SPECI FI CATION  TI TLE OF THE | NVENTI ON BOARD RECOGNI ZI Ng §F§|5§/Ré$usz’
AND METHOD BACKGROUND OF THE | NVENTI ON The present inﬁéﬁﬂﬁon
relates to a. board recognizing apparatus and nethod for recognizing a
position of a hole located at a specified location on a circuit board for
use in the electronic conponent nmounting process in which a lead of an

el e¢fronic conmponent are fitted into such a hole. A conventiona
arrangenent of board recognizing apparatus for recognition of hole
positions in a circuit board is explained with reference to Figs. 3 to 5.
In Fig. 3, the conventional board recognizing apparatus conprises a
belt 23 and rails 24 in conbination for moving a circuit board 20, a |ight
source 21 fixed above the circuit board 20 and havi ng substantlally same
width as the circuit board 20, and a conpact |ine sensor 22

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
béard 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
widtb as the circuit board 20, and a compact line sensor 22
fixedzbéneath.the circuit board 20 and having a condenser
lens. In an alternative, the light source 21 may be fixed
beneath the circuit board'zo, and the compact type 1line
sensor 22 may-be fixed above the circuit board 20;

Next, operation of the conventional arrangement
is explained”with reference to Figs. 3 to 5.

. - T . . el



" fiXed beneath 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 conpact type line sensor 22 may be fixed above the circuit
board 20. Next, operation of the conventional arrangenent is
explained with reference to Figs. 3 to 5.

-2- In Figs. 3to 5, when light is projected fromthe 1ight
source 21 toward the circuit board 20 as the circuit board 20 is noved by
means of the belt 23 and rails 24 as shown in Fig. 3, light rays passing
through hol es 20a, 20b, 20c of the cjrcuit board 20 are allowed to pass

t hrough the condenser |ens for incidence on the conpact type |line sensor
22. Thus, positions of the holes 20a, 20b, 20c can be recognized by the
conpact type line sensor 22. However, the foregoing conventiona
arrangenment involves the follow ng issues. (1). As Fig. 4

shows, the angle of iggi é@gse Begbl 50f wheh® 1ilghit IR prdfldtdtd Bo Nene
conpact type |line sensor 2
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.



"i.s such that in case of the hole 20a which is located at the middle of the
board 20, the angle is zero, the angle becomng |arger in proportion as
the hol e position goes nearer to either of the holes 20b, 20c | ocated at
edge portions of the board 20. Therefore, while the hole 20a |ocated at
the m ddl e 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, 20c at edge portions of the board 20 will be recognized to be of a

distorted circular shape. As such, positions of the centers of
the holes 20b and 20c may not accuratgly be recognized.
- 3- (2). As Fig. S5 illustrates, where the board 20 has

el ectroni c conponents 25, 25 nounted thereon, the hole 20b goes out of
si ght because of the conponent 25 and cannot therefore be recogni zed as
such. ' (3). The conpact type line sensor 22 is so limted in the
nunber of pixels that (2he readFig.r @angeldbGstrates, 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



" the sensor nust be reduced if higher imge resolution is to be obtained
Tor enabling image recognition. Wiilst, if the reading range is to be

i ncreased, the resolution aspect nust be sacrificed. (4). The
speed of novenent in a direction perpendicular to the conpact type line
sensor 22, that is, the speed of novenent in the direction of transport of
the board 20 nust be uniform or otherwise a read inmage is subject to
expansi on and contraction and cannot be relied upon for recognition of
accurate position. Therefore, a high precision control is required to
mai ntain the speed of transport of_the board 20 at a uniformlevel.

(5). Since the board 20 noves relative to the recognizing section, it is
required that at the recognizing section the belt 23 and rails 24 be tw ce
as long as the board 20. This poses a limtation upon size reduction of

t he board recogni zi ng appar at us. SUMVARY OF THE | NVENTI ON

-4- 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;:

| 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



* Accordingly, an object of the present invention is to provide a board
Tecogni zi ng apparatus and nethod which enable accurate recognition of a
hol e position within a board irrespective of a size of the board and of
the presence or absence of a pre-nounted el ectronic conponent.

