- 1. FOREI GN OBJECT DETECTI ON APPARATUS BACKGROUND OF THE | NVENTI ON The

. present invention relates to an apparatus for detecting a foreign object in
a bill processing device, and nore particularly to an apparatus for 5
detecting a foreign object which is deposited together wth bills into a
bill deposit/w thdrawal port of an automated teller nmachi ne. An apparatus,
such as a bill deposit/withdrawal proéessing apparatus, a deposit-only 10
apparatus or the like, which processes bills in accordance with a deposit
operation perfornmed byGREISEY OB Ta RETHIN ION fARPARKBIYNn obj ect such as a
coin, a paper clip or the like is mstakenly included in the deposit port
in which bills are deposited, and the 15 included foreign object is taken
into the apparatus together with the bills, resulting in causing a jam of
bills or a failure of the apparatus. The device for detecting netallic piece

remai ni ng di ggtREREuND SF- PrRO0PkvBd426nhas a coil for 20 detecting a
magneti ¢ change to detect the presence or not of a coin by utilizing a

change in quantity of THagpekkent! uxvehtebncressesst b eai hpgepandisng on the
presence or not of a coin. The proximty sensor and object detecting 25

devi ce di scl 66eddebedPiAg280862082383cbasca dat ecbioh Brcekeetngde in an
obj ect detecting region to detect an

device, and more particularly to an apparatus for

5 detecting a foreign object which is deposited together
with bills into a bill deposit/withdrawal port of an
automated teller machine.

An apparatus, such as a bill

deposit/withdrawal processing apparatus, a deposit-only

10 apparatus or the like, which processes bills in
accordance with a deposit operation performed by a user
has a trouble if a foreign object such as a coin, a
paper clip or the like is mistakenly included in the
depeosit port in which bills are deposited, and the

15 included foreign object is taken into the apparatus
together with the bills, resulting in causing a jam of
bills or a failure of the apparatus.

The device for detecting metallic piece

remaining disclosed in JP-A-2001-84426 has a coil for

20 detecting a magnetic change to detect the presence or
not of a coin by utilizing a change in quantity of
magnetic flux which crosses the coil depending on the
presence or not of a coin.

The proximity sensor and object detecting

25 device disclosed in JP-A-2003-202383 has a detection



object to be detected by detecting a change in electrostatic capacitance
bet ween the detection electrode and the object present in the object 5
detecting region. SUVMMARY OF THE | NVENTI ON Si nce the device for detecting
netallic piece remining disclosed in JP-A-2001-84426 detects a 10 foreign
subst ance dependi ng on a magnetic change of the <coil, it has a drawback
that it cannot detect a non- nagneti€ f£orei gn substance such as a dust ball,
a bit of paper or the like. In addition, it has a structural drawback in
securing thecdefeEPiBniperforhafce BeEaGEENISrBFEANWRENAEREBCEORBI gn
substance is a,magnetic aubstange it 1S necessary to aﬁgroach the foreign
I

subst ance cl B8¢SEhobiGhPEo EhECESRI LY ndBFREFLPY AefBBEISt HB for ei gn
substance. Th oxim sensor..and obj ect detecti 20.devi ce disclosed in
TP A 200 209585 CARCBELGoraNOr: CORFS RERKGHGL FEot OPEPGR-EHbst ance but al 50
a non- nmagneji j u anGe u Lphce. st i tance (between,
for exanp?e,é%%%Egégégg?gnpﬁélég ?Sgebgﬁgéﬁ?slgi?@én?gﬁgggiaI gro&nd) causes
fal se 25 getggﬁgggingigggyoﬁgcurate detection cannot be expected. In
addi ti on, when neasure galnst the stray capacitance are taken, there is a

problemthat the structure becones conplex. 3 The present invention
provi des an apparatus for detecting quickly an included foreign object in

SUMMARY OF THE INVENTION
Since the device for detecting metallic piece
remaining disclosed in JP-A-2001-84426 detects a
10 foreign substance depending on a magnetic change of the
ceoil, it has a drawback that it cannot detect a non-
magnetic fereign substance such as a dust ball, a bit
of paper or the like. 1In addition, it has a structural
drawback in securing the detection performance because
15 even when the foreign substance is a magnetic
substance, 1t is necessary to apprcach the foreign
substance close encugh to the ceoil in order to detect
the foreign substance.
The proximity sensor and object detecting
20 device disclosed in JP-A-2003-202383 can detect not
only a magnetic foreign substance but also a non-
magnetic foreign substance. But, since stray
capacitance (between, for example, the detection
electrode and its circumferential ground) causes false
25 detection, highly accurate detection cannot be
expected. In addition, when measures against the stray
capacitance are taken, there is a problem that the

structure becomes complex.



order to prevent a trouble such as a jamof bills or a failure
due to the foreign object included 5 in the bill deposit/w thdrawal port of

a bill

processing section or the like of an automated teller

bill processing device or another machine that a user is requ
performa deposit operation. The present invention has been nade in view 10

of the above circunstances and provides a foreign

apparatus, conprising at |east one pair of first and second ne

are nenbers

of equi pnent

machi ne, a
red to

obj ect detection

nmbers whi ch

confi guri AgeaPspacet LAVARFERANLPEPELEeSpanpprBEaS3EHSare

deposi ted, agd disgosed to facg each ot her 't ush and 15 sandw ch the
L Ll

bills thereb

PhedRte Gt PP sEUEFELY r Bhet T

ial di d | f fi . f h
naterlaa sgigﬁ gEIEg??%%geﬁgi%egrgﬁééﬁoﬁgé eaglé?ggﬁeggﬁébégﬁvggﬁﬁzesiaI
di d . hg 20 d face. ;

| Sposed on a%%%ﬁﬁétoﬁ Qgéi?ﬁénE 8,80 8echp fgggggﬁlég?éégelhgﬁuégéce a

space;

ground unit

groun e second el ectro a vo

uni t which appl {gs BiYP'??@8s£9/&9€h&£5§51958E£r8§ea ggpger; a

unit which neasures a vo

age generated according to e

FEhIPsRad&t ot a conducti ve

tage appl ying

nmeasuri ng

ctrostatic

capaci tance pfode48iMhrtdati6aPa¢i tRE WMkehoksagogntbagdeafl tbhestirst and
second el ectrode nenbers; and a judging unit which |udges whet

obj ect is prgsentnascorgdiny poocasdihfenencesbetwenbrBepr faseribhed reference

si gnal

and 4 a changed output voltage fromthe neasuring unit

her a foreign

dependi ng on

a change i n ehectsaostati tscapgaitradceocoperform a deposit operation.

