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(57) Disclosed is a paper money processing device
provided with a transport unit (15) for transporting paper
money fed from a hopper unit (13) to an accumulation
unit (17) or a reject unit(18), a recognition unit (24) for
recognizing a code/number of the paper money trans-
ported by the transport unit (15), and a control unit (25)
which executes a calculation process using a sum check
function on the basis of the code/number obtained from
the code/number recognition result of the paper money

by the recognition unit (24), and, when the calculation
result of the paper money is not a predetermined value,
acknowledges that the code/number of the paper money
is incorrect, and controls the transport unit (15) to trans-
port the paper money to the reject unit (18). Thus, it can
be confirmed as to whether or not the code/number is
correct, and malfunction in various processes by using
an unconfirmed incorrect code/number can be prevent-
ed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a banknote
handling apparatus, a banknote handling system, and a
banknote handling method that have a function of iden-
tifying, for example, its serial number.

BACKGROUND ART

[0002] A banknote handling system for identifying se-
rial numbers of deposited banknotes has been known in
the art. The banknote handling system includes a ban-
knote handling apparatus that sorts and stacks the de-
posited banknotes, and a server that is connected to this
banknote handling apparatus. The banknote handling
apparatus has a function of recognizing the denomina-
tions of the deposited banknotes and sorting and stacking
the deposited banknotes based on the recognition result.
The banknote handling apparatus also identifies serial
numbers of the deposited banknotes and notifies the
identified serial numbers to the server.
[0003] The server is connected to a serial number da-
tabase in which, for example, serial numbers of counter-
feit banknotes have been saved previously. Upon receiv-
ing the identified serial number of a deposited banknote
from the banknote handling apparatus, the server com-
pares the received serial number with the serial numbers
of the counterfeit banknotes in the serial number data-
base. Based on the comparison result the server judges
whether the deposited banknote is a counterfeit ban-
knote. Specifically, if the received serial number is
present in the serial number database, the server judges
that the deposited banknote is a counterfeit banknote. In
contrast, if the received serial number is not present in
the serial number database, the server judges that the
deposited banknote is not a counterfeit banknote.
[0004] Thus, with the conventional banknote handling
system, the banknote handling apparatus and the server
operate together to determine, based on the serial
number of the deposited banknote, whether the depos-
ited banknote is a counterfeit banknote.

[Conventional Art Documents]

[Patent Documents]

[0005] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No. 2009-116798 (see Abstract and FIG.
5)

DISCLOSURE OF INVENTION

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0006] In the conventional banknote handling system,
the serial number of the deposited banknote is identified,

and the identified serial number is treated as a correct
serial number without checking whether the identified se-
rial number is correct. Subsequently, various processes
such as a serial number processing are executed by us-
ing this unchecked serial number. With the conventional
banknote handling system, however, an undesirable
event can occur when the identified serial number is in-
correct; because, the processes such as the serial
number processing need to be executed by using a cor-
rect serial number.
[0007] Euro banknotes used in Europe have a check-
sum function for their serial numbers. In reality, however,
the conventional banknote handling systems are not
making effective use of the checksum function for the
serial numbers.
[0008] The present invention has been conceived in
light of the above discussion. It is an object of the present
invention to provide a banknote handling apparatus, a
banknote handling system, and a banknote handling
method, with which correctness of a serial number can
be checked and with which an undesirable event that
may occur in various processes due to use of an un-
checked, incorrect serial number can be prevented.

[MEANS TO SOLVE THE PROBLEMS]

[0009] To achieve the above object, a banknote han-
dling apparatus according to an aspect of the present
invention includes a receiving unit that receives ban-
knotes and feeds the banknotes one by one; a banknote
stacking unit that stacks the banknotes; a rejected ban-
knote stacking unit that stacks banknotes to be rejected;
a transport unit that transports the banknotes fed by the
receiving unit to the banknote stacking unit or the rejected
banknote stacking unit; an identifying unit that identifies
a serial number of each of the banknotes transported by
the transport unit; and a control unit that executes a pre-
determined calculation process based on the serial
number identified by the identifying unit and, when a cal-
culation result of the calculation process does not match
with a predetermined calculation result, determines that
the serial number of the banknote is incorrect, and exe-
cutes a predetermined process on the banknote.
[0010] In the banknote handling apparatus according
to another aspect of the present invention, the control
unit executes the predetermined calculation process
based on a checksum function for the serial number of
the banknote.
[0011] In the banknote handling apparatus according
to still another aspect of the present invention, the pre-
determined calculation process corresponds to a calcu-
lation process including replacing an alphabetic charac-
ter contained in the serial number of the banknote with
a number that corresponds to an alphabetical order, and
dividing the sum total of the number after replacement
and numerical values of all the digits in the serial number
by 9 to obtain a remainder, and the predetermined cal-
culation result is 8.
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[0012] In the banknote handling apparatus according
to still another aspect of the present invention, the pre-
determined calculation process corresponds to a calcu-
lation process including replacing an alphabetic charac-
ter contained in the serial number of the banknote with
a number that corresponds to an alphabetical order, cal-
culating a sum total of numerical values of all the digits
including the number after replacement in the serial
number of the banknote, and repeating the calculation
of the sum total, which is the calculation result, of the
numerical values of all the digits until the sum total be-
comes a single-digit number, and the predetermined cal-
culation result is 8.
[0013] In the banknote handling apparatus according
to still another aspect of the present invention, the pre-
determined calculation process corresponds to a calcu-
lation process including replacing an alphabetic charac-
ter contained in the serial number of the banknote with
a number that is a decimal number corresponding to an
ASCII character code of the alphabetic character, and
dividing the sum total of the number after replacement
and numerical values of all the digits in the serial number
by 9 to obtain a remainder, and the predetermined cal-
culation result is 0.
[0014] In the banknote handling apparatus according
to still another aspect of the present invention, the pre-
determined calculation process corresponds to a calcu-
lation process including replacing an alphabetic charac-
ter contained in the serial number of the banknote with
a number that is a decimal number corresponding to an
ASCII character code of the alphabetic character, and
dividing the sum total of numerical values of all the digits
including the number after replacement in the serial
number by 9 to obtain the remainder, and the predeter-
mined calculation result is 0.
[0015] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit executes the predetermined calculation process by
using a numerical value of a predetermined digit of the
serial number.
[0016] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit, when the serial number of the banknote obtained
as a identified result includes an unrecognizable digit,
executes an inverse operation of the calculation process
based on checksum function for the serial number, there-
by calculating a numerical value of the unrecognizable
digit in the serial number by using the numbers of the
digits in the serial number that are successfully recog-
nized and the predetermined calculation result.
[0017] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit, as the predetermined process, transports and
stacks the banknote in the rejected banknote stacking
unit.
[0018] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit, as the predetermined process, notifies occurrence

of an error.
[0019] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit, when notifying the occurrence of the error, displays
an alert message regarding the serial number of the ban-
knote.
[0020] In the banknote handling apparatus according
to still another aspect of the present invention, the control
unit, when notifying the occurrence of the error, displays
an alert message indicating that the banknote is a sus-
pect banknote.
[0021] The banknote handling apparatus according to
still another aspect of the present invention further in-
cludes a recognition unit that recognizes denominations
of the banknotes transported by the transport unit, and
the control unit, when a denomination recognition result
of the banknote obtained by the recognition unit is normal
and the calculation result for the banknote obtained in
the calculation process matches with the predetermined
calculation result, determines that the serial number of
the banknote is correct and executes a predetermined
serial number processing on the serial number of the
banknote.
[0022] In the banknote handling apparatus according
to still another aspect of the present invention, the pre-
determined serial number processing executed by the
control unit is at least one among a specific number
checking process for comparing the serial number of the
banknote with a specific serial number, a serial number
printing process for printing the serial number of the ban-
knote, a serial number data storing process for saving
the serial number of the banknote as data, and a number
difference checking process for comparing serial num-
bers printed on a plurality of different locations on the
same banknote with each other.
[0023] A banknote handling system according to still
another aspect of the present invention includes an ac-
quiring unit that acquires a serial number of a banknote;
a calculation unit that executes a predetermined calcu-
lation process based on the serial number of the ban-
knote acquired by the acquiring unit and outputs a cal-
culation result; a judging unit that judges whether the
calculation result outputted by the calculation unit match-
es with a predetermined calculation result; and a deter-
mining unit that determines whether the serial number of
the banknote is correct based on a judgment result ob-
tained by the judging unit.
[0024] In the banknote handling system according to
still another aspect of the present invention, the deter-
mining unit determines that the serial number of the ban-
knote is incorrect when the judging unit judges that the
calculation result does not match with the predetermined
calculation result, and correct when the judging unit judg-
es that the calculation result matches with the predeter-
mined calculation result.
[0025] In the banknote handling system according to
still another aspect of the present invention, the acquiring
unit includes at least one of an identifying unit that iden-
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tifies the serial number of the banknote and acquires the
serial number based on the identified result, and an input
unit that receives input of the serial number of the ban-
knote.
[0026] A banknote handling method according to still
another aspect of the present invention includes acquir-
ing a serial number of a banknote; executing a predeter-
mined calculation process based on the serial number
of the banknote acquired at the acquiring and outputs a
calculation result for the banknote; judging whether the
calculation result outputted at the executing matches with
a predetermined calculation result; and determining
whether the serial number of the banknote is correct
based on a judgment result obtained at the judging.
[0027] In the banknote handling method according to
still another aspect of the present invention, the deter-
mining includes determining that the serial number of the
banknote is incorrect when it is judged at the judging that
the calculation result does not match with the predeter-
mined calculation result, and correct when it is judged at
the judging that the calculation result matches with the
predetermined calculation result.

