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Description
TECHNICAL FIELD

[0001] The present disclosure relates to money infor-
mation generation devices, money handling systems,
money handling devices, money information generation
systems, money information generation methods, and
money information generation programs. The present
disclosure specifically relates to a money information
generation device, a money handling system, a money
handling device, a money information generation sys-
tem, a money information generation method, and amon-
ey information generation program capable of generating
image information of a virtual money.

BACKGROUND ART

[0002] Money handling devices for handling moneys
such as coins or notes (banknotes) utilize a plurality of
types of sensors mounted on a money recognition unit
to acquire features of moneys. Typically, based on com-
parison of the acquired features of the moneys with tem-
plate information that serves as a reference of recogni-
tion, the types, authenticity, fitness, and the like of the
moneys are recognized.

[0003] For example, Patent Literatures 1 and 2 dis-
close an image collation device that collates an image of
a money and a plurality of template images correspond-
ing to a variety of moneys to determine the authenticity
of the money. In the case of determining the authenticity
of coins, this device uses an averaged image obtained
by synthesizing a plurality ofimages of coins of the same
type as a template image in order to reduce variation due
to individual differences of coins.

CITATION LIST
- Patent Literature
[0004]

Patent Literature 1: JP 4563740 B
Patent Literature 2: JP 4563741 B

SUMMARY OF INVENTION
- Technical Problem

[0005] Theimage collation devices disclosed in Patent
Literatures 1 and 2 require obtaining a plurality ofimages
for each denomination from coins circulating in the mar-
ket in advance and generating a template image from
the obtained images.

[0006] Also, in the case of determining not the authen-
ticity but the fitness of moneys, a plurality of images is
obtained for each denomination from soiled moneys cir-
culating in the market in advance and template informa-
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tion is generated from the obtained images.

[0007] When a new series coin is introduced, money
handling devices require immediate modification to rec-
ognize the new series coin. This causes a demand for
immediate generation of template information of the new
series coin and application thereof to the money handling
devices in the market.

[0008] However, inthe case of generating template in-
formation from real moneys, as in the case of the image
collation devices of Patent Literatures 1 and 2, no tem-
plate information corresponding to soiled moneys can be
generated because only new, unused moneys (herein-
after, also referred to as new moneys) are present im-
mediately after introduction of a new series money. This
situation after introduction of a new series money pre-
vents recognition of soiled moneys with a high degree of
soiling.

[0009] Accordingly, even a situation where no real
soiled money is available causes a demand for genera-
tion of money information (image information and tem-
plate information) of such a soiled money, i.e., money
information of a virtual money corresponding to the soiled
money.

[0010] The opposite situation where only real soiled
moneys are available may cause a demand for genera-
tion of template information from a new money.

[0011] The present disclosure has been made in view
of the above current state of the art and aims to provide
a money information generation device, a money han-
dling system, a money handling device, a money infor-
mation generation system, a money information gener-
ation method, and a money information generation pro-
gram capable of generating coin information of a virtual
money corresponding to a money having a desired dam-
age condition even in a situation where no real one of
such a money is available.

- Solution to Problem

[0012] In order to solve the above issue and achieve
the above object, (1) a money information generation de-
vice according to a first aspect of the present disclosure
includes a control unit configured to: generate, from mon-
ey information of a first money, damage information re-
lating to damage of the first money; generate, from money
information of a second money, pattern information re-
lating to a pattern of the second money; and generate,
from the damage information and the pattern information,
money information of a virtual money as a fusion of the
damage information and the pattern information.

[0013] (2) Inthe money information generation device
according to the above (1), the control unit may be con-
figured to provide machine learning of a machine-learn-
ing algorithm relating to generation of the damage infor-
mation, a machine-learning algorithm relating to gener-
ation of the pattern information, and a machine-learning
algorithm relating to generation of the money information
of the virtual money so as to make the money information



3 EP 4 109 423 A1 4

of the virtual money look like a real one.

[0014] (3) In the money information generation device
according to the above (1) or (2), the first money may be
an unfit money and the second money may be a new
money.

[0015] (4) In the money information generation device
according to the above (1) or (2), the first money may be
a new money, and the second money may be an unfit
money.

[0016] (5) In the money information generation device
according to any one of the above (1) to (4), a type of the
first money may be different from a type of the second
money.

[0017] (6) In the money information generation device
according to any one of the above (1) to (5), a material
of the first money may be the same as a material of the
second money.

[0018] (7) In the money information generation device
according to any one of the above (1) to (5), the second
money may include a first region containing a first mate-
rial that is the same as a material of the first money and
a second region containing a second material, and the
control unit may be configured to: generate, from money
information of the first region, pattern information relating
to a pattern of the first region; and generate, from the
damage information and the pattern information of the
first region, money information of a virtual first region as
a fusion of the damage information and the pattern infor-
mation of the first region.

[0019] (8) In the money information generation device
according to the above (7), the second material may be
different from the material of the first money and may be
the same as a material of a third money, and the control
unit may be configured to: generate, from money infor-
mation of the third money, damage information relating
to damage of the third money; generate, from money
information of the second region, pattern information re-
lating to a pattern of the second region; and generate,
from the damage information of the third money and the
pattern information of the second region, money infor-
mation of a virtual second region as a fusion of the dam-
age information of the third money and the pattern infor-
mation of the second region.

[0020] (9) The money information generation device
according to any one of the above (1) to (5) may further
include a storage unit, wherein the second money may
include a first region containing a first material that is the
same as a material of the first money and a secondregion
containing a second material that is different from the
material of the first money and is the same as a material
of a third money, the storage unit may be configured to
store a correlation between a feature of a third region
and a feature of a fourth region generated from money
information of a fourth money that includes the third re-
gion containing the first material and the fourth region
containing the second material, and the control unit may
be configured to generate the money information of the
virtual money based on the correlation.
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[0021] (10)Inthe money information generation device
according to the above (9), the control unit may be con-
figured to: generate, from pieces of money information
of a plurality of first moneys containing the same material
and having different damage conditions, a plurality of
pieces of damage information relating to the first moneys;
generate, from pieces of money information of a plurality
of third moneys containing the same material and having
different damage conditions, a plurality of pieces of dam-
age information relating to the third moneys; generate,
from the pieces of damage information relating to the first
moneys and the pattern information, pieces of money
information of a plurality of first virtual moneys each as
a fusion of a respective one of the pieces of damage
information relating to the first moneys and the pattern
information; generate, from the pieces of damage infor-
mation relating to the third moneys and the pattern infor-
mation, pieces of money information of a plurality of sec-
ond virtual moneys each as a fusion of a respective one
of the pieces of damage information relating to the third
moneys and the pattern information; calculate, from each
of the pieces of money information of the first virtual mon-
eys, a first feature of a region corresponding to the first
region; calculate, from each of the pieces of money in-
formation of the second virtual moneys, a second feature
of a region corresponding to the second region; deter-
mine a combination of an optimal first feature and an
optimal second feature among a plurality of the first fea-
tures and a plurality of the second features based on the
correlation; and generate, from a piece of money infor-
mation of a first virtual money and a piece of money in-
formation of a second virtual money respectively corre-
sponding to the optimal first feature and the optimal sec-
ond feature, money information of a third virtual money
including the piece of money information of the first virtual
money at a region corresponding to the first region and
the piece of money information of the second virtual mon-
ey at a region corresponding to the second region.
[0022] (11)Inthe moneyinformation generation device
according to any one of the above (1) to (10), the damage
information may be information relating to damage of a
base of the first money.

[0023] (12)Inthe moneyinformation generation device
according to any one of the above (1) to (11), a type of
the first money may be the same as a type of the second
money, and the control unit may be configured to: gen-
erate, from money information of a first side of the first
money, damage information relating to damage of the
first side; generate, from money information of a second
side that is different from the first side of the second mon-
ey, pattern information relating to a pattern of the second
side; and generate, from the damage information of the
first side and the pattern information of the second side,
money information of a virtual second side as a fusion of
the damage information of the first side and the pattern
information of the second side.

[0024] (13)Inthe moneyinformation generation device
according to any one of the above (1) to (12), the money
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information may be image information.

[0025] (14) A money handling system according to a
second aspect of the present disclosure includes the
money information generation device according to any
one ofthe above (1) to (13); and a money handling device
including a storage unit configured to store template in-
formation based on the money information of the virtual
money.

[0026] (15) A money handling device according to a
third aspect of the present disclosure includes the money
information generation device according to any one of
the above (1) to (13); and a storage unit configured to
store template information based on the money informa-
tion of the virtual money.

[0027] (16) A money information generation system
according to a fourth aspect of the present disclosure
includes a damage information generation unit config-
ured to generate, from money information of a first mon-
ey, damage information relating to damage of the first
money;

a pattern information generation unit configured to
generate, from money information of a second mon-
ey, pattern information relating to a pattern of the
second money; and

a virtual money information generation unit config-
ured to generate, from the damage information and
the pattern information, money information of a vir-
tual money as a fusion of the damage information
and the pattern information.

[0028] (17) In the money information generation sys-
tem according to the above (16), machine learning may
be provided for a machine-learning algorithm relating to
generation of the damage information, a machine-learn-
ing algorithm relating to generation of the pattern infor-
mation, and a machine-learning algorithm relating to gen-
eration of the money information of the virtual money so
as to make the money information of the virtual money
look like a real one.

[0029] (18) In the money information generation sys-
tem according to the above (16) or (17), the first money
may be an unfit money, and the second money may be
a new money.

[0030] (19) In the money information generation sys-
tem according to the above (16) or (17), the first money
may be a new money, and the second money may be an
unfit money.

[0031] (20) In the money information generation sys-
tem according to any one of the above (16) to (19), a type
of the first money may be different from a type of the
second money.

[0032] (21) In the money information generation sys-
tem according to any one of the above (16) to (20), a
material of the first money may be the same as a material
of the second money.

[0033] (22) In the money information generation sys-
tem according to any one of the above (16) to (20), the
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second money may include a first region containing a
first material that is the same as a material of the first
money and a second region containing a second mate-
rial; the pattern information generation unit may be con-
figured to generate, from money information of the first
region, pattern information relating to a pattern of the first
region; and the virtual money information generation unit
may be configured to generate, from the damage infor-
mation and the pattern information of the first region,
money information of a virtual first region as a fusion of
the damage information and the pattern information of
the first region.

[0034] (23) In the money information generation sys-
tem according to the above (22), the second material
may be different from the material of the first money and
may be the same as a material of a third money; the
damage information generation unit may be configured
to generate, from money information of the third money,
damage information relating to damage of the third mon-
ey; the pattern information generation unit may be con-
figured to generate, from money information of the sec-
ond region, pattern information relating to a pattern of
the second region; and the virtual money information
generation unit may be configured to generate, from the
damage information of the third money and the pattern
information of the second region, money information of
a virtual second region as a fusion of the damage infor-
mation of the third money and the pattern information of
the second region.

[0035] (24) The money information generation system
according to any one of the above (16) to (20) may further
include a storage unit, wherein the second money may
include a first region containing a first material that is the
same as a material of the firstmoney and a second region
containing a second material that is different from the
material of the first money and is the same as a material
of a third money; the storage unit may be configured to
store a correlation between a feature of a third region
and a feature of a fourth region generated from money
information of a fourth money that includes the third re-
gion containing the first material and the fourth region
containing the second material; and the virtual money
information generation unit may be configured to gener-
ate the money information of the virtual money based on
the correlation.