In acconplishing these and ot her - aspects, according to a first
aspect of the present invention, there 1is provided a board recogni zing

apparat us conpri sing: a light source section having a |ight
source disposed transversely of a board having a hole for inserting a
| ead of a conponent so as to illum nate one surface of the board;

a recogni zi ng’section including a |'ens di sposed transversely of the board
so as to face the board froman opposite side relative to the |ight source
section and a line inmage sensor disposed transversely of the board for
receiving light rays passing through the |ens; a novi ng device

for noving PekbgniBeny! HUcHUH CANAS45ds PELoRNAnfdihatliki0gBbERAGedS a6 i ON
wi thout changing relative positions of these sections but in such a way

as to changgethévingeagesteye positions relative to the board; and

an operating section for calculating inage data for an entire board from

I mge informati on obt Acoeddimgt hto 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



"5 recogni zi ng section and position information obtained by the noving

devi ce. According to a second aspect of the present invention,
there is provided a board recogni zing apparatus as set forth in the first
aspect, wherein the lens and the |ine inmage sensor are each plural in
nunber, and wherein the operating section conposes pieces of inmage
information fromthe plurality of line inmge sensors. Accor di ng

to a third aspect of the present invention, there is provided a board
recogni zi ng apparatus as set forth in the first aspect, wherein the noving
device is operative to nove the |lighy 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 recogni zing apparatus as set forth in the second aspect, wherein the
noving device is operative to nove the |ight source section and

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.



the recogni zing section integrally with each other toward the board at a
stop position. According to a fifth aspect of the present

i nvention, there is provided a board recogni zing apparatus as set forth in
the first aspect, wherein the image data for the entire board fromthe

I mage i nformati on obtained by the recognizing section and the position

I nformati on - 6- obt ai ned by the
novi ng 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 fromthe inage informati on obtained by the recognizing section

and the position information obtained by the noving device is

cal cul ated while the board is placed on a transport device for

transporting the boardccording toAC@Or HilltH O asfFeMENtdE aspiest prebbft
present invention, there is prOV|ded a board recogni zi ng appar at us
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



"as set forth in the third aspect, wherein the inmage data for the entir

board fromthe i nmage i nformation obtai.ned by
the position information

- the board

is placed on a transport device for transporting the board.

According to an eighth aspect of the present invention, there is provi
a board recogni zing apparatus as set forth in the fourth aspect, where
the image data for the entire board fromthe inmage informtion obtaine
t he recogni zing 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.

8

According to a ninth aspect of the present invention, there is provide
board recogni zi ng net hod conpri sing: , illum nating one surfac
a board by a light source section having a |light source disposed

transversel ymagk datdoatHeAaWHY 18nd0latd fOhe 1T tiRSged sdrtdt 8fe 2

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 with each 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 dat; for
the entire board from the image information obtained by fhe

recognizing section and the position information obtained

e

the recogni zing section and
obtai ned by the noving device is cal culated while

ded
in
d by

-7-
d a
e of



* conponent ;

receiving light rays passing through a I ens by a

i ne

i mage sensor disposed transversely of the board, a recognizing section
t he | ens di sposed transversely of the board so as to face

i ncl udi ng

the board from an
the |Iline imge sensor;

source section and the recognizing section wthout changing
rel ative positions of these sections but in such a way as to change their
positions relative to the board; and cal cul ati ng by
an operating section inmage data for @n_entire board fromimage information

respective

obt ai ned by the

t he novi ng
i nventi on,

-8-

devi ce. According to a tenth aspect of the present

opposite side relative to the |light source section and
novi ng by a noving device both the Iight

recogni zi ng section and position information obtained by

there is provided a board recognizing method as set forth in
the ninth aspect, wherein in calculating the

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 mounted on the

underside thereof, there will be no occurrence of field-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.



image data, when the |ens and the |ine i mage sensor are each plural in
nunber, the operating section conposes pieces of inmage information from

t he pIurallty of line inmge sensors. According to an el eventh
aspect of the present invention, there is provided a board recogni zi ng
method as set forth in the ninth aspect, wherein in noving both the |ight

source section and the recogni zing section, the noving device is operative
to nove the light source section and the recognizing section integrally

wi th each other toward the board at a stop position. Accordi ng
to a twelfth aspect of the present_ Lnvention, there is provided a board
recogni zing nethod as set forth in e tenth aspect, wherein in noving
both the 1light source section and the recogni zing section, the noving
device is operative to nove the light source section and the recognizing
section integrally wth each other toward the board at a stop position.