[ADVANTAGES OF THE INVENTION]

[0028] According to an aspect of the present invention,
a banknote handling apparatus having the above struc-
ture executes a predetermined calculation process
based on the identified serial number of the banknote,
determines that the identified serial number of the ban-
knote is incorrect when the calculation result for this ban-
knote does not match with a predetermined result, and
executes a predetermined process for the banknote.
Thus, it is determined whether the identified serial
number of the banknote is correct, and when the identi-
fied serial number of the banknote is incorrect, the pre-
determined process is executed for the banknote. There-
fore, any unfavorable events that can be caused due to
use of an unchecked, incorrect serial number can be pre-
vented. In addition, unlike the conventional technique
that requires cooperation with the server, the banknote
handling apparatus according to the present invention
can solely check whether the serial number is correct,
and can instantly realize the predetermined process for
the banknote based on the checking result.
[0029] According to another aspect of the present in-
vention, in the banknote handling apparatus, the prede-
termined calculation process is executed by using the
checksum function for the serial number of the banknote.
Consequently, it can be determined whether the serial
number of the banknote is correct based on the calcula-
tion result.
[0030] According to still another aspect of the present
invention, in the banknote handling apparatus, an alpha-
betic character contained in the identified serial number
of the banknote is replaced with a number that corre-
sponds to an alphabetical order of the alphabetic char-
acter in the alphabetic series of A to Z. The sum total of

the number replaced from the alphabetic character and
numerical values of all the digits in the identified serial
number is divided by 9, and it is judged, when the re-
mainder is 8, that the calculation result for the banknote
matches with a predetermined result. Based on this judg-
ment result, it can be determined whether the identified
serial number of the banknote is correct.
[0031] According to still another aspect of the present
invention, in the banknote handling apparatus, the alpha-
betic character contained in the identified serial number
of the banknote is replaced with the number that corre-
sponds to the alphabetical order of the alphabetic char-
acter in the alphabetic series of A to Z. The sum total of
numerical values of all the digits in the identified serial
number including the number replaced from the alpha-
betic character is calculated. The calculation of the sum
total, which is the calculation result, of numerical values
of all the digits is repeated until the sum total becomes
a single-digit number. It is judged when the calculation
result, the single digit number, is 8 that the calculation
result for the banknote matches with a predetermined
result. Based on this judgment result, it can be deter-
mined whether the identified serial number of the ban-
knote is correct.
[0032] According to still another aspect of the present
invention, in the banknote handling apparatus, the alpha-
betic character contained in the identified serial number
of the banknote is replaced with the number that is a
decimal number corresponding to an ASCII character
code of the alphabetic character, the sum total of the
number replaced from the alphabetic character and nu-
merical values of all the digits in the identified serial
number is divided by 9, and it is judged, when the calcu-
lation result is 0, that the calculation result for the ban-
knote matches with a predetermined result. Based on
this judgment result, it can be determined whether the
identified serial number of the banknote is correct.
[0033] According to still another aspect of the present
invention, in the banknote handling apparatus, the alpha-
betic character contained in the identified serial number
of the banknote is replaced with the number that is a
decimal number corresponding to an ASCII character
code of the alphabetic character, the sum total of numer-
ical values of all the digits including the number replaced
from the alphabetic character in the identified serial
number is divided by 9, and it is determined, when the
remainder is 0, that the calculation result for the banknote
matches with a predetermined result. Based on this judg-
ment result, it can be determined whether the identified
serial number of the banknote is correct.
[0034] According to still another aspect of the present
invention, in the banknote handling apparatus, the pre-
determined calculation process is executed by using a
numerical value of a predetermined digit of the identified
serial number of the banknote. Based on this calculation
result, it can be determined whether the identified serial
number of the banknote is correct.
[0035] According to still another aspect of the present
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invention, in the banknote handling apparatus, when the
identified serial number of the banknote includes an un-
recognizable digit, an inverse operation of the predeter-
mined calculation process that uses the checksum func-
tion for the serial number is executed. A numerical value
of the unrecognizable digit in the identified serial number
is calculated based on the numerical values of the digits
that are successfully identified and the value to be ob-
tained as the calculation result of the predetermined cal-
culation process. Consequently, even when the identified
serial number of the banknote includes an unrecogniza-
ble digit, the numerical value of the unrecognizable digit
can be identified by effectively using the checksum func-
tion for the serial number.
[0036] According to still another aspect of the present
invention, in the banknote handling apparatus, the ban-
knote is transported to and stacked in the rejected ban-
knote stacking unit, as the predetermined process. Con-
sequently, when the identified serial number of the ban-
knote is incorrect, the banknote can be instantly trans-
ported to and stacked in the rejected banknote stacking
unit.
[0037] According to still another aspect of the present
invention, in the banknote handling apparatus, when the
identified serial number of the banknote is incorrect, oc-
currence of an error is notified. Consequently, the oper-
ator can recognize that the identified serial number is
incorrect based on the error notification.
[0038] According to still another aspect of the present
invention, in the banknote handling apparatus, when the
identified serial number of the banknote is incorrect, an
alert message for the identified serial number of the ban-
knote is displayed. Consequently, the operator can in-
stantly recognize the details of the identified serial
number based on the displayed alert message.
[0039] According to still another aspect of the present
invention, in the banknote handling apparatus, when the
identified serial number of the banknote is incorrect, an
alert message indicating that the banknote is a suspect
banknote is displayed. Consequently, the operator can
instantly recognize that the banknote is a suspect ban-
knote, based on the displayed alert message.
[0040] According to still another aspect of the present
invention, in the banknote handling apparatus, when a
denomination recognition result of the banknote obtained
by the recognition unit is normal and also the calculation
result for the banknote obtained in the calculation proc-
ess matches with the predetermined calculation result,
it is determined that the identified serial number of the
banknote is correct, and predetermined serial number
processing is executed on the identified serial number of
the banknote. Therefore, only when the denomination
recognition result of the banknote is normal and the iden-
tified serial number is correct, the predetermined serial
number processing is executed on the identified serial
number of the banknote. Consequently, any unfavorable
events that can be caused in the predetermined serial
number processing due to use of an unchecked, incorrect

serial number can be prevented.
[0041] According to still another aspect of the present
invention, in the banknote handling apparatus, at least
one among a specific number checking process, a serial
number printing process, a serial number data storing
process, and a number difference checking process is
executed as the predetermined serial number process-
ing. Consequently, only when the denomination recog-
nition result of the banknote is normal and the identified
serial number is correct, the specific number checking
process, the serial number printing process, the serial
number data storing process, or the number difference
checking process can be realized as the predetermined
serial number processing.
[0042] According to still another aspect of the present
invention, in a banknote handling system, a predeter-
mined calculation process is executed based on the se-
rial number of a banknote acquired by an acquiring unit,
it is judged whether the calculation result for the banknote
matches with a predetermined calculation result, and it
is determined based on this judgment result that the ac-
quired serial number of the banknote is correct. Because
it is determined whether the acquired serial number of
the banknote is correct, any unfavorable events that can
be caused in various processes due to use of an un-
checked serial number can be prevented.
[0043] According to still another aspect of the present
invention, in the banknote handling system, it is deter-
mined that the acquired serial number of the banknote
is incorrect when the calculation result for the banknote
does not match with the predetermined calculation result,
and that the acquired serial number of the banknote is
correct when the calculation result matches with the pre-
determined calculation result. In this manner, it can be
determined whether the acquired serial number of the
banknote is correct.
[0044] According to still another aspect of the present
invention, in the banknote handling system, it can be de-
termined whether the identified serial number or the in-
putted serial number is correct.
[0045] According to still another aspect of the present
invention, with a banknote handling method, a predeter-
mined calculation process is executed based on an ac-
quired serial number of a banknote, it is judged whether
the calculation result for the banknote matches with a
predetermined calculation result, and it is determined
based on this judgment result whether the acquired serial
number of the banknote is correct. Because it is deter-
mined whether the acquired serial number of the ban-
knote is correct, any unfavorable events that can be
caused in various processes due to use of an unchecked
serial number can be prevented.
[0046] According to still another aspect of the present
invention, with the banknote handling method, it is deter-
mined that the acquired serial number of the banknote
is incorrect when the calculation result for the banknote
does not match with the predetermined calculation result,
and that the acquired serial number of the banknote is
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correct when the calculation result for the banknote
matches with the predetermined calculation result. Con-
sequently, it can be determined whether the acquired
serial number of the banknote is correct.