The present inventicn has been made in vi
10 of the above circumstances and provides a foreign
object detection apparatus, comprising at least one

pair of first and second members which are members

ew

configuring a space, in which bills to be processed are

deposited, and disposed to face each other to push
15 sandwich the bills therebetween; a first electrcde
member which is made of a conductive material dispo
on at least a part of the first member to face the
space; a second electrode member which is made of a

conductive material disposed on at least a part of

and

sed

the

20 second member to face the space; a ground unit which

grounds the second electrode member; a voltage appl
unit which applies a voltage to the first electrode
member; a measuring unit which measures a voltage

generated according to electrostatic capacitance of

ying

a

25 wvirtual capacitor which is comprised of the first and

second electrode members; and a judging unit which

judges whether a foreign object is present according to

a difference between a prescribed reference signal

and



the.virtual capacitor. The foreign object detection apparatus 5 according to
the invention conprises at |east one pair of first and second nenbers which
are nmenbers configuring a space, in which bills to be processed are
deposited, and disposed to face each other to push and sandwich the bills

t herebetween; a first el ectrode 10 nenber which is made of a conductive

mat eri al di sposed on at least a part #f-the first and second nenbers to
face the space; a second el ectrode nenber which is made of a conductive
material di sposeangnd ?UF%%EtV%lb%ﬁ? bromt HeefRpafURhEIsEBdRd nenbers to
face the sp 15 ground_unijt iC unds_t he second_ el ectrode nenber;

a vol tage ap%?@? l%ﬁl?nmﬁlﬁ%a%%%lf%seﬁg95F?§6%t%6 tRARACHFRBECePect r ode

menber; a negﬁurlngt ¥ |gptgFasures a voltage generated according to
el ectrostati ¢ capaC|?% % BTCa Yt i tual capacitor which is conprised 20 of

the first and second e&g&tfgggl€§23§5gctag%F%%t%gggggg??gtﬁsmhlch j udges

whet her a foreign object is accor erence between a

prescribed refgrgss sbopRL é‘ﬁ'ﬂeﬁ‘tf@ﬁng&q LPuLPut Vol bage bramLhe
measuring unit depending on a change Iin electrostatic 25 capacitance of the

virtual capagfteirsihgndoset8nd ObeREE rdelRethoArapRatBts according to the
invention also has a distance calculation unit which cal cul ates a di stance

between 5 thenfigstingnhespand, the secondoirerbetcapd prote@ssge avpit which
stores a distance determ ned by the distance

deposited, and dispesed to face each other to push and
sandwich the bills therebetween; a first electrode

10 member which is made of a conductive material disposed
on at least a part of the first and second members to
face the space; a second electrode member which is made
of a conductive material dispecsed on at least a part of
the first and second members to face the space; a

15 ground unit which grounds the second electrode member;
a voltage applying unit which applies a veltage to the
first electrode member; a measuring unit which measures
a voltage generated according to electrostatic
capacitance of a virtual capacitor which is comprised

20 of the first and second electrode members; and a
judging unit which judges whether a foreign object is
present according to a difference between a prescribed
reference signal and a changed output voltage from the
measuring unit depending on a change in electrostatic

25 capacitance of the virtual capacitor.

The foreign object detecticon apparatus

according to the invention also has a distance

calculation unit which calculates a distance between



calculation unit and a voltage detected by the neasuring unit in
correspondence with the distance and 5 determ nes as a reference signal. The
forei gn object detection apparatus according to the invention also has an
oscillation <circuit which generates a high-frequency sine wave in the
vol tage applying unit. 10 In addition, the foreign object detection
apparatus of the inventionis for a bi bl - processing device, and the space
in which the bills to be processed are deposited is a space of the bil
processi ng déPFPcélFAtuwhPRRebi PPE 4P& 88F68Ft BETPES B?dcénﬁFQGPHﬁg as
descri bed above P rgsent |néen%|on can det ect tE Eée of a foreign
object with RI‘3h BPEEMsPEREGFI 8r A5 RRES SFFrgﬂHSFI Y {+8&di BSFatlon
even when a Q?hcagrgcggs ng.se E'Q“VOQEaQ kk%tgﬁ %g %H%onated teller

t

machi ne, a bi proceSS|ng eV|ce or Rer apparat us "has a foreign

obj ect such gs uggrg, uf1RARE o6 ?ESPBHBPECE' Ketn! Eﬁleugggtg%@t hgy W th

bills within t eposi t port. As a result, neasures such

as StOPPBnQdQEeEHQnlebsp50§@§§kﬁﬁc@p§E@EhQn issuing of 25 an alarmto the
user to request the renoval of foreign object or the |like can be taken,

thereby producing effeﬁbsf@@@mgaso@'j@wcsu@@e@fmbhea@@aara@h@s wi th high
reliability by preventing a problemsuch as a 6 jamof bills, a damage or
failure of thecappanatus theminbehngonaused hyst ha b@b&ﬂ@ﬁt@bpect.

circuit which generates a high-frequency sine wave in

the voltage applying unit.

10 In addition, the foreign object detecticon
apparatus of the invention is for a bill processing
device, and the space in which the bills to be
processed are deposited is a space of the bill
processing device in which bills are deposited.

15 By configuring as described above, the
present invention can detect the presence of a foreign
object with high precision prior to the start of bill
feeding operation even when a bill processing section
or the like of an automated teller machine, a bill

20 processing device or another apparatus has a foreign
object such as a coin, a paper clip or the like
included together with bills within the bill
deposit/withdrawal port. As a result, measures such as
stopping of the bill processing operation, issuing of

25 an alarm to the user to request the removal of a
foreign object or the like can be taken, thereby

producing effects such as provision of the apparatus

with high reliability by preventing a problem such as a



O her objects, features and advantages of the invention wll becone
.apparent fromthe followng 5 description of the enbodi nents of the
invention taken in conjunction with the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows an autonated teller nachine, 10

which is installed in branches of financial institutions, according to an
enbodi nent of the invention. Fig 2-shows a side view of the autonated
tell er machine shown  in Fi 15 Fig. 3. shows a bill deposit/w thdrawal

mechani sm coRfPgGEi RgLaSpa tdéﬂaﬁﬁeoéuﬁéﬁéﬁéﬁ PE FBF 2RREKPHESSKERR i n Fi g.
1. Fig. 4 shows _a sche tb xheM/of a E %I%te drive system of the
aut omat ed t ePFEFINEERTPHE SKo AOT509F “‘Fig. 5 shows a schematic view

of the structure of acLrogt JBhaLesof %Q%ﬁggogﬁ ed i ghlebeMmGhihe shown in

Fig. 1. Fig. 6 shows aforéign-o etecting 25 circui 55t %t he 'aut ormat ed

teller machi ng shown, algllgﬁecéme Lopalcht 2 SENNR! I Yigwof a detecting

circuit of one antenna o e auto machine 7 - own in Fig. 1.

Fig. 8 shewsgyap-eqpiyahest gheClibolfimkhes @%t @6kl RAveNEGWt tafkehhe antenna
shown in Fig. 7.

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an automated teller machine,

10 which is installed in branches of financial
institutions, according to an embodiment of the
invention.

Fig. 2 shows a side view of the automated
teller machine shown in Fig. 1.

15 Fig. 3 shows a bill deposit/withdrawal
mechanism configuring a part of the automated teller
machine shown in Fig. 1.

Fig. 4 shows a schematic view of a push plate
drive system of the automated teller machine shown in

20 Fig. 1.

Fig. 5 shows a schematic view of the
structure of a front plate of the automated teller
machine shown in Fig. 1.

Fig. 6 shows a foreign cbject detecting

2% circuit of the automated teller machine shown in Fig.
1.

Fig. 7 is a schematic view of a detecting

circuit of one antenna of the automated teller machine



Fig.. 9 shows a change in the output voltage 5 of the circuit shown in Fig. 7

.and Fig. 8.