According to a thirteent khaspasds®df the piswest thevepluedl Qfieee image
provi ded a board recogni zing nethod as set forth in the ninth, tenth,

el event h, osehserst makepedit podeilele tob cEocogrdizengtidieentiige Gaten ehe

I mage data for the entire board fromthe inmage information obtained by the

recogni zi ngthecticanrdanhidie eetendsn Lomgemmdthiam theaeffective 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



© -9~ by the noving device is calculated while the board is placed on a
“transport device for transporting the board. According to the
above arrangenent of the first and ninth aspects, the light rays entering
the line inmage sensor of the recognizing section are light rays emtted,
for exanple, vertically dowward fromthe |ight source section and passed
t hrough the hole of the board fromabove and in a vertically downward

di rection, which have thus passed through the |ens, for exanple,
vertically downward from above. 1In other words, the line inmage sensor
views the portion to be recognized fyomright below or fromright above.
Therefore, the line imge sensor can accurately recognize the
configuration of a hole of the board, thus elimnating the issue of inmage
distortion at board edge portions which would occur when a |ine sensor of
the conventional conpact type is used. Even where the board has an

el ectroni c gpapeneekpRnELbAUS andwwdetrartidre poseisitiétibsr eafan thss e
wi Il be no occurrence of field-of-
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



* Vview shadow due to such an el ectronic conponent, and the entirety of the
board can thus be accurately recogni zed. In order to solve
aforesai d i ssues, according to the second and tenth aspects, there are
provided the plurality of |enses and:the plurality of line inmage sensors,
and the operating section conposes pieces of image information fromthe
plurality of |line inage sensors. ' - 10 -
In this case, the use of the plural line imge sensors makes it possible
to recognize the entire area of the board which extends | onger than the
effective reading length of one |ing, nmrge sensor and, in addition,
permts the use of inexpensive, popular size |line inage sensors which are
generally widely used in facsimle 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 aFfgesaigl i §suean tHELowDVichardevi skowsngperat i eatd
nmove
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 like 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



" the light source section and the recogni zing section

‘other toward the board at a stop position. In this case, the

| i ght source section and the

t he boar d.
the length

controll ed.

recogni zi ng section being held statioiary, in that ' | mage
and contraction possibilities can be elim nated. BRI EF
These and ot her aspects and features

expansi on

DESCRI PTI ON OF THE DRAW NGS

of the

This makes it possible to construct the apparatus generally

integrally with each

recogni zi ng section are noved w thout noving

to

of the board and provides for size reduction of the apparatus.
Furthernore, the noving velocity of the |I|ight source section and

recogni zing section relative to that of the board can be accurately
This provides an advantage over the case in which the board
Is noved by transport device, wth the light source section and

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 1lenses 1lla, 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 gﬁtical system

composed of arrangement of a great number of gradient index



present invention will becone clear fromthe follow ng description taken
In conjunction with the preferred enbodinents thereof with reference to

t he acconpanying draw ngs, in which: Fig. 1 is a perspective
vi ew showi ng a board recognizing apparatus and net hod according to an
enbodi nent of the present invention; Fig. 2 is a diagrammtic
view illustrating an imge conposing operation of the board
recogni zi ng appar at us; Fig. 3 is a perspective view of a
conventional board recogni zi ng apparatus; Fig. 4 is a diagram
il lustrating issues involved in thelgpgration of the conventional board
recogni zi ng appar at us; Fig. 5 is a diagram show ng a further
issue involved in the operation of the conventional board
recogni zi ng apparatus; and _ - 12 -