BRIEF DESCRIPTION OF DRAWINGS

[0047]

FIG. 1 is a perspective view of an outer appearance
of a banknote recognition apparatus according to a
first embodiment.
FIG. 2 is a diagram for explaining an internal struc-
ture of the banknote recognition apparatus accord-
ing to the first embodiment.
FIG. 3 is a block diagram of an internal structure of
the banknote recognition apparatus according to the
first embodiment.
FIG. 4 is a flowchart of the procedure of banknote
processing according to the first embodiment.
FIG 5 is another flowchart of the procedure of the
banknote processing according to the first embodi-
ment.
FIG. 6 is a diagram for explaining an example of an
input selection screen.
FIG. 7 is a diagram for explaining an example of a
serial number correction input screen.
FIG. 8 is a diagram for explaining an example of a
serial number input screen (alert screen).
FIG. 9 is a diagram for explaining an example of an
input selection screen.
FIG. 10 is a diagram for explaining an example of
the serial number input screen (12-digit input
screen).
FIG. 11 is a flowchart of an operation of a control
unit in a serial number checksum process.
FIG. 12 is a perspective view of a banknote recog-
nition apparatus according to a second embodiment.
FIG. 13 is a diagram for explaining an internal struc-
ture of a banknote recognition apparatus according
to the second embodiment.
FIG. 14 is a diagram for explaining an internal struc-
ture of a banknote recognition apparatus according
to a third embodiment.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0048] Exemplary embodiments of a banknote han-
dling apparatus, a banknote handling system, and a ban-
knote handling method are explained in detail below with
reference to the accompanying drawings.
[0049] An overview of the present embodiments will
be presented first. In the embodiments, a predetermined
calculation process is executed based on an acquired
serial number of a banknote, it is judged whether the
calculation result matches with a predetermined result,
and it is determined whether the serial number of the

banknote is correct based on the judgment result. As a
result, it can be judged whether the serial number of the
banknote is correct, and therefore any unfavorable
events that may occur due to use of an unchecked serial
number can be prevented.

[First Embodiment]

[0050] FIG. 1 is a perspective view of an outer appear-
ance of a banknote recognition apparatus according to
a first embodiment, and FIG. 2 is a diagram of an internal
structure of the banknote recognition apparatus accord-
ing to the first embodiment. A banknote recognition ap-
paratus 1 shown in FIGS. 1 and 2 includes a display unit
11 having a screen on which various kinds of information
is displayed, an operation unit 12 with which various com-
mands are inputted on the display screen, a hopper unit
13 in which banknotes of a transaction that are to be
received into the apparatus are placed, and a feeding
unit 14 that feeds the banknotes, one by one, placed in
the hopper unit 13 into the apparatus. The banknote rec-
ognition apparatus 1 further includes a transport unit 15,
such as a transport belt, that transports the banknotes
fed out by the feeding unit 14, and a banknote recognition
unit 16 that recognizes denominations, authenticity, ori-
entations, and the like of the banknotes transported by
the transport unit 15.
[0051] Furthermore, the banknote recognition appara-
tus 1 includes a stacking unit 17 that sequentially stacks
the banknotes based on the recognition result obtained
by the banknote recognition unit 16 recognizing the kinds
of the banknotes, and a reject unit 18 that rejects ban-
knotes that are unrecognizable or banknotes that are not
included in target banknotes as per the setting.
[0052] A diverter 19 is arranged at each branching
point on a transport path inside the banknote recognition
apparatus 1. The diverter 19 separates the banknotes
transported through the transport path to the stacking
unit 17 or the reject unit 18. When a tracking sensor 20A
detects the leading end of a banknote, the diverter 19 is
driven by a not-shown solenoid such that the banknotes
are sorted.
[0053] The stacking unit 17 includes a stacking wheel
21 for stacking the banknotes one by one at a predeter-
mined position in a banknote stacking space and a shut-
ter 22 that opens and closes a banknote slot in the ban-
knote stacking space. The banknotes stacked in the ban-
knote stacking space can be taken out when the shutter
22 is open.
[0054] The banknote recognition unit 16 includes a line
sensor unit that optically detects the face-side and back-
side of the banknote on the transport path and recognizes
the banknote based on the detection result. The line sen-
sor unit includes a recognition unit 23 that recognizes
kinds such as denominations of the banknotes, and an
identifying unit 24 that identifies the serial numbers print-
ed on the banknotes. The banknote recognition appara-
tus 1 further includes a control unit 25 that controls the
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entire banknote recognition apparatus 1.
[0055] FIG. 3 is a block diagram of an internal structure
of the banknote recognition apparatus 1 according to the
first embodiment. The banknote recognition apparatus 1
shown in FIG. 3 includes the display unit 11, the operation
unit 12, the banknote recognition unit 16 having the rec-
ognition unit 23 and the identifying unit 24, a sensor unit
20 having the tracking sensor 20A or the like, the control
unit 25, a drive control unit 26, a communication unit 27,
and a memory unit 28. The drive control unit 26 drives
and controls the feeding unit 14, the transport unit 15,
the stacking unit 17, the reject unit 18, the diverter 19,
the stacking wheel 21, the shutter 22, and the like. The
communication unit 27 corresponds to a communication
interface that is connected to an external PC terminal 2
via a communication network to communicate. Various
kinds of information is stored in the memory unit 28. The
memory unit 28 includes, for example, a specific number
memory area 28A in which specific numbers that indicate
the serial numbers of registered counterfeit banknotes
are registered.
[0056] The control unit 25 includes a calculation unit
31, a judging unit 32, and a determining unit 33. The
calculation unit 31 uses, for example, the checksum func-
tion that has been adopted for the serial numbers of euro
banknotes, and executes a predetermined calculation
process based on the serial numbers of the banknotes.
The predetermined calculation process corresponds to,
for example, a calculation process in which an alphabetic
character included in a 12-digit serial number is replaced
with a number that corresponds to an alphabetical order
of the alphabetic character in the alphabetic series of A
to Z, and then the sum total of the number replaced from
the alphabetic character and numerical values of all the
digits in the serial number is divided by 9 to obtain a
remainder. For example, when the 12-digit serial number
is "Z10708476264", because "Z" is the 26th alphabetic
character in the alphabetic series of A to Z, the calculation
unit 31 replaces "Z" with "26". Then, the calculation unit
31 calculates the sum total of the number "26" replaced
from "Z" and numerical values of all the remaining digits
of "10708476264", that is "26+1+0+7+0+8+4+7+6+2+
6+4=71". The calculation unit 31 divides the sum total
"71" by "9" to obtain the remainder.
[0057] Thereafter, the judging unit 32 judges whether
the calculation result outputted by the calculation unit 31,
which is the remainder, matches with a set value. The
set value is a value that is always obtained when the
predetermined calculation process for the checksum
function is executed by using the correct serial number.
In the calculation process according to the present em-
bodiment, the set value is "8".
[0058] When the calculation result outputted by the cal-
culation unit 31 matches with the set value, the determin-
ing unit 33 determines that the serial number of the ban-
knote is correct. For example, when the calculation result
is "8", the determining unit 33 determines that the serial
number of the banknote is correct. In contrast, when the

