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(54) Medium thickness detection apparatus

(57) An apparatus detecting medium thickness by
detecting dislocation amount of the rollers where the de-
tection rollers (34a to 34f) displaced elastically, by install-
ing in an opposing way the dislocation detection sensors
(33a to 331) by the detection rollers (34a to 34f), and by
variation of a magnetic field, which was generated from
a coil of each of said dislocation detection sensors (33a

to 331), provided in an opposing way; which classifies a
plurality of the dislocation detection sensors (33a to 331)
aligned along an axis direction of said detection rollers
(34a to 34f), to non-adjacent groups a and b, which are
classified by each of non-adjacent groups themselves
which are not adjacent in said alignment direction, and
switches said non-adjacent groups a and b for acquiring
said roller dislocation amount.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a medium thick-
ness detection apparatus which detects thickness of me-
dia such as bills, securities, postage stamps which are
utilized in transaction with automatic transaction facili-
ties.
[0002] In general, in a bill handling apparatus config-
ured inside the automatic transaction facilities which are
installed at an automatic transaction corner of financial
institutions and the like, discernment of a deteriorated
state of circulating notes or counterfeit bill is important,
and thus a bill validator is provided inside the bill handling
apparatus.
[0003] In recent years, counterfeiting or altering tech-
nology of bills has become subtle, and altered notes are
circulating, where various media such as bills, securities,
postage stamps (hereafter referred to as leaves) are jug-
gled with a micro tape, paper, seal or the like, which has
thus required to correctly detect thickness characteristics
of these altered notes to discern. For this purpose, it was
required to enhance detection precision of the thickness
detection apparatus. As one example thereof, there has
been proposed a thickness detection apparatus for the
leaves, for discerning whether the leaves are counter-
feited or not, by thickness of the leaves (for example,
refer to JP-A-2006-4206).
[0004] Detection technology disclosed in the thickness
detection apparatus of the leaves is one where a protu-
berance adhered with a tape or the like is detected by
elastic dislocation of a detection roller, and amount of
this dislocation is detected by a dislocation detection sen-
sor, so as to detect that a tape or the like is adhered, by
installing in an opposing way standard rollers, and de-
tection rollers which elastically dislocate in response to
thickness of the leaves, and by sandwiching and carrying
the leaves sheet by sheet between these rollers.

SUMMARY OF THE INVENTION

[0005] However, the above-described detection tech-
nology requires correct detection of all of a wide detection
range of a paper surface. To attain this, it is necessary
to align layout closely so as to eliminate clearance among
said dislocation detection sensors by narrowing an ar-
rangement space of the dislocation detection sensors,
which are arranged in multiple in a carrying width direc-
tion, so as to eliminate a non-detection region of the
leaves as less as possible, and.
[0006] In the case where the arrangement space of
the dislocation detection sensors was made narrow, how-
ever, interference of a magnetic field of adjacent dislo-
cation detection sensors themselves is induced, and the
interference becomes the more stringent with the closer
arrangement, resulting in inhibiting correct measure-
ment. Accordingly, limitation is generated in making the