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



" Fig. 6 is a flowchart showing a board recognizing nethod according to the

enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Bef ore the description of the present invention
proceeds, it is to be noted that |ike parts are designated by like
ref erence nuneral s throughout the acconpanying draw ngs. A

board recognizing apparatus and a board recognizing nethod according
to one enbodi mrent 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 enbodi nent, nuneral 4 desi_g es a transport device conprising a
belt 2 and rails 3 for transporting a board 1 placed thereon; 14
designates a stationary base set beneath the transport device 4; 13, 13
designate guide rails nounted on the upper surface of the stationary base
14 and in parallel with a transport direction in which the board 1 'is-:

transport edoperhltgng’ a8seeiénderd e fbr 7ogeghgingeSdata MAEUdY @8l I iRgge
gui ded by the guide rails 13, 13 for back and forth novenent on the

stationary hafterhatdec iobtaiaterl | £tomi thet Neide abngget sénsees araof Lbb
transport device 4 in the directions of arrows A, 10 designates

and a storage section 2Q2 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 driven 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 ; 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 correspoﬁding 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



- 13 - novi ng 6arriage drive device provided on the stationary base 14

-~

for noving the noving carriage 7 in parallel with the transport direction
of the transport device 4 while issuing position signals froman encoder,
the drive device 10 including a servo notor 8 into which the encoder is
i ncorporated and a feed screw 9 driven in both directions by the notor 8;
5 designates a light source section supported by a light source
section supporting arm ba secured to the noving carriage 7, the |light
source section S including a |light source di sposed above the transport
device 4 and set to the width of thejfgransport device 4 in a direction
perpendi cular to the transport direction of the transport device 4; and 6
desi gnates a recogni zing section including two contact type |ine inage
sensors 12a, 12b, each of length C, extending in a direction perpendicul ar
to the direction of novenment of the noving carriage 7 and nounted on the
novi ng carrhege stxokas tbhef itwor line iimmege dsehsars meameaauﬂuiljuckndails
13 and 13, with an overlap

in a final stroke for the distance -corresponding 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 12a, 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, 12b 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 information for the overlap
area D is processed for composition (step S4). Thus, image
data fér the entirety of the board 1 is obtained (step S5).

According to _the foregoing arrangement, as
earlier stated, 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 §
and passed through the holes of the board 1 from above and
in a vertically downward direction, which have thus passed

- through the rod lenses 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



- area D and a space B provided between the line inmge sensors 12a, 12b, and
rod |l enses 1la, 11b di sposed above these sensors 12a, 12b. The rod

| enses 1la, 11b each conprise a great nunber of SELFOCs ("SELFOCC' is the
trademark of N hon Ita Garasu Kabushiki Kaisha for a gradient index
| ens), each of which is an optical system conposed of arrangenent of a
great nunber of gradi ent index - 14 -

| enses to forma single i mage as a whol e and each of which functions as a
thin mcroscope with a magnifying power of 1, as arranged in

vertically parallel relation. J Jdistance H between each rod |ens
1l1a, 11b and the board 1 is about 15 mm In this enbodi nent, the
| i ght source section 5 and the recognizing section 6 are arranged in
generally sane position on the transport device 4. According to this
arrangenment, light rays entering the line inmage sensors 12a, 12b of the
recogni zi ngbgdow othtfoagle Hhght"'SEYBOCs" of the rod lenses 1lla, 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