calculation result outputted by the calculation unit 31
does not match with the set value, the determining unit
33 determines that the serial number of the banknote is
incorrect. For example, when the calculation result is not
"8", the determining unit 33 determines that the serial
number of the banknote is incorrect.
[0059] When the determining unit 33 determines that
the serial number of the banknote is incorrect, the control
unit 25 executes a predetermined process for the ban-
knote. The predetermined process corresponds to, for
example, an error display process in which an alert mes-
sage is displayed onto the display unit 11 or a reject trans-
port process in which the banknote is transported to and
stacked in the reject unit 18. When the determining unit
33 determines that the serial number is incorrect number,
the control unit 25 controls the drive control unit 26 so
that the banknote can be transported to the reject unit 18
as a checksum checking failure banknote. Also, when
the determining unit 33 determines that the serial number
is incorrect number, an alert message for this banknote
can be displayed onto the display unit 11 by the control
unit 25.
[0060] When the determining unit 33 determines that
the serial number of the banknote is correct, the control
unit 25 executes the serial number processing for this
banknote. The serial number processing includes a spe-
cific number checking process, a serial number printing
process, a serial number data storing process, a number
difference checking process, and the like.
[0061] In the specific number checking process, when
the determining unit 33 determines that the serial number
is correct, the serial number of this banknote is compared
with specific numbers that correspond to the serial num-
bers of the counterfeit banknotes registered in the spe-
cific number memory area 28 to determine whether the
serial number of the banknote matches with any of the
specific numbers. When the control unit 25 executes the
specific number checking process and finds that the se-
rial number of the banknote matches with a specific
number, the banknote is transported to the reject unit 18
as a specific-number banknote. When the serial number
of the banknote does not match with any of the specific
numbers, the control unit 25 transports the banknote to
the stacking unit 17.
[0062] In the serial number printing process, when the
determining unit 33 determines that the serial number is
correct, the serial number of this banknote is printed and
outputted. When the determining unit 33 determines that
the serial number is correct, the control unit 25 outputs
the serial number of the banknote by printing through a
not-shown printer.
[0063] In the serial number data storing process, when
the determining unit 33 determines that the serial number
is correct, the serial number of the banknote is stored
into the memory unit 28. When the determining unit 33
determines that the serial number of the banknote is cor-
rect, the control unit 25 stores the serial number of the
banknote into the memory unit 28.
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[0064] In the number difference checking process,
when the determining unit 33 determines that the serial
number is correct, two serial numbers printed on the ban-
knote are compared to determine whether these serial
numbers match with each other. If in the number differ-
ence checking process it is determined that the two serial
numbers do not match with each other, the control unit
25 transports this banknote to the reject unit 18 as a dif-
ferent-number banknote. In contrast, if in the number dif-
ference checking process it is determined that the serial
numbers match with each other, the control unit 25 trans-
ports the banknote to the stacking unit 17.
[0065] The control unit 25 can be configured to auto-
matically register the serial number identified by the iden-
tifying unit 24 in the specific number memory area 28A
as a specific number in the registration mode. The reg-
istration mode can be set by performing a setting oper-
ation with the operation unit 12. In the registration mode,
the control unit 25 can also be configured to accept a
manually input serial number via the operation unit 12
and register it in the specific number memory area 28A
as a specific number. The control unit 25 can also be
configured to register the manually inputted serial
number as a specific number in the specific number mem-
ory area 28A, by performing a predetermined operation
with the operation unit 12, even if the operation mode is
not the registration mode.
[0066] Furthermore, the control unit 25 can be config-
ured to acquire a specific number from an SD memory
card inserted into a not-shown memory card slot and reg-
ister the acquired specific number in the specific number
memory area 28A. The control 25 unit can also be con-
figured to register the specific number registered in the
specific number memory area 28A in the SD memory
card.
[0067] Still further, the control unit 25 can be configure
to establish connection with the PC terminal 2 via the
communication unit 27 to communicate, obtain specific
numbers from the PC terminal 2, and register the ob-
tained specific numbers in the specific number memory
area 28A. The control 25 unit can also be configured to
transmit the specific numbers registered in the specific
number memory area 28A to the PC terminal 2.
[0068] Next, the operation of the banknote recognition
apparatus 1 according to the first embodiment is ex-
plained. FIGS. 4 and 5 are flowcharts of the procedure
of banknote processing according to the first embodi-
ment. As shown in FIG. 4, the operator inserts banknotes
into the hopper unit 13 of the banknote recognition ap-
paratus 1 (Step S11). The control unit 25 of the banknote
recognition apparatus 1 feeds the banknotes inserted in-
to the hopper unit 13 into the apparatus one by one, con-
trols the recognition unit 23 to recognize the denomina-
tion of each banknote, and judges whether the denomi-
nation of the banknote has been recognized based on
the recognition result obtained by the recognition unit 23
(Step S12).
[0069] When the denomination of the banknote has

been recognized (Yes at Step S12), the control unit 25
judges, based on the recognition result obtained by the
recognition unit 23, whether the banknote has been rec-
ognized as a genuine banknote (Step S13). When the
banknote has been recognized as a genuine banknote
(Yes at Step S13), the control unit 25 controls the iden-
tifying unit 24 to identify the serial number of the ban-
knote, and judges whether the serial number has been
identified (Step S14).
[0070] When the serial number has been identified
(Yes at Step S14), the control unit 25 executes the serial
number checksum process by using the checksum func-
tion to determine whether the identified serial number is
correct (Step S15). After executing the serial number
checksum process, the control unit 25 judges whether
the identified serial number has been determined as a
correct number (Step S16). When the serial number has
been determined as a correct number (Yes at Step S16),
the control unit 25 executes normal serial number
processing for this banknote (Step S17), transports the
banknote to the stacking unit 17 (Step S17A), displays
the processing result such as the recognition result and
the count result on the display unit 11 (Step S17B), and
terminates the processing operation. The normal serial
number processing includes the specific number check-
ing process, the serial number printing process, the serial
number data storing process, the number difference
checking process, and the like.
[0071] When the denomination of the banknote cannot
be recognized (No at Step S12), the control unit 25 con-
trols the drive control unit 26 to transport the banknote
to the reject unit 18 as a transport error banknote or a
denomination error banknote (Step S18). When denom-
ination of a banknote could not be recognized, a transport
error such as skewed transport of the banknote on the
transport path can be considered as one of the causes
in addition to an error of the denomination recognition
process. The control unit 25 displays on the display unit
11 an operation screen such that manual input of the
denomination, the number of banknotes, or the like can
be selected (Step S19), and judges whether the manual
input is selected on the operation screen (Step S20).
[0072] When the manual input is selected (Yes at Step
S20), the control unit 25 judges whether the denomina-
tion and number of banknotes have been manually in-
putted (Step S21). When the denomination and number
of banknotes have been manually inputted (Yes at Step
S21), the control unit 25 displays the serial number input
screen so that the serial number of each of the banknotes
can be inputted on the display unit 11 (Step S22). The
serial number input screen corresponds to a screen that
prompts for input of all the digits of the serial number (12
digits) as shown in FIG. 10.
[0073] The control unit 25 determines whether manual
input process of the serial number is completed on the
serial number input screen (Step S23). When manual
input process of the serial number is completed (Yes at
Step S23), the control unit 25 executes the serial number
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checksum process of FIG. 11, which will be described
later (Step S24). After executing the serial number check-
sum process, the control unit 25 judges whether the man-
ually inputted serial number is determined as a correct
number (Step S25). When the manually inputted serial
number is determined as a correct number (Yes at Step
S25), the control unit 25 proceeds to Step S17, at which
the normal serial number processing for the banknote is
to be executed.
[0074] When the manually inputted serial number is
not determined as a correct number, or in other words,
when it is determined as an incorrect number (No at Step
S25), the control unit 25 displays on the display unit 11
an alert screen indicating that the banknote is a suspect
banknote that is likely to be a counterfeit banknote (Step
S26). The alert screen is shown in FIG. 8. By checking
the alert screen, the operator collects the banknote trans-
ported to the reject unit 18 as a counterfeit banknote (Step
S27).
[0075] When the manual input is not selected (No at
Step S20), the control unit 25 proceeds to Step S11, at
which the operator manually re-inserts the banknote
transported to and stacked in the reject unit 18 into the
hopper unit 13. When the input of the denomination and
number of banknotes and the like is not completed (No
at Step S21), the control unit 25 continues the monitoring
operation of Step S21 until the input of the denomination
and number of banknotes and the like is completed.
When the manual input is not completed (No at Step
S23), the control unit 25 continues the monitoring oper-
ation of Step S23 until the manual input is completed.
[0076] When the banknote cannot be recognized as a
genuine banknote (No at Step S13), the control unit 25
controls the drive control unit 26 to transport the banknote
to the reject unit 18 (Step S28). The control unit 25 dis-
plays an SUSP message indicating that the banknote is
a suspect banknote on the display unit 11 (Step S29).
Based on the SUSP message, the operator performs vis-
ual checking for the banknote transported to the reject
unit 18 to check the authenticity of the banknote and de-
termines whether the banknote is a genuine banknote
(Step S30). When the operator determines the banknote
as a genuine banknote (Yes at Step S30), the control
proceeds to M1 in FIG. 4, at which the operator can man-
ually re-insert into the hopper unit 13 the banknote trans-
ported to and stacked in the reject unit 18.
[0077] When the operator does not determine the ban-
knote as a genuine banknote (No at Step S30), the ban-
knote is judged as a counterfeit banknote. The operator
therefore manually collects the banknote transported to
and stacked in the reject unit 18 as a counterfeit banknote
(Step S31).
[0078] When the serial number of the banknote cannot
be identified (No at Step S14), the control unit 25 controls
the drive control unit 26 so that the banknote can be trans-
ported as an unidentifiable serial number banknote to the
reject unit 18 (Step S32). Furthermore, the control unit
25 displays onto the display unit 11 the input selection