[0036] (25) In the money information generation sys-
tem according to the above (24), the damage information
generation unitmay be configured to generate, from piec-
es of money information of a plurality of first moneys con-
taining the same material and having different damage
conditions, a plurality of pieces of damage information
relating to the first moneys and may be configured to
generate, from pieces of money information of a plurality
of third moneys containing the same material and having
different damage conditions, a plurality of pieces of dam-
age information relating to the third moneys; the virtual
money information generation unit may be configured to
generate, from the pieces of damage information relating
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to the first moneys and the pattern information, pieces of
money information of a plurality of first virtual moneys
each as a fusion of a respective one of the pieces of
damage information relating to the first moneys and the
pattern information, and may be configured to generate,
from the pieces of damage information relating to the
third moneys and the pattern information, pieces of mon-
ey information of a plurality of second virtual moneys
each as a fusion of a respective one of the pieces of
damage information relating to the third moneys and the
pattern information; and the money information genera-
tion system may further include: a feature calculation unit
configured to calculate, from each of the pieces of money
information of the first virtual moneys, a first feature of a
region corresponding to the first region, and configured
to calculate, from each of the pieces of money information
ofthe second virtual moneys, a second feature of aregion
corresponding to the second region; a combination de-
termination unit configured to determine a combination
of an optimal first feature and an optimal second feature
among a plurality of the first features and a plurality of
the second features based on the correlation; and a mon-
ey information synthesis unit configured to generate,
from a piece of money information of a first virtual money
and a piece of money information of a second virtual mon-
ey respectively corresponding to the optimal first feature
and the optimal second feature, money information of a
third virtual money including the piece of money informa-
tion of the first virtual money at a region corresponding
to the first region and the piece of money information of
the second virtual money at a region corresponding to
the second region.

[0037] (26) In the money information generation sys-
tem according to any one of the above (16) to (25), the
damage information may be information relating to dam-
age of a base of the first money.

[0038] (27) In the money information generation sys-
tem according to any one of the above (16) to (26), a type
ofthefirstmoney may be the same as atype ofthe second
money; the damage information generation unit may be
configured to generate, from money information of a first
side of the first money, damage information relating to
damage of the first side; the pattern information genera-
tion unit may be configured to generate, from money in-
formation of a second side that is different from the first
side of the second money, pattern information relating to
a pattern of the second side; and the virtual money infor-
mation generation unit may be configured to generate,
from the damage information of the first side and the pat-
tern information of the second side, money information
of a virtual second side as a fusion of the damage infor-
mation of the first side and the pattern information of the
second side.

[0039] (28) In the money information generation sys-
tem according to any one of the above (16) to (27), the
money information may be image information.

[0040] (29) A money information generation method
according to a fifth aspect of the present disclosure in-
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cludes generating, from money information of a first mon-
ey, damage information relating to damage of the first
money; generating, from money information of a second
money, pattern information relating to a pattern of the
second money; and generating, from the damage infor-
mation and the pattern information, money information
of a virtual money as a fusion of the damage information
and the pattern information.

[0041] (30) The money information generation method
according to the above (29) may further include providing
machine learning of a machine-learning algorithm relat-
ing to generation of the damage information, a machine-
learning algorithm relating to generation of the pattern
information, and a machine-learning algorithm relating
to generation of the money information of the virtual mon-
ey so as to make the money information of the virtual
money look like a real one.

[0042] (31)Inthe money information generation meth-
od according to the above (29) or (30), the first money
may be an unfit money, and the second money may be
a new money.

[0043] (32)Inthe money information generation meth-
od according to the above (29) or (30), the first money
may be a new money, and the second money may be an
unfit money.

[0044] (33)Inthe money information generation meth-
od according to any one of the above (29) to (32), a type
of the first money may be different from a type of the
second money.

[0045] (34)Inthe money information generation meth-
od according to any one of the above (29) to (33), a ma-
terial of the first money may be the same as a material
of the second money.

[0046] (35)Inthe money information generation meth-
od according to any one of the above (29) to (33), the
second money may include a first region containing a
first material that is the same as a material of the first
money and a second region containing a second mate-
rial; the step of generating pattern information may gen-
erate, from money information of the first region, pattern
information relating to a pattern of the first region; and
the step of generating money information may generate,
from the damage information and the pattern information
of the first region, money information of a virtual first re-
gion as a fusion of the damage information and the pat-
tern information of the first region.

[0047] (36)Inthe money information generation meth-
od according to the above (35), the second material may
be different from the material of the first money and may
be the same as a material of a third money; the step of
generating damage information may generate, from
money information of the third money, damage informa-
tion relating to damage of the third money; the step of
generating pattern information may generate, from mon-
ey information of the second region, pattern information
relating to a pattern of the second region; and the step
of generating money information may generate, from the
damage information of the third money and the pattern
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information of the second region, money information of
a virtual second region as a fusion of the damage infor-
mation of the third money and the pattern information of
the second region.

[0048] (37)Inthe money information generation meth-
od according to any one of the above (29) to (33), the
second money may include a first region containing a
first material that is the same as a material of the first
money and a second region containing a second material
that is different from the material of the first money and
is the same as a material of a third money; and the step
of generating money information may generate the mon-
ey information of the virtual money based on a correlation
between a feature of a third region and a feature of a
fourth region generated from money information of a
fourth money that includes the third region containing the
first material and the fourth region containing the second
material.

[0049] (38)Inthe money information generation meth-
od according to the above (37), the step of generating
damage information may generate, from pieces of money
information of a plurality of first moneys containing the
same material and having different damage conditions,
a plurality of pieces of damage information relating to the
first moneys and may generate, from pieces of money
information of a plurality of third moneys containing the
same material and having different damage conditions,
a plurality of pieces of damage information relating to the
third moneys; the step of generating money information
may generate, from the pieces of damage information
relating to the first moneys and the pattern information,
pieces of money information of a plurality of first virtual
moneys each as a fusion of a respective one of the pieces
of damage information relating to the first moneys and
the pattern information, and may generate, from the piec-
es of damage information relating to the third moneys
and the pattern information, pieces of money information
of a plurality of second virtual moneys each as a fusion
of a respective one of the pieces of damage information
relating to the third moneys and the pattern information;
and the money information generation method may fur-
ther include: calculating, from each of the pieces of mon-
ey information of the first virtual moneys, a first feature
of a region corresponding to the first region; calculating,
from each of the pieces of money information of the sec-
ond virtual moneys, a second feature of a region corre-
sponding to the second region; determining a combina-
tion of an optimal first feature and an optimal second
feature among a plurality of the first features and a plu-
rality of the second features based on the correlation;
and generating, from a piece of money information of a
first virtual money and a piece of money information of a
second virtual money respectively corresponding to the
optimal first feature and the optimal second feature, mon-
ey information of a third virtual money including the piece
of money information of the first virtual money at a region
corresponding to the first region and the piece of money
information of the second virtual money at a region cor-
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responding to the second region.

[0050] (39)Inthe money information generation meth-
od according to any one of the above (29) to (38), the
damage information may be information relating to dam-
age of a base of the first money.

[0051] (40)Inthe money information generation meth-
od according to any one of the above (29) to (39), a type
ofthe firstmoney may be the same as a type of the second
money; the step of generating damage information may
generate, from money information of a first side of the
first money, damage information relating to damage of
the first side; the step of generating pattern information
may generate, from money information of a second side
that is different from the first side of the second money,
pattern information relating to a pattern of the second
side; and the step of generating money information may
generate, from the damage information of the first side
and the pattern information of the second side, money
information of a virtual second side as a fusion of the
damage information of the first side and the pattern in-
formation of the second side.

[0052] (41)Inthe money information generation meth-
od according to any one of the above (29) to (40), the
money information may be image information.

[0053] (42) A money information generation program
according to a sixth aspect of the present disclosure
causes a computer to function as: a means for generat-
ing, from money information of a first money, damage
information relating to damage of the first money; a
means for generating, from money information of a sec-
ond money, pattern information relating to a pattern of
the second money; and a means for generating, from the
damage information and the pattern information, money
information of a virtual money as a fusion of the damage
information and the pattern information.

[0054] (43) In the money information generation pro-
gram according to the above (42), the computer may be
further caused to function as a means for providing ma-
chine learning of a machine-learning algorithm relating
to generation of the damage information, a machine-
learning algorithm relating to generation of the pattern
information, and a machine-learning algorithm relating
to generation of the money information of the virtual mon-
ey so as to make the money information of the virtual
money look like a real one.

[0055] (44) In the money information generation pro-
gram according to the above (42) or (43), the first money
may be an unfit money, and the second money may be
a new money.

[0056] (45) In the money information generation pro-
gram according to the above (42) or (43), the first money
may be a new money, and the second money may be an
unfit money.

[0057] (46) In the money information generation pro-
gram according to any one of the above (42) to (45), a
type of the first money may be different from a type of
the second money.

[0058] (47) In the money information generation pro-
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gram according to any one of the above (42) to (46), a
material of the first money may be the same as a material
of the second money.

[0059] (48) In the money information generation pro-
gram according to any one of the above (42) to (46), the
second money may include a first region containing a
first material that is the same as a material of the first
money and a second region containing a second mate-
rial; the means for generating pattern information may
generate, from money information of the first region, pat-
tern information relating to a pattern of the first region;
and the means for generating money information may be
configured to generate, from the damage information and
the pattern information of the first region, money infor-
mation of a virtual first region as a fusion of the damage
information and the pattern information of the first region.
[0060] (49) In the money information generation pro-
gram according to the above (48), the second material
may be different from the material of the first money and
may be the same as a material of a third money; the
means for generating damage information may be con-
figured to generate, from money information of the third
money, damage information relating to damage of the
third money; the means for generating pattern informa-
tion may be configured to generate, from money infor-
mation of the second region, pattern information relating
to a pattern of the second region; and the means for gen-
erating money information may be configured to gener-
ate, from the damage information of the third money and
the pattern information of the second region, money in-
formation of a virtual second region as a fusion of the
damage information of the third money and the pattern
information of the second region.

[0061] (50) In the money information generation pro-
gram according to any one of the above (42) to (46), the
second money may include a first region containing a
first material that is the same as a material of the first
money and a second region containing a second material
that is different from the material of the first money and
is the same as a material of a third money; and the means
for generating money information may be configured to
generate the money information of the virtual money
based on a correlation between a feature of a third region
and a feature of a fourth region generated from money
information of a fourth money that includes the third re-
gion containing the first material and the fourth region
containing the second material.

[0062] (51) In the money information generation pro-
gram according to the above (50), the means for gener-
ating damage information may be configured to generate,
from pieces of money information of a plurality of first
moneys containing the same material and having differ-
ent damage conditions, a plurality of pieces of damage
information relating to the first moneys and may be con-
figured to generate, from pieces of money information of
a plurality of third moneys containing the same material
and having different damage conditions, a plurality of
pieces of damage information relating to the third mon-
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eys; the means for generating money information may
be configured to generate, from the pieces of damage
information relating to the first moneys and the pattern
information, pieces of money information of a plurality of
first virtual moneys each as a fusion of a respective one
of the pieces of damage information relating to the first
moneys and the pattern information, and may be config-
ured to generate, from the pieces of damage information
relating to the third moneys and the pattern information,
pieces of money information of a plurality of second vir-
tual moneys each as a fusion of a respective one of the
pieces of damage information relating to the third moneys
and the pattern information; and the money information
generation program may further cause the computer to
function as a means for calculating, from each of the piec-
es of money information of the first virtual moneys, a first
feature of a region corresponding to the first region, and
calculating, from each of the pieces of money information
ofthe second virtual moneys, a second feature of a region
corresponding to the second region; a means for deter-
mining a combination of an optimal first feature and an
optimal second feature among a plurality of the first fea-
tures and a plurality of the second features based on the
correlation; and a means for generating, from a piece of
money information of a first virtual money and a piece of
money information of a second virtual money respective-
ly corresponding to the optimal first feature and the op-
timal second feature, money information of a third virtual
money including the piece of money information of the
first virtual money at a region corresponding to the first
region and the piece of money information of the second
virtual money at a region corresponding to the second
region.

[0063] (52) In the money information generation pro-
gram according to any one of the above (42) to (51), the
damage information may be information relating to dam-
age of a base of the first money.