arrangement space of the dislocation detection sensors
close, and at present it is necessary to take a certain
space apart in the arrangement space of the dislocation
detection sensors, and thus it was impossible to increase
precision of thickness detection of the leaves. Therefore,
in the case where, for example, folded bills or damaged
circulating notes such as cut bills were carried in, there
was a problem that it was impossible to count number
thereof correctly.
[0007] Accordingly, it is an object of the present inven-
tion to solve the problem and provide a medium thickness
detection apparatus which is capable of detecting thick-
ness of the media correctly, without interference of the
magnetic field of the adjacent dislocation detection sen-
sors, even by closely arranging a plurality of the disloca-
tion detection sensors.
[0008] The present invention is characterized by con-
figured by comprising; standard rollers; a detection roller
group for having an elastic member built-in, allowing elas-
tic deformation in a radius direction, as well as arranging
a plurality of detection rollers in the same axis direction
opposing to the standard rollers; a carrying unit for sand-
wiching and carrying a medium between both rollers, by
rotation driving at least one side of said opposing stand-
ard rollers and the detection roller group; and/or a dislo-
cation detection sensor group for detecting dislocation
amount of the roller where said detection rollers dis-
placed elastically, by installing in an opposing way the
dislocation detection sensors by each of said detection
rollers, and/or based on variation of a magnetic field,
which is generated from a coil of each of said dislocation
detection rollers installed in an opposing way, wherein it
is configured by comprising: a switching unit for dividing
a plurality of the dislocation detection sensors, aligned
along an axis direction of said detection rollers, to non-
adjacent groups which are classified by each of non-ad-
jacent groups themselves which are not adjacent in said
alignment direction, and/or switching said non-adjacent
groups for acquiring said roller dislocation amount.
[0009] According to the present invention, it becomes
possible to avoid interference of the magnetic field
among the adjacent dislocation detection sensors, and
thus, even by closely arranging the adjacent dislocation
detection sensors, detection precision in high resolution
can be obtained stably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a configuration drawing of the inside of a bill
carrying apparatus.
Fig. 2 is a configuration drawing of the inside of a
discerning part.
Fig. 3 is a front elevation view showing arrangement
relation among detection rollers and dislocation de-
tection sensors.
Fig. 4 is a front elevation view showing major parts
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of an example of a dislocation state of detection roll-
ers.
Figs. 5A and 5B are drawings explaining a switched
state of each channel by a non-adjacent group of
dislocation detection sensors.
Fig. 6 is a perspective view showing a partial devel-
opment of a substrate-integral-type dislocation de-
tection sensor.
Fig. 7 is a plan view showing arrangement relation
among detection rollers and dislocation detection
sensors, arranged in a staggered state.
Fig. 8 is a block diagram of a control circuit of a thick-
ness detection apparatus.
Fig. 9A is a time chart showing detection data in each
channel in judging the number of bills, and Fig. 9B
is a time chart showing a detection data to perform
judgment of the sheet number of bills, by sum of each
channel.
Fig. 10 is a time chart showing a detection data in
detecting altered notes.
Fig. 11 is a drawing explaining a specific judgment
state in detecting altered notes.

DESCRIPTION OF THE EMBODIMENT

[0011] Explanation will be given below on embodi-
ments of the present invention, with reference to draw-
ings. The drawings show, for example, an automatic tell-
ing machine (ATM) installed at financial institutions such
as banks, and show embodiments with enhanced detec-
tion performance of thickness at the discerning part which
is built-in said ATM.

EXAMPLES

[0012] Fig. 1 shows a bill carrying apparatus config-
ured inside the ATM, which is one Example of the present
invention, and explanation will be given in this Example
on the case where bills were processed as an example
of a medium.
[0013] In this bill carrying apparatus, 1 represents a
temporal stock part for temporarily accumulating bills
counted; 2 represents a discerning part for discerning
money types, authenticity, orientation, and degree of
damage of bills; 3a to 3d represent storage parts for ac-
cumulating bills by type; 4 represents a recovery part for
storing the bills rejected by the discerning part 2; 5 rep-
resents an upper carrying route for carrying bills by loop-
ing a money entrance port 20, the discerning part 2, the
temporal stock part 1, a money exit port 21 having a shut-
ter, and a return port 22; 6 represents a lower carrying
route for carrying bills from the upper carrying route 5
and via the upper part of the storage parts 3a to 3d and
the recovery part 4, and again to the upper carrying route
5; 7 represents a money entrance port carrying route for
carrying bills from the money entrance port 20 to the up-
per carrying route 5; 8 represents a money exit port car-
rying route for carrying bills from the upper carrying route