" emtted vertically dowmmward fromthe |Iight source section 5 for passage
t hrough the holes of the board 1 fromabove and in a vertically downward
direction, which have thus passed through the rod |enses 1lla, 11b

vertically downward from above. Thus, the line imge sensors 12a,
12b can accurately recogni ze the holes of the board 1. The |ine
I mage sensors are arranged in two separate units 12a, 12b. This nmakes it

possible to use readily avail able and i nexpensive short-length |ine imge
sensors 12a, 12b, thereby enabling recognition of a wider- wdth board 1.
The apparatus also includes a _pq@tnpller 200 connected to the |ine
| mge sensors 12a, 12b, the servo notor 13, and its encoder for detecting
the positions of the line inmge sensors 12a, 12b. The controller 200 has
an operating section 201 for operating data such as inmge
I nformati on obtained fromthe line imge sensors 12a, 12b and a storage
section 202ateurateliyngcontebMeliontRént hthe 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



positions of the |ine imge sensors 12a, 12b, the image information, and
the data operated by the operating section 201, etc. The controller 200
al so controls the driving of the servo notor 9 for noving the noving
carriage 7. Next, operation of the enbodinent wll be
explained with reference to Figs. 1 and 2. As Fig. 1 illustrates,
with the two line imge sensors 12a, 12b constituting the recognizing
section 6, the position of the front side i mage sensor 12a is brought
into alignment with the rear end E of the board 1 at a stop position
(step S1). The servo nmotor 8 of Lhggmaving carriage drive device 10 is
driven to actuate the feed screw 9 to nove the noving carriage 7 forward
(step S2). That is, the feed screw 9 is rotated in one direction in
accordance with the rotation of the servo notor 8 and then the noving
carriage 7 is noved in one direction while a nut incorporated into the
movi ng carri3RRATENG Eagdwsen shilbed fieedther ewtd.  BuehlUsRbihd¥sOfang
novenent nade jn this case is a length L of the board 1 plus the space B.
In a first ’%94%?%?”&5 dREe affee heorurdeostiood ts titelugiee Bithhs thieont
side line inage sensor 12a only is to take in image information with
respect to the po%a?g ThesesSemt invygptyion as defined by the appended

claims unless they depart therefrom.



next stroke, the two line imge sensors 12a, 12b will, and in a final
“stroke for the distance corresponding to the space B, the |ine image
sensor 12b only will take in image information with respect to the board
1. The line imge sensors 12a, 12b take in inmages wthin their
respective share ranges while common data for the overlap area D within
the effective take-in length C with a tine difference corresponding to the

space B. In this case, the line imge sensors 12a, 12b can verify their
respective positions through signals fromthe encoder of the servo notor
8. Pi eces of image infornmatggn-taken in by the line inmage

sensors 12a, 12b are operated by the operating section 201, so that the
i mage information for the overlap area Dis processed for conposition
(step S4). Thus, inage data for the entirety of the board 1 is obtained

(step S5). According to the foregoing arrangenent, as
earlier statWAT|IIGhCLATNED ck8=ring the line i mage sensors 12a, 12b of the
recogni zing section 6 are light rays emtted vertically downward fromthe

li ght source sect}on 52 heard kecednizing APRIEAHYT LOMITIHNDoard 1 from

above and in a vertlcal IX downwar d direct,ion, which have thus }:éassed
ght 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

* [ L M s *




through the rod I enses 1la, 1lb vertically downward from above. |In other
words, the line image sensors 12a, 12b view the portion of the board 1 to
be recogni zed fromright - 17 - bel ow
through the "SELFCCs" of the rod |enses 1la, 1lb. Therefore, the line
| mage sensors 12a, 12b can accurately recognize the holes of the board 1,
thus elimnating the 1issue of inage distortion at board edge portions
whi ch woul d occur when |ine sensors of the conventional conpact type are
used. Even where the board 1 has el ectronic conponents previously
mount ed on the underside thereof, thegfe Wil be no occurrence of
field-of-view shadow due to such el ectronic conponents, and the entirety
of the board 1 can thus be accurately recognized. - The use of
plural line imge sensors nakes it possible to recognize the entire area
of the board which extends longer than the effective reading |length of one
cont act type danpesemgelieces orfapnagen informpsaonpdinem sthe hplusality of
I nexpensi ve, popul ar size contact |ine inage

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 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 transporting the board.