[0064] (53) In the money information generation pro-
gram according to any one of the above (42) to (52), a
type of the first money may be the same as a type of the
second money; the means for generating damage infor-
mation may be configured to generate, from money in-
formation of a first side of the first money, damage infor-
mation relating to damage of the first side; the means for
generating pattern information may be configured to gen-
erate, from money information of a second side that is
different from the first side of the second money, pattern
information relating to a pattern of the second side; and
the means for generating money information may be con-
figured to generate, from the damage information of the
first side and the pattern information of the second side,
money information of a virtual second side as a fusion of
the damage information of the first side and the pattern
information of the second side.

[0065] (54) In the money information generation pro-
gram according to any one of the above (42) to (53), the
money information may be image information.

[0066] (55) Amoneyinformation generation device ac-
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cording to a seventh aspect of the present disclosure
includes a control unit configured to: generate, from mon-
ey information of a first money, counterfeit information
relating to counterfeit of the first money; generate, from
money information of a second money, pattern informa-
tion relating to a pattern of the second money; and gen-
erate, from the counterfeit information and the pattern
information, money information of a virtual money as a
fusion of the counterfeit information and the pattern in-
formation.

[0067] (56)Inthe moneyinformation generation device
according to the above (55), the control unit may be con-
figured to provide machine learning of a machine-learn-
ing algorithm relating to generation of the counterfeit in-
formation, a machine-learning algorithm relating to gen-
eration of the pattern information, and a machine-learn-
ing algorithm relating to generation of the money infor-
mation of the virtual money so as to make the money
information of the virtual money look like an actually ex-
isting counterfeit money.

[0068] (57)Inthe moneyinformation generationdevice
according to the above (55) or (56), the first money may
be a counterfeit money and the second money may be
a genuine money.

[0069] (58)Inthe moneyinformation generationdevice
according to any one of the above (55) to (57), a type of
the first money may be different from a type of the second
money.

[0070] (59)Inthe moneyinformation generation device
according to any one of the above (55) to (58), the money
information may be image information.

[0071] (60) A money handling system according to an
eighth aspect of the present disclosure includes the mon-
ey information generation device according to any one
of the above (55) to (59); and a money handling device
including a storage unit configured to store template in-
formation based on the money information of the virtual
money.

[0072] (61) A money handling device according to a
ninth aspect of the presentdisclosure includes the money
information generation device according to any one of
the above (55) to (59); and a storage unit configured to
store template information based on the money informa-
tion of the virtual money.

[0073] (62) A money information generation system
according to a tenth aspect of the present disclosure in-
cludes: a counterfeit information generation unit config-
ured to generate, from money information of a first mon-
ey, counterfeit information relating to counterfeit of the
first money; a pattern information generation unit config-
ured to generate, from money information of a second
money, pattern information relating to a pattern of the
second money; and a virtual money information gener-
ation unit configured to generate, from the counterfeit
information and the pattern information, money informa-
tion of a virtual money as a fusion of the counterfeit in-
formation and the pattern information.

[0074] (63) In the money information generation sys-
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tem according to the above (62), machine learning may
be provided for a machine-learning algorithm relating to
generation of the counterfeit information, a machine-
learning algorithm relating to generation of the pattern
information, and a machine-learning algorithm relating
to generation of the money information of the virtual mon-
ey so as to make the money information of the virtual
money look like an actually existing counterfeit money.
[0075] (64) In the money information generation sys-
tem according to the above (62) or (63), the first money
may be a counterfeit money and the second money may
be a genuine money.

[0076] (65) In the money information generation sys-
tem according to any one of the above (62) to (64), a type
of the first money may be different from a type of the
second money.

[0077] (66) In the money information generation sys-
tem according to any one of the above (62) to (65), the
money information may be image information.

[0078] (67) A money information generation method
according to an eleventh aspect of the presentdisclosure
includes generating, from money information of a first
money, counterfeit information relating to counterfeit of
the first money; generating, from money information of a
second money, pattern information relating to a pattern
of the second money; and generating, from the counter-
feitinformation and the pattern information, money infor-
mation of a virtual money as a fusion of the counterfeit
information and the pattern information.

[0079] (68) The money information generation method
according to the above (67) may further include providing
machine learning of a machine-learning algorithm relat-
ing to generation of the counterfeit information, a ma-
chine-learning algorithm relating to generation of the pat-
tern information, and a machine-learning algorithm relat-
ing to generation of the money information of the virtual
money so as to make the money information of the virtual
money look like an actually existing counterfeit money.
[0080] (69)Inthe money information generation meth-
od according to the above (67) or (68), the first money
may be a counterfeit money and the second money may
be a genuine money.

[0081] (70)Inthe money information generation meth-
od according to any one of the above (67) to (69), a type
of the first money may be different from a type of the
second money.

[0082] (71)Inthe money information generation meth-
od according to any one of the above (67) to (70), the
money information may be image information.

[0083] (72) A money information generation program
according to a twelfth aspect of the present disclosure
causes a computer to function as: a means for generat-
ing, from money information of a first money, counterfeit
information relating to counterfeit of the first money; a
means for generating, from money information of a sec-
ond money, pattern information relating to a pattern of
the second money; and a means for generating, from the
counterfeitinformation and the pattern information, mon-
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ey information of a virtual money as a fusion of the coun-
terfeit information and the pattern information.

[0084] (73) In the money information generation pro-
gram according to the above (72), the computer may be
further caused to function as a means for providing ma-
chine learning of a machine-learning algorithm relating
to generation of the counterfeit information, a machine-
learning algorithm relating to generation of the pattern
information, and a machine-learning algorithm relating
to generation of the money information of the virtual mon-
ey so as to make the money information of the virtual
money look like an actually existing counterfeit money.

[0085] (74) In the money information generation pro-
gram according to the above (72) or (73), the first money
may be a counterfeit money and the second money may
be a genuine money.

[0086] (75) In the money information generation pro-
gram according to any one of the above (72) to (74), a
type of the first money may be different from a type of
the second money.

[0087] (76) In the money information generation pro-
gram according to any one of the above (72) to (75), the
money information may be image information.

- Advantageous Effects of Invention

[0088] The money information generation devices, the
money handling systems, the money handling devices,
the money information generation systems, the money
information generation methods, and the money infor-
mation generation programs of the present disclosure
can generate coin information of a virtual money corre-
sponding to a money having a desired damage condition
even in a situation where no real one of such a money
is available.

BRIEF DESCRIPTION OF DRAWINGS
[0089]

FIG. 1is a block diagram of the structure of a money
information generation device according to Embod-
iment 1.

FIG. 2 is a flowchart of an example of steps of
processing executed by the money information gen-
eration device according to Embodiment 1.

FIG. 3 is a schematic diagram of the outline of a
method for generating money information in Embod-
iment 2.

FIG. 4 is a block diagram of a structure of a money
information generation device according to Embod-
iment 2, illustrating the structure during machine
learning.

FIG. 5is a block diagram of a structure of the money
information generation device according to Embod-
iment 2, illustrating the structure after machine learn-
ing.

FIG. 6 is a flowchart of an example of steps of
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processing executed by the money information gen-
eration device according to Embodiment 2 during
machine learning.

FIG. 7 is a flowchart of an example of steps of
processing executed by the money information gen-
eration device according to Embodiment 2 after ma-
chine learning.

FIG. 8 is a block diagram of an example of the overall
structure of a money handling system including the
money information generation device according to
Embodiment 2.

FIG. 9 is a block diagram of another example of the
overall structure of a money handling system includ-
ing the money information generation device accord-
ing to Embodiment 2.

FIG. 10 is a block diagram of the overall structure of
a money handling device including the money infor-
mation generation device according to Embodiment
2.

FIG. 11 is a block diagram of a structure of a money
information generation device according to Embod-
iment 3, illustrating the structure after machine learn-
ing.

FIG. 12 is a schematic diagram of an example of a
specific processing executed by the money informa-
tion generation device according to Embodiment 3.
FIG. 13 is a flowchart of an example of steps of
processing executed by the money information gen-
eration device according to Embodiment 3 after ma-
chine learning.

FIG. 14 is a block diagram of the structure of a money
information generation device according to Modified
Embodiment 1.

FIG. 15 is a flowchart of an example of steps of
processing executed by the money information gen-
eration device according to Modified Embodiment 1.
FIG. 16 is a block diagram of a structure of a money
information generation device according to Modified
Embodiment 2, illustrating the structure during ma-
chine learning.

FIG. 17 is a block diagram of a structure of the money
information generation device according to Modified
Embodiment 2, illustrating the structure after ma-
chine learning.

DESCRIPTION OF EMBODIMENTS

[0090] The following describes embodiments of the
money information generation device, the money infor-
mation generation system, the money information gen-
eration method, and the money information generation
program according to the present disclosure with refer-
ence to the drawings.

[0091] The term "money" herein encompasses both
coins and sheets such as banknotes. Various sheets
such as notes (banknotes), checks, vouchers, bills, busi-
ness forms, documents of value, and card-like media are
applicable as sheets to be used in the disclosure.
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[0092] The term "money information" means predeter-
mined information relating to a money. Specific examples
thereof include images (image data) of the money and
template information obtainable from the coin. In the fol-
lowing embodiments, examples are described where the
moneys used are coins and the money information used
is image information of the moneys (hereinafter, also re-
ferred to simply as images).

[0093] Examples oftypesof moneysdamagedand fac-
tors for recognizing moneys as being damaged include
the following.

[0094] Coins: "soiling", " corrosion (deterioration)",
"mechanical damage (e.g., scratches, holes, wear)", "de-
formation", "defects (e.g., defects formed during manu-
facturing, marking errors, molding defects", etc.

[0095] Banknotes: "soiling", "scribbles," "losses (e.g.,
missing of corners, holes, other partial losses)", "tear or
crack", "fold", "fatigue", "attachment of tape", etc.
[0096] As described above for the types and factors,
the term "damage" herein collectively refers to any
change of a money from its normal state, and may be
used in the expression "have damage" and others, for
example. Moneys without damage and moneys having
damage are also respectively referred to as normal mon-
eys and damaged moneys or fit moneys and unfit mon-
eys; for coins, also respectively referred to as normal
coins and damaged coins or fit coins and unfit coins; and
for banknotes, also respectively referred to as normal
notes and damaged notes or fit notes and unfit notes.
[0097] Recognizing (or determining) whether a money
has damage, whether a money meets the standards,
and/or whether a money is suitable for circulation are/is
referred to as fitness recognition (or fitness determina-
tion).

(Embodiment 1)
<Structure of money information generation device>

[0098] WithreferencetoFIG. 1,the following describes
the structure of a money information generation device
10a of the present embodiment. The money information
generation device 10a has functions equivalent to those
of a typical personal computer and includes a control unit
(processing unit) 20a as shown in FIG. 1.

[0099] As shown in FIG. 1, the control unit 20a has
functions of a damage information generation unit 21a,
a pattern information generation unit 22a, and a virtual
money information generation unit 23a.

[0100] The control unit20aincludes, for example, soft-
ware programs for achieving a variety of processing, a
central processing unit (CPU) that executes the software
programs, and a variety of hardware devices controlled
by the CPU. The software programs and data for running
the control unit 20a may be stored in a storage unit.
[0101] The units of the control unit 20a shown in FIG.
1 are embodied by causing the CPU of the control unit
20a to execute a money information generation program
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according to the present embodiment. The money infor-
mation generation program according to the presentem-
bodiment may be preinstalled in the money information
generation device 10a, or may be provided to a user as
an application program that can run on a general-purpose
OS, the application program being stored in a computer-
readable recording medium or being provided via a net-
work.

[0102] The storage unitincludes a storage device such
as a hard disk device or a non-volatile memory, and may
store a learned model that executes processing relating
to generation of damage information, a learned model
that executes processing relating to generation of pattern
information, and a learned model that executes process-
ing relating to generation of money information of a virtual
money.

[0103] The damage information generation unit 21a
generates (extracts), from an image (input image for
style) of a first coin input to the money information gen-
eration device 10a, damage information relating to dam-
age of the first coin.

