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DESCRIPTION
INSPECTION SYSTEM FOR INSPECTING DISCRETE WIRING
PATTERNS FORMED ON A CONTINUOUS SUBSTRATE SHEET OF
A FLEXIBLE MATERIAL

TECHNICAL FIELD

The present invention is duected to an inspection system for
inspecting discrete wiring patterns formed on a continuous substrate
sheet of a flexible material, and more particularly to such inspection
system capable of feeding the wiring patterns for inspection by use of
the substrate sheet as a.feeding carrier or com)eyer.

BACKGROUND ART _

In the manufacture of the pnnted boards, it has been a quite common
to form a number of identical wiring patterns on a continuous substrate
sheet of a relatively flexible material and then to cut the substrates into
the discrete circuit boards each having the wiring pattém for an end use.
For inspection of the wiring patterns of the circuit boards, it has been
proposed to place the discrete circixit boards one by oneon a suitable
conveyer for feeding the boards into an inspection zoﬂe where they are
successively scanned for inspection of the wiring pattern. However,
this mspectlon system suffers from a problem in that the boards must be
accurately located on the conveyer for exact registration with the camera

in the inspection zone, and that the system necessitates the conveyer.

SUMMARY OF THE INVENTION
The present mventlon has been aclneved in view of the above

problem and prov1des an advantageous system for inspecting discrete
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wiring patterns on a continuous substrate sheet of a flexible material by
making the use of the substraté sheet as a feeding carrier. Therefore, a
main object of the'present invention is to ”p'rovide'the ihspection system'
capable of using the substrate sheet as the feeding carrier and of assuring
accurate positioning of the wiring patterns for reliable inspection even
with the use of the flexible substrate sheet as the sole feeding carrier.
The inspection system in accordance with the preseﬂt-inVention includes
an inspection zone provided with camera means for inspecting the
individual wiring patterns: and detecting a position of said wiring pattern
on the substrate sheet. A draw-in roller is prqvided to infroduce the
substrate into the inspection zone. Associated with the draw-in roller is
a draw-out roller which draws out the substrate sheet from the inspection
zone and is positioned to define the iuspeeti'on zone between the draw-in
roller and the draw-out roller as well as to give a te'nsiOn to the substrate
sheet for extendmg the substrate sheet straight through the inspection
zone. A control means is provxded to control a posmon of the substrate
sheet passing through the inspection zone based upon a position signal
detected by the camera means as indicative of the posmon of the
individual wiring pattems on the substrate sheet w1th1n the 1nspectlon
zone. Thus, the wn'mg pattern can be exactly posmoned within the
mspecuon zone relatlve to the camera means for rehable mspectlon
thereby. | | |

Since the wiring pattems can be formed on the substrate sheet at a
regular precise interval, the exact positioning of the wiring pattern in the
inspection zone is made to compensate fer a possible lateral shift of the
substrate sheet being fed and for a poss1ble angular directional |
divergence of the substrate sheet from an intended feed direction. In
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order to compensate for such undesired erroneous movement of the '
substrate sheet during the feed, the present invention is contemplated to
utilize a feeder of feeding the substrate sheet into the inspection zone
and a collector of collecting the substrate sheet as constituting an exact .
positioning mechanism. The mechanism allows the draw-in rolier as
well as the draw-out roller to shift in a direction transverse to the feeding
direction. - The control means operatés, in response to the position
signal, to shift at least one of the draw-in roller and the draw-out roller
for correct positioning of the wiring pattern within the inspection zone.

The present invention discloses various modes of feeding the
substrate sheet for reliable inspection of the wiring patterns, and specfic
features in association with the individual modes. For all modes, the
camera means is composed of an inspection camera means and a position
camera means. The inspection camera means provides a scanned image
of the wiring pattern to an image inspector where the scanned image is
compared with a reference image for determination of a defect in the
wiring pattern.  The position camera means detects marks on the

substrate sheet to acknowledge a pre-inspection position of the wiring

pattern which is just before being inspected by the inspection camera and

provides the position signal indicative of the pre-inspection position.

In a first mode, the substrate sheet is fed at a uniform speed and the
inspection camera means is composed of an array of inspection cameras
arranged in a direction transverse to a feeding directién of the substrate
sheet in such a manner to cover a whole width of the wiring patterns.