screen such that the manual input of the serial number
can be selected (Step S33), and judges whether the man-
ual input has been selected on this input selection screen
(Step S34). The input selection screen corresponds to
the screen shown in FIG. 6. When the manual input is
selected (Yes at Step S34), the control unit 25 displays
the serial number correction input screen on the display
unit 11 (Step S35), and proceeds to Step S23. On the
serial number correction input screen, the digits of the
serial number identified by the identifying unit 24 are dis-
played, and also any digit that could not be recognized
is displayed as a blank, as shown in FIG. 7. When the
manual input is not selected (No at Step S34), the control
unit 25 proceeds to M2 in FIG. 4, at which the banknote
transported to and stacked in the reject unit 18 can be
manually re-inserted into the hopper unit 13.
[0079] When the identified serial number is not deter-
mined as a correct number (No at Step S16), or in other
words, when the identified serial number is determined
as an incorrect number, the control unit 25 proceeds to
M3 in FIG. 5.
[0080] When the identified serial number is determined
as an incorrect number at M3 in FIG. 5, the control unit
25 controls the drive control unit 26 so that the banknote
can be transported to the reject unit 18 as a checksum
checking failure banknote (Step S41). The control unit
25 displays the input selection screen onto the display
unit 11 so that manual input of the serial number can be
selected (Step S42). The input selection screen corre-
sponds to the screen as shown in FIG. 9. The operator
visually checks the serial number of the banknote trans-
ported to and stacked in the reject unit 18, and judges
whether the recognition result of the serial number of the
banknote is correct (Step S43). When the operator judg-
es that the recognition result of the serial number of the
banknote transported to and stacked in the reject unit 18
is correct, or in other words, that the serial number of the
banknote matches with the serial number recognition re-
sult (Yes at Step S43), it is judged that there is no error
in the serial number recognition result. The operator man-
ually collects the banknote as a counterfeit banknote
(Step S44).
[0081] When the operator judges, by visual checking,
that the recognition result of the serial number of the ban-
knote is incorrect, or in other words, that the serial number
is not accurately identified (No at Step S43), the control
unit 25 judges that there is an error in the serial number
recognition result, and determines whether the manual
input for serial number correction is selected on the input
selection screen (Step S45). When the manual input for
serial number correction is selected on the input selection
screen (Yes at Step S45), the control unit 25 displays a
serial number correction screen on the display unit 11
(Step S46), and determines whether the correction of the
serial number is completed (Step S47).
[0082] When the correction of the serial number is
completed (Yes at Step S47), the control unit 25 proceeds
to M4 in FIG. 4, at which the serial number checksum
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process of Step S24 can be executed to judge whether
the manually inputted serial number is correct. When the
correction of the serial number is not yet completed (No
at Step S47), the control unit 25 proceeds to Step S47
to continue the monitoring operation until the correction
of the serial number is completed. When the manual input
for serial number correction is not selected on the input
selection screen (No at Step S45), the control unit 25
proceeds to M5 in FIG. 4, at which the operator manually
re-inserts the banknote transported to and stacked in the
reject unit 18 into the hopper unit 13.
[0083] In the banknote processing of FIG. 4, when the
serial number of the banknote is identified, it is deter-
mined with the checksum function whether the identified
serial number is correct, and when it is determined that
the serial number is correct, the serial number processing
is executed for this banknote.
[0084] In the banknote processing, when it is deter-
mined with the checksum function that the identified se-
rial number is incorrect, this banknote is transported to
and stacked in the reject unit 18.
[0085] Furthermore, in the banknote processing, when
the serial number of the banknote is manually inputted,
it is determined with the checksum function whether the
manually inputted serial number is correct, and when it
is determined that the serial number is correct, the serial
number processing is executed for this banknote.
[0086] In the banknote processing, when the serial
number of the banknote is manually inputted, it is deter-
mined with the checksum function whether the manually
inputted serial number is correct, and when it is deter-
mined that the serial number is incorrect, this banknote
is determined as a collection target because it is a coun-
terfeit banknote.
[0087] The serial number checksum process executed
at Steps S15 and S24 in FIG. 4 is explained below. FIG.
11 is a flowchart of the operation of the serial number
checksum process performed inside the control unit 25.
In the serial number checksum process of FIG. 11, it is
determined with the checksum function whether the iden-
tified serial number of the banknote or the manually in-
putted serial number is correct.
[0088] In FIG. 11, the calculation unit 31 of the control
unit 25 executes the calculation process by using the
checksum function based on the identified serial number
of the banknote or the manually inputted serial number
(Step S51). The judging unit 32 of the control unit 25
judges whether the calculation result outputted by the
calculation unit 31 is the set value "8" (Step S52). When
the calculation result outputted by the calculation unit 31
is the set value "8" (Yes at Step S52), the determining
unit 33 of the control unit 25 determines that the serial
number of the banknote is correct (Step S53). Then, this
processing operation is terminated.
[0089] When the calculation result outputted by the cal-
culation unit 31 is not the set value "8" (No at Step S52),
the determining unit 33 determines that the serial number
of the banknote is not correct, or in other words, that the

serial number includes an error (Step S54). Then, this
operation is terminated.
[0090] In the serial number checksum process of FIG.
11, the calculation process is executed by using the
checksum function based on the identified serial number
or the manually inputted serial number. When the calcu-
lation result matches with the set value, it is determined
that the serial number of the banknote is correct.
[0091] Furthermore, in the serial number checksum
process, the calculation process is executed by using the
checksum function based on the identified serial number
or the manually inputted serial number. When the calcu-
lation result does not match with the set value, it is de-
termined that the serial number of the banknote is incor-
rect.
[0092] In the first embodiment, the calculation process
is executed by using the checksum function based on
the identified serial number of the banknote. When the
calculation result for this banknote does not match with
the set value, it is determined that the serial number of
the banknote is incorrect, and this banknote is transport-
ed to and stacked in the reject unit 18. In this manner, it
is determined whether the identified serial number is cor-
rect, and when the serial number is incorrect, this ban-
knote is transported to and stacked in the reject unit 18.
Consequently, the serial number processing using incor-
rect serial numbers can be reliably prevented.
[0093] In the first embodiment, when the calculation
result for the banknote matches with the set value, it is
determined that the identified serial number of the ban-
knote is correct. After this banknote is transported to and
stacked in the stacking unit 17, the serial number
processing is executed for the banknote. Consequently,
the serial number processing using correct serial num-
bers can be realized.
[0094] In the first embodiment, unlike with the conven-
tional technique that requires cooperation with the server
(PC terminal 2), the banknote recognition apparatus 1
can solely determine whether the identified serial number
is correct, and can immediately transport the banknote
to the reject unit 18 and stack it therein when the serial
number of the banknote is incorrect.
[0095] In the first embodiment, it is determined whether
the identified serial number is correct, and when the serial
number of the banknote is incorrect, an alert message
for the banknote is displayed on the display unit 11. Con-
sequently, the operator can visually notice the alert mes-
sage and recognize that the identified serial number is
incorrect.
[0096] In the first embodiment, an alphabetic character
contained in the serial number of the banknote is replaced
with a number that corresponds to the alphabetical order
of this alphabetic character in the alphabetic series of A
to Z. After replacement, the sum total of the number re-
placed from the alphabetic character and numerical val-
ues of all the digits in the serial number is divided by 9,
and it is determined that the serial number of the ban-
knote is correct when the remainder is 8. Consequently,
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it can be determined, based on the result of the checksum
calculation process, whether the serial number of the
banknote is correct.
[0097] In the first embodiment, when the denomination
recognition result of the banknote is normal and also
when it is determined that the identified serial number is
correct, the serial number processing such as the specific
number checking process, the serial number printing
process, the serial number data storing process, and the
number difference checking process is executed. Con-
sequently, the serial number processing using correct
serial numbers can be realized.
[0098] In the first embodiment, because the banknote
recognition apparatus 1 includes the specific number
memory area 28A in which specific numbers are regis-
tered, the specific number checking process can be re-
alized solely by the banknote recognition apparatus 1,
without requiring cooperation with the PC terminal 2. In
addition to the specific number checking process, the
serial number processing such as the serial number print-
ing process, the serial number data storing process, and
the number difference checking process can also be re-
alized solely by the banknote recognition apparatus 1.
[0099] In the first embodiment, it is determined whether
the identified serial number or the manually inputted se-
rial number is correct by using the checksum function of
the serial number, and various processes are executed
in accordance with verification result of the serial number
of the banknote. Consequently, unfavorable events can
be prevented in the various processes using an un-
checked serial number.
[0100] The banknote recognition apparatus 1 accord-
ing to the first embodiment includes a single stacking unit
17; however, two stacking units 17 can be arranged. Such
an arrangement is explained below as a second embod-
iment.