[0104] Theinputimage for style (image of the first coin)
may be animage of the first coin having a desired damage
condition, i.e., adamage condition that the coin is desired
to have, and may have any pattern (design, marking).
The input image for style may be an image of a coin in
circulation having a certain degree of damage (e.g., a
damaged coin) or may be an image of a coin without
damage (e.g., a new coin).

[0105] The pattern information generation unit 22a
generates (extracts), from an image (conversion source
image) of a second coin input to the money information
generation device 10a, pattern information (pattern char-
acteristics) relating to the pattern of the second coin.
[0106] The conversion sourceimage (image of the sec-
ond coin) may be an image of the second coin that is
desired to have the damage condition of the input image
for style, and may have any damage condition. The con-
version source image (image of the second coin) may be
an image of a coin without damage (e.g., new coin) or
may be an image of a coin in circulation having a certain
degree of damage (e.g., damaged coin).

[0107] The damage information generated by the dam-
age information generation unit 21a may be information
relating to damage of a base of the first coin. In other
words, the damage information generation unit 21a may
generate (extract) information relating to damage of the
base of the first coin from an image (inputimage for style)
of the first coin.

[0108] For coins, the term "base" herein commonly re-
fers to the portion excluding the marking of a coin. In
other words, a coin commonly includes a base and a
marking.

[0109] The virtual money information generation unit
23a generates, from the damage information generated
by the damage information generation unit 21a and the
pattern information generated by the pattern information
generation unit 22a, an image (image information) of a
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virtual coin as a fusion (synthesis) of the damage infor-
mation and the pattern information. This results in gen-
eration of an image of a coin (not an actually existing one
but a virtual one) having a damage condition at a degree
similar to that of the first coin and having the pattern of
the second coin. In other words, even when no second
coin having a damage condition at a degree similar to
that of the first coin is available, template information re-
lating to the second coin can be generated based on the
image of a virtual coin generated as described above.
[0110] The term "damage information (information re-
lating to damage)" may refer to information relating to the
presence of damage or may refer to information relating
to the absence of damage. In the former case, the infor-
mation may be used to deteriorate the marking or base
of the coin.

[0111] The term "damage condition" is a term indicat-
ing the degree of damage and encompasses not only the
cases where damage is present but also the cases where
damage is absent.

[0112] In other words, in the present embodiment, the
first coin may be a coin having damage while the second
coin may be a coin having no or little damage and the
second coin may be damaged, as a virtual coin, to a
degree similar to that of the first coin (the damage con-
dition may be worsened). Alternatively, the first coin may
be a coin having no or little damage while the second
coin may be a coin having damage and the second coin
may notbe damaged, as a virtual coin, to a degree similar
to that of the first coin (the damage condition may be
lessened).

[0113] For coins, the term "pattern information (infor-
mation relating to the pattern)" may refer to information
relating to the marking of a coin (e.g., 3D information).
The term "marking" herein may refer to something that
may change when a coin is damaged or may be some-
thing that does not change even when a coin is damaged.
Specific examples of the pattern information include in-
formation relating to a portion where the way the light hits
changes in accordance with the degree of damage, in-
formation relating to a portion where the edge information
changes in accordance with the degree of damage, and
information relating to a portion where the material is
changed by damage.

[0114] Also, in the present embodiment, an image (im-
ageinformation) may be used as money information. This
enables generation of an image of a virtual money cor-
responding to a second money (real one) having a de-
sired damage condition and enables visual check of the
quality of the image.

[0115] The damage information generation unit 21a,
the pattern information generation unit 22a, and the vir-
tual money information generation unit 23a each may be
constructed of a learned model, for example, a learned
model utilizing a convolutional neural network (CNN). In
this case, the CNN of the virtual money information gen-
eration unit 23a may be coupled with the respective
CNNs of the damage information generation unit21a and
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the pattern information generation unit 22a.

[0116] The learned models of the damage information
generation unit 21a, the pattern information generation
unit 22a, and the virtual money information generation
unit 23a each may function as an inference program in-
cluding learned parameters (coefficients) obtained as a
result of learning with a data set.

[0117] Each learned model may be provided with ad-
ditional learning. In other words, each learned model may
be provided with a data set different from that of the pre-
vious learning and undergo further learning, generating
new learned parameters. The learned models incorpo-
rated with these new learned parameters may be used.
[0118] For the first coin used for an input image for
style and the second coin used for a conversion source
image, the first coin (money) may be a damaged coin
(damaged money) while the second coin (money) may
be a new coin (new money). In this case, an image of a
virtual coin corresponding to a damaged second coin can
be generated even in a situation where a new series sec-
ond coin is introduced and only new second coins are
present.

[0119] Conversely, the firstcoin (money) may be a new
coin (new money) and the second coin (money) may be
a damaged coin (damaged money). In this case, an im-
age of a virtual coin corresponding to a new second coin
canbegenerated evenin asituation where only damaged
second coins are present.

[0120] Thetype, i.e., the denomination, of the first coin
(money) may be different from the type, i.e., the denom-
ination, of the second coin (money). Even in this case,
an image of a virtual coin corresponding to the second
coin having a desired damage condition can be gener-
ated.

[0121] The material of the first coin (money) may be
the same as the material of the second coin (money)
(including the cases where they are substantially the
same as each other). This can make a generated image
of a virtual coin look more like a real one. This is because
moneys of the same material are damaged in a similar
manner even when they are different in type. The mate-
rials of the first and second coins may be the coin mate-
rials of the surfaces of the respective coins.

[0122] Also, banknotes are commonly damaged in dif-
ferent manners depending on their materials. For exam-
ple, a paper banknote and a polymer sheet banknote
(polymer banknote) are soiled in different manners.
[0123] The colorofthefirstcoin (money) may be similar
to the color of the second coin (money). This can also
make a generated image of a virtual coin look more like
areal one. This is because moneys of similar colors are
damaged in a similar way even when they are different
in type.

[0124] Thetype, i.e., the denomination, of the first coin
(money) may be the same as the type, i.e., the denomi-
nation, of the second coin (money). In this case, the dam-
age information generation unit 21a may generate dam-
age information of a first side (e.g., front side) of the first
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coin (e.g., 10 yen coin) from an image of the first side.
The pattern information generation unit 22a may gener-
ate, from an image of a second side (e.g., back side),
which is different from the first side, among the images
of the second coin (e.g., a 10 yen coin different from the
first coin), pattern information of the second side. The
virtual money information generation unit 23a may gen-
erate, from the damage information of the first side gen-
erated by the damage information generation unit 21a
and the pattern information of the second side generated
by the pattern information generation unit 22a, an image
of a virtual second side as a fusion of the damage infor-
mation and the pattern information. This enables gener-
ation of an image of a virtual second side that looks more
like a real one. This is because moneys of the same type
are damaged in a similar manner even on different sides.
[0125] The following describes processing applicable
to the case where the second coin, in particular a surface
thereof, has a plurality of regions formed from different
materials. This coin may be a bicolor coin. A specific ex-
ample thereof may be a new series 500 yen coin to be
issued in the first half of fiscal 2021.

[0126] In the case where the second coin (e.g., a new
series 500 yen coin), in particular a surface thereof, in-
cludes a first region (e.g., a ring portion) formed from a
first material that is the same as the material (e.g., nickel
brass) of the first coin (e.g., a current 500 yen coin), the
pattern information generation unit 22a may generate,
from an image of the first region of the second coin, pat-
tern information of the first region. The virtual money in-
formation generation unit 23a may generate, from the
damage information generated by the damage informa-
tion generation unit 21a and the pattern information of
the first region generated by the pattern information gen-
eration unit 22a, an image of a virtual first region as a
fusion of the damage information and the pattern infor-
mation. This enables generation of an image of a virtual
first region corresponding to the first region (e.g., ring
portion) formed from the first material that is the same
as the material of the first coin and having a desired dam-
age condition even when the second coinis a bicolor coin.
[0127] In the case where the second coin (e.g., a new
series 500 yen coin), in particular a surface thereof, in-
cludes a second region (e.g., a central portion) formed
from a second material that is different from the material
of the first coin (e.g., a current 500 yen coin) but is the
same as the material (e.g., cupronickel) of a third coin
(e.g.,anold series 500 yen coin), the damage information
generation unit 21a may generate, from an image of the
third coin, damage information of the third coin. The pat-
tern information generation unit 22a may generate, from
animage of the second region of the second coin, pattern
information of the second region. The virtual money in-
formation generation unit 23a may generate, from the
damage information of the third coin generated by the
damage information generation unit 21a and the pattern
information of the second region generated by the pattern
information generation unit 22a, an image of a virtual
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second region as a fusion of the damage information and
the pattern information. This enables generation of an
image of not only the first region (e.g., a ring portion) but
also a virtual second region corresponding to the second
region (e.g., a central portion) formed from the second
material that is the same as the material of the third coin
and having a desired damage condition.

[0128] In this case, the control unit 20a may be provid-
ed with a money information synthesis unit that synthe-
sizes an image of a virtual first region (e.g., a ring portion)
and an image of a virtual second region (e.g., a central
portion) to generate an image of the whole coin.

<Steps for generating money information>

[0129] WithreferencetoFIG. 2, the following describes
the steps of processing executed by the money informa-
tion generation device 10a.

[0130] As shown in FIG. 2, first, the damage informa-
tion generation unit 21a generates damage information
of a first coin from an image (input image for style) of the
first coin input to the money information generation de-
vice 10a (Step S1).

[0131] The pattern information generation unit 22a
generates pattern information of a second coin from an
image (conversion source image) of the second coin in-
puttothe money information generation device 10a (Step
S2).

[0132] Steps S1 and S2 may be executed in the order
of Steps S1 and S2 as shown in FIG. 2, or may be exe-
cuted inthe order of Steps S2and S1, or may be executed
in parallel.

[0133] Next, the virtual money information generation
unit 23a generates, from the damage information gener-
ated in Step S1 and the pattern information generated in
Step S2, an image of a virtual coin as a fusion of the
damage information and the pattern information (Step

S3).
[0134] Thereby, the processing is completed.
[0135] The aforementioned Steps S1 to S3 may be ex-

ecuted on predetermined samples to generate images
of a plurality of virtual coins having different damage con-
ditions and having the same pattern as the second coin.

(Embodiment 2)
<Summary of the present embodiment>

[0136] First, the outline of a method for generating
money information in Embodiment 2 is described. As
shown in FIG. 3, in the present embodiment, an input
image for style and a conversion source image are first
prepared respectively as an image of a first coin and an
image of a second coin.

[0137] Theinputimage for style (image of the first coin)
is an image of the first coin having a desired damage
condition, i.e., adamage condition that the coin is desired
to have, and has any pattern (design, marking). The input
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image for style is commonly an image of a coin in circu-
lation having a certain degree of damage (e.g., a dam-
aged coin), but may be animage of a coin without damage
(e.g., a new coin).

[0138] Theconversionsourceimage (image ofthe sec-
ond coin) is an image of the second coin that is desired
to have the damage condition of the input image for style,
and has any damage condition. The conversion source
image (image of the second coin) is commonly an image
of a coin without damage (e.g., new coin), but may be an
image of a coin in circulation having a certain degree of
damage (e.g., damaged coin).

[0139] Next, the input image for style is used to gen-
erate (extract) damage information, which is information
relating to damage of the first coin, while the conversion
source image is used to generate (extract) pattern infor-
mation, which is information relating to the pattern of the
second coin.

[0140] Then, the damage information and the pattern
information are used to generate an image of a virtual
coin as a fusion of the damage information and the pat-
tern information. This results in generation of an image
of a coin (not an actually existing one but a virtual one)
having a damage condition at a degree similar to that of
the first coin and having the pattern of the second coin.
In other words, even when no second coin having a dam-
age condition at a degree similar to that of the first coin
is available, template information relating to the second
coin can be generated based on the image of a virtual
coin generated as described above.