Fig. 10 shows an equivalent circuit of a virtual capacitor
case where a foreign object is included. Fig. 11 shows a tendency of a

difference 10 (voltage difference) between an output signal (output
voltage) and a reference signal (reference voltage) of the circuit shown in

Fig. 7 and Fig. 8 in a case where

a~féreign object is included. Fig. 12
shows anot her enbodi nent of the 15 antennas according to the invention.

in a

DESCRI PTI ON BROYRELBEMBEBr MENTS Enbodi nents of the present invention will be

descri bed wi

th ref to,th ing.draw ngs. .20 le 1) Fi
1< an example of an SGPonG SACTE! Far COHALRERBCWRLERUEE PRSEREIod in
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applied. As
handl i ng uni
processing c
gui des and
required for

passbook update

i nformati on

10

15

20

25

, an autonate r machin

t 91 for progessiBgoRL! LSengngai in gaedbh@guunbblﬁaggor

oins, a dispfay operation section 93 for

bipaneipl chushitubkonheto phah LAS.RI e5egtl vent!on s

"has 25 a bhil

i splayi ng operation

brapgactiepuiteBBohAr ia wsgr andnfokipnpetting 8 information

transaction by the user, a passbook handling unit 94 for
processgnglcaseawd shi pghandieng gaktudd bar ar eadi ng

on a cash card which is a transaction
virtual capacitor in a case where a foreign object is

included.

Fig. 11 shows a tendency of a difference
(voltage difference} between an output signal (output
voltage} and a reference signal (reference voltage) of
the circuit shown in Fig. 7 and Fig. 8 in a case where
a foreign object is included.

Fig. 12 shows another embodiment of the

antennas according to the invention.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention will be
described with reference to the accompanying drawings.
(Example 1)

Fig. 1 is an example of an automated teller

machine which is installed in branches of financial

institutions to which the present invention is applied.

As shown in Fig. 1, an automated teller machine 90 has
a bill handling unit 91 for precessing bills, a coin
handling unit 92 for processing coins, a display
operation section 93 for displaying operation guides

and transaction items for a user and for inputting



5 nmedi um of the user, issuing an account statenent and the |like, a guide
.display section 96 for displaying the transaction itens, and a control
section 97 for <controlling the individual transaction units. Fig. 2 is a
side view showi ng a schematic 10 structure of an enbodi nent of the bil
handling unit 91. In Fig. 2, a bill deposit/w thdrawal nechanism2 is
conprised of a guide where bills 1 are8ptaced, rollers for feeding the
bills 1, rollers for accunulatlngathe bills, and the like. It receives the

15 user - depoéPf@HmBFFPg 1egyigeda FeFﬁapéééﬁéPﬁg ¥h&ERFoHES Ty Pone and
delivers bills o tg ﬁ?er o] grgtgg %8 wi th ay thgn% The bi |
erps!t/mﬁtha?g ﬁe AgHi $h¥2 ﬁegéPF 88 nEdetsi | afterward. The
O ebkbBclasahar al e,y <ihg Rubhyi2g 48 QSbB/%bEhQ%Qﬁ@hﬁ”ECha“'5”‘2
are conveyed ream nec |sn1 a fransport path 3, and

subj ect ed t o: disepk it Bat bAN, aegsﬁeesgalQHlEarlgeQngsnsgat@eh cl eanness and

dirtiness, denomnations, transport states and the like of the bills by a

25 di scripi ngbingmdeyi €Bedusért €MBOLRRY aaCHAULahL OBt sRBRBARI afYS for
tenporarily accumul ati ng and dlscharglng the deposited bills is mainly

conprised of thdrumkeand guliapedangiagcHautabasotheoki bispbyywnhgding 9 the
tape around the drunms and di scharges the bills by rew nding the tape.
Circul ati ng boxesz6tave detmshabhd asabasrbar shousbng9bi fFbs i n accordance
wi th denom nations which have been judged to be suitable for
controlling the individual transaction units.
Fig. 2 is a side view showing a schematic
10 structure of an embodiment of the bill handling unit
91. In Fig. 2, a bill deposit/withdrawal mechanism 2
is comprised of a guide where bills 1 are placed,
rollers for feeding the bills 1, rollers for
accumulating the bills, and the like. It receives the
15 user-deposited bills 1 by separately receiving them one
by one and delivers bills when the user operates to
withdraw them. The bill deposit/withdrawal mechanism 2
will be described in detail afterward.
The individual bills 1 separated by the bill
20 deposit/withdrawal mechanism 2 are conveyed to a
downstream mechanism through a transport path 3, and
subjected to discrimination and detection for genuine
or not, cleanness and dirtiness, denocminations,
transport states and the like of the bills by a
25 discriminating device 4. A temporary accumulatiocon
mechanism 5 for temporarily accumulating and

discharging the deposited bills is mainly comprised of

drums and a tape and accumulates the bills by winding



5 paynent by the discrimnating device 4. Areject box 7 is a detachable
safe for housing bills which are judged not suitable for paynent by the
discrimnating device 4. The bill deposit/w thdrawal nechanism2 10
configuring a part of the automated teller machine according to an

enbodi nent of the invention is described with reference to Fig. 3. The bil
deposit/wi thdrawal nechanism2 is conprirsed of a bill feeding unit which

consists of 15 pickup rollers 22, feed rollers 23 and %ate_r llers 24, a
bill press uhlt WAPEh2EBHEAsEESORTHMFr BRE PraF8a5§eSat ﬁu?ﬁlgﬁapé 26 and

i id 27 d bi.l | | ati i ich i f
T o R E o b Fau S T BB ks SRRt of o
press unit hggﬁeét?ggnﬁogggn8nbgmig Eg?ggggggaﬁggwuikg Fig. 4, but its both

ends are attache driving tim ng via connecting sections 31.

The tim ng b@%hém%ﬁagESnQVngEh Ry @ HBEHrgﬁﬁggpdtguggeguEQa%@%ef@&?”g a

track 25 determ ne y a guide roller and guide (not shown in Fig.

4) which grepapmeh@db9ntbeed§ge@@ﬁ§hagingea&hgeg-4TheAn9b?éc%3bb§ gontrol | ed
by a drive control section 34 for the notor and its rotafions are - 10

detected by ap engederh3bieDab@cofcthaonetayi pAglsdaheehedrby jlhgeancoder 35
is sent to a calculation section 36. The front plate 25 has on its surface
t hree not suitable for payment by the discriminating device
4.
The bill deposit/withdrawal mechanism 2

10 configuring a part of the automated teller machine
according to an embodiment of the invention is
described with reference to Fig. 3.

The bill deposit/withdrawal mechanism 2 is
comprised of a bill feeding unit which consists of

15 pickup rollers 22, feed rollers 23 and gate rollers 24,
a bill press unit which consists of a front plate 25, a
push plate 26 and separation guides 27, 28, and a bill
accumulation unit which consists of an impeller 29 and
an accumulation guide 30.