[Second Embodiment]

[0101] FIG. 12 is a perspective view of an outer ap-
pearance of a banknote recognition apparatus according
to the second embodiment, and FIG. 13 is a diagram of
an internal structure of the banknote recognition appa-
ratus according to the second embodiment. The same
numerals are given to the same structural components
as those of the banknote recognition apparatus 1 accord-
ing to the first embodiment, and the overlapping portion
of the structure and operation is omitted from the expla-
nation.
[0102] A banknote recognition apparatus 1A shown in
FIGS. 12 and 13 includes the display unit 11, the oper-
ation unit 12, the hopper unit 13, the feeding unit 14, the
transport unit 15, the banknote recognition unit 16, the
reject unit 18, the diverters 19, the sensor unit 20 having
the tracking sensors 20A, and the stacking wheels 21.
In addition, the banknote recognition apparatus 1A in-
cludes a control unit 25A, and also the drive control unit
26, the communication unit 27, and the memory unit 28

that are not shown in the figure. A major difference be-
tween the banknote recognition apparatus 1A shown in
FIG. 12 and the banknote recognition apparatus 1 ac-
cording to the first embodiment is that the former includes
two stacking units, a first stacking unit 17A and a second
stacking unit 17B, in place of the stacking unit 17 of the
latter.
[0103] The sensor unit 20 further includes a tracking
sensor 20B that detects presence/absence of a banknote
in the hopper unit 13, and tracking sensors 20C that de-
tect presence/absence of a banknote in the first stacking
unit 17A and the second stacking unit 17B. The sensor
unit 20 also includes full detection sensors 20D that de-
tect whether the first stacking unit 17A and the second
stacking unit 17B are filled with the banknotes, and a
tracking sensor 20E that detects presence/absence of a
banknote in the reject unit 18.
[0104] The control unit 25A controls the drive control
unit 26 so that, when the banknote is found to be a normal
fit banknote based on the recognition result obtained by
the banknote recognition unit 16, the fit banknote is trans-
ported to and stacked in the first stacking unit 17A, and
that, when the banknote is found to be a normal unfit
banknote, the unfit banknote is transported to and
stacked in the second stacking unit 17B. When the ban-
knote is found to be an abnormal banknote such as a
counterfeit banknote, a specific-number banknote, a dif-
ferent-number banknote, a checksum checking failure
banknote, a transport error banknote, a denomination
error banknote, or an unidentifiable serial number ban-
knote by the banknote recognition unit 16, the control
unit 25A controls the drive control unit 26 so that the
banknote is transported to and stacked in the reject unit
18.
[0105] In the second embodiment, the calculation
process is executed by using the checksum function
based on the identified serial number of the banknote,
and when the calculation result for this banknote does
not match with the set value, it is determined that the
serial number of the banknote is incorrect. Then, this ban-
knote is transported to and stacked in the reject unit 18.
In this manner, it is determined whether the identified
serial number is correct, and when the serial number is
incorrect, this banknote is transported to and stacked in
the reject unit 18. Consequently, the serial number
processing using any incorrect serial number can be re-
liably prevented.
[0106] When the calculation result for the banknote
matches with the set value, it is determined that the iden-
tified serial number of the banknote is correct. After fit
banknotes are transported to and stacked in the first
stacking unit 17A, and unfit banknotes are transported
to and stacked in the second stacking unit 17B, the serial
number processing is executed for the banknotes. Con-
sequently, the serial number processing using correct
serial numbers can be realized for both the fit banknotes
and the unfit banknotes.
[0107] In the second embodiment, unlike with the con-
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ventional technique that requires cooperation with the
server (PC terminal 2), it can be determined whether the
identified serial number is correct, and when the serial
number of the banknote is incorrect, this banknote can
be instantly transported to and stacked in the reject unit
18.
[0108] In the second embodiment, the normal unfit
banknotes are transported to and stacked in the second
stacking unit 17B. However, the arrangement can be set
such that, transport error banknotes, denomination error
banknotes, and unidentifiable serial number banknotes
are transported to and stacked in the reject unit 18, while
counterfeit banknotes, specific-number banknotes, dif-
ferent-number banknotes, and checksum checking fail-
ure banknotes are transported to and stacked in the sec-
ond stacking unit 17B. The kinds of banknotes that are
stacked in the first stacking unit 17A, the second stacking
unit 17B, and the reject unit 18 can be suitably changed
as desired.
[0109] In the banknote recognition apparatus 1A ac-
cording to the second embodiment, two stacking units
17 and one reject unit 18 are arranged; however, eight
stacking units 17 and two reject units 18 can be arranged.
Such an arrangement is explained below as a third em-
bodiment.

[Third Embodiment]

[0110] FIG. 14 is a diagram of an internal structure of
a banknote recognition apparatus according to the third
embodiment. The same structural components as those
of the banknote recognition apparatus 1A according to
the second embodiment are given the same numerals,
and the overlapping portion of the structure and operation
is omitted from the explanation. A banknote recognition
apparatus 1B shown in FIG. 14 includes the display unit
11 (not shown), the operation unit 12 (not shown), the
hopper unit 13, the feeding unit 14, the transport unit 15,
the banknote recognition unit 16, the diverters 19, the
sensor unit 20 having the tracking sensors 20A, and the
stacking wheels 21. The banknote recognition apparatus
1B further includes a control unit 25B, and also the drive
control unit 26, the communication unit 27, and the mem-
ory unit 28 that are not shown in the figure.
[0111] A major difference between the banknote rec-
ognition apparatus 1B and the banknote recognition ap-
paratus 1A according to the second embodiment is that
the former includes eight stacking units 17, the first stack-
ing unit 17A to an eighth stacking unit 17H in place of the
two stacking units 17 of the latter, and two reject units, a
first reject unit 18A and a second reject unit 18B, in place
of the reject unit 18 of the later. In the banknote recog-
nition apparatus 1B, it is possible to set the kinds of ban-
knotes to be stacked in the first stacking unit 17A to the
eighth stacking unit 17H and the first reject unit 18A and
the second reject unit 18B by performing a setting oper-
ation with the operation unit 12. For example, setting is
performed so that 10-euro fit banknotes are stacked in

the first stacking unit 17A, 20-euro fit banknotes in the
second stacking unit 17B, 50-euro fit banknotes in the
third stacking unit 17C, and 100-euro fit banknotes in the
fourth stacking unit 17D. Furthermore, setting is per-
formed so that 10-euro unfit banknotes are stacked in
the fifth stacking unit 17E, 20-euro unfit banknotes in the
sixth stacking unit 17F, 50-euro unfit banknotes in the
seventh stacking unit 17G, and 100-euro unfit banknotes
in the eighth stacking unit 17H. Still further, setting is
performed so that counterfeit banknotes, checksum
checking failure banknotes, specific-number banknotes,
and different-number banknotes are stacked in the first
reject unit 18A. Moreover, setting is performed so that
transport error banknotes, denomination error ban-
knotes, and unidentifiable serial number banknotes are
stacked in the second reject unit 18B.
[0112] When it is found based on the recognition result
obtained by the banknote recognition unit 16 that the
transported banknote is abnormal, i.e., a counterfeit ban-
knote, a specific-number banknote, a different-number
banknote, or a checksum checking failure banknote, the
control unit 25B controls the drive control unit 26 so that
this transported banknote is transported to and stacked
in the first reject unit 18A.
[0113] When it is found based on the recognition result
obtained by the banknote recognition unit 16 that the
transported banknote is abnormal, i.e., a transport error
banknote, a denomination error banknote, and an uni-
dentifiable serial number banknote, the control unit 25B
controls the drive control unit 26 so that this transported
banknote is transported to and stacked in the second
reject unit 18B.
[0114] In the third embodiment, the checksum calcu-
lation process is executed based on the identified serial
number of the banknote, and when the calculation result
for this banknote does not match with the set value, it is
determined that the serial number of the banknote is in-
correct. The banknote is transported to and stacked in
the first reject unit 18A. In this manner, it is determined
whether the identified serial number is correct, and when
the serial number is incorrect, the banknote is transported
to and stacked in the first reject unit 18A. Consequently,
the serial number processing using any incorrect serial
number can be reliably prevented.
[0115] Moreover, it is determined that the identified se-
rial number of the banknote is correct when the calcula-
tion result for the banknote matches with the set value.
This banknote is transported to and stacked in corre-
sponding one of the first stacking unit 17A to the eighth
stacking unit 17H based on the designated denomina-
tion. Consequently, the serial number processing of the
banknotes by using correct serial numbers can be real-
ized.
[0116] In the third embodiment, unlike with the conven-
tional technique that requires the cooperation with the
server (PC terminal 2), it is determined whether the iden-
tified serial number is correct, and when the serial number
of the banknote is incorrect, this banknote is instantly
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transported to and stacked in the first reject unit 18A.
[0117] When the transported banknote is, for example,
a counterfeit banknote, a specific-number banknote, a
different-number banknote, or a checksum checking fail-
ure banknote, this transported banknote is transported
to and stacked in the first reject unit 18A. Therefore, the
operator can readily collect the counterfeit banknote, the
specific-number banknote, the different-number ban-
knote, or the checksum checking failure banknote from
among the transported banknotes.
[0118] Furthermore, when the transported banknote is,
for example, a transport error banknote, a denomination
error banknote, or an unidentifiable serial number ban-
knote, this transported banknote is transported to and
stacked in the second reject unit 18B. Therefore, the op-
erator can readily collect the transport error banknote,
the denomination error banknote, or the unidentifiable
serial number banknote from among the transported ban-
knotes.
[0119] Still further, when the transported banknote is
a normal fit banknote or a normal unfit banknote, the
transported banknote is transported to and stacked in
corresponding one of the first stacking unit 17A to the
eighth stacking unit 17H based on the designated de-
nomination. Therefore, the operator can readily collect
the normal fit banknote or normal unfit banknote of any
designated denomination from among the transported
banknotes.
[0120] In addition, when kinds of to-be-stacked ban-
knotes are set to the first stacking unit 17A to the eighth
stacking unit 17H and the first reject unit 18A and the
second reject unit 18B, counterfeit banknotes can be set
to the first reject unit 18A, while transport error banknotes,
denomination error banknotes, and unidentifiable serial
number banknotes can be set to the second reject unit
18B. Furthermore, checksum checking failure banknotes
can be set to the first stacking unit 17A, specific-number
banknotes can be set to the second stacking unit 17B,
different-number banknotes can be set to the third stack-
ing unit 17C, and different denominations of normal ban-
knotes can be set to the fourth stacking unit 17D to the
eighth stacking unit 17H.
[0121] With the above setting, when the transported
banknote is a counterfeit banknote, the control unit 25B
controls the drive control unit 26 so that the transported
banknote is transported to and stacked in the first reject
unit 18A. When the transported banknote is a transport
error banknote, a denomination error banknote, or an
unidentifiable serial number banknote, the control unit
25B controls the drive control unit 26 so that the trans-
ported banknote is transported to and stacked in the sec-
ond reject unit 18B. When the transported banknote is a
checksum checking failure banknote, the control unit 25B
controls the drive control unit 26 so that the transported
banknote is transported to and stacked in the first stack-
ing unit 17A. When the transported banknote is a specif-
ic-number banknote, the control unit 25B controls the
drive control unit 26 so that the transported banknote is