[0141] The term "damage information (information re-
lating to damage)" may refer to information relating to the
presence of damage or may refer to information relating
to the absence of damage. In the former case, the infor-
mation may be used to deteriorate the marking or base
of the coin.

[0142] The term "damage condition" is a term indicat-
ing the degree of damage and encompasses not only the
cases where damage is present but also the cases where
damage is absent.

[0143] In other words, in the present embodiment, the
first coin may be a coin having damage while the second
coin may be a coin having no or little damage and the
second coin may be damaged, as a virtual coin, to a
degree similar to that of the first coin (the damage con-
dition may be worsened). Alternatively, the first coin may
be a coin having no or little damage while the second
coin may be a coin having damage and the second coin
may notbe damaged, as a virtual coin, to a degree similar
to that of the first coin (the damage condition may be
lessened).

[0144] For coins, the term "pattern information (infor-
mation relating to the pattern)" may refer to information
relating to the marking of a coin (e.g., 3D information).
The term "marking" herein may refer to something that
may change when a coin is damaged or may be some-
thing that does not change even when a coin is damaged.
Specific examples of the pattern information include in-
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formation relating to a portion where the way the light hits
changes in accordance with the degree of damage, in-
formation relating to a portion where the edge information
changes in accordance with the degree of damage, and
information relating to a portion where the material is
changed by damage.

[0145] In the present embodiment, to make an image
of a virtual money look like a real one, machine learning
(e.g., deep learning) may be performed using a machine-
learning algorithm relating to generation of the damage
information, a machine-learning algorithm relating to
generation of the pattern information, and a machine-
learning algorithm relating to generation of the money
information of the virtual money. This can provide a more
realistic image of a virtual coin. In other words, an image
of a virtual coin generated can be made closer to an im-
age of a real second money having a desired damage
condition.

[0146] Also, in the present embodiment, animage (im-
age information) may be used as money information to
generate an image of a virtual money corresponding to
a second money (real one) having a desired damage
condition and enables visual check of the quality of the
image.

<Structure of money information generation device>

[0147] With reference to FIG. 4 and FIG. 5, the follow-
ing then describes the structure of a money information
generation device 10A of the present embodiment. The
money information generation device 10A has functions
equivalent to a typical personal computer and includes
a control unit (processing unit) 20 as shown in FIG. 4 and
FIG. 5 and a storage unit (not shownin FIG. 4 and FIG. 5).
[0148] AsshowninFIG. 4, the control unit 20 has func-
tions of a damage information generation unit 21, a pat-
tern information generation unit 22, a virtual money in-
formation generation unit 23, and alearning unit 24 during
machine learning, and has functions of the damage in-
formation generation unit 21, the pattern information gen-
eration unit 22, the virtual money information generation
unit 23, and a template generation unit 25 after machine
learning (e.g., at practical use).

[0149] The control unit 20 includes, for example, soft-
ware programs for achieving a variety of processing, a
CPU that executes the software programs, and a variety
of hardware devices controlled by the CPU. The software
programs and data for running the control unit 20 are
stored in the storage unit.

[0150] The units of the control unit 20 shown in FIG. 4
and FIG. 5 are embodied by causing the CPU of the con-
trol unit 20 to execute a money information generation
program according to the presentembodiment. The mon-
ey information generation program according to the
present embodiment may be preinstalled in the money
information generation device 10a, or may be provided
to a user as an application program that can run on a
general-purpose OS, the application program being
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stored in a computer-readable recording medium or be-
ing provided via a network.

[0151] The storage unitincludes a storage device such
as a hard disk device or a non-volatile memory, and
stores alearned model that executes processing relating
to generation of the damage information, a learned model
that executes processing relating to generation of the
pattern information, and a learned model that executes
processing relating to generation of the money informa-
tion of a virtual money.

[0152] The damage information generation unit 21
generates (extracts), from an image (input image for
style) of a first coin input to the money information gen-
eration device 10A, damage information relating to dam-
age of the first coin.

[0153] The pattern information generation unit 22 gen-
erates (extracts), from an image (conversion source im-
age) of a second coin input to the money information
generation device 10A, pattern information (pattern char-
acteristics) relating to the pattern of the second coin.
[0154] Thedamageinformationgenerated by the dam-
age information generation unit 21 may be information
relating to damage of a base of the first coin. In other
words, the damage information generation unit 21 may
generate (extract) information relating to damage of the
base of the first coin from an image (input image for style)
of the first coin.

[0155] For coins, the term "base" herein commonly re-
fers to the portion excluding the marking of a coin. In
other words, a coin commonly includes a base and a
marking.

[0156] The virtual money information generation unit
23 generates, from the damage information generated
by the damage information generation unit 21 and the
pattern information generated by the pattern information
generation unit 22, an image (image information) of a
virtual coin as a fusion (synthesis) of the damage infor-
mation and the pattern information. This results in gen-
eration of an image of a coin (not an actually existing one
but a virtual one) having a damage condition at a degree
similar to that of the first coin and having the pattern of
the second coin.

[0157] The damage information generation unit21, the
pattern information generation unit 22, and the virtual
money information generation unit 23 are each construct-
ed of a learned model, for example, a learned model uti-
lizing a convolutional neural network (CNN). The CNN
ofthe virtual money information generation unit 23 is cou-
pled with the respective CNNs of the damage information
generation unit 21 and the pattern information generation
unit 22.

[0158] To make an image of a virtual coin generated
by the virtual money information generation unit 23 look
like a real one, the learning unit 24 provides machine
learning of a machine-learning algorithm relating to gen-
eration of damage information by the damage information
generation unit 21, a machine-learning algorithm relating
to generation of pattern information by the pattern infor-
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mation generation unit 22, and a machine-learning algo-
rithm relating to generation of money information of a
virtual money by the virtual money information generation
unit 23. This machine-learning results in learned models
of the damage information generation unit 21, the pattern
information generation unit 22, and the virtual money in-
formation generation unit 23. Each machine-learning al-
gorithm may utilize a CNN like the aforementioned
learned models.

[0159] The learning unit 24 also includes a machine-
learning algorithm (e.g., one utilizing a CNN) and exe-
cutes machine learning based on an image of a virtual
coin (output image) generated by the virtual money in-
formation generation unit 23 and an image of a real coin
(training data). In other words, an image of a virtual coin
and an image of a real coin are used in learning so as to
more accurately determine whether an image of a virtual
coin generated by the virtual money information gener-
ation unit 23 is a virtual one or a real one (an actually
existing one). The learning unit 24 then provides an error
between the output from the learning unit 24 and a de-
sired output (correct answer) as a teaching signal to the
respective machine-learning algorithms relating to the
learning unit 24, the damage information generation unit
21, the pattern information generation unit 22, and the
virtual money information generation unit 23, which grad-
ually changes the coupling coefficients of the respective
CNNs and finally enables a correct output.

[0160] The learned models of the damage information
generation unit 21, the pattern information generation
unit 22, and the virtual money information generation unit
23 each function as an inference program including
learned parameters (coefficients) obtained as a result of
learning with a data set.

[0161] Each learned model may be provided with ad-
ditional learning. In other words, each learned model may
be provided with a data set different from that of the pre-
vious learning and undergo further learning, generating
new learned parameters. The learned models incorpo-
rated with these new learned parameters may be used.
[0162] The template generation unit 25 generates tem-
plate information from images of a plurality of virtual coins
having different damage conditions and having the same
pattern as the second coin generated using the machine-
learned damage information generation unit 21, pattern
information generation unit 22, and virtual money infor-
mation generation unit 23.

[0163] For the first coin used for an input image for
style and the second coin used for a conversion source
image, the first coin (money) may be a damaged coin
(damaged money) while the second coin (money) may
be a new coin (new money). In this case, an image of a
virtual coin corresponding to a damaged second coin can
be generated even in a situation where a new series sec-
ond coin is introduced and only new second coins are
present.

[0164] Conversely, the firstcoin (money) may be a new
coin (new money) and the second coin (money) may be
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a damaged coin (damaged money). In this case, an im-
age of a virtual coin corresponding to a new second coin
can be generated evenin a situation where only damaged
second coins are present.

[0165] Thetype,i.e.,the denomination, of the first coin
(money) may be different from the type, i.e., the denom-
ination, of the second coin (money). Even in this case,
an image of a virtual coin corresponding to the second
coin having a desired damage condition can be gener-
ated.

[0166] The material of the first coin (money) may be
the same as the material of the second coin (money)
(including the cases where they are substantially the
same as each other). This can make a generated image
of a virtual coin look more like a real one. This is because
moneys of the same material are damaged in a similar
manner even when they are different in type. The mate-
rials of the first and second coins may refer to the coin
materials of the surfaces of the respective coins.

[0167] Also, banknotes are commonly damaged in dif-
ferent manners depending on their materials. For exam-
ple, a paper banknote and a polymer sheet banknote
(polymer banknote) are soiled in different manners.
[0168] The colorofthefirstcoin (money)may be similar
to the color of the second coin (money). This can also
make a generated image of a virtual coin look more like
areal one. This is because moneys of similar colors are
damaged in a similar way even when they are different
in type.

[0169] As shown in FIG. 3, the type, i.e., the denomi-
nation, of the first coin (money) may be the same as the
type, i.e., the denomination, of the second coin (money).
In this case, the damage information generation unit 21
generates damage information of a first side (e.g., front
side) of the first coin (e.g., 10 yen coin) from an image
of the first side. The pattern information generation unit
22 generates, from an image of a second side (e.g., back
side), which is different from the first side, among the
images of the second coin (e.g., a 10 yen coin different
from the first coin), pattern information of the second side.
The virtual money information generation unit 23 gener-
ates, from the damage information of the first side gen-
erated by the damage information generation unit21 and
the pattern information of the second side generated by
the pattern information generation unit 22, an image of
a virtual second side as a fusion of the damage informa-
tion and the pattern information. This enables generation
of an image of a virtual second side that looks more like
areal one. This is because moneys of the same type are
damaged in a similar manner even on different sides.
[0170] The following describes processing applicable
to the case where the second coin, in particular a surface
thereof, has a plurality of regions formed from different
materials. This coin may be a bicolor coin. A specific ex-
ample thereof may be a new series 500 yen coin to be
issued in the first half of fiscal 2021.

[0171] In the case where the second coin (e.g., a new
series 500 yen coin), in particular a surface thereof, in-
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cludes a first region (e.g., a ring portion) formed from a
first material that is the same as the material (e.g., nickel
brass) of the first coin (e.g., a current 500 yen coin), the
pattern information generation unit 22 generates, from
an image of the first region of the second coin, pattern
information of the firstregion. The virtual money informa-
tion generation unit 23 generates, from the damage in-
formation generated by the damage information gener-
ation unit 21 and the pattern information of the first region
generated by the pattern information generation unit 22,
an image of a virtual first region as a fusion of the damage
information and the pattern information. This enables
generation ofanimage of a virtualfirst region correspond-
ing to the first region (e.g., ring portion) formed from the
first material that is the same as the material of the first
coin and having a desired damage condition even when
the second coin is a bicolor coin.

[0172] Inthe case where the second coin (e.g., a new
series 500 yen coin), in particular a surface thereof, in-
cludes a second region (e.g., a central portion) formed
from a second material that is different from the material
(e.g., nickel brass) of the first coin (e.g., a current 500
yen coin) but is the same as the material (e.g., cupron-
ickel) of a third coin (e.g., an old series 500 yen coin),
the damage information generation unit 21 generates,
from an image of the third coin, damage information of
the third coin. The pattern information generation unit 22
generates, from an image of the second region of the
second coin, pattern information of the second region.
The virtual money information generation unit 23 gener-
ates, from the damage information of the third coin gen-
erated by the damage information generation unit 21 and
the pattern information of the second region generated
by the pattern information generation unit 22, an image
of a virtual second region as a fusion of the damage in-
formation and the pattern information. This enables gen-
eration of an image of not only the first region (e.g., a ring
portion) but also a virtual second region corresponding
to the second region (e.g., a central portion) formed from
the second material that is the same as the material of
the third coin and having a desired damage condition.
[0173] In this case, the control unit 20 may be provided
with a money information synthesis unit that synthesizes
an image of a virtual first region (e.g., a ring portion) and
an image of a virtual second region (e.g., a central por-
tion) to generate an image of the whole coin, and the
template generation unit 25 may generate template in-
formation from an image generated by the money infor-
mation synthesis unit.