5 to the money exit port 21 having a shutter; 9 represents
a return port carrying route for carrying bills from the up-
per carrying route 5 to the return port 22; 10 represents
a temporal stock part storing and carrying route for car-
rying bills from the upper carrying route 5 to the temporal
stock part 1; 11 represents a temporal stock part sending-
out and carrying route for carrying bills from the temporal
stock part 1 to the upper carrying route 5; 12a to 12d
represent an storage part storing and carrying route for
carrying bills from the lower carrying route 6 to the storage
parts 3a to 3d; 13a to 13d represent an storage part send-
ing-out and carrying route for carrying bills from the stor-
age parts 3a to 3d to the lower carrying route 6; 14 rep-
resents a recovery part carrying route for carrying bills
from the lower carrying route 6 to the recovery part 4; 15
represents a passing-through sensor for detecting pass-
ing-through of bills; 16 represents a gate for switching a
direction for carrying bills; 17 represents a money en-
trance port bill detection sensor for detecting whether
bills are present or not at the money entrance port 20;
18 represents a money exit port bill detection sensor for
detecting whether bills are present or not at the money
exit port 21, and 19 represents a return port bill detection
sensor for detecting whether bills are present or not at
the return port 22.
[0014] Fig. 2 is an outline drawing showing a major
configuration of the discerning part 2.
[0015] This discerning part 2 is provided with a bill car-
rying mechanism 31 for discerning while carrying bills 30
introduced thereto. This bill carrying mechanism 31 is
installed with a carrying roller part 23 provided with an
upper carrying roller 23a and a lower carrying roller 23b
erected in an opposing way up and down, at carrying
route width. These upper and lower carrying rollers 23a
and 23b rotate by rotation force transferred from a car-
rying motor not shown, and the bill 30 is introduced here
in a horizontally long state, and carry sheet by sheet by
sandwiching said bill 30 from upper and lower directions.
In addition, they have a configuration with high carrying
tolerance enabling overlapped carrying, so that smooth
carrying is possible even for damaged circulating notes
such as folded bills or cut bills.
[0016] In addition, in the discerning part 2, there are
provided, subsequent to the carrying roller part 23, a color
linear sensor 24 for checking penetration amount of the
bill 30 and penetration amount of ink; a magnetic sensor
25 for discerning magnetic properties of magnetic ink
coated on the bill 30; a thickness sensor 26 for detecting
thickness of the bill 30, presence or absence of a tape
and ruggedness of a thread or the like; an encoder 27
for outputting a clock signal in synchronizing with a car-
rying distance of the bill 30, based on carrying drive at
the bill carrying mechanism 31, and a control part 28 for
judging money types, number, and authenticity from a
detected data of the thickness sensor 26.
[0017] Accordingly, the discerning part 2 discerns to
which money type the bill 30 belongs, which was intro-
duced thereto, still more discerns whether it is a true note
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or a counterfeited note, and still more discerns whether
the bill 30 is one sheet or two sheets or three or more
sheets, so as to manage the bill 30 to be utilized in trans-
action. It should be noted that the bill carrying mechanism
31 is configured to make discernment possible, even
when the bill 30 is carried from either of the reciprocating
directions.
[0018] Explanation will be given next on a specific con-
figuration of the thickness sensor 26 provided to the dis-
cerning part 2, with reference to Fig. 3.
[0019] This thickness sensor 26 is provided with a
standard roller axis 37 as a rotating axis where rotation
force is transmitted from a carrying drive system of the
bill carrying mechanism 31; standard rollers 36 arranged,
for example, in 6 sheets, in a narrow width space in the
same axis direction as this standard roller axis 37; six
detection rollers 34a to 34f arranged on a detection roller
axis 38 opposing to said six standard rollers 36; a detec-
tion roller group 34 which is driven-rotated when these 6
detection rollers 34a to 34f are pressed to the standard
rollers 36; dislocation detection sensors 33a to 331, in a
total number of 12, arranged in an opposing way, for ex-
ample, by each 2 sensors, every the detection rollers 34a
to 34f; a dislocation detection sensor group 33 for detect-
ing roller dislocation amount where the detection rollers
34a to 34f displaced elastically, based on variation of a
magnetic field, which is generated from a coil of each of
the dislocation detection sensors 33a to 331, and a sen-
sor processing part 35 for processing input data from
said dislocation detection sensor group 33. The standard
rollers 36 were shown for the case of arraying 6 rollers
in a carrying width direction, however, they may be con-
figured by one long roller axis.
[0020] Fig. 4 is a drawing explaining a major part by
magnifying a part of the thickness sensor 26. Here ex-
planation will be given on two sets of a left detection part
composed of two dislocation detection sensors 33a and
33b, the detection rollers 34a, and the standard rollers
36 in an upper and lower direction; and a right detection
part composed of two dislocation detection sensors 33c
and 33d, the detection roller 34b and the standard rollers
36 in an upper and lower direction at the right side thereof,
as an example, in view of explaining this thickness sensor
26.
[0021] The detection rollers 34a and 34b are config-
ured by filling soft elastic members 39a, 39b, ---, such as
rubber, between an external wheel 32a, which is com-
posed of a cylinder-like member of a metal or the like,
and the detection roller axis 38, which becomes a center
axis thereof. On the other hand, the standard roller 36 is
configured by a metal and provided as a standard surface
without dislocation of the exterior circumference surface,
to which the detection rollers 34a and 34b are contacted.
[0022] By this, when the bill 30 is meshed between the
surfaces of the two set of rollers, that is, the standard
rollers 36 and 36 at the both right and left sides, and the
detection rollers 34a and 34b at the both right and left
sides, the elastic members 39a and 39b deform by thick-