20 The push plate 26 of the bill press unit has
its one end on this side only shown in Fig. 4, but its
both ends are attached to driving timing belts 32 via
connecting sections 31. The timing belts 32 are driven
by a motor 33 and guided to move along a track

25 determined by a guide roller and a rail guide (not
shown in Fig. 4) which are mounted on the connecting

sections. The motor 33 is controlled by a drive

control section 34 for the motor and its rotations are



5 copper foil antennas 37 and a cover 38 for covering themas shown in Fig.
.3 and Fig. 5. The antennas 37 are connected to a detecting circuit 40 for
detecting a foreign object through a signal line 39. The push plate 26 is
partially or entirely 10 fornmed of a conductive material, and its
conductive part is grounded through a signal line 41. As other conponent
elenents, a bill presence sensor 42 fl¢y detecting the presence or not of

t he depositgd bills, a separation ggnsor 43 fgrﬁgetectinﬁ 15 the front and
rear ends of 9€hB°EBPaP¥t 88 BNFPIeAnd®a RBERaRFsMMFoFC6BEAPRG and cl osing a
shutter 44 f8r tgge bgll gepgsitémﬁtg r@mal Hﬁrkoare 0 uggggi ghe deposi t
operation of the |FI Y4585 PEFAPERdrawar rechanPsm 591§1485¢Pbed bel ow.
20 When a usgécggpgshgs the bills 1 into the space in the bil

deposi t/wi thdrawal port, the shutter 44 is closed. Then, the push plate 26

I's driven to push therdepeshhedphhbbsyt houand the BLGkUBer ehl-ges 22, Wen
the pressure for pushing against the pickup 25 rollers 22 is detected by an

unshown det egbphpBrupbt1andtchREENBS anarssgbbe@d3gaku@,cavé&gagsignal i's
sent to the drive control section 34 to stop the notor 33, and the push

plate 26 is shepped. shben, ia eoptral agackrign 5.11Thé6aaperates3yo | udge
whet her or not a foreign object such as a coin 45 or a paper clip is
i ncluded in the cdepesttddtbi bl detebhyihbectioreigniObjfeet ddetectingga circuit
40 foreign object through a signal line 38.
The push plate 26 is partially or entirely
10 formed of a conductive materiazl, and its conductive
part is grounded through a signal line 41.

As other component elements, a bill presence
sensor 42 for detecting the presence or not of the
deposited bills, a separation sensor 43 for detecting

15 the front and rear ends c¢f the separated bill, and a
mechanism for opening and clcsing a shutter 44 for the
bill deposit/withdrawal port are mounted.

The deposit operaticn of the bill
deposit/withdrawal mechanism 2 is described below.

20 When a user deposits the bills 1 into the
space in the bill deposit/withdrawal port, the shutter
44 is closed. Then, the push plate 26 is driven to
push the deposited bills 1 toward the pickup rollers
22. When the pressure for pushing against the pickup

25 rollers 22 is detected by an unshown detection unit and
becomes a prescribed value, a stop signal is sent to

the drive control section 34 to stop the motor 33, and

the push plate 26 is stopped. Then, a control section



5 1f. a foreign object is not included, the pickup rollers 22 and the feed
.rollers 23 are driven by an unshown drive source, and the bills are
separated and fed one at a tine by the gate rollers 24. |If the deposited
bills 1 include a foreign object such as a 10 coin or a paper clip, a signal
indicating the inclusion of the foreign object is transmtted to the
control section 46, and t he control- slection 46 generates a control signal
for returninﬁgthe push plate 26 to performthe reverse drive of the notor

33, thereby PBFGPﬁPﬁgtPhé“BQ@h“BFépﬁrZQrtBOFhé 5Pé§&9PbQH3PﬁFt|aI

ition. Th th hut t 4 d t bout th
"ncl usi on of SHCFoRS! gntBbfiedr Qha> BOPEGUEStLt OF LOROVAFCor ) 1 shown o

the display (ORELALLANLSECLT on,93.:ANd calse anagyneed sLa Lhg yser by 20 an

unshown audi 0 cting crrcuit escrlbe detail bel ow.
As shown in Eig.-,6+ 4he detecting circuit 40 is conprised of an oscillation
circuit 401 for applying 25 a high-frequency sine wave to the antennas 37,

change- oger switches 4@24f @br%?c%HeBbFélclty1§%b%h|1ﬁg:lhﬁ%dcoﬂlﬁ%0t'On bet ween
t he antennas 37 and subsequent Signal processing circuits, capacitors 403

whi ch are 12pieenpeebedeket weeantinehantrerdasodieand oBhareseirlilvahi ®) circuit
401 and renove a DC conponent of a signal, resistors 404 which are
connect ed betweenshhen dsdiwkl abuenec¢i nadi thé0biand the arpemnasd37, a
hi ghpass
and fed one at a time by the gate rollers 24. If the
deposited bills 1 include a foreign obiect such as a
10 coin or a paper clip, a signal indicating the inclusion
of the foreign object is transmitted to the control
section 46, and the control section 46 generates a
control signal for returning the push plate 26 to
perform the reverse drive of the motor 33, thereby
15 returning the push plate 26 to the prescribed initial
position. Then, the shutter 44 is opened, and guide
information about the inclusion of a foreign object and
a request for removal of it is shown on the display
operation section 93 and alsc announced to the user by
20 an unshown audio unit.
The detecting circuit 40 1is described in
detail below.
As shown in Fig. 6, the detecting circuit 40
is comprised of an oscillation circuit 401 for applying
25 a high~frequency sine wave to the antennas 37, change-
over switches 402 for sequentially switching the

connection between the antennas 37 and subsequent

signal processing circuits, capacitors 403 which are



5 fi.lter 405 which is one of the signal processing circuits to allow

. passage of only a signal having a prescribed frequency or higher, a

full -wave detecting circuit 406 which is one of the signal processing
circuits to obtain an absolute value of a signal and to 10 rectify the
signal, an integration circuit 407 (for signal adjustnent) which is one of
the signal processing circuits to perform ng gain adjustnent and of fset

adj ustment, an A/ D converter 408 which is o of ~ the sign rocessi ng
ol Cui te o CONURTESInVSrarGG 18 STBRaREs 47 arit BhesParal Labndna. CPU 409

whi ch sends a; ggagngblsel ction si%y@# Egmégﬁggpaggeéogg&Péggtches 402,

. f % n rem?‘ﬁe
recelves an output Signa rom e conv 8 an es as a

judgi ng uni t Lbespaesenge ohiBRtaLL cBnhOEELAMLOBLECH Pased on the output
oi | 7

signal. 20 The copper I's used for the antennas In this enbodi nent,

but anot her transparesh spienial 103Ughqasnbt TOhEERALYME N30Kk dRHaQ5 NESA
(tin oxide) may be used if It is conductive. In this enbodi nént, the

oscillatign giresit 4085x¥0dnWhsCchngener ahessaghhdhptheayengy sine wave is
connected to the copper foils 37 via the resistors 404 and the capacitors

403, but thectapattsors ADBowayabeagenvttedlyl3d sYhealt hevengre plural
antennas as detection elenents as in this enbodi nent, the change-over
swi t ches 402ppestopibednfcbangecpver bpehat| oa belleeavet ietpbtinly ant ennas
and t he subsequent signal
circuit 406 which is one of the signal processing
circuits to obtain an absolute value of a signal and to
10 rectify the signal, an integration circuit 407 (for
signal adjustment) which is one of the signal
processing circuits tc perfeorming gain adjustment and
offset adjustment, an A/D converter 408 which is one of
the signal processing circuits to convert an analog
15 signal to a digital signal, and a CPU 409 which sends a
channel selection signal to the change-over switches
402, receives an output signal from the A/D converter
408 and judges as a judging unit the presence or not of
a foreign object based on the output signal.
20 The copper foil is used for the antennas 37
in this embodiment, but ancother transparent material
such as ITO (indium tin oxide) or NESA (tin oxide) may
be used if it is conductive,
In this embodiment, the oscillation circuit
25 401 which generates a high-frequency sine wave is
connected to the copper foils 37 via the resistors 404

and the capacitors 403, but the capacitors 403 may be

omitted.



