the entire board from
the image information obtained by the recognizing sectidn
and the position informatién 6btained by the moving device
is calcﬁlated. while the board is placed on a transport
device (4) for transporting_the board.

7. A board recognizing apparatus as. set forth in
claim 3, wherein the image data for the entire board from

the image information obtained by the recognizing section

N O
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and the position information obtained by the moving device
is calculated while the board is -placed on a transport
device (4) for transporting the board.

8. A board recognizing apparatus as set forth in
claim 4, wherein the image data for the entire board from
the image information obtained by the recognizing section
and the position information obtained by the moving device °
is calculated while the board is placed on a transport
device (4) for traﬁsporting the board. |

9. A board recognizing method comprising:

illuminating one surface of 'a board (1) by a
light source section (5) 'ﬁzging' a light source disposed
transversely of a board (1) having a hole for inserting a
~lead of a component; |

-receiving light rays passing through a 1lens
(11a,11b) -by a 1line image sensor (1l2a,12b) disposed
transversely of the board, a recognizing “section (6)
-includiné the lens disposed transversely of the board so as
to face the board from an opposite side relative to the
light source section and the line image sensor;

moving by a moving device (7,10) both the 1light
source séction and the recognizing section without changing
relative positions of these sections but in such a way as

to change their respective positions relative to the board;

and [
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célculati'ng by an operating. section (201) image.

data for an entire board from image information obtained by
the recognizing section and position information obtained
by the moving device. |

10. A board recognizing method as set forth in claim
9, wherein in calculating the image. data, when the lens and
the line image sensor are each plural in number, the
operating section composes pieces of image information from
the plurality of line image sensors.

11. A board recognizing method as set forth in claim
9, wherein in moving both thé light source section and the
recoénizinq section, the moving device is operative to move
the 1light source section and the recognizing section
integrally with each. othér toward the board at a stop
position. ' '

12. A board recognizing method as set forth in claim
10, wherein in moving both the light source seéfion and the
-recognizing section, the moving device is operative to move
the 1light source section and the recognizing section
integrally with each other toward the board at a stop
position. |

13. A board recognizing method as set forth in claim
9, wherein in calculating the image data, the image data
for the entire board from the imége infbrmation obtained by

the recognizing section and the ‘position information
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obtained by the moving device is calculated while the boafd'
‘is placed on a transport device (4) for transporting the
board.

14. A board recognizing method as set forth in claim
10, wherein in calculating the image data, the image data
for the entire board from the image infofmation'obtained by
the recognizing section and the position information
obtained by the moving device is calculated while the board
is placed on a transport device (4) for tf&nsporting the
board.

15. A board recognizing method as set forth in claim
11, wherein in calculating the image data, the image data-
for the entire board from the image information obtained'by
the recognizing section ‘and the position information
obtained by the moving device is calculated whiie the board
is placed on a transport device (4) for transporting the
board. )

16. A board recognizing method as set forth in claim
12, wherein in calculating the imége data, the image data
for the entire board from the image information obtained by
the recognizing section and the 'position information
obtained by the moving device is calculated while the board
is placed on a transport device (4) for transpdrting the

board.
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