ness amount of the bill 30, and the external wheels 32a
and 32b displace in the upper direction.
[0023] This dislocation amount is detected by the two
dislocation detection sensors 33a and 33b at the left side,
and the two dislocation detection sensors 33c and 33d
at the right side, and a detection signal corresponding to
thickness of the bill 30 is output. The detection signal is
processed at the sensor processing part 35, and a digital
signal for the dislocation amount thereof is sent to the
control part 28. In the control part 28, it is judged whether
the bill 30 is carried or not in two or more sheets in an
overlapped state, whether it is a altered note adhered
with a tape or the like or not, or whether it is a true note
or a counterfeited note or not, based on thickness data
of the bill 30 sent.
[0024] In addition, by arranging two dislocation detec-
tion sensors 33a and 33b at the both ends in an opposing
state, for the one detection roller 34a, in the case where,
for example, a tape TA is adhered at the paper surface
(refer to Fig. 4), both ends of said tape TA contact over
the detection rollers 34a and 34b at the left and right, and
the both of the detection rollers 34a and 34b simultane-
ously mount on said tape TA half-way, and tilt in a directly-
opposed direction, by which dislocation of the detection
rollers 34a and 34b can be detected.
[0025] In order to detect a wide detection range of the
bill 30 correctly, it is preferable that layout of a plurality
of the dislocation detection sensors 33a to 331 has nar-
row arrangement space and eliminates clearance among
said sensors, so as to decrease a non-detection region
of the bill 30 as low as possible. Therefore, each of the
dislocation detection sensors 33a to 331, which are
aligned over a carrying width direction, is arranged close-
ly by narrowing arrangement space.
[0026] Therefore, these dislocation detection sensors
33a to 331 are arranged in such close vicinity as having
little clearance and resulting in interference of mutual
magnetic field by adjacent dislocation detection sensors
themselves. Explanation will be given next on thickness
detection technology which is capable of detecting thick-
ness of the bill 30 correctly, without interference of the
magnetic field of the adjacent dislocation detection sen-
sors 33a to 331, even by closely arranging the space of
the dislocation detection sensors 33a to 331.
[0027] This thickness detection technology is such
technology to divide a plurality of the dislocation detection
sensors 33a to 331 aligned along an axis direction of the
detection rollers 34a to 34f, to two channels (channels a
and b in Fig. 5) of two non-adjacent groups which are
classified by each of non-adjacent groups themselves
which are not adjacent in said alignment direction, and
alternately switching (ON/OFF) the power of an oscilla-
tion voltage to thus divided non-adjacent groups, as
shown in Fig. 5A.
[0028] For example, as shown in Fig. 5B, the disloca-
tion detection sensors 33a to 33d are classified to two
groups, that is a group having odd number 33a, 33c, --,
and a group having even number 33b, 33d, --, from the
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end, and power of the oscillation voltage is switched by
alternately making ON/OFF by each of these groups.
That is, while the odd number group 33a, 33c, --- is os-
cillating, oscillation of the even number group 33b, 33d,
--- is stopped.
[0029] It aims at avoiding simultaneous output (inter-
ference) of the adjacent dislocation detection sensors, in
controlling oscillation of these two kinds of groups, in the
case where each of the dislocation detection sensors out-
puts (oscillates). That is, this grouping contributes as a
means for avoiding interference.
[0030] In this way, a magnetic field is generated by
oscillating a predetermined frequency by a coil of the
dislocation detection sensor, however, because of alter-
nate oscillation by the two kinds of groups separated
apart by one space, without simultaneous oscillation from
these dislocation detection sensors 33a to 33d, there is
no influence of the magnetic field from the adjacent dis-
location detection sensors, even when said dislocation
detection sensors are arranged closely.
[0031] In this way, it becomes possible to avoid inter-
ference of the magnetic field between the dislocation de-
tection sensors, and obtain detection precision in high
resolution stably, even when the dislocation detection
sensors are arranged closely.
[0032] Fig. 6 shows a configuration example of a sub-
strate integral-type dislocation detection sensor, wherein
a plurality of coils 62 have printed wiring in narrow width
space, as the dislocation detection sensor on the sub-
strate 61, and a integral-type substrate 63 is configured
by laminating, for example, four layers of this substrate
61 having printed wiring. By using this integral-type sub-
strate 63, space of the coils 62 can be narrowed. As a
result, a compact-type detection coil with good precision
can be obtained, and it can be built-in compactly, having
high detection precision.
[0033] It should be noted that explanation was given
on magnetic field change by the coil as the dislocation
detection sensor, however, for example, a permanent
magnet or the like may be used so as to make ON/OFF
mechanically. In addition, there may be used a magnetic
field detection sensor such as an NR element (a magnetic
resistance element), an MI element (a magnetic imped-
ance element), a hole element.
[0034] It should be noted that, the explanation was giv-
en in the explanation on unique detection technology for
avoiding influence of the magnetic field, however, it is
also possible to increase detection precision still more.
That is, in the case of the arrangement configuration of
the dislocation detection sensors 33a to 331, adjacent
space of the detection rollers 34a, 34b, ---, which are
arranged in multiple, becomes a part not directly contact-
ing to the bill 30, and thus generates a carrying space 72
of the non-detected place (refer to Fig. 7). To solve this,
one example of a configuration will be shown next, which
is capable of providing supplemental detection even for
said carrying space 72.
[0035] Fig. 7 shows a plan view showing arrangement