5 processing circuits including the highpass filter 405, the full-wave

. detecting circuit 406, the integration circuit 407 and the A/D converter
408 according to a control signal fromthe CPU 409 so not to connect two
or nore antennas to the subsequent signal processing 10 circuits. Thus, the
subsequent signal processing circuits conprising the highpass filter 405,
the full- wave detecting circuit 406, ltthe integration circuit 407 and the
Al D converter 408 can he integrated into one, so that the nupber of parts

can be decreased, an 1%"8PpFBEER PoEi Plohat nplEcBBGFc@ScHRTFE APRI at uri zed

and the cost.,can be reduced. . The change-over, switches 402 _ are, for
exanpl e, ana?%amgﬂ?§cﬁ%slﬂughﬁﬁyeﬁéogﬁo?ﬁgf £P§p8B?Pg§ﬁover

e ‘Sane effects can be

obtai ned. | n.a:canes g eobbeoan! ennanaAlears mounbed: ;20 BBy LROM the

capacitors 4 I's destrable that are connecte rough a shiel ded

line so that.pdveisea) ehfiechia0f afyt ehBaLLROLSRARNsPENENI M nated. The
hi ghpass filter 405 which Is disposed to renove |ow frequency noise has its

i nput side cpppeet8dng28iteuthe Qh@mgﬁiﬁ§e£h§mhﬁ@HFﬁséogiQBdriH§59UtpUt si de
connected to the full-wave detecting circuit 406. In the enbodi ment of the
invention, threl owafrequeneyteboisg tsreamovedebythbBeihtghpassohi | ter 405
because it 14 is sufficient by sending the signal proximty of the
oscillation tiequehcy0ofahbetbschVbatboneecteeud848tcbodinbetbukl - wave
detecting circuit 406. The full-wave detecting circuit 406 has its
control signal from the CPU 409 so not to connect two
or more antennas to the subsequent signal processing
10 circuits. Thus, the subsequent signal processing
circuits comprising the highpass filter 405, the full-
wave detecting circuit 406, the integraticn circuit 407
and the A/D converter 408 can be integrated intc one,
so that the number of parts can be decreased, an
15 approach position input device can be miniaturized and
the cost can be reduced. The change-over switches 402
are, for example, analcog switches but may be another
type if the same effects can be obtained.
In a case where the antennas 37 are mounted
20 away from the capacitors 403, it is desirable that they
are connected through a shielded line so that adverse
effects of external noise can be eliminated.
The highpass filter 405 which is disposed to
remove low-frequency noise has its input side connected
25 to the change-over switches 402 and its output side
connected to the full-wave detecting circuit 406. In

the embodiment of the invention, the low-frequency

noise is removed by the highpass filter 405 because it



5 input side connected to the highpass filter 405 and its output side
.connected to the integration circuit 407. The signal fromthe highpass
filter 405 is a sine wave which vibrates in a plus range and a m nus range.
To input a signal to the A/D converter 408, the full-wave 10 detecting
circuit 406 converts the signal in the mnus range into an absol ute val ue
in the plus range. The full-wave detéddting circuit 406 also rectifies the

signal. The integration circuit 407 has its input 15 side conpected to the
ful |l -wave de%ﬁc?gﬁglﬁF?EEi?Y468ndéﬂa FPe Bufpat BrogiRonKeltel o the A/D

converter 408 a erforns the offset. adjustonent .and gain.adj tpent of
o e o s Ra B EEh PE MR e P T bF Tt 8T e R AL BRICORLD BILHR FB o

and gain adjHﬁ&ﬂgg&lg&gvgeé%ﬁ%gggn OCE?ﬁ??%u§b6the sensitivity of the

virtual capacitor 1n the eposit drawal port, thereby setting to

have high detection sefgbt k¥i{YyaTBeqAD-conYert 8E,408408SnLES;kBPUL side
connected to the integration circuit 407 and’its output 25 side connected

to the CPY 408y apndsceaveshfedfeanaboghsi gnghphsamrthesi-negr ahjontgi rcuit
407 into a digital signal. The CPU 409 is connected to the change-over 15
switch 402 apdtptie AMB=connpeteed408, tBendatagseteshi enrcaignab7for the
antenna 37 to the change-over switch 402, and perforns cal cul ation
processi ng tohdetéghad ftometha bbpgbotsenfihecbadDs ot theiskegrakefromt he
A'D

which vibrates in a plus range and a minus range. To
input a signal tc the A/D converter 408, the full-wave
10 detecting circuit 406 converts the signal in the minus
range into an absclute value in the plus range. .The
full-wave detecting circuit 406 also rectifies the
signal.
The integration circuit 407 has its input
15 side connected to the full-wave detecting circuit 406
and its output side connected to the A/D converter 408
and performs the offset adjustment and gain adjustment
¢of the signal from the full-wave detecting circuit 406.
The offset adjustment and gain adjustment are performed
20 to adjust the sensitivity of the virtual capacitor in
the bill deposit/withdrawal port, thereby setting to
have high detection sensitivity.
The A/D converter 408 has its input side
connected to the integration circuit 407 and its output
25 side connected to the CPU 409 and converts an analog
signal from the integration circuit 407 into a digital
signal.

The CPU 409 is connected to the change-over



5 canverter 408. The foreign object detection principle is described with
reference to the circuit showm in Fig. 7. Fig. 7 is a schematic view
showi ng the detecting circuit of one of the antennas 37, and the other 10
antennas al so have the sane detecting circuit structure. In Fig. 7, the
change-over switch 402 and the subsequent circuits are omtted. In Fig. 7,
Vo denotes an AC voltage of the sime Mave applied by the oscillation
circuit 401, Vout %g denot es an ,out put si gnal %olta e connected to an

unshown chan§¥16¢Br 48 eBA kB2, AP 88H8?6§%Fhé0 el 8E1FSsPattd SCapadi t ance of

t he capacitor.493 ?ng denoteg é?e re '%tagée %[ tge reﬁis%or 404. Since
the push plﬁfg 3% g g Gnd8a°882484cH b abov8Ict e 5u§ﬁ 56 pl ate 26 and

the antennas 32 mougt gd, 9. Lhe Li ot bl ateo 2R WL AL e BEll deposit port

configure a virfua apaci er ebetwee S € electrostatic

capaci tance ob-LoenvbEuak BAPARR!BhsiaNdrCEndeRoLes. Ehersliay sgppac tance

of the antenna 37. 8 shows 25 a circuit equivalent to the circuit
havi ng the apbgRBRar<374880wn in Fig. 7. The position where the push plate 26
stops is variable depending on the nunber of deposited bills, so 16 that
the el ectrostatic capachkafiee=C3nobbtjhetvidetuak iopapagcintoplehasges, and when