6. A board recognizing apparatus as set forth in
.claim 2, wherein the image data for the entire board from
the image information obtained by the recognizing section
and the position informatién obtained by the moving device
is calculated 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




sensors which are generally wdely used in facsimle and the like. This

provi des for cost reduction with respect to the apparatus. By
arranging that the light source section and the recognizing section are
moved wi thout noving the board, it is now possible to construct the
apparatus generally to the length of the board and this in turn provides
for size reduction of the apparatus. Furthernore, the noving
velocity of the light source section and recognizing section relative to:
that of the board can be nore - 18 -

accurately controlled than the noving yglocity of the transport device.
This provides an advantage over the case in which the board is noved by

transport device, with the |ight source section and recogni zi ng section
being held stationary, in that inmage expansion and contraction
possibilities can be elim nated. ‘The board recogni zi ng appar at us

of the inventandn the oposlEsicheiffbrnatignadbéningdsby 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 [

) O A I



* (1). Board portions including nedian and edge portions can be accurately

recogni zed, distortion-free. (2). Previously nounted el ectronic
conponents nake no hindrance to board recognition. (3).
Recognition of larger boards is nade possible through use of _
readily available, inexpensive short-length contact |ine inage sensors
which are generally wdely used in facsimle and the like in plurality.
(4). Less space is required for board recognition, which
provides for reduction of apparatus size. (5). The issue of
| mage expansion and contraction is_ebim_nated. Al t hough the

present invention has been fully described in connection with the

preferred enbodi nents thereof with reference to the acconpanyi ng draw ngs,

it is to be noted that various changes and nodifications are

- 19 - apparent to those skilled in the art. Such changes and
calculating 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

R R




_hodi fications are to be understood as included within the scope of the
present invention as defined by the appended clains unless they depart

t herefrom - 20 - VWHAT | S CLAI MED

| S: 1. A board recognizing apparatus conprising: a |light
source section (5) having a light source disposed transversely of a board
(1) having a hole for inserting a |lead of a conponent so as to illuninate
one surface of the board; ' a recognizing section (6)

including a lens (11a,11b) disposed transversely of the board so as to
face the board froman opposite side yglative to the light source section
and a line imge sensor (12a, 12b) disposed transversely of the board for
receiving light rays passing through the |ens; a novi ng device
(7,10) for noving both the |light source section and the recognizing
section w thout changing _
obtained by the moving device is calculated while the board
‘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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" 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 fromi mage

i nformati on obtained by the.recognizing section and position information
obtained by the noving devi ce. 1/3 A board recogni zi ng apparatus as
set forth in claiml, wherein the lens and the line image sensor are each
plural in nunmber, and wherein the operating section

- 21 - conposes pieces of iggage information fromthe plurality of |Iine
| mage sensors. 3. A boardr®cogni zi ng apparatus as set forth in
claim 1, wherein the noving dey-ee—Rs—operative to nove the 1ight source
section and the recogni zing sectNon integraNly wth each other toward the
board at a stop positign. / A board Necogni zi ng apparatus as set
forth in claim2, whe\&i operative to nove the
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light source section and the recognizing section integrally wth each
other toward the board at a stop position. 5. A board recogni zi ng
apparatus as set forth in claiml, wherein the image data for the entire
board from the inmage information obtai ned by the recognizing section and
the position information obtai ned by&%ae noving device is calculated while
the board is placed on a transport ice (4) for transporting the board.
6. A board recognizing apparatus as set forth in claim2, wherein the
image data for the entire board from the image infornation obtained by the
recogni zi ng ?ge gﬁ &?nd the position information obtained by the noving
device is c eCwhile the board is placed on a transport device (4)

for transporting the board. 7. A board recogni zi ng apparatus as set
forth in claim3, rei&the i mge data for the fntire board from the
i mge information o by the recogni zi ng sectyon
- 22 - and the pd@htio i nformati on obtai ned/by the noving device
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is calculated while the board is pl aced on a transport device (4) for

transporting the board,.

i nformati on obtained by the noving de
pl aced on a transport

device (4) for

A board recogni zi ng apparatus as set
forth in claim4, wherein the inage data for the entire board from the
i mge i nformati on obtai ned by the recognizing section and the position

board recogni zi ng net hod conpri sing:

a board (1) by a
transversely of a bpar

conmponent;