relation among the detection rollers 34a --- and the dis-
location detection sensors 33a ---, arranged in a stag-
gered state. For example, a detection unit 71, which is
configured by providing, the 6 standard rollers 36-(refer
to Fig. 3), the 6 detection rollers 34a to 34f, and the 12
dislocation detection sensors 33a to 331 having printed
wiring onto the integral-type substrate 63, is located in
two rows at the front stage side and the rear stage side
in a carrying direction of the bill. Among these, the de-
tection roller 34a at the rear stage side takes a configu-
ration to be arranged, in a staggered state in a plan view,
so as to correspond to the carrying space 72, as non-
detection position between the detection rollers at the
front stage side.
[0036] By this configuration, although the carrying
space 72 is generated inevitably between a plurality of
the detection rollers 34a an 34b, because detection of all
surfaces of the bill 30 is possible without missing, by sup-
plemental detection by the detection roller 34a at the later
stage side, even for this carrying space 72, ruggedness
dislocation of the bill can be detected correctly, even
when detection range of the paper surface is wide.
[0037] Explanation will be given next on a control con-
figuration of the thickness sensor 26, with reference to
Fig. 8. Here, explanation will be given below on the case
of controlling two dislocation detection sensors 33a and
33b, which can be switched in response to one channel
a, and the other channel b.
[0038] Oscillation circuits 40a and 40b are provided as
an alternate current magnetic field generation unit, and
perform LC oscillation in the dislocation detection sen-
sors 33a and 33b and the condensers 41a and 41b, and
transistors 42a and 42b are used as negative resistanc-
es. After that, in detection circuits 43a and 43b, disloca-
tion output from the oscillation circuits 40a and 40b is
detected primarily to extract a dislocation component.
[0039] Said oscillation circuits 40a and 40b are self-
excited-type oscillation circuits for detecting dislocation
amount of the roller, where the detection roller displaced
elastically, based on variation of the alternate current
magnetic field, when the alternate current magnetic field
was generated. Therefore, it becomes possible to correct
dispersion of the magnetic field of each channel, caused
by dispersion of the coils or the condensers, by each
channel, and thus to ensure a thickness sensor with good
precision.
[0040] Offset correction circuits 44a and 44b are cir-
cuits, as an adjustment unit for correcting dispersion of
temperature variation or mechanical variation, and usu-
ally such subtraction correction circuits as to maintain a
sensor level, not having the bill 30 before transaction, at
a constant level. In a multiplexer circuit 46, the sensor
level is subjected to AD conversion sequentially at the
timing of a switching control signal 48 by an AD converter
47, and a digital signal of the dislocation output is output
to the control part 28 by the sensor processing part 35.
Output thereof is input to a judgment part 49 in the control
part 28, to judge number of the bill 30 or presence or