<Steps for generating money information>

[0174] With reference to FIG. 6 and FIG. 7, the follow-
ing describes the steps of processing executed by the
money information generation device 10A.

[0175] As shown in FIG. 6, during machine learning,
the damage information generation unit 21 firstgenerates
damage information of a first coin from an image (input



29 EP 4 109 423 A1 30

image for style) of the first coin input to the money infor-
mation generation device 10A (Step S11).

[0176] The pattern information generation unit 22 gen-
erates pattern information of a second coin fromanimage
(conversion source image) of the second coin input to
the money information generation device 10A (Step
S12).

[0177] Steps S11 and S12 may be executed in the or-
der of Steps S11 and S12 as shown in FIG. 6, or may be
executed in the order of Steps S12 and S11, or may be
executed in parallel.

[0178] Next, the virtual money information generation
unit 23 generates, from the damage information gener-
ated in Step S11 and the pattern information generated
in Step S12, an image of a virtual coin as a fusion of the
damage information and the pattern information (Step
S13).

[0179] Next, the learning unit 24 provides machine
learning of the respective machine-learning algorithms
relating to the damage information generation unit 21,
the pattern information generation unit 22, and the virtual
money information generation unit 23. At this time, each
machine-learning algorithm relating to the learning unit
24 itself also learns based on the image of the virtual coin
generated in Step S13 and the image of the real coin
(training data) (Step S14).

[0180] The aforementioned Steps S11 to S14 are ex-
ecuted for a predetermined data set, whereby the
processing relating to machine learning is completed.
[0181] Asshownin FIG. 7, after machine learning, the
damage information generation unit 21 first generates
damage information of a first coin from an image (input
image for style) of the first coin input to the money infor-
mation generation device 10A (Step S21).

[0182] The pattern information generation unit 22 gen-
erates pattern information of a second coin fromanimage
(conversion source image) of the second coin input to
the money information generation device 10A (Step
S22).

[0183] Steps S21 and S22 may be executed in the or-
der of Steps S21 and S22 as shown in FIG. 7, or may be
executed in the order of Steps S22 and S21, or may be
executed in parallel.

[0184] Next, the virtual money information generation
unit 23 generates, from the damage information gener-
ated in Step S21 and the pattern information generated
in Step S22, an image of a virtual coin as a fusion of the
damage information and the pattern information (Step
S23).

[0185] The aforementioned Steps S21 to S23 are ex-
ecuted on predetermined samples to generate images
of a plurality of virtual coins having different damage con-
ditions and having the same pattern as the second coin.
[0186] The template generation unit25 then generates
template information from the images of the virtual coins
generated (Step S24). Thereby, the processing is com-
pleted.
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<Overall structure of money handling system or money
handling device including money information generation
device>

[0187] WithreferencetoFIG.8toFIG. 10, the following
describes the overall structures of a money handling sys-
tem and money handling device each including the mon-
ey information generation device of Embodiment 2. As
shown in FIG. 8, a money handling system 200 of the
present embodiment is constructed for business branch-
es of financial institutions such as banks, and includes
the money information generation device 10A and a mon-
ey handling device 100 communicably connected to the
money information generation device 10A.

[0188] The money handling device 100 may be a teller
machine that executes a variety of processing including
deposit and withdrawal. The money handling device 100
includes a storage unit 110 thatincludes a storage device
such as a hard disk device or a non-volatile memory. The
storage unit 110 stores template information 111 gener-
ated by the money information generation device 10A,
and the money handling device 100, in particular a built-
in money recognition unit (not shown), can execute
processing of recognizing a money to be handled, in par-
ticular processing of recognizing the fitness, using the
template information 111 stored in the storage unit 110.
[0189] AsshowninFIG.9,the money information gen-
eration device 10A of the money handling system 200
may be provided in the cloud and a plurality of money
handling devices 100 in the market may be communica-
bly connected to the money information generation de-
vice 10A in the cloud. In this case, for example, money
information (an image of a money) acquired by one or
more money handling devices 100 may be sent from the
coin handling device(s) 100 to the money information
generation device 10A in the cloud. The money informa-
tion generation device 10Ain the cloud may use this mon-
ey information to execute machine learning and template
generation as described above, and then may send the
resulting template information to one or more money han-
dling devices 100. The money handling device(s) 100
then may use this template information to execute
processing of recognizing a money. The template infor-
mation generated in the cloud may be used in the money
handling device(s) 100 that has provided the money in-
formation (the image of the money) used to generate the
template information, or may be shared by other money
handling devices 100 in addition to the former money
handling device 100.

[0190] The money handling system 200 may include
the money information generation device 10a instead of
the money information generation device 10A. The mon-
ey handling device 100 may acquire, from the money
information generation device 10a, images of a plurality
of virtual coins generated by the money information gen-
eration device 10a. In this case, the money handling de-
vice 100 may generate template information based on
the images of the virtual coins acquired and store it in
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the storage unit 110.

[0191] As shown in FIG. 10, the aforementioned mon-
ey handling device 100 may incorporate the money in-
formation generation device 10A. Also in this case, the
template information 111 stored in the storage unit 110
of the money handling device 100 (money recognition
device) may be used to execute processing of recogniz-
ing a money to be handled, in particular processing of
recognizing the fitness.

[0192] The money handling device 100 shown in FIG.
10 may include the money information generation device
10a instead of the money information generation device
10A. The money handling device 100 may acquire, from
the money information generation device 10a, images of
a plurality of virtual coins generated by the money infor-
mation generation device 10a. In this case, the money
handling device 100 may generate template information
based on the acquired images of the virtual coins and
store it in the storage unit 110.

(Embodiment 3)

[0193] The present embodiment is substantially the
same as Embodiments 1 and 2 except for difference in
the method of generating virtual first and second regions
in the case where the second coin (in particular, a surface
thereof) includes a plurality of regions formed from a plu-
rality of materials. Thus, the contents overlapping those
in the above embodiments are not elaborated upon here.
[0194] In other words, in the present embodiment, the
case mainly considered is such that the second coin (e.g.,
anew series 500 yen coin), in particular a surface thereof,
includes a first region (e.g., a ring portion) formed from
afirstmaterial thatis the same as the material (e.g., nickel
brass) of the first coin (e.g., a current 500 yen coin) and
a second region (e.g., a central portion) formed from a
second material that is different from the material of the
first coin but is the same as the material (e.g., cupron-
ickel) of the third coin (e.g., an old series 500 yen coin).
[0195] In this case, as described in Embodiments 1
and 2, a virtual image can be generated using images of
the first and third coins for each of the first and second
regions. Still, the first and second regions are formed
from different materials and are therefore unclear wheth-
er these regions change over time in the same manner.
For example, the manner of soiling of the second region
relative to the manner of soiling of the first region is un-
clear, and vice versa. This makes it difficult to generate
a virtual image that takes into consideration the differ-
ence in change of damage over time.

[0196] Accordingly, in the present embodiment, a plu-
rality of fourth coins (e.g., commemorative coins) is pre-
pared each including a third region (e.g., a ring portion)
formed from the first material and a fourth region (e.g., a
central portion) formed from the second material. In other
words, the third region of the fourth coin is formed from
the same material as the first money and the first region
of the second money, while the fourth region of the fourth
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coin is formed from the same material as the third money
and the second region of the second money. Then, from
each of these images of the fourth coins, the feature of
the third region and the feature of the fourth region are
calculated and the correlation between the calculated
features (e.g., a relational formula indicating the relation-
ship between the calculated features) is created. Based
on this correlation, an image of a virtual second coin is
generated. This correlation reflects changes of damage
over time in the case where the material of the third re-
gion, i.e., the first coin, and the material of the fourth
region, i.e., the third coin, are present in a single coin.
This therefore enables generation of a virtual image that
reflects the difference in change of damage over time.
The fourth coins may have different damage conditions.
The present embodiment is particularly applicable to a
situation where the fourth coin is not available in large
quantities. Embodiments 1 and 2 are applicable to a sit-
uation where no fourth coin is available. The following
more specifically describes the present embodiment.

<Structure of money information generation device>

[0197] With reference to FIG. 11, the following first de-
scribes the structure of a money information generation
device 10B of the present embodiment. The structure
during machine learning is the same as in Embodiment
2 and therefore the description thereof is not elaborated
upon here. As shown in FIG. 11, after machine learning,
the control unit 20 of the money information generation
device 10B has functions of the damage information gen-
eration unit 21, the pattern information generation unit
22, the virtual money information generation unit 23, and
the template generation unit 25, as well as functions of
afeature calculation unit 26, a combination determination
unit 27, and a money information synthesis unit 28. In
addition, the storage unit (shown in FIG. 11 with the ref-
erence sign 30) of the money information generation de-
vice 10B stores a correlation 31, such as a relational for-
mula, created from the features of the third regions and
the features of the fourth regions of the fourth coins. The
relational formula used may be a subspace, for example.
[0198] In the present embodiment, the damage infor-
mation generation unit 21 generates a plurality of pieces
of damage information relating to the first coin from im-
ages of a plurality of the first coins (e.g., current 500 yen
coins) formed from the same material and having differ-
ent damage conditions. The damage information gener-
ation unit 21 also generates a plurality of pieces of dam-
age information relating to the third coin from images of
aplurality of the third coins (e.g., old series 500 yen coins)
formed from the same material and having different dam-
age conditions. The third coin is a coin formed from a
material different from that of the first coin. The first coins
may be of the same type (denomination) or may be of
different types (denominations). Similarly, the third coins
may be of the same type (denomination) or may be of
different types (denominations).
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[0199] As in Embodiment 2, the pattern information
generation unit 22 generates pattern information of the
second coin (e.g., a new series 500 yen coin) from an
image of the second coin.

[0200] The virtual money information generation unit
23 generates, from the pieces of the damage information
relating to the first coin and the pattern information, im-
ages of a plurality of first virtual coins (the entire coins or
only regions corresponding to the first region) each as a
fusion of a respective piece of the damage information
relating to the first coin and the pattern information. This
results in generation of images of a plurality of coins (not
actually existing ones but virtual ones) each having a
damage condition at a degree similar to that of a respec-
tive first coin and having the pattern of the second coin.
The virtual money information generation unit 23 also
generates, from the pieces of the damage information
relating to the third coin and the pattern information, im-
ages of a plurality of second virtual coins (the entire coins
oronly regions corresponding to the second region) each
as a fusion of a respective piece of the damage informa-
tion relating to the third coin and the pattern information.
This results in generation of images of a plurality of coins
(not actually existing ones but virtual ones) each having
a damage condition at a degree similar to that of a re-
spective third coin and having the pattern of the second
coin.

[0201] The feature calculation unit 26 calculates a first
feature of a region corresponding to the first region (e.g.,
a ring portion) from each of the images of the first virtual
coins generated by the virtual money information gener-
ation unit 23. The feature calculation unit 26 also calcu-
lates a second feature of a region corresponding to the
second region (e.g., a central portion) from each of the
images of the second virtual coins generated by the vir-
tual money information generation unit 23.

[0202] The aforementioned features (the first and sec-
ond features, the feature of the third region, and the fea-
ture of the fourth region) each may be, but are not limited
to, the average of the luminances (pixel values), for ex-
ample. Alternatively, the variance of the luminances (pix-
el values) or the average and variance of the edge inten-
sities may be used.

[0203] The combination determination unit 27 deter-
mines optimal combinations of a first feature and a sec-
ond feature respectively among the first features relating
to the first virtual coins and the second features relating
to the second virtual coins based on the correlation 31
(e.g., relational formula). For example, a combination
having the smallest distance from the relational formula
(subspace) may be determined.