A speed sensor is provided to detect the feeding speed of the substrate
sheet and to provide a speed signal indicative of the feeding speed. The
control means is responsive to the speed signal to feed the substrate
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sheet at the uniform speed. Further, based upon the position signal as
well as the speed signal, the control means activates the inspection
camera means for scanning the image of the wiring pattern in
synchronism with the position of the wiring pattern.
In a second mode, the inspection camera means comprises an

array of inspection cameras arranged in an array direction transverse to a
feeding direction of the substrate sheet so as to cover the whole width of |
the wiring pattern when the array is shifted between a first position and a
second position in the array direction. ' The control means operates to
feed the substrate sheet forwardly along the feeding direction by one
forward step during which the inspection camera means at the first.
position completes scanning of a portion of the wiring pattern, and -
subsequently to feed the substrate sheet reversely by one reverse step
during which the inspection camera means at the second position
completes scanning of the rest of the wiring pattern. |

In a third mode, the control means operates to feed the substrate
sheet intermittently such that the wiring pattern is held stationary at an -
inspection position for a predetermined period during which the

'inspection camera means is controlled to move relative to the wiring

pattern for inspection' of the wiring pattern.

In a fourth mode, the inspection camera means comprises an array
of inspection cameras arranged in a direction parallel to a feeding -
direction of the substrate sheet so as to cover the whole width of the -
wiring pattern when the array reciprocates by one cycle along a
transverse direction perpendicular to the feeding difection. The control
means operates to hold the substrate sheet at a first inspection position

where the inspection camera means is shifted by half of the one cycle in
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the transverse direction in order to scan a portion of the wiring pattern,
and subsequently feed the substrate sheet by one step to a second
inspection position where the inspection camera is shifted by the
remaining half of the one cycle in the transverse direction in order to
scan the rest of the wiring pattern. . In this way, the control means
operate to feed the substrate sheet-intérmitte_nﬂy_ so that the wiring
pattern is held stationary at the first and second inspection positions at
which the inspection camera means is controlled to move relative to the
wiring pattern for inspection of the wiring pattern.

For the second, third, and fourth modes where the substrate sheet is
held stationary or fed stepwise during the inspection of the wiring
pattern by the inspection camera means, it is advantageous to provide a.
suction table behind the substrate sheet so as to hold the substrate sheet
flat on the suction table for facilitating the inspection. The suction -
table may be movable in synchronism with the substrate sheet being fed
step-wise.during the inspection.  Further, the suction table may be
utilized to effect correct positioning of the wiring pattern in relation to
the inspection camera means based on the position signal from the ,
position camera means. For this purpose, the suction table is disposed
to have its feed axis extending along a feeding direction of the substrate
sheet and is capable of swinging around a vertical axis perpendicular to a
plane of the substrate sheet so as to adjust an angle of the feed axis with
respect to the feeding direction, thereby compénsating for an angular
divergence of the substrate from an intended feed direction.

These and still other objects and advantageous features of the
present invention will become more apparent from the following

description of the preferred embodiments when taken in conjunction
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with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWNGS*

FIG. 1 is a perspective view of an inspection system in accordance with

a first embodiment of the present invention;

FIG. 2 is a block diagram of the inspection system;

FIG. 3 is a sectional view of a substrate sheet on which a number of
wiring patterns are formed; _
FIG. 4 is a plan view of the substrate sheet with the wiring patterns to be
inspected;

FIG. 5 is a schematic top view of the system;

FIG. 6 is a partial view of the substrate for explaining an operation of

correcting the position of the wiring pattern;

" FIGS. 7A to 7E are views for explaining the operation of an inspection

system in accordance with a second embodiment of the present
invention;

FIGS. 8A and 8B are schematic views for explaining an operation ofa
suction table applicable to the above embodiment;

FIG. 9A and 9B are schematic views for explaining an operation of
another suction table also applicable to the above embodiment;

FIG. 10 is a schematic view of an inspection system in accordance with a
third embodiment of the present invention; |
FIGS. 11A to 11E are views for explaining the operation of an
inspection system in accordance with a fourth embodiment of the present
invention; o '

FIG. 12 is a schematic view of 2 modification of the fourth embodiment;
and '
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FIG: 13 is a schematic view of an inspection system in accordance with a

fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS
First Embodiment <FIGS. 1 to 6>