an AC voltage is applied to the antenna 37, the output voltage Vout in the
circuit of Begcr@beHangeh asfshewnei noFicge 8irkniat BeowwordsFig.
7. Fig. 7 is a schematic view showing the detecting
circuit of one of the antennas 37, and the other
10 antennas alsco have the same detecting circuit
structure. 1In Fig. 7, the change-over switch 402 and
the subsequent circuits are omitted.
In Fig. 7, Vo denotes an AC voltage of the
sine wave applied by the oscillation circuit 401, Vout
15 denotes an output signal vecltage connected to an
unshown change-over switch 402, Cl denotes the
electrostatic capacitance of the capacitor 403, and R1
denotes the resistance of the resistor 404. Since the
push plate 26 is grounded as described above, the push
20 plate 26 and the antennas 37 mounted on the front plate
25 within the bill deposit port configure a virtual
capacitor therebetween, CZ2 denotes the electrostatic
capacitance of the virtual capacitor, and C3 denotes
the stray capacitance of the antenna 37. Fig. 8B shows
25 a circuit equivalent to the circuit having the antenna
37 shown in Fig. 7.
The position where the push plate 26 stops is

variable depending on the number of deposited bills, so



5it is easily apparent fromthe structure shown in Fig. 3 and a basic
_formula for the capacitor that when the distance between the push plate 26
and the front plate 25 is long (corresponding to the case where the nunber
of bills deposited into the bill deposit/w thdrawal 10 port is many) in this
enbodi nent, the distance between the capacitor electrodes becones |ong, and
a value of the electrostatic capacitafce C2 of the virtual capacitor
beconmes snal |, but when the distance between th% push plate 26_and the
front plate 5Bafsthfiof C¢ETPEBRF &S pOABRAYTEBCEhE cagetQﬁeyérFHanunber of
bills deposited into the bill deposjt/w.thdrawal port.is__small), a value
of the el ect FOSEaLTeocERARAr e Eo T bBe8 AT PUEa0ThAPoPBREL S out put
signal vout ‘ig. yatbahlesdependi Ba.pnca,chande bButhenebge! eostatic 20

capaci tance I'n the bi deposit/w t hdrawal port ue to a difference

of the distaaﬁeppstw@eehgﬁgeeugg sRb@heig6ragd the froptnpkale 43,
(corresponding to'the difference of the nunber of bills deposited into the

bill depositiw inéQW@thQbﬁ}are35 FhemodhpuktehgnakeVautbwgenar @&gd dependi ng
on the difference of the distance between the push plate 26 and the front

plate 25 in Bhhgdesbpdsirentorful aekevanhet apheitotrathan shgAakhkromthe
encoder 35 17 which detects the rotations of the notor for driving the
push pl ate 28isaadcthbebutput thegpakhcpiaespdhadiang the fhendi ptanee bet ween
the front plate 25 and the push plate 26 is used as a reference signal for
calibration. 25 is long (corresponding to the case where the number
of bills deposited into the bill deposit/withdrawal
10 port is many) in this embodiment, the distance between
the capacitor electrodes becomes long, and a value of
the electrostatic capacitance C2Z of the virtual
capacitor becomes small, but when the distance between
the push plate 2¢ and the front plate 25 is short
15 (corresponding to the case where the number of bills
deposited into the bill depocsit/withdrawal port is
small), a value of the electrostatic capacitance C2
becomes large. Therefore, the ocutput signal Vout is
variable depending on a change in the electrostatic
20 capacitance C2 within the bill deposit/withdrawal port
due to a difference of the distance between the push
plate 26 and the front plate 25 (corresponding to the
difference of the number cof bills deposited intoc the
bill deposit/withdrawal port).
25 The output signal Vout generated depending on
the difference of the distance between the push plate

26 and the front plate 25 in this embodiment is

relevant to the rotation signal from the encoder 35



5 Calibration operation is described below. The control section 46 operates
.for a bill separation operation to nove the push plate 26 toward the front
plate 25 at prescribed tine intervals, detects the rotation signal and the
out put voltage Vout at the same 10 tine, stores themin the nmenory wthin
the control section 46, and determines it as a reference signal until the
next calibration operation. By conparilig-with the reference signal, it is

ible to djstj i sh whet h the.diff f t tput 15 | t
possi bl e Lo disthnauish ueler the 0 erenge Lromthe ooyt 15 Vol Lage
d toth Lied_hLl i n¢ i f | bj ect.
due to,the nugbep,of pdepasil ed, bl Laor. s, eLyston oL gelatshan oblect
the bill 20 Lt 4w t i-E.h il
(he 111 20 deposil ikt iatelspoeh end the,0UBYLAVOLIgg8 WA BT S

Therefore, tpeaputpytissihgpal awi EhrB@cbbhbeWst BhR1t B8 rbEkh ibration.
deposit/wi thdrawal port nay be determ ned as the reference signal. |If the

25 above difference becanesrhaigg, obBeadubput svaksageowheBelbhe bills are
deposited may be neasured to determine a correction coefficient in advance,

and the out pohe sbghabldetecied at bherhtse 6brcal bhiat separati8n nultiplied
by the correction coefficient to obtain a value which is determned as the
ref erence sigpakatibnctasmomeofha Poski ghabbj 86t tswehdasha €obntor a paper
clipinto the bills deposited in the bil
plate 25 at prescribed time intervals, detects the
rotation signal and the output voltage Vout at the same
10 time, stores them in the memory within the control
section 46, and determines it as a reference signal
until the next calibration operation. By comparing
with the reference signal, it is possible to
distinguish whether the difference from the output
15 voltage detected at the time of the actual bill
separation operation is generated due to the number of
deposited bills or the inclusion of a foreign object.
There 1s a little difference between the
output signal with no bill within the bill
20 deposit/withdrawal port and the output voltage with
bills actually present, but the difference is small
when the bills are normal. Therefore, the output
signal with no bill within the bill deposit/withdrawal
port may be determined as the reference signal. If the
25 above difference becomes large, the output voltage when
the bills are deposited may be measured to determine a

correction coefficient in advance, and the cutput

signal detected at the time of calibration is



5 deposit/w thdrawal port is described below. An equivalent circuit of the
.virtual capacitor C2 of this case is shown in Fig. 10. As shown in Fig. 10,
the virtual capacitor capacitance C2 forned within the space of the bil
deposit/w thdrawal port changes to 10 become C2B if there is a foreign
object within it, and the output voltage is also changed to becone VoutB
which has a value different fromthe ditput voltage Vout of a case where

th i f i gn.ohject, . F | ' bi | 15

deposi tod | P8 -EhE 4BALE oF "PRECBE FT U GBRoSIEPAL RGP AWAP °BOPE™ e act ual Iy
d out - ' ' Lect isqincluded in th