[0204] The money information synthesis unit 28 syn-
thesizes, from the image of the first virtual coin and the
image of the second virtual coin respectively correspond-
ing to the optimal first feature and the optimal second
feature determined by the combination determination
unit 27, an image of the first virtual coin at a region cor-
responding to the first region (e.g., an image of a ring
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portion) and an image of the second virtual coin at a re-
gion corresponding to the second region (e.g., an image
of a central portion), and generates an image of a third
virtual coin containing both images. The money informa-
tion synthesis unit 28 generates an image of the third
virtual coin from an image of the first virtual coin and an
image of the second virtual coin for the respective com-
binations determined by the combination determination
unit 27.

[0205] The template generation unit 25 then generates
template information from the images of the third virtual
coins generated by the money information synthesis unit
28.

[0206] With reference to FIG. 12, the following de-
scribes an example of a more specific processing in the
present embodiment. In this example, as shown in FIG.
12, images of a plurality of commemorative coins as
fourth coins having different damage conditions are first
prepared. These commemorative coins are bicolor coins
each including a ring portion formed from the same ma-
terial as the current 500 yen coin and a central portion
formed from the same material as the old series 500 yen
coin. The denominations and designs of the commemo-
rative coins are not limited and may be the same as or
different from each other. Then, one side of a commem-
orative coin is separated into four regions (white regions
in the figure): the marking portion, the base portion, the
central portion (inner), and the ring portion (outer). The
correlation 31 is created in the form of a 4-dimensional
subspace where the feature is the average of the lumi-
nances (pixel values) of the respective regions (learning
with the commemorative coins).

[0207] Next, images for style of a plurality of current
500 yen coins having different damage conditions and
images for style of a plurality of old series 500 yens coins
having different damage conditions are prepared and the
damage information generation unit 21 generates a plu-
rality of pieces of damage information relating to the cur-
rent 500 yen coins and a plurality of pieces of damage
information relating to the old series 500 yen coins.
[0208] Also, aconversion source image of a new series
500 yen coin is prepared and the pattern information gen-
eration unit 22 generates pattern information of the new
series 500 yen coin.

[0209] The virtual money information generation unit
23 then generates images of a plurality of first virtual coins
(first output images) each having a damage condition at
a degree similar to that of a respective current 500 yen
coin and having the pattern of the new series 500 yen
coin, and generates images of a plurality of second virtual
coins (second output images) each having a damage
condition at a degree similar to that of a respective old
series 500 yen coin and having the pattern of the new
series 500 yen coin.

[0210] Then, the feature calculation unit 26 calculates
the averages of the luminances (pixel values) for the
markings and bases of the ring portions of the images of
the first virtual coins and calculates the averages of the
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luminances (pixel values) of the markings and bases of
the central portions of the images of the second virtual
coins.

[0211] Then, based on the correlation 31, the combi-
nation determination unit 27 determines optimal combi-
nations of an image of a first virtual coin and an image
ofasecond virtual coin each having the optimal averages
of the luminances. Specifically, between the images of
the first virtual coins and the images of the second virtual
coins, optimal combinations are determined in each of
which the averages of the luminances each have the
smallest distance from the 4-dimensional subspace. This
results in one-toone correspondences between the im-
ages of the first virtual coins and the images of the second
virtual coins.

[0212] The money information synthesis unit 28 then
synthesizes an image of the ring portion of the first virtual
coin and an image of the central portion of the second
virtual coin of a respective combination to generate an
image (inner-outer synthesized image) of a third virtual
coin.

<Steps for generating money information>

[0213] With reference to FIG. 13, the following de-
scribes the steps of processing executed by the money
information generation device 10B. The processing dur-
ing machine learning is the same as in Embodiment 2
and therefore the description thereof is not elaborated
upon here.

[0214] In the present embodiment, as shown in FIG.
13, after machine learning, the damage information gen-
eration unit 21 first generates, fromimages (input images
for style) of a plurality of the first coins input to the money
information generation device 10B, a plurality of pieces
of damage information of the first coins, and generates,
from images (input images for style) of a plurality of the
third coins input to the money information generation de-
vice 10B, a plurality of pieces of damage information of
the third coins (Step S31).

[0215] The pattern information generation unit 22 gen-
erates, from an image (conversion source image) of the
second coin input to the money information generation
device 10B, pattern information of the second coin (Step
S32).

[0216] Steps S31 and S32 may be executed in the or-
der of Steps S31 and S32 as shown in FIG. 13, or may
be executed in the order of Steps S32 and S31, or may
be executed in parallel.

[0217] Next, the virtual money information generation
unit 23 generates, from the pieces of the damage infor-
mation relating to the first coins generated in Step S31
and the pattern information generated in Step S32, im-
ages of a plurality of first virtual coins each as a fusion
of a respective piece of the damage information and the
pattern information, and generates, from the pieces of
the damage information relating to the third coins gener-
ated in Step S31 and the pattern information generated
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in Step S32, images of a plurality of second virtual coins
each as a fusion of a respective piece of the damage
information and the pattern information (Step S33).
[0218] Next, the feature calculation unit 26 calculates
afirst feature of a region corresponding to the first region
(e.g., a ring portion) from each of the images of the first
virtual coins generated in Step S33, and calculates a sec-
ond feature of a region corresponding to the second re-
gion (e.g., a central portion) from each of the images of
the second virtual coins generated in Step S33 (Step
S34).

[0219] Next, the combination determination unit27 de-
termines optimal combinations of a first feature and a
second feature based on the correlation 31 (Step S35).
[0220] Next, the money information synthesis unit 28
synthesizes, from the image of the first virtual coin and
the image of the second virtual coin respectively corre-
sponding to the optimal first feature and the optimal sec-
ond feature determined in Step S35, an image of the first
virtual coin at a region corresponding to the first region
and an image of the second virtual coin at a region cor-
responding to the second region, and generates an im-
age of a third virtual coin (Step S36). This step S36 is
executed for each of the combinations determined in
Step S35.

[0221] Thetemplate generation unit 25 then generates
template information from the images of the third virtual
coins generated in Step S36 (Step S37). Thereby, the
processing is completed.

[0222] In the present Embodiment, the images of the
third virtual coins may be generated by the following
processing.

[0223] In this case, as in the case shown in FIG. 11, a
4-dimensional subspace is first created as the correlation
31 (learning with the commemorative coins), and a plu-
rality of pieces of damage information relating to the cur-
rent 500 yen coin and a plurality of pieces of damage
information relating to the old series 500 yen coin are
generated. Also, the pattern information generation unit
22 generates pattern information of the new series 500
yen coin.

[0224] Then, the feature calculation unit 26 calculates
the averages of the luminances (pixel values) for the
markings and bases of the ring portions of the images of
the current 500 yen coins and calculates the averages
of the luminances (pixel values) of the markings and bas-
es of the central portions of the images of the old series
500 yen coins.

[0225] Next, between the images of the current 500
yen coins and the images of the old series 500 yen coins,
the combination determination unit 27 determines com-
binations in each of which the averages of the luminances
each have the smallest distance from the correlation 31
(4-dimensional subspace).

[0226] The virtual money information generation unit
23 then generates, from the damage information of the
current 500 yen coin and the damage information of the
old series 500 yen coin relating to a respective optimal
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combination and the patterninformation of the new series
500 yen coin, an image (output image) of a virtual coin
that has a damage condition at a degree similar to that
of the current 500 yen coin for the ring portion and a
damage condition at a degree similar to that of the old
series 500 yen coin for the central portion, and that has
the pattern of the new series 500 yen coin.

[0227] Asdescribed above, in the aforementioned em-
bodiments, the damage information of the first coin is
generated from the image of the first coin, the pattern
information of the second coin is generated from the im-
age of the second coin, and the image of the virtual coin
as a fusion of the damage information and the pattern
information is generated from the damage information
and the pattern information. Thus, based on the images
of the real first and second coins, the image of the virtual
coin having a damage condition at a degree similar to
that of the first coin and having the pattern of the second
coin can be generated. Therefore, even in a situation
where no real second coin having a desired damage con-
dition is available, an image of a virtual coin correspond-
ing thereto can be generated.

[0228] In the case of a second coin having a plurality
of regions formed from a plurality of respective materials,
the following method may be used instead of the method
described in the aforementioned embodiments. Specifi-
cally, a plurality of fourth coins (e.g., commemorative
coins) formed from the same materials as the second
coin may be used as images (input images for style) of
the first coins to directly generate images of virtual coins
each having a damage condition at a degree similar to
that of a respective fourth coin and having the pattern of
the second coin (e.g., a new series 500 yen coin). This
method is particularly applicable to the situation where
the fourth coin is available in large quantities.

[0229] Described in the above embodiments is the
case of generating the damage information of the first
coin from the image (input image for style) of the first
coin. Alternatively, counterfeit information, which is infor-
mation relating to counterfeit of the first coin, may be
generated from the image (input image for style) of the
first coin.

[0230] Specifically, for example, as shown in FIG. 14,
a control unit 20c of a money information generation de-
vice 10c has a function of a counterfeit information gen-
eration unit 29c¢ instead of the damage information gen-
eration unit 21a of Embodiment 1.

[0231] The counterfeit information generation unit 29c
generates (extracts), from an image (input image for
style) of a first money, counterfeit information relating to
counterfeit of the first money, specifically a feature relat-
ing to counterfeit, for example. In other words, the first
money may be a counterfeit money.

[0232] In this case, the input image for style (image of
the first money) may be an image of the first money hav-
ing any counterfeit characteristic and may have any pat-
tern (design, marking). The conversion source image (im-
age of a second money) may be an image of the second
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money to which the counterfeit characteristic of the input
image for style is to be given, and may be one having no
counterfeit characteristic. In other words, the second
money may be not a counterfeit money but a genuine
money.

[0233] Thetype,i.e.,thedenomination, ofthe firstmon-
ey may be different from the type, i.e., the denomination,
of the second money. Even in this case, an image of a
virtual money corresponding to the second coin having
a desired counterfeit characteristic can be generated.
[0234] The virtual money information generation unit
23a generates, from the counterfeit information generat-
ed by the counterfeit information generation unit 29c and
the pattern information generated by the pattern informa-
tion generation unit 22a, an image (image information)
of a virtual money as a fusion (synthesis) of the counter-
feit information and the pattern information. This results
in generation of an image of a money (not an actually
existing one but a virtual one) having a counterfeit char-
acteristic similar to that of the first money and having the
pattern of the second money.

[0235] The counterfeit information generation unit 29¢
may also be constructed of alearned model, for example,
a learned model utilizing a CNN. The CNN of the virtual
money information generation unit 23¢ may be coupled
with the respective CNNs of the counterfeit information
generation unit 29c and the pattern information genera-
tion unit 22c.

[0236] The learned models of the counterfeit informa-
tion generation unit 29c¢, the pattern information genera-
tion unit 22a, and the virtual money information genera-
tion unit 23a each may function as an inference program
including learned parameters (coefficients) obtained as
a result of learning with a data set.

[0237] Each learned model may be provided with ad-
ditional learning. In other words, each learned model may
be provided with a data set different from that of the pre-
vious learning and undergo further learning, generating
new learned parameters. The learned models incorpo-
rated with these new learned parameters may be used.
[0238] With reference to FIG. 15, the following de-
scribes the steps of processing executed by the money
information generation device 10c.

[0239] As shownin FIG. 15, first, the counterfeit infor-
mation generation unit 29¢ generates counterfeit infor-
mation of afirst coin from an image (inputimage for style)
of the first coin input to the money information generation
device 10c (Step S41).

[0240] The pattern information generation unit 22a
generates pattern information of a second coin from an
image (conversion source image) of the second coin in-
put to the money information generation device 10c (Step
S42).

[0241] Steps S41 and S42 may be executed in the or-
der of Steps S41 and S42 as shown in FIG. 15, or may
be executed in the order of Steps S42 and S41, or may
be executed in parallel.