transported to and stacked in the second stacking unit
17B. When the transported banknote is a different-
number banknote, the control unit 25B controls the drive
control unit 26 so that the transported banknote is trans-
ported to and stacked in the third stacking unit 17C.
[0122] When the transported banknote is a counterfeit
banknote, the banknote recognition apparatus 1B trans-
ports this transported banknote to the first reject unit 18A
and stack it therein. When the transported banknote is a
transport error banknote, a denomination error banknote,
or an unidentifiable serial number banknote, the ban-
knote recognition apparatus 1B transports this transport-
ed banknote to the second reject unit 18B and stack it
therein. When the transported banknote is a checksum
checking failure banknote, the banknote recognition ap-
paratus 1B transports this transported banknote to the
first stacking unit 17A and stack it therein. When the
transported banknote is a specific-number banknote, the
banknote recognition apparatus 1B transports this trans-
ported banknote to the second stacking unit 17B and
stacks it therein. When the transported banknote is a
different-number banknote, the banknote recognition ap-
paratus 1B transports this transported banknote to the
third stacking unit 17C and stacks it therein. When the
transported banknote is a normal banknote, the banknote
recognition apparatus 1B transports this transported
banknote to corresponding one of the fourth stacking unit
17D to the eighth stacking unit 17H based on the desig-
nated denomination and stacks it therein.
[0123] In the first to third embodiments, as the check-
sum calculation process for serial numbers, the calcula-
tion process is executed in which an alphabetic character
contained in a serial number is replaced with a number
that corresponds to the alphabetical order of the alpha-
betic character in the alphabetic series of A to Z, and the
sum total of the number after replacement and numerical
values of all the digits in the serial number is divided by
"9" to obtain the remainder. When the remainder is the
set value "8", it is determined that the serial number is
correct. However, the following calculation process can
be used instead of the checksum calculation process ex-
plained above.
[0124] The calculation unit 31 can execute a calcula-
tion process by replacing any alphabetic character con-
tained in the serial number of the banknote with the
number that corresponds to the alphabetical order of the
alphabetic character in the alphabetic series of A to Z,
calculating the sum total of numerical values of all the
digits in the serial number including this number replaced
from the alphabetic character, and repeating the calcu-
lation of the sum total of numerical values of all the digits
until the sum total, which is the calculation result, be-
comes a single-digit number. For example, when a 12-
digit serial number is "Z10708476264", "Z" is replaced
with "26" because "Z" is the "26th" alphabetic character
in the alphabetic series of A to Z. The sum total of nu-
merical values of all the digits in the serial number
"2610708476264" including this number after replace-
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ment, which is "2+6+1+0+7+0+8+4+7+6+2+6+4=53", is
calculated. Obtaining the sum total "53", the calculation
unit 31 calculates "5+3=8" and obtains the calculation
result "8". The determining unit 33 determines that the
serial number is correct when this calculation result is
the set value "8".
[0125] In an alternative method, the calculation unit 31
replaces an alphabetic character contained in the serial
number of the banknote with the number that is a decimal
value corresponding to an ASCII character code and di-
viding the sum total of the number replaced from the al-
phabetic character and numerical values of all the digits
in the serial number by "9" to obtain the remainder. For
example, when the 12-digit serial number is
"Z10708976264", the alphabetic character "Z", whose
ASCII character code in decimal system is "90", is re-
placed with "90". The sum total of the number after re-
placement "90" and numerical values of all the digits in
the remaining number "10708475264" is calculated,
which is "90+1+0+7+0+8+4+7+6+2+6+4=135". The sum
total is divided by "9" to obtain the remainder. The deter-
mining unit 33 determines that the serial number is cor-
rect when the calculation result is a previously set value
"0".
[0126] In an alternative method, the calculation unit 31
executes the calculation process by replacing an alpha-
betic character in the serial number of the banknote with
the number that is a decimal value corresponding to an
ASCII character code and dividing the sum total of nu-
merical values of all the digits including the number re-
placed from the alphabetic character in the serial number
by "9" to obtain the remainder. For example, when the
12-digit serial number is "Z10708476264", the alphabetic
character "Z", whose ASCII character code in decimal
system is "90", is replaced with "90". The sum total of
numerical values of all the digits including the number
after replacement, "90", in the serial number,
"9010708476264", is calculated, which is
"9+0+1+0+7+0+8+4+7+6+2+6+4=54". The calculation
unit 31 then calculates the sum total of numerical values
of the digits of the sum total "54", i.e., "5+4=9" and obtains
the calculation result "9"’. Then, the calculation unit 31
divides the calculation result "9" by "9" to obtain the re-
mainder. The determining unit 33 determines that the
serial number is correct, when the calculation result is
the set value "0".
[0127] In the first to third embodiments, when the iden-
tified serial number includes an unrecognizable digit, the
unrecognizable digit can be manually inputted. However,
for example, if there is one digit that is unrecognizable,
an inverse operation of the above calculation process by
using the sum check function can be performed to auto-
matically obtain a numerical value of the unrecognizable
digit. For example, assume that the 12-digit serial number
is "Z10708*76264" where the seventh digit is unrecog-
nizable and therefore replaced with "*". Then, "Z" is re-
placed with the number "26" that corresponds to the al-
phabetical order. Subsequently, the sum total of the

number after replacement, "26", and numerical values of
all the digits in "10708*76264" except for the unrecog-
nizable digit is calculated, which is
"26+1+0+7+0+8+7+6+2+6+4=67". The sum total is di-
vided by "9" and the remainder "4" is obtained. The re-
mainder "4" is subtracted from the set value "8", and the
calculation result "4" is obtained as the number of the
seventh digit that has been unrecognizable.
[0128] In other words, when the identified serial
number of the banknote includes an unrecognizable digit,
an inverse operation of the predetermined calculation
process is executed by using the checksum function for
the serial number, and the numerical value of the unrec-
ognizable digit in the serial number can be calculated
based on the recognized digits of the serial number and
the set value of the calculation process. Consequently,
even when an unrecognizable digit is included in the iden-
tified serial number of the banknote, the numerical value
of the unrecognizable digit can be identified by effectively
using the checksum function for the serial number.
[0129] In the above embodiments, the banknote rec-
ognition apparatus 1 (1A, 1B) can solely perform the cal-
culation process by using the checksum function based
on the serial number, a judgment process of judging
whether the calculation result matches with a set value,
and a determination process of determining based on
the judgment result whether the serial number is correct.
However, similar effects can be attained by assigning
any of the calculation process, the judgment process,
and the determination process to the PC terminal 2 con-
nected to the banknote recognition apparatus 1 (1A, 1B).
[0130] In the above embodiments, euro banknotes that
adopt the checksum function for their serial numbers are
used as an example, but the banknotes are not limited
to the euro banknotes. The present embodiments are
applicable to any banknotes that use the checksum func-
tion.
[0131] In the above embodiments, the checksum func-
tion is used to determine whether the serial number is
correct. However, a check digit function can be used for
the serial number to judge whether a specific digit of the
serial number matches with the check digit, and it can be
determined whether the serial number is correct based
on the judgment result.
[0132] The embodiments of the present invention have
been explained so far; however, the embodiments should
not be interpreted to limit the scope of the technical ideas
of the present invention, and various modifications can
be embodied without departing from the claimed techni-
cal ideas. In addition, the advantages are not limited to
the ones described above.
[0133] All or part of the processes explained as being
automatically executed in the present embodiments can
be manually executed. Conversely, all or part of the proc-
esses explained as being manually executed in the
present embodiments can be automatically executed. In
addition, the processing procedure, the controlling pro-
cedure, specific names, and information including vari-
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ous kinds of data and parameters that have been ex-
plained in the present embodiments also can be suitably
modified unless otherwise specified.
[0134] The structural components of the apparatus are
shown in the drawings to describe concepts of their func-
tions, and therefore do not always have to be physically
configured as shown. The specific mode of the apparatus
should not be limited to the one shown in the drawings.
[0135] The various processing functions realized by
the apparatus can be entirely or partially executed on a
CPU (central processing unit) (or a microcomputer such
as an MPU (microprocessing unit) and an MCU (micro-
controller unit)), on a computer grogram analyzed and
executed by the CPU (or the microcomputer such as the
MPU and the MCU), or on hard wired logic.