TS when a vt aeoh 28 AP ao oy aene P h B0 RPTe of the |

reference signal previeyshyssbarse E%EP@iGﬁ”BBéeE% 20cdeterai pednt o be V50.
The neasured output voltage V50B and the reference signal V50 are conpared,

and if the diffepgpee dYo8 katequat H919k haggg&tbaamnataéeggahbed val ue,
it is judged that there is a foreign object. The control section 46 perforns

t he abovesopeepbkon/w2bhavewyit poetbikl aeateidepobkted.i npa the space of the
bill deposit/w thdrawal port. Even when a foreign object is included in the
deposi ted bi kEhsjivalientt agecditfefenbe wsrvarnilabkpat9todepéndinghas where the
foreign object is present. In Fig. 11, the horizontal axis represents the
nunber of bikks, iandhohe verfFigal 18xi sAsephewentis the.dilffetbrce between

t he out put signal Soutput vol tage) and the
virtual capacitor capacitance CZ formed within the

space ¢of the bill deposit/withdrawal port changes to
10 become C2B if there is a foreign object within it, and
the output voltage is alsc changed to become VoutB
which has a value different from the output voltage
Vout of a case where there is no foreign object.
For example, in a case where 50 bills are
15 deposited into the space of the bill deposit/withdrawal
port, the actually measured output veoltage becomes V50B
if a foreign object is included in the bills when a
voltage at a distance corresponding te 50 bills of the
reference signal previously stored in the memory is
20 determined to be V50. The measured output voltage V50B
and the reference signal V50 are compared, and if the
difference dv50 is equal to or larger than a prescribed
value, it is judged that there is a foreign object.
The contreol section 46 performs the above operation
25 every time bills are deposited into the space of the
bill deposit/withdrawal port.
Even when a foreign object is included in the

deposited bills, a voltage difference is variable



5 reference signal (reference voltage), thereby indicating a tendency of
.the difference when a foreign object such as a coinis included in this
enbodi ment. As shown in Fig. 11, when the nunber of bills increases, the
di fference between the output signal and 10 the reference signal becones
small, but the difference fromthe reference signal beconmes |arger as the
foreign object is closer to the frontl%late 25, and the difference fromthe
reference signal hecones spaller as_ the %ogﬁggn object is closer to the

S

push plate 26°PPRY RS BPtH_?rﬁaEEf tREF&Y fFobPeRrGR&Rtt he t8i f f er ence
fromthe ref?ﬁg?g?gs'gﬂg!hb%i%SH?%?ﬁé%?gyrgsgggrnE%a@hetQﬁmﬁgkt%

e
di fference due he "hoi se"réesu rom=drsturbancés in alrl ?ypes of

operating 5&@&?%5 byhg £98r93%?%ga9rQQE§H%EP2EF%HESdEBECBE9 eREphEQrmance is

20 | ower ed en the vol tage rence e noise and the voltage

difference dyet{@ehhenpresepae 9fighhe (BBE?EQ”vB@kQ%E)aaﬁdckﬁﬁe nutual | y.
Fig. 12 shows an enbodi nent of dealing wt the above problem In this

enbodi nent, betbrtheef E0ghal2%rpkatends andthhe)pushepkBl,e 26 are provided
wi th antennas A 51 connected to the detecting circuit 40 and antennas B 52

grounded. Byindbhtagingng tantibhsyway, ththeidéteehed shghak Beecedsa a si gnal
which is a total 20 of a signal fromthe antenna di sposed on the side of
the front plabge2d sholnasnaFcgin3diandnalsidgdalinf tois theodnmenha di sposed
on the side of the push plate 26, so that the voltage difference due to the
presence of &s shown in Fig. 11, when the number of bills
increases, the difference between the output signal and
10 the reference signal becomes small, but the difference
from the reference signal becomes larger as the foreign
object is closer to the front plate 25, and the
difference from the reference signal becomes smaller as
the foreign object is closer to the push plate 26. 1In
15 either case, there is no problem when the difference
from the reference signal is considerably larger than
the voltage difference due to the noise resulting from
disturbances in all types of operating states, but
there 1s a problem that the detection performance is
20 lowered when the voltage difference due to the noise
and the voltage difference due to the presence of the
foreign object are close mutually.
Fig. 12 shecws an embodiment of dealing with
the above prcblem. In this embodiment, both the front
25 plate 25 and the push plate 26 are provided with
antennas A 51 connected to the detecting circuit 40 and

antennas B 52 grounded. By configuring in this way,

the detected signal becomes a signal which is a total



5 foreign object can be doubl ed approxi mately. Thus, the foreign object can
_be detected surely. The nunber of antennas disposed in the enbodi nent was
determ ned to be plural as an exanple. But, the nunber of antennas is
appropriately determ ned 10 depending on the size, material or the |ike of
the object to be detected and not limted particularly. It is a matter of
desi gn. The nunber of antennas may be<0me. In Fig. 3, the push plate is
whol |y made of a conductive gﬁterial but be configured to have a 15

ma
conductive sAffac&8R2thsrehgd 8pBB§FP8at81Fﬁ85?FoHP tHFaféd85°T| ¢t shoul d be

further understoed by those killed in the art _that although_ the foregoing
descri ption %gg 5%ﬁ¥n82%§%n2én%08WﬁeﬁPs%6 't%eaﬁg %n@éﬁ??gn?rFﬁe i nvention

s not Iimtedtherelo,and ouaious ehangescand pRdi Licat begeeray be made

wi t hout departing §r0n1t e spirit o?ﬂthe I nvention scopé of the

appended cl akpsipgl enflobMeagd. afirkarehgn qhkeet, dgkepthbaBnaRPakagus,
conprising: at least one pair of first and second nenbers which are nenbers

configuripg @o§@@§ﬁ,obﬁe@6i@Bnbbb|§oub@e§eapp962§ﬁ§@e§g? depasi, t ede and
di sposed to face each other to push and sandwi ch the bills therebetwen; a

first el ectrodecignbenjubtcbahsbandetettad eandueti ve material disposed on
at least a part of the

The number of antennas dispesed in the
embodiment was determined to be plurzal as an example.
But, the number of antennas is appropriately determined

10 depending on the size, material or the like of the
object to be detected and not limited particularly. It
is a matter of design. The number of antennas may be
cne. In Fig. 3, the push plate is wholly made of a
conductive material but may be configured to have a

15 conductive surface on the side opposite to the front
plate 25.

It should be further understood by those
skilled in the art that although the foregoing
description has been made on embocdiments of the

20 invention, the invention is not limited thereto and
various changes and modifications may be made without

departing from the spirit of the invention and the

scope of the appended claims.



first nmenber to face the space; a second el ectrode nenber which is nmade of a
.conductive material disposed on at |least a part of the second nenber to
face the space; a ground unit which grounds the second electrode nenber; a
vol tage applying unit which applies a voltage to the first el ectrode
menber; a measuring unit which neasures a voltage generated according to
el ectrostatic capacitance of a virtudl capacitor which is conprised of the
first and sgﬁggﬂselectrode menbers; and a judging unit which judges whet her
o]

a foreign fs present according to a difference between a prescribed

reference signal and a,c 2d_o r asuring unit
dependi ng ongé change AiEgggggPrgéﬁg%Fc&gg%gg??gnggb%?gfﬁg’virtual

capaci tor. gomé Eg&gggn obj ect detection apparatus, conprising: 22 at

| east one pair F¥iTd{ and second members which are nenbers configuring a

space, in which bills jto1bgspresesgadrape depasi had, sardndi pRAsedst o face
each other to push and sandwi ch the bills therebetween; a first el ectrode

menber whi chwhgcAagdeeoheRbegandyatiyarimyeri abadespasednannabiheast a part
of the first nenber to face the space; a second el ectrode nenber which is
made of a condubetprecentedi akedidsposédedn ahdl daspoaepart dhcthe

each other to push and sandwich the bills therebetween;

a first electrode member which is made of a
conductive material disposed on at least a part of the
first member to face the space;

a second electrode member which is made of a
conductive material disposed on at least a part of the
second member to face the space;

a ground unit which grounds the second
electrode member:

a voltage applying unit which applies a
voltage to the first electrode member;

a measuring unit which measures a voltage
generated according to electrostatic capacitance of a
virtual capacitor which is comprised of the first and
second electrode members; and

a judging unit which judges whether a foreign
object is present according to a difference between a
prescribed reference signal and a changed output
voltage from the measuring unit depending on a change
in electrostatic capacitance of the virtual capacitor.
2. A foreign object detection apparatus,

comprising:



second nmenber to face the space; a ground unit which grounds the second

, el ectrode nenber; a voltage applying unit which applies a voltage to the
first electrode nmenber; a neasuring unit which nmeasures a voltage generated
according to electrostatic capacitance of a virtual capacitor which is
conprised of the first and second el ectrode nenbers; a distance cal cul ation
unit which calculates a distance betweermr the first nenber and the second

menber; a storage unit %h tores _a, dls%a ce .determ ned by the dlstance
cal culation unit and a EF?E e°886t Bét&d® %ﬁ@tnﬁgguﬁﬁﬁangn MPRES