(11a, 11b) by  a
t he board, a recognizing section (6
transversely of the board so a
relative to the
novi ng by a novi ng device (7,
recogni zing section wthout c
but in such a way as

board; and
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- 23 - cal cul ating by an operating section (201) imge data
Sfor an entire board frominmage informati on obtained by the recognizing
section and position information obtained by the noving device. : 10.
A board recogni zing nethod as set forth in claim 9, wherein in calculating
t he i mage data, when the lens and t line 1inmage sensor are each plura
in nunber, the operating section coaﬁ%ses pi eces of image information from
the plurality of |line inage sensors. 3 11. A board recognizi ng net hod
as set forth in claim 9, wherein in noving both the Iight source section
and the recognizing section, the noving device is operative to nove the
light source section and the recognizing section integrally with
each other toward the board at a stop position. 12. A board

recogni zing nmethod as set forth in claim 10, wherein in noving both the

| i ght source section and the recognizing section, the noving device is
operative to nove cE#éQLkght source section and the recogni zi ng section
integrally with ea toward the board at a stop

( START ).

S1| MOVE SENSOR 12A TO REAR END OF BOARD

S2| MOVE MOVING CARRIAGE FORWARD

S3 TAKE-IN IMAGE INFORMATION

S4| OPERATE TAKEN-IN IMAGE INFORMATION
FOR COMPOSITION

S5 RECOGNIZE HOLES OF BOARD

8o )




i position.. 13. A board r'ecogn_i‘,_z_ii ng method as set forth in claim 9,
wherein in calculating the i nage -data, theé"i-mage data for the entire board
fromthe i mage informati on obtained by the recognizing section and the

posi tion information - 24 - obt ai ned
by the noving device is calculated while the board is placed on a '
transport device (4) for transporting the board. 14. A board

recogni zing nethod as set forth in claim 10, wherein in cal culating the
i mage data, the image data for the entire board fromthe inage information

obtained by the recognizi n& section and the position information _
obt ai ned byABRERAG R§ 4B PBGLOURRul ated while the board is placed on a

ransort 96k okl Byl SRIAb MebbBN IR theramaTydS, A D07r0

| mage data, the inmage data '1

The apparatus includes a -‘light source section
disposed transversely of a board so as to illuminate one
side of the board, a recognizing section including lenses
disposed transversely of the board so as to face the board
from an opposite side relative to the light source section
and line ima'ge sensors disposed transversely of the board
for receiving light rays from the lenses, a moving device
for moving both the 1light source section and the
recognizing section without changing. the relative positions
of these sections but in such a way' as to change their
respective positions relative to the boé.rd,— and a operating
section for calculating image data for the entire board
from image information obtained by the recognizing section
and position information obtained by the moving device.

Figure 1.
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or ntire K hadapbiith®n iR 9611868L2ai ned by the
I ng seﬁ&ﬂgﬁwggf orﬁ’bi nformati on obtained by the noving

s calculated while the bogrd is pI aced on a transport device (4)

[A % DUde J.O /-\ UUdIU IBLUQIII Z1 llg et ITUU asS bct
or%‘;[ [N clai nJ%]l‘BK V%EI’EI n_in calculating the i nage data, the inage data

-
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for the entire board fromthe image information obtained by the .
fecogni zing section and the position information obtained by the noving
device is calculated while the board is placed on a transport device (4)

for transporting BOARDPRECOGNIZING APPARATUS AND METHOD

The apparatus includes a light source section (5) disposed transversely of a board (1) so as to
illuminate one side of the board (1), a recognizing section (6) including lenses disposed
transversely of the board (1) so as to face the board from an opposite side relative to the light
source section (5)and line image sensors (12) disposed transversely of the board for receiving
light rays from the.lenses, a moving device. for moving both the light source section (5) and
the recognizing section (6) without changing the relative positions of these sections but in
such a way as to change their respective positions relative to the board (1), and anoperating
section (201) for calculating image data for the entire board from image information obtained
by the recognizing section (6) and position information obtained by the moving device.

Fig. 1
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