7 8 



EP 2 249 315 A1

6

5

10

15

20

25

30

35

40

45

50

55

absence of an adhered substance such as a tape.
[0041] In addition, in judging the dislocation output, it
is converted to dislocation amount of the bill by inclination
determined from a linear approximation equation of the
thickness memorized by a nonvolatile memory 45, to cal-
culate dislocation amount of each bill 30. In this nonvol-
atile memory 45, there has been memorized, as a mem-
ory unit, inclinations of a linear approximation equation
of dislocation of each channel a and b, calculated, in ad-
vance, from a plurality of dislocation levels. Still more, it
has memorized output levels corresponding to two or
more roller dislocation amounts relating to roller disloca-
tion amount of the thickness of the bill, including an ab-
sent state of the bill, in advance. In this way, judgment
processing at the control part 28 is made easy.
[0042] After that, output of the dislocation is input to
the judgment part 49 in the control part 28, to judge
number of the bill 30 or presence or absence of an ad-
hered substance such as a tape. This control part 28 acts
as a difference unit for determining difference between
the input level of the dislocation detection sensors 33a
--- in passing time of the bill, and the input level in non-
passing time of the bill, adjusted by the offset correction
circuits 44a and 44b, to judge thickness of the bill, by
comparing the output level derived therefrom with the
output level memorized by the nonvolatile memory 45.
In this comparison judgment, by performing linear ap-
proximation between each of the thickness points, thick-
ness dislocation amount can be determined correctly.
[0043] In this way, it becomes possible to determine
thickness dislocation amount without influence of disper-
sion of sensor temperature or the apparatus, as well as
secure linearity between thickness dislocation amounts
memorized by the nonvolatile memory 45, and thus a
thickness sensor with high dynamic range can be pre-
pared. Therefore, it becomes possible to secure a thick-
ness sensor with good precision.
[0044] The switching control signal 48 outputs a sam-
pling timing signal synchronized with an encoder 27 (refer
to Fig. 2), as well as outputs a switching timing signal to
oscillation control circuits 50a and 50b. That is, the
switching control signal 48 switches the channels a an b
(refer to Fig. 5) by the non-adjacent group for acquiring
the roller dislocation amount within unit detection time
for detecting thickness in a carrying direction of thereof,
by synchronizing with carrying speed of the bill 30 by the
bill carrying mechanism.
[0045] In this way, a ruggedness dislocation image
without resolution change for a carrying direction can be
obtained, even when carrying speed varies. It should be
noted that, as for timing of data loading, it is preferably
configured by mechanism to output a pulse for travelling
distance of the bill 30 by the encoder 27 or the like. In
the case where passing speed of the bill 30 is known in
advance, it may be configured by mechanism to output
a signal synchronized with assumed passing speed of
the bill.
[0046] The oscillation control circuits 50a and 50 b out-