Referring now to FIG. 1, th_ere_ is shown an inspection systém in
accordance with a first embodiment of the present invention. The
system is provided to inspect discrete wiring patterns formed on a
continuous Substrate sheet of a flexible material. For example, as
shown in FIG. 3, the substrate sheet 10 is a laminate composed of a 0.04
mm to 0.2 mm thick resin-impreg_nated glass-sheet 11 and two outer 35
um thick copper layérs 12. The wiring pat_tefns 14 are formed on the
upper copper layer 12 by etching. The wiring patterns to be inspected
by the present system may be otherwise those of a resist material
deposited on the copper layer. The substrate sheet 10 are formed
adjacent to the individual wiring patterns 14 with plural sets of position
markings 16, each set havmg two dot markings 16 arranged transversely
of a length of the substrate sheet 10, as shown i in FIG. 4. The markings
16 are printed together with the wiring pattems 14 on the substrate 10 at
precise locations and can be therefore utilized as calibrations for the
substrate sheet. | - |

The system includéé a feeder 20, .a collector 40, and an inspection
zone 30 provided therebetween. :The feeder 20 includeé a unwinder 21
of unwinding a roll of the substrate sheet 10, feed rollers 22, 23, 24, and
a dancing winder 25. A recovery roller 26 is providéd adjacent to the
unwinder 21 to recover a protective film 18 from the underside of the
substrate sheet 10. The subst:éte sheet 10 from the feeder 20 is

-

cet Has Been Replaced
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introduced into the inspection zone 30 by means of a draw-in roller
composed of a driving roller 31 and a pinch roller 32, and is guided into
the collector 40 by a draw-out roller composed of a driving roller 33 and
a pinch roller 34. The collector 40 includes a winder 41 of winding the
substrate sheet, feed rollers 42, 43,44, and a danoing winder45. A
supply roller 46 is provided adjacent to the winder 41 to supply a like
protective film on the onderside of the substrate being wound onthe
winder 41. The draw-in roller and the draw-out roller are so .po'sitioned
to define therebetween the inspet:t’i’oti zone 30 and to give atension of
extending the substrate sheet 10 horizontally in the inspection zone 30.
A gulde table 36 is juxtaposed below the substrate sheet 10 in the _
inspection zone for gmdmg the substrate sheet ﬂat on the table 35. The -
feeder 20 as well as the collector 40 are both made movableina
direction transverse to the feeding direction of the subStrete sheet in
order to make a fine adjustment of a transverse lpo"sition of the substrate

sheet as well as a feeding direction. ; For this purpose, the feeder 20 i is
carried by a frame 28 which is movably supported to a fixed base 29 to
allow the transverse movement of the feeder 20. kaewrse, the
collector 40 is carried by a frame 48 which is movably supported toa
fixed base 49 to allow the transverse movement of the collector 4.

The inspection zone 30 is prov:ded with a pair of position cameras
51 for monitoring the position markmgs 16 and an mspeetlon camera 54
for soanmng the wiring patterns 14. The mspectron camera 54 includes
an array of camera units 55 arranged closely ina transverse array
perpendicular to the feeding direction of the substrate sheet 10 in such a
manner that the entire wiring pattem 14 is scanned while the substrate
sheet 10 is fed in the forward direction with the camera units bemg held
\
This Sheet Has Been R
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stationary. The cameras 51 and 54 are connected to a controller 60 for
controlled operations of detecting the position of the wiring patterns and
scanning the same. The controller 60 also controls the speed of feeding
the substrate sheet 10, i.e., the rotating speed of the drive rollers 31 and
33, in addition to the operations of the feeder 20 and the collector 40
including the transverse movement thereof. In this embodiment, the
controller 60 acts to feed the substrate sheet 10 at a uniform speed
through the inspection zone 30. A rotary encoder 35 is providedona
shaft of the pinch roller 32 to detect the speed which is acknowledged by
the controller 60 for a feed back control of maintaining the feed speed

constant. For these purposes, the controller 60 includes, as shown in

~ FIG. 2, a position detector 61 connected to receive the monitored data

from the position camera 51, a pattern inspector 64 connected to receive
the scanned image of the wiring pattern 14 from the inspection camera-
54,a speéd detector 62 for detection of the feeding speed. An oﬁtput of
the speed detector 62 is fed to processor 63 which in turn activates a
speed controller 65 for controlling the speeds of the unwinder 21, drive
rollers 31 and 33, and winder 41 in order to keep the feed speed constant.
The pattern inspector 64 compares the scanned image of the wiring
pattern with a reference image representative of a correct wiring pattern
to determine whether the wiring pattern being scanned is defective or not.
If the wiring pattern is determined defective, the pattern inspector 64
stores an identification number assigned to this particular wiring pattern
into 2 memory 66 such that the defective wiring pattern could be re-
examined or rejected thereafter by reference to the identification number.
The identification number may be printed on the substrate sheet so as to
be acknov)ledged by the image inspector or may be acknowledged by
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counting the individual wiring patterns being inspected.