INDUSTRIAL APPLICABILITY

[0136] The banknote handling apparatus having the
above structures according to the present invention ex-
ecutes a predetermined calculation process for the serial
number of the banknote, determines whether the serial
number of the banknote is correct based on the calcula-
tion result, and executes a predetermined process for
the banknote only when its serial number is incorrect.
Because any unfavorable events that can be caused in
the various processes due to use of an unchecked, in-
correct serial number can be prevented, the present in-
vention is useful in the banknote recognition apparatus
that executes various processes using the serial num-
bers.

EXPLANATIONS OF LETTERS OR NUMERALS

[0137]

1: Banknote recognition apparatus
1A: Banknote recognition apparatus

1B: Banknote recognition apparatus
11: Display unit
12: Operation unit
13: Hopper unit
15: Transport unit
17: Stacking unit

17A to 17H: First to eighth stacking units
18: Reject unit
18A: First reject unit
18B: Second reject unit
23: Recognition unit
24: Identifying unit

25: Control unit
25A: Control unit
25B: Control unit
31: Calculation unit
32: Judging unit

Claims

1. A banknote handling apparatus comprising:

a receiving unit that receives banknotes and
feeds the banknotes one by one;
a banknote stacking unit that stacks the ban-
knotes;
a rejected banknote stacking unit that stacks
banknotes to be rejected;
a transport unit that transports the banknotes
fed by the receiving unit to the banknote stacking
unit or the rejected banknote stacking unit;
an identifying unit that identifies a serial number
of each of the banknotes transported by the
transport unit; and
a control unit that executes a predetermined cal-
culation process based on the serial number
identified by the identifying unit and, when a cal-
culation result of the calculation process does
not match with a predetermined calculation re-
sult, determines that the serial number of the
banknote is incorrect, and executes a predeter-
mined process on the banknote.

2. The banknote handling apparatus according to
Claim 1, wherein the control unit executes the pre-
determined calculation process based on a check-
sum function for the serial number of the banknote.

3. The banknote handling apparatus according to
Claim 2, wherein
the predetermined calculation process corresponds
to a calculation process including

replacing an alphabetic character contained in
the serial number of the banknote with a number
that corresponds to an alphabetical order, and
dividing the sum total of the number replaced at
the replacing and numerical values of all the dig-
its in the serial number by 9 to obtain a remain-
der, and

the predetermined calculation result is 8.

4. The banknote handling apparatus according to
Claim 2, wherein
the predetermined calculation process corresponds
to a calculation process including

replacing an alphabetic character contained in
the serial number of the banknote with a number
that corresponds to an alphabetical order, and

(continued)

33: Determining unit
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calculating a sum total of numerical values of all
the digits, including the number replaced at the
replacing, in the serial number of the banknote,
and
repeating the calculating of the sum total, which
is the calculation result, of the numerical values
of all the digits until the sum total becomes a
single-digit number, and

the predetermined calculation result is 8.

5. The banknote handling apparatus according to
Claim 2, wherein
the predetermined calculation process corresponds
to a calculation process including

replacing an alphabetic character contained in
the serial number of the banknote with a number
that is a decimal number corresponding to an
ASCII character code of the alphabetic charac-
ter, and
dividing the sum total of the number replaced at
the replacing and numerical values of all the dig-
its in the serial number by 9 to obtain a remain-
der, and

the predetermined calculation result is 0.

6. The banknote handling apparatus according to
Claim 2, wherein
the predetermined calculation process corresponds
to a calculation process including

replacing an alphabetic character contained in
the serial number of the banknote with a number
that is a decimal number corresponding to an
ASCII character code of the alphabetic charac-
ter, and
dividing the sum total of numerical values of all
the digits, including the number replaced at the
replacing, in the serial number by 9 to obtain the
remainder, and

the predetermined calculation result is 0.

7. The banknote handling apparatus according to
Claim 1, wherein the control unit executes the pre-
determined calculation process by using a numerical
value of a predetermined digit of the serial number.

8. The banknote handling apparatus according to any
one of Claims 2 to 6, wherein the control unit, when
the serial number of the banknote obtained as a iden-
tified result includes an unrecognizable digit, exe-
cutes an inverse operation of the calculation process
based on the checksum function for the serial
number, thereby calculating a numerical value of the
unrecognizable digit in the serial number by using

the numbers of the digits in the serial number that
are successfully recognized and the predetermined
calculation result.

9. The banknote handling apparatus according to any
one of Claims 1 to 8, wherein the control unit, as the
predetermined process, transports and stacks the
banknote in the rejected banknote stacking unit.

10. The banknote handling apparatus according to any
one of Claims 1 to 9, wherein the control unit, as the
predetermined process, notifies occurrence of an er-
ror.

11. The banknote handling apparatus according to
Claim 10, wherein the control unit, when notifying
the occurrence of the error, displays an alert mes-
sage regarding the serial number of the banknote.

12. The banknote handling apparatus according to
Claim 10, wherein the control unit, when notifying
the occurrence of the error, displays an alert mes-
sage indicating that the banknote is a suspect ban-
knote.

13. The banknote handling apparatus according to any
one of Claims 1 to 12, further including a recognition
unit that recognizes denominations of the banknotes
transported by the transport unit, wherein
the control unit, when a denomination recognition
result of the banknote obtained by the recognition
unit is normal and the calculation result for the ban-
knote obtained in the calculation process matches
with the predetermined calculation result, deter-
mines that the serial number of the banknote is cor-
rect and executes a predetermined serial number
processing on the serial number of the banknote.

14. The banknote handling apparatus according to
Claim 13, wherein the predetermined serial number
processing executed by the control unit is at least
one among
a specific number checking process for comparing
the serial number of the banknote with a specific se-
rial number,
a serial number printing process for printing the serial
number of the banknote,
a serial number data storing process for saving the
serial number of the banknote as data, and
a number difference checking process for comparing
serial numbers printed on a plurality of different lo-
cations on the same banknote with each other.

15. A banknote handling system comprising:

an acquiring unit that acquires a serial number
of a banknote;
a calculation unit that executes a predetermined
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calculation process based on the serial number
of the banknote acquired by the acquiring unit
and outputs a calculation result;
a judging unit that judges whether the calculation
result outputted by the calculation unit matches
with a predetermined calculation result; and
a determining unit that determines whether the
serial number of the banknote is correct based
on a judgment result obtained by the judging
unit.

16. The banknote handling system according to Claim
15, wherein the determining unit determines that the
serial number of the banknote is
incorrect when the judging unit judges that the cal-
culation result does not match with the predeter-
mined calculation result, and
correct when the judging unit judges that the calcu-
lation result matches with the predetermined calcu-
lation result.

17. The banknote handling system according to Claim
15 or 16, wherein the acquiring unit includes at least
one of
an identifying unit that identifies the serial number of
the banknote and acquires the serial number based
on the identified result, and
an input unit that receives input of the serial number
of the banknote.

18. A banknote handling method comprising:

acquiring a serial number of a banknote;
executing a predetermined calculation process
based on the serial number of the banknote ac-
quired at the acquiring and outputs a calculation
result for the banknote;
judging whether the calculation result outputted
at the executing matches with a predetermined
calculation result; and
determining whether the serial number of the
banknote is correct based on a judgment result
obtained at the judging.

19. The banknote handling method according to Claim
18, wherein the determining includes determining
that the serial number of the banknote is
incorrect when it is judged at the judging that the
calculation result does not match with the predeter-
mined calculation result, and
correct when it is judged at the judging that the cal-
culation result matches with the predetermined cal-
culation result.
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