put the switching control signal 48, during an ON period
thereof, to the transistors 42a and 42b of negative resist-
ances of the oscillation circuits 40a and 40b, and perform
high frequency oscillation by making the transistors 42a
and 42b thereof conducted. The oscillation circuits 40a
and 40b perform high frequency oscillation only during a
period when the oscillation control circuits 50a and 50 b
are ON. Therefore, each of the oscillation control circuits
50a and 50b of the adjacent dislocation detection sensors
33a and 33b at the both sides is made ON at one side
and OFF at the other side simultaneously, and thus are
acting exclusively.
[0047] In the case of data transfer from the sensor
processing part 35 to the control part 28 of a high rank
control section, the sensor processing part 35 acts as a
processing unit, on the premise that detection level be-
fore switching is maintained, while a non-detection state
switched to other non-adjacent group, and output data
processed here is transferred to the control part 28. In
this way, the control part 28 can be processed as usual.
In particular, because output data transferred to the con-
trol part 28 is handled as continued data, where detection
level before switching is maintained, a ruggedness dis-
location image with high resolution can be obtained.
[0048] In the above-described example, the twelve
channels 33a to 331 are classified to two groups, that is
a group having odd number 33a, 33c, --, and a group
having even number 33b, 33d, -- (channels a and b),
however, any grouping may be allowed as long as it is a
channel configuration where adjacent dislocation detec-
tion sensors do not output simultaneously, that is, not to
interfere each other. For example, the dislocation detec-
tion sensors separated apart space between the dislo-
cation detection sensors by two or three spaces may be
handled as one group.
[0049] Explanation will be given next on a method for
judging how many sheets of the bill 30 are carried in the
judgment part 49, with reference to Fig. 9. In a waveform
51 represented in Fig. 9A, the vertical axis shows dislo-
cation output of each channel CH0, CH1-CH10, CH11
(a, b), and the horizontal axis shows travelling distance
of the bill 30.
[0050] Fig. 9B shows a waveform 52 representing the
sum of dislocation outputs of each channel described in
Fig. 9A.
[0051] Firstly, the judgment part 49 extracts a region
where the bill 30 is contacting onto the detection rollers
34a, ---. In this case, when average value of the bill 30
is equal to or more than threshold value 53 corresponding
to 2.5 sheets of the bill 30, it is judged to be equal to or
more than 3 sheets; and as for the sheets below that,
when it is equal to or more than threshold value 54 cor-
responding to 1.5 sheets of the bill 30, it is judged to be
2 sheets; and when it is below threshold value 54, it t is
judged to be 1 sheet.
[0052] Explanation will be given next on a judgment
method for a tape adhered to the bill 30 in the judgment
part 49, with reference to Fig. 10 and Fig. 11.
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[0053] Fig. 10 shows a waveform 55 of the dislocation
detection sensors 33a and 33b among each of the chan-
nels a and b, in the case where an altered note adhered
with the tape passes (refer to Fig. 4). The vertical axis
shows dislocation output, and the horizontal axis shows
travelling distance of the bill 30.
[0054] As for a threshold value of these waveforms 55,
because thickness of the bill 30 differs depending on plac-
es, or total thickness of the bill varies depending on en-
vironmental change of the bill itself, it is difficult to set the
threshold value as it is. Therefore, firstly, a region is ex-
tracted where whole of the bill is mounted onto the roller.
In this case, one shown in Fig. 11 is a waveform 56 of
the dislocation output, based on center value of total
thickness of the bill (center of thickness in a carrying di-
rection and a carrying width direction). And, an image
58, obtained by binary processing at the threshold value
57 of the convex part of each part of the bill from thickness
of the bill of an object region, is shown, as a plan view of
the bill. And, when the area size thereof is equal to or
larger than the threshold value 59, it is judged to have
an adhered substance with a certain size, such as a tape.
Therefore it can be detected in high precision, whether
the bill 30 is carried in two or three sheets in an over-
lapped state, and whether it is an altered bill by a tape,
paper or the like.
[0055] As described above, since it is possible to avoid
interference of the magnetic field among the adjacent
dislocation detection sensors, even by closely arranging
said adjacent dislocation detection sensors, detection
precision in high resolution can be obtained stably.
Therefore, it becomes possible to detect, by correct judg-
ment, a fine ruggedness variation state of a medium, ir-
respective of a carrying state of the medium, and thus
judgment in high precision satisfying security function of
the bill can be performed,.
[0056] The present invention should not be limited to
configurations described in one Examples described
above, and is applicable based on technological concept
described in the appended claims. For example, although
the bill 30 was used as one example of the medium, in
one Examples described above, the present invention is
applicable even to other media such as a slip, a check,
a securities credit, a gold certificate and the like.
[0057] The present invention is applicable to automatic
transaction facilities such as automatic telling machines,
exit fare machines, ticket-vending machines and the like,
which handle bills or the like.
[0058] Features, components and specific details of
the structures of the above-described embodiments may
be exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are apparent for an expert skilled in the art
they shall be disclosed implicitly by the above description
without specifying explicitly every possible combination.