. The position camera 51 detects a pre-inspection position of the
wiring pattern 14 which is just before being inspeqted by the inspection
camera 54 and provides a position signal indicative of the pre-inspection
position to the position detector 61 where it is analyzed to give an error
with respect to a correct feeding axis. The error includes a transverse
displacement error and an angular divergence error of the wiring pattern
in the pre-inspection position in relation thé correct feeding axis. Such
error is evaluated in the processor 63 to give a compensation signaltoa
position controller 67 which responds to make the transverse movement
of the feeder 20 and/or the collector 40 in such a manner as to eliminate
the error, thereby placing the wiring pattern into a correct position for
inspection by the array of the inspection camera 54. Details of the
operation are explained with reference to FIG. 6. Each of the position’
cameras 51 has a field of view 52 with center X-axis and Y-axis. When

the wiring pattern 14 in the pre-inspection position is inclined with

 respect to the correct feeding axis, as shown in the figure, or shifted

laterally, the corresponding markings 16 captured respectively in the
field of views 52 of the individual position cameras 51 show deviations
AX and/or AY with reference to the center X-axis and Y-axis. Such
deviations represent the angular divergence error or the transverse
displacement error of the wiring paitern. FIG. 6 demonstrates

undesired angular divergence © of the wiring pattern 14 with respect to

the feeding axis FX. Based upon AX and AY being obtained, the

processor 63 generates the compensation signal for eliminating the error
before the wiring pattern 14 is fed into a position of being inspected the
inspection camera 54. | | B
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Second Embodiment <FIGS. 7A to 7E>

FIGS 7JAto 7E illustrates an iuspection system in accordance with
a second embodiment of the present 1nvent10n which is s1m11ar in
construction with the first embodxment except that an inspection camera
54A is composed of separate camera units 55A spaced along the
transverse direction of the substrate sheet 10 and is movable in the
transverse direction between a first posmon of FIGS. 7A to 7C and a
second position of FIGS. 7D and 7E. Like parts are designated by like
numerals with a suffix letter of ‘A’.  The camera _un.its SSA are spaced
bya fixed distance such that the entire width of the wiring pattern 14 is
covered when the units are shifted by the distance between the first and
second positions. With the use of tl1_e inspection camera 54A of this
structure, a control is made to feed the substrate s_hee_t 10 in forward and
reverse directions. Operatiou of the system is now discussed. As
shown in FIG. 7A, when the wiring pattern 14 proceeds to a pre- |
inspection position where the corresponding position markings 16 are
captured by the position catne_ras S1A, the controller operates to feed the
substrate sheet 10 at a relatively high speed to a first inspection position
of FIG. 7B where the leading edge of the wiring pattern 14 is aligned
with the inspection camera 54A The_n, thel controller feeds the
substrate sheet 10 at a relatively low speed by one forward step to a
second inspection position of FIG. 7C with the inspection camera 54A
held at the first position, during which a half area of the wiring pattern
(as indicated by hatched lines) is scanned. Then, the' inspection camera
54A is moved in the transverse direction to the second position, as
shown in FIG. 7D. Subsequently, the substrate sheet 10 is fed by one
reverse step at the relattvely low speed toa posmon of FIG 7E, durmg
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which the remainder half of the wmng pattern 14 is scanned Thus the
entire area of the wrrmg pattem is scanned by feedmg the substrate sheet
10 forwardly and then reversely by the same step. . Thereaﬁer, the
substrate sheet 10 is fed forwardly at the hrgh speed toa posmon of FIG
7A for inspection of the next wiring pattem

It is noted that the position cameras 51A act also in thls embodnment
to detect the pre-inspection position of the wiring pattem 14 using the
position markings 16 in order to achieve correct posrtronmg of the
wiring pattérn at the first mspectmn posmon of FIG. 7B in the same
manner as made in the first embodiment. Further, it is noted in thrs
connection that the controller acknowledges the pre-mspectron position
of the wiring pattern 14 when the posmon markmgs 16 come into the
fields of the view of the correSpondmg position cameras S1A even if
each marking 16 is not strictly coincident with the longltudmal center of
the field of view of the camera, i.e., the Y-axrs as shown inF1G.6.
Then, the controller operates to feed the substrate sheet 10 by a fixed
distance at a rapid speeﬂ and to feed it by a suitable distance at a low
speed for effecting a fine adjustment of the wiring pattern to the correct
position of FIG. 7B in conslderatron of the dev1at10n AX. With this
scheme, it is possxble to make a rehable inspection of each wmng |
pattern while reducing a run time of consecutrvely rnspectlng the
individual wiring patterns. .