COfresDO”denﬁﬁ'§hFQ ﬂbéEQ”SS %qugﬁhgggbgﬁﬁg S 3y LREEReRGe 8l gnal; and

a j udgi ng uni ges whet %{ec I's present accordlng

to a d'ffereesebgegf@e§ﬁ§e33arerségggﬁﬁedregaaeaggp%bgeakoa@gc@n out put

vol tage changed fromthe nmeasuring unit depending on a change in

el ectrostati gaeapachtanee phshhenMi EhHakieapaakt BR11s3+nArkpeeivaBnebj ect
detecti on apparatus, conprising: at |east one pair of first and second

menbers which are nenbeesreentigutibgeamspbee, whichhiighmbibkl 8f 4o be

processed are deposited, and disposed to face each other to push and

sandwi ch t hecbhHlisttiher mbetween; disposed on at least a part of the
first member to face the space;

a second electrode member which is made of a
conductive material disposed on at least a part of the
second member to face the space;

a ground unit which grounds the second
electrode member;

a voltage applying unit which applies a
voltage to the first electrede member:;

a measuring unit which measures a voltage
generated according to electrostatic capacitance of a
virtual capacitor which is comprised of the first and
second electrode members;

a distance calculation unit which calculates
a distance between the first member and the second
member;

a storage unit which stores a distance
determined by the distance calculation unit and a
voltage detected by the measuring unit in
correspondence with the distance and determines as a
reference signal; and

a judging unit which judges whether a foreign

object is present according to a difference between a



a fi.rst el ectrode nmenber which is nade of a conductive material disposed on
at least a part of the first and second nenbers to face the space; a second
el ectrode nenber which is made of a conductive material disposed on at

| east a part of the first and second nenbers to face the space; a ground
unit which grounds the second electrode nenber; a voltage applying unit
which applies a voltage to the first 41 ectrode menber: a measuring unit

whi ch neasures a vo|tage enerated accordi.ng to electrostati c capacitance
o o VretuapreastiPear EReReRnre Sinbrtoahofn: muthRE. i lrateCecand

el ectrode ”Eﬁﬂgbgéﬁg@goﬁ kg??b@gsHQEngﬂhﬁ@ hggg%aiwgeg og %hfeggign obj ect

i's present acc 0 a erence petween a - prescribed re ence Ssi gnal

and a _changed,out Ut rouphtagechpamthe easuthag ynitdepanding on a change

in electrostatic capacitance of the virtual capacitor. 4. Atoreign

obj ect detecgion appar gt ésrei6RNBHeLRTdedbckedst apPE AR, 0f first and
second nenbers which are nenbers configuring a space, in which bills to be

processed areofipp@sihgd, and disposed to face each other to push and
sandw ch the bills therebetween; a first el ectrode nenber which is nade of a
conductive material di apoiedsanoat beast od parstotntheecbndsmeabdrsecond
nmenbers to face the space;

which are members configuring a space, in which bills

to be processed are deposited, and disposed to face

each other to push and sandwich the bills therebetween;

a first electrode member which is made of a
conductive material disposed on at least a part of the
first and second members to face the space;

a second electrode member which is made of a
conductive material disposed on at least a part of the
first and second members to face the space;

a ground unit which grounds the second
electrode member;

a voltage applying unit which applies a
voltage to the first electrode member;

a measuring unit which measures a voltage
generated according to electrostatic capacitance of a
virtual capacitor which is comprised of the first and
second electrode members; and

a judging unit which judges whether a foreign
object is present according to a difference between a
prescribed reference signal and a changed output

voltage from the measuring unit depending on a change

in electrostatic capacitance of the virtual capacitor.



a second el ectrode nenber which is made of a conductive material disposed
.on at least a part of the first and second nmenbers to face the space; a
ground unit which grounds the second electrode nenber; a voltage applying
unit which applies a voltage to the first el ectrode nenber; a neasuring
unit which nmeasures a voltage generated according to electrostatic
capacitance of a virtual capacitor WH%h is conprised of the first and
second el ectrode nenbers; a distagce calcgla%ion unit which calculates a
di stance bet#een the ffrSPrReABePPaRGTt AECEEELRT 2RBABEFSa st orage unit
whi ch stores gmgkgggﬁﬁe determ ned by the distance calculation unit and a
ed by

vol t age det e€ € neasuring unit in correspondence with the distance

and deternines as a referggce shgnghi a8 29rs2 hUAILRIOMA hehbel | udges

whet her a foreign object is present according to a difference between a

prescribed rgherangeeshanskrandoarshargad Qukpdte,voht agechr embbe neasuring
unit depending on a change in elecfrostatic capacitance of the virtual

capacitor. bo BbBepkeresgadobiecHegekeetipnaappanabesedaeeordicag to claim 1,
wherein the voltage applying unit includes an oscillation circuit which
generates a bagh- othequeacpushnendav¥andwich the bills therebetween;

a first electrode member which is made of a
conductive material disposed on at least a part of the
first and second members to face the space;

a second electrode member which is made of a
conductive material disposed on at least a part of the
first and second members to face the space;

a ground unit which grounds the second
electrode member;

a voltage applying unit which applies a
voltage to the first electrode member;

a measuring unit which measures a voltage
generated according to electrostatic capacitance of a
virtual capacitor which is comprised of the first and
second electrode members;

a distance calculation unit which calculates
a distance between the first member and the second
member;

a storage unit which stores a distance
determined by the distance calculation unit and a
voltage detected by the measuring unit in

correspondence with the distance and determines as a

reference signal; and



6. The foreign object detection apparatus according to claim1l, wherein the

_foreign object detection apparatus is for a bill processing device, and
the space in which the bills to be processed are deposited is a space of
the bill processing device in which bills are deposited.
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a judging unit which judges whether a foreign
object is present according to a difference between a
prescribed reference signal and a changed output
voltage from the measuring unit depending on a change
in electrostatic capacitance of the virtual capacitor.
5. The foreign object detection apparatus
according to claim 1, wherein the voltage applying unit
includes an oscillaticen circuit which generates a high-
frequency sine wave.
6. The foreign object detection apparatus
according to claim 1, wherein the foreign object
detection apparatus is for a bill processing device,
and the space in which the bills to be processed are
deposited is a space of the bill processing device in

which bills are depcsited.