Claims

1. A medium thickness detection apparatus configured
by comprising:

standard rollers (36);
a detection roller group (34) for having an elastic
member (39) built-in, allowing elastic deforma-
tion in a radius direction, as well as arranging a
plurality of detection rollers (34a to 34f) in the
same axis direction opposing to the standard
rollers (36);
a carrying unit for sandwiching and carrying a
medium between both rollers, by rotation driving
at least one side of said opposing standard roll-
ers (36) and the detection roller group (34); and
a dislocation detection sensor group (33) for de-
tecting dislocation amount of the roller where
said detection rollers (34a to 34f) displaced elas-
tically, by installing in an opposing way the dis-
location detection sensors (33a to 331) by each
of said detection rollers (34a to 34f), and based
on variation of a magnetic field, which is gener-
ated from a coil (62) of each of said dislocation
detection sensors (33a to 331) installed in an
opposing way,
wherein it is configured by comprising:

a switching unit for dividing a plurality of the
dislocation detection sensors (33a to 331),
aligned along an axis direction of said de-
tection rollers (34a to 34f), to non-adjacent
groups which are classified by each of non-
adjacent groups themselves which are not
adjacent in said alignment direction, and
switching said non-adjacent groups for ac-
quiring said roller dislocation amount.

2. The medium thickness detection apparatus accord-
ing to claim 1, having a configuration located a plu-
rality of the medium thickness detection units, which
are configured by comprising said standard rollers
(36), said detection roller group (34) and said dislo-
cation detection sensor group (33), in a medium car-
rying direction; and
arranged in a staggered state, at least the detection
rollers (34a to 34f) of the medium thickness detection
units, which is located at the front stage side and the
rear stage side in said medium carrying direction, so
that, at a non-detection position between the detec-
tion rollers (34a to 34f) at one side, the detection
rollers (34a to 34f) at the other side are arranged in
an opposing way at the front stage side and the rear
stage side.

3. The medium thickness detection apparatus accord-
ing to claim 1 or 2, wherein said switching unit has
a configuration for switching said non-adjacent
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group for acquiring said roller dislocation amount
within unit detection time for detecting thickness in
a carrying direction of the medium, by synchronizing
with carrying speed of the medium by said carrying
unit.

4. The medium thickness detection apparatus accord-
ing to claim 1, 2 or 3, comprising:

an adjustment unit for adjusting an input level of
the dislocation detection sensor (33), in non-
passing time of the medium, to a predetermined
level;
a memory unit for memorizing, in advance, an
output level corresponding to dislocation
amount of at least two or more rollers, relating
to roller dislocation amount of medium
thickness ;
a difference unit for determining difference be-
tween the input level of the dislocation detection
sensors (33a to 331) in passing time of the me-
dium, and the predetermined level in non-pass-
ing time of the medium, adjusted by said adjust-
ment unit; and
a judgment unit for judging thickness of the me-
dium, by comparing the output level determined
by said difference unit, and the output level
which said memory unit has memorized.

5. The medium thickness detection apparatus accord-
ing to any one of claims 1 to 4, comprising:

a memory unit for temporarily memorizing data
which said dislocation detection sensor (33) de-
tected;
a processing unit for processing data on the
premise that detection level before switching is
maintained during a non-detection state
switched to other non-adjacent group;
a transfer unit for transferring data of the roller
dislocation amount to a higher rank control sec-
tion; and
a control unit for transferring, by said transfer
unit, the output data processed by said process-
ing unit.

6. The medium thickness detection apparatus accord-
ing to any one of claims 1 to 5, wherein a plurality of
said dislocation detection sensors (33a to 331) are
configured by a coil (62) having printed wiring at a
substrate.

7. The medium thickness detection apparatus accord-
ing to any one of claims 1 to 6, wherein said dislo-
cation detection sensors (33a to 331) are configured
by:

an alternate current magnetic field generation

unit for generating the alternate current magnet-
ic field; and
a self-excited-type oscillation circuit for detect-
ing dislocation amount of the roller, where the
detection rollers (34a to 34f) displaced elastical-
ly, based on variation of the alternate current
magnetic field, which was generated by said al-
ternate current magnetic field generation unit.
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