As shown in FIGS. 8A and 8B, it is preferred In this embodiment to

dispose a suction table 70 behind the substrate sheet 10 in the 'inspecti'on

zone for holdmg the substrate sheet by a suctxon force while the wiring
pattern is scanned by the i mspectlon camera 54A. In order to assist
holding the substrate sheet 10 flat against the suction table 70, there may
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be utilized press-rollers 71 which are controlied to press the sheet
against the table 70 when the wiring pattern comes into the position of
being scanned, after which the sheet is held by the suction force on the
table for reliable scanning of the wiring pattern.  The table 70 is
supported on a base frame 72 to be movable for a limited length along
the feeding direction so that the substrate sheet 10 can move for
inspection by the inspection camera, i.e., between the positions of FIGS.
7B to 7E, while being held against the table 70. Further, as shown in
FIGS. 9A and 9B, a vertically movable suction table 70A may be
utilized for holding the substrate sheet thereon when the wiring pattern is
in the position of being scanned and for releasing the substrate sheet
while the sheet is fed from the pre-inspection position to the inspection
position. The suction table 70A is pivotally supported to a base frame
72A through a cylinder 73 so as to be pivotable about a vertical axis of
the cylinder. With this pivotable structure, the table 70A.can actto -
compensate for the angular divergence error detected by the position
camera for correct positioning of the wiring pattern in relation to the
inspection camera. The table 70A is also movable along the feeding
direction of the substrate sheet with the base frame 72A supported
movably on a guide rail 74, in order to follow the movement of the
substrate sheet during the inspection of the wiring pattern. - In this
connection, the table 70A as well aS-table 70 of FIG. 8A may be
movable in the transverse direction in order to compensate for the
transverse displacement error based upon the position signal from the
position camera, as discussed with reference to the first embodiment.
' Third Embodiment <FIG. 10>
Referring to FIG. 10, there is shown an inspection system in
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accordance with a third embodiment of the present invention which is
similar to the first embodiment except thai- an inspection camera 54B
extends along the feeding direction of the substrate sheet 10 and is
movable in the transverse direction. Like parts are designated by the
like reference numerals with a suffix letter of ‘B’.. The inspection
camera 54B is composed of an array of camera units arranged closely
along the feeding direction such that the entire area of the wiring pattern
can be scanned when the inspection camera is shifted in the transverse
direction with the substrate sheet being kept stationary. With the use of
the inspection camera 54B of this structure, a controller 60B operates to

feed the substrate sheet 10 intermittently for providing a standstill period

- during which the wiring pattern is scanned for inspection. -Also in this

embodiment, a like position camera 51B provides a position signal
indicative of the error of the above kind for the wiring pattern at the pre-
inspection position so that the controller responds 't'b: compensate for the |
error when the wiring pattern is fed to the inspection position of being
scanned by the inspection camera, by shifting the feeder 20A and/or the
collector 40A. A like suction table 70B as utilized in the second
embodiment is provided for stably holding the substrate sheet while the
wiring pattern is scanned as well as for correct posiﬁoning- of the wiring
pattern in relation to the inspection camera 54B.
Fourth Embodiment <FIGS. 11A to 11E>

FIGS. 11A to 11E illustrates an inspection system in accordance
with a fourth embodiment of the present invention which is similar to the
third embodiment except that an inspection camera 54C is composed of
separate camera units 55C spaced along the feeding direction of the

substrate sheet 10 and is movable in the transverse direction between a
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first position of FIG. 11A and a second position of FIG. 11C. Like
parts are designated by like numerals with a suffix letter of ‘C’. The
camera units 55C are spaced by a fixed distance such that the entire
length of the wiring pattern 14 is covered when the wiring pattern 14 are
shifted by that distance in the forward direction. = With the use of the
inspection camera 54C of this structure, a control is made to feed the
substrate sheet 10 by a forward step while reciprocating the inspection
camera 54C by one cycle along the transverse direction between the first
and second positions. Operation of the system is now discussed. As
shown in FIG. 11A, when the wiring pattern 14 proceeds to a pre-
inspection position where the corresponding position markings 16 are
captured by the position cameras §1C, the controller operates to feed the
substrate sheet 10 at a relatively high speed to a first inspection position
of FIG. 11B where the leading edge of the wiring pattern 14 is aligned
with the forward most inspection camera unit 55C. Then, the
inspection camera 54C is caused to shift in the transverse direction by a
half-cycle to the position of FIG, 11C with the substrate sheet 10 held
stationary for scanning a half area of the wiring pattern (as indicated by
hatched lines). Then, the substrate sheet 10 is fed forward by a short
distance corresponding the spacing between the adjacent camera units
55C to bring the wiring pattern 14 at a second inspection position of FIG.
11D. Subsequently, the inspect camera 54C is shifted in the reverse
direction by the remaining half-cycle to the position of FIG. 11E,
thereby completing to scan the whole area of the wiring pattern 14. It
is noted that the substrate sheet is fed at a relatively high speed to
proceed the wiring pattern 14 from the pre-inspection position of FIG.
11A to the first inspection position of FIG. llB, while itisfed ata
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relatively low speed to proceed the wiring pattern from the first
inspection position of FIG. 11C to the second inspection position of FIG.
11D, in order to reduce a total inspection time of consecixtively'
inspecting the discrete wiring patterns while assuring a reliable
inspection of the individual wiring patterns. Also in this embodiment,
the position camera 51C serves to realize a correct positioning of the
wiring pattern 14 when it comes to the first inspection position with the
control of shifting the feeder and/or-ihe collector in the transverse
direction as discussed in the first embodime'nt. The suction table as
discussed with reference to FIGS. 8A and 9A may be applicable to the
present system for the same purpose of assuring the reliable inspection.

'FIG. 12 illustrates a modification of the third embodiment in which
the inspection camera 54D is composed of an array of closely arranged
camera units 55D to cover a half length of the wiring pattern 14. The
scanning of the wiring pattern 14 can be made by the same sequence as
discussed with reference to FIGS. 11A to 11E of the third embodiment.

Fifth embodiment <FIG. 13>

Referring to FIG. 13, there is shown an inspection system in

accordance with a fifth embodiment of the present invention. The

inspection system includes a display 80 for re-inspection by human eyes

. of the wiring pattern determined to be defective by the image processing

as explained with the previous embodiments. The system further
includes a backup table 90 which passes the substrate sheet 10 thereon
and serves as a supporting desk when a personnel requires to apply a
force to the wiring pattern being monitored by the display in order to, for
example, mend a defective portion with a hand-tool. The basic

structure of the system comprises a feeder 20E of feeding the substrate -



10

15

20

WO 00/07031 . PCT/JP99/04040

17

sheet 10 from an unwinder 21E to an .inspection zone 30E and a
colleétor 40E of collecting the substrate sheet on a winder 41E. A
tension is given to the substrate sheet 10 between a draw-in roller set and
a draw-out roller so as to extend the substrate sheet 10-horizontally in
the inspection zone 30E. The draw-in roller set is composed of a drive

_ roller 31E and a pinch roller 32E, while the draw-out roller set is

likewise composed of a drive roller 33E and a pinch roller 34E.

Dispose between the draw-in roller set and the draw-out roller setis a

pair of vertically spaced guide rollers 27 by which the feeding direction
is reversed. The guide rollers 27 are supported to the backup table 90
and are so positioned to introduce the substrate sheet 10 through an inlet
91 near the bottom of the table and emerge the substrate sheet on top of
the table 90 through an outlet 92 at one longitudinal end of the table. -
Disposed between the table 90 and the draw-out roller set 33E and 34E
is a riser roller 93 which is vertically movable in order to lift the
substrate sheet 10 up away from the table 90 while feeding the sheet.
When the substrate sheet 10 is stopped for inspection of the wiring
pattern, the riser roller 93 is lowered to land the sheet on the table 90 for
reliable recognition of the defective pattern as well as for facilitating to
handle the wiring pattern by the personnel, if needed.

A controller 60E includes a retrieval section which derives from the
output of the image processing as made in the previous embodiments
that which one or ones of the wiring pattern are determined defective.
That is, the identification number assigned to the defective wiring
pattern is transmitted to the cohtroller-GﬂE which responds to feed that
wiring pattern on the table 90 while passing the non-defective wiring
pattern. Local information as to the location of a particular defect
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found within the area of the wiring pattern is also obtained at the image
processing and is fed together with the identification number to the
controller 60E such that a television camera 54E is controlied to move to
the particular location for giving a magnified imagie'.of the defect to the
display 80 for easy recognition by the personnel. If the defect is judged
to be easily mended, the personnel can make the use of the table 90 as a
mending desk to mend the defect with a suitable hand tool.”

Like position cameras 51E as utilized in the previous embodiments
is mounted to watch the _poéition' markings on the substrate sheet 10 and
detect a pre-inspection position of the wiring pattern immediately before

being inspected by the camera S4E. Based upon the information about

 the pre-inspection position, the controller 60E instructs to feed the
. wiring pattern-to a correct inspection position, while making suitable
~ correction for possible errors of the lateral shift, directional divergence

by moving at least one of the feeder 20E, collector 40E, and table 90 in

~ the transverse direction‘in the like manner as discussed with reference to

20

the previous embodiments.  In this connection, the table 90 is mounted
on a foot 94 to be rotatably about a vertical axis of a cylinder 95 such
that the table 90 can adjust its orientation in order to compensate for the
angular directional divergence of the substrate sheet from an intended
feed direction.
Although the position markings are printed separately from the wiring
pattern in the aforementioned embodiments, they may be printed within
the area of the wiring pattern.  Further, the relative position of the
separate printed markings to the wiring pattern may be suitably selected
in consideration of the particular arrangement of the inspection camera

.. and the other configuration of the system.
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Claims

PCT/JP99/04040

| 1. An inspection system for inspecting discrete wiring patterns (14) formed

integrally on a continuous substrate sheet (10) of a flexible material, said

system comprising:

an inspection zone (30) provided with camera means (51, 54) for

inspecting the individual wiring patterns and detecting a position of said

wiring pattern on said substrate sheet;

draw-in roller means (31, 32) for introducing the substrate sheet into

'said inspection zone;

draw-out roller means (33, 34) for drawing out said substrate sheet

from said inspection zone, said draw-out roller means being positioned

to define said inspection zone between said draw-in roller means and

said draw-out roller means and to give a tension to said substrate sheet

for extending said substrate sheet straight within said inspection zone;

and

control means (60) which controls a position of said substrate sheet

passing through said inspection zone based upon a position signal

detected by said camera means as indicative of said position of said

individual wiring patterns on said substrate sheet within said inspection

Zone.

2. The system as set forth in claim 1, further including

a feeder (20) for feeding said substrate sheet through said draw-in

roller means into said inspection zone,

a collector (40) for collecting said substrate sheet past through said

- This Sheet Has Been Replaced - -
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draw-out roller means from said inspection zone,

. said feeder and said collector being mb_vable in a transverse
direction generally perpendicular to a feeding direction of said substrate
sheet through said inspection zone,

said control means (60) comprises a mechanism of shifting at least
one of said feeder and said collector in said transverse direction, in
response to said position signal, for correct positioning of said wiring |

pattern in said inspection zone .

3. The system as set forth in claim 1, wherein

each of said draw-in and draw-out roller means comprises a driving

 roller (31, 33) and a pinch roller (32, 34), said driving roller being

controlled by said control means to rotate, and said pinch roller pressing'

said substrate sheet against said driving rdlier to feed said substrate sheet.

4, The system as set forth in claim 1, wherein

said camera means comprises an inspection camera means (54) and
a position camera means (51), '

said inspection camera means (54) providing an image of said
wiring pattern to an image inspector (64) where said image is compared
with a reference image for determination of a defeét in said wiring
pattern, ' |

said inspection camera means (54) comprising an array of

inspection cameras arranged in a direction trahsve:se to a feeding
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direction of said substrate sheet in such a manner to cover a whole width
of said wiring péttems, ,
said position camera means (51) detecting marks (16) on said

substrate sheet to acknowledge a pre-inspection position of said wiring

‘pattern which is just before being inspected by said inspection camera

and providing said position signal indicative of said pre-inspection
position, | |

a speed sensor (35) detecting the feeding speed of said substrate
sheet and providing a speed signal indicative of said feeding speed,

said control means controlling to feed said substrate through said
inspection zone at a uniform speed based upon said speed signal,

said control means being responsive to said position signal and said
speed signal to activate said inspec_ti_dn camera means (54) for scanning

the image of said wiring pattern in synchronism with the position of the
wiring patterns.

5. The system as set forth in claim 1, wherein

said camera means comprises an inspection camera means (54A)
and a position camera means (51A),

said inspection camera means (54A) providing an image of said
wiring pattern to an image inspector (64) where said image is compared
with a reference image for determination of a defect in said wiring
pattern, .

said position camera means (51A) detecting marks (16) on said

substrate sheet (10) to acknowledge a pre-inspection position of said
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wiring pattern which is just before being inspécte'd by said inspection -

camera and providing said position signal indicative of said pre-

- inspection position,

said inspection camera means (54A) comprises an array of
inspection cameras (55A) arranged in an array direction transverse to a
feeding direction of said substrate sheet so as to covér the whole width
of said wiring pattern when said array is shifted between a first position
and a second position in said array direction,

said control means operating to feed said substrate sheet forwardly

along said feeding direction by one forward step during which said

~ inspection camera means at said first position completes scanning of a

portion of said wiring pattern, and subsequently to feed said substrate
sheet reversely by one reverse step during which said inspection camera
means at said second position completes scanning of the rest of said

wiring pattern.

6. The system as set forth in claim 1, wherein

said camera means comprises an inspection camera means (54B)
and a position camera means (51B),

said inspection camera means (54B) providing an image of said
wiring pattern to an image inspectof where said image is compared with
a reference image for determination of a defect in said wiring pattern,

said position camera means (51B) detecting marks (16) on said
substrate sheet to acknowledge a pre-inspection position of said wiring

pattern which is just before being inspected by said inspection camera
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and providing said position signal indicative of said pre-inspection
position, .

said control means operating to intermittently feed said substrate
sheet so that said wiring pattern is held stationary at an inspection
position for a predetermined period during which said inspection camera
means is controlled to move relative to said wiring pattern for inspection
of the wiring pattern.

7. The system as set forth in claim 1, wherein

said camera means comprises an inspection camera means (54C)
and a position camera means (51C),

said inspection camera means providing an image of said wiring
pattern to an image inspector where said image is compared with a
reference image for determination of a defect in said wiring pattern,

said position camera means detecting marks (16) on said substrate
sheet to acknowledge a pre-inspection position of said wiring pattern
which is just before being inspected by said inspection camera and
providing said position signal indicative of said pre-inspection position,

said inspection camera means (54C) comprising an array of
inspection cameras (55C) arranged in a direction parallel to a feeding
direction of said substrate sheet so as to cover the whole width of said
wiring pattern when said array reciprocates by one cycle along a
transverse direction perpendicular to said feeding direction,

said control means operating to hold said substrate sheet at a first
ihspection position where said inspection camera means is shifted by
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half of said one cycle in said transverse direction to scan a portion of
said wiring pattern, and subsequently feed said substrate sheet by one
step to a second inspection position where said inspection camera is
shifted by the remaining half of sa1d one cycle in said transverse
direction to scan the rest of said wiring pattern.

said control means operating to intermittently feed said substrate
sheet so that said wiring pattern is held stationary at said first and second
inspection positions at which said inspéction camera means is controlled
to move relative to said wiring pattern for inspection of the wiring

pattern.

8. The system as set forth in any one of claims 4 to 7, further including

a feeder (20) for feeding said substrate sheet towards said draw-in
roller means from a first stock (21) of said substrate sheet,

a collector (40) for collebting said substrate sheet past through said
draw-out roller means into a second stock (41) of said substrate sheet,

a dancing winder (35, 45) being provided at least one of two
locations, one between said feedér and said draw-in roller means, and the

other between said draw-out roller means and said collector.

9. The system as set forth in any one of claims 4 to 7, wherein
said inspection zone is provided with a suction table (70) which is
positioned behind said substrate sheet to hold said substrate sheet flat on

—_—
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said suction table by a suction force, said suction table being controlled
by said control means to hold said substrate sheet while said wiring

pattern is being scanned by said inspection camera means and to release

said substrate sheet after said wiring pattern is inspected .

10. The system as set forth in claim 9, wherein

said suction table (70A) has a feed axis extending along a feeding
direction of said substrate sheet and is capable of swinging around a
vertical axis perpendicular to a plane of said substrate sheet to adjust an
angle of said feed axis with respect to said feeding direction for correct

positioning of said wiring pattern in relation to said inspection camera

means.

11. The system as set forth in claim 9, wherein
said suction table (70) is movable in synchronism with said

substrate sheet being fed through said inspection zone.

12. The system as set forth in claim 1, wherein
said camera means comprises a view camera (54E) which gives a
selected area of said wiring pattern on a display (80) for inspection by

human eyes,

said inspection zone being provided with a backup table (90) upon

(T —
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which said substrate sheet being fed.
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