[0242] Next, the virtual money information generation
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unit 23a generates, from the counterfeit information gen-
erated in Step S41 and the pattern information generated
in Step S42, an image of a virtual coin as a fusion of the
counterfeit information and the pattern information (Step
S43). Thereby, the processing is completed.

[0243] The aforementioned Steps S41 to S43 may be
executed on predetermined samples to generate images
of a plurality of virtual coins counterfeited by different
techniques and having the same pattern as the second
coin.

[0244] An example of generating counterfeit informa-
tion may be a money information generation device 10C
shown in FIG. 16 and FIG. 17, for example. In this case,
during machine learning and after machine learning, the
control unit 20 of the money information generation de-
vice 10C has a function of a counterfeit information gen-
eration unit 29 instead of the damage information gen-
eration unit 21 of Embodiment 2.

[0245] The counterfeit information generation unit 29
generates (extracts), from an image (input image for
style) of a first money, counterfeit information relating to
counterfeit of the first money, specifically a feature relat-
ing to counterfeit, for example. In other words, the first
money is a counterfeit money.

[0246] In this case, the input image for style (image of
the first money) is an image of the first money having any
counterfeit characteristic and may have any pattern (de-
sign, marking). The conversion source image (image of
a second money) is an image of the second money to
which the counterfeit characteristic of the inputimage for
style is to be given, and is one having no counterfeit char-
acteristic. In other words, the second money is not a
counterfeit money but a genuine money.

[0247] Thetype,i.e.,the denomination, of the first mon-
ey may be different from the type, i.e., the denomination,
of the second money. Even in this case, an image of a
virtual money corresponding to the second coin having
a desired counterfeit characteristic can be generated.
[0248] The virtual money information generation unit
23 generates, from the counterfeit information generated
by the counterfeit information generation unit 29 and the
pattern information generated by the pattern information
generation unit 22, an image (image information) of a
virtual money as a fusion (synthesis) of the counterfeit
information and the pattern information. This results in
generation of an image of a money (not an actually ex-
isting one but a virtual one) having a counterfeit charac-
teristic similar to that of the first money and having the
pattern of the second money.

[0249] The counterfeit information generation unit 29
is also constructed of a learned model, for example, a
learned model utilizing a CNN. The CNN of the virtual
money information generation unit 23 is coupled with the
respective CNNs of the counterfeit information genera-
tion unit29 and the pattern information generation unit22.
[0250] The learned models of the counterfeit informa-
tion generation unit 29, the pattern information genera-
tion unit 22, and the virtual money information generation
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unit 23 each function as an inference program including
learned parameters (coefficients) obtained as a result of
learning with a data set.

[0251] Each learned model may be provided with ad-
ditional learning. In other words, each learned model may
be provided with a data set different from that of the pre-
vious learning and undergo further learning, generating
new learned parameters. The learned models incorpo-
rated with these new learned parameters may be used.
[0252] To make animage of a virtual money generated
by the virtual money information generation unit 23 look
like an actually existing counterfeit money, the learning
unit 24 provides machine learning of a machine-learning
algorithm relating to generation of counterfeit information
by the counterfeit information generation unit 29, a ma-
chine-learning algorithm relating to generation of pattern
information by the pattern information generation unit 22,
and a machine-learning algorithm relating to generation
of money information of a virtual money by the virtual
money information generation unit 23. This machine-
learning results in learned models of the counterfeit in-
formation generation unit 29, the pattern information gen-
eration unit 22, and the virtual money information gener-
ation unit 23. Each machine-learning algorithm may uti-
lize a CNN like the aforementioned learned models.
[0253] The learning unit 24 includes a machine-learn-
ing algorithm (e.g., one utilizing a CNN), and executes
machine learning based on an image of a virtual money
(output image) generated by the virtual money informa-
tion generation unit 23 and an image of an actually ex-
isting counterfeit money (training data). In other words,
an image of a virtual coin and an image of a real coin are
used in learning so as to more accurately determine
whether an image of a virtual money generated by the
virtual money information generation unit 23 is a virtual
one or an actually existing one. The learning unit 24 then
provides an error between the output from the learning
unit 24 and a desired output (correct answer) as a teach-
ing signal to the respective machine-learning algorithms
relating to the learning unit 24, the counterfeit information
generation unit 29, the pattern information generation
unit 22, and the virtual money information generation unit
23, which gradually changes the coupling coefficients of
the respective CNNs and finally enables a correct output.
[0254] The template generation unit 25 generates tem-
plate information from images of a plurality of virtual mon-
eys having different features relating to counterfeit and
having the same pattern as the second coin generated
using the machine-learned counterfeit information gen-
eration unit 29, pattern information generation unit 22,
and virtual money information generation unit 23.
[0255] In the money handling system or money han-
dling device (both not shown) including the money infor-
mation generation device 10C, like the money handling
system 100 or the money handling device 200 of Em-
bodiment 2, the money handling device, in particular the
built-in coin recognition device, can execute processing
of recognizing a coin to be handled, in particular process-
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ing of recognizing the authenticity, using the template
information stored in the storage unit.

[0256] This money handling system or money handling
device may include the money information generation
device 10c instead of the money information generation
device 10C. Images of a plurality of virtual coins gener-
ated by the money information generation device 10c
may be acquired from the money information generation
device 10c. In this case, the money handling system or
money handling device may generate template informa-
tion based on the images of the virtual coins acquired
and store it in the storage unit.

[0257] Describedinthe above embodiments and mod-
ified embodiments is the case where the learned models
and the machine-learning algorithms are each based on
a CNN. Alternatively, the learned models and the ma-
chine-learning algorithms may be any of those utilized in
machine learning (e.g., deep learning), and may be those
utilizing a deep neural network (DNN) or ResNet (deep
residual network) other than the CNNs.

[0258] Describedinthe above embodiments and mod-
ified embodiments is the case where each money infor-
mation generation device is configured as a single de-
vice. Alternatively, the device may be embodied as a dis-
tributed handling system in which the functions of the
money information generation device are distributed to
a plurality of devices as appropriate. For example, during
machine learning, the functions of the damage informa-
tion generation unit 21, the pattern information genera-
tion unit 22, and the virtual money information generation
unit 23 and the function of the learning unit 24 may be
distributed to different devices. After machine learning,
the functions of the pattern information generation unit
22 and the virtual money information generation unit 23
and the function of the template generation unit 25 may
be distributed to different devices.

[0259] Hereinabove, embodiments of the disclosure
have been described with reference to the drawings. The
present disclosure is not limited to the above embodi-
ments. The structures of the embodiments may be com-
bined or modified as appropriate within the range not
departing from the gist of the disclosure.

INDUSTRIAL APPLICABILITY

[0260] As described above, the present disclosure re-
lates to a technique useful for generating coin information
of a virtual money corresponding to a money having a
desired damage condition even in a situation where no
real one of such a money is available.

Claims

1. A money information generation device comprising
a control unit configured to:

generate, from money information of a first mon-
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ey, damage information relating to damage of
the first money;

generate, from money information of a second
money, pattern information relating to a pattern
of the second money; and

generate, from the damage information and the
pattern information, money information of a vir-
tual money as a fusion of the damage informa-
tion and the pattern information.

The money information generation device according
to claim 1,

wherein the control unit is configured to provide ma-
chine learning of a machine-learning algorithm relat-
ing to generation of the damage information, a ma-
chine-learning algorithm relating to generation of the
pattern information, and a machine-learning algo-
rithm relating to generation of the money information
of the virtual money so as to make the money infor-
mation of the virtual money look like a real one.

The money information generation device according
to claim 1 or 2,

wherein the first money is an unfit money, and
the second money is a new money.

The money information generation device according
to claim 1 or 2,

wherein the first money is a new money, and
the second money is an unfit money.

The money information generation device according
to any one of claims 1 to 4,
wherein a type of the first money is different from a
type of the second money.

The money information generation device according
to any one of claims 1 to 5,

wherein a material of the first money is the same as
a material of the second money.

The money information generation device according
to any one of claims 1 to 5,

wherein the second money includes a first re-
gion comprising a first material that is the same
as a material of the first money and a second
region comprising a second material, and

the control unit is configured to:

generate, from money information of the
first region, pattern information relating to a
pattern of the first region; and

generate, from the damage information and
the pattern information of the first region,
money information of a virtual first region as
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a fusion of the damage information and the
pattern information of the first region.

8. Themoney information generation device according

relating to the first moneys;

generate, from pieces of money information of
a plurality of third moneys comprising the same
material and having different damage condi-

23

tions, a plurality of pieces of damage information
relating to the third moneys;

generate, from the pieces of damage informa-
tion relating to the first moneys and the pattern

to claim 7, 5 information, pieces of money information of a
plurality of first virtual moneys each as a fusion
wherein the second material is different from the of a respective one of the pieces of damage in-
material of the first money and is the same as a formation relating to the first moneys and the
material of a third money, and pattern information;
the control unit is configured to: 10 generate, from the pieces of damage informa-
tion relating to the third moneys and the pattern
generate, from money information of the information, pieces of money information of a
third money, damage information relating to plurality of second virtual moneys each as a fu-
damage of the third money; sion of a respective one of the pieces of damage
generate, from money information of the 1715 information relating to the third moneys and the
second region, pattern information relating pattern information;
to a pattern of the second region; and calculate, from each of the pieces of money in-
generate, from the damage information of formation of the first virtual moneys, a first fea-
the third money and the pattern information ture of a region corresponding to the first region;
of the second region, money information of 20 calculate, from each of the pieces of money in-
a virtual second region as a fusion of the formation of the second virtual moneys, a sec-
damage information of the third money and ond feature of a region corresponding to the sec-
the pattern information of the second re- ond region;
gion. determine a combination of an optimal first fea-
25 ture and an optimal second feature among a plu-
9. Themoney information generation device according rality of the first features and a plurality of the
to any one of claims 1 to 5, further comprising a stor- second features based on the correlation; and
age unit, generate, from a piece of money information of
a first virtual money and a piece of money infor-
wherein the second money includes a first re- 30 mation of a second virtual money respectively
gion comprising a first material that is the same corresponding to the optimal first feature and
as a material of the first money and a second the optimal second feature, money information
region comprising a second material that is dif- of a third virtual money including the piece of
ferent from the material of the first money and money information of the first virtual money at a
is the same as a material of a third money, 35 region corresponding to the first region and the
the storage unit is configured to store a correla- piece of money information of the second virtual
tion between a feature of a third region and a money at a region corresponding to the second
feature of a fourth region generated from money region.
information of a fourth money that includes the
third region comprising the first materialandthe 40  11. The money information generation device according
fourth region comprising the second material, to any one of claims 1 to 10,
and wherein the damage information is information relat-
the control unit is configured to generate the ing to damage of a base of the first money.
money information of the virtual money based
on the correlation. 45 12. The money information generation device according
to any one of claims 1 to 11,
10. The money information generation device according
to claim 9, wherein a type of the first money is the same as
wherein the control unit is configured to: a type of the second money,
50 the control unit is configured to:
generate, from pieces of money information of
a plurality of first moneys comprising the same generate, from money information of a first
material and having different damage condi- side of the first money, damage information
tions, a plurality of pieces of damage information relating to damage of the first side;
55

generate, from money information of a sec-
ond side that is different from the first side
of the second money, pattern information
relating to a pattern of the second side; and
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generate, from the damage information of
the first side and the pattern information of

the second side, money information of a vir-
tual second side as a fusion of the damage
information of the first side and the pattern %
information of the second side.

computer to function as:

ameans for generating, from money information
of a first money, damage information relating to
damage of the first money;

ameans for generating, from money information
of a second money, pattern information relating
to a pattern of the second money; and

a means for generating, from the damage infor-
mation and the pattern information, money in-
formation of a virtual money as a fusion of the
damage information and the patterninformation.

13. The money information generation device according
to any one of claims 1 to 12,
wherein the money information is image information. 70

14. A money handling system comprising:

the money information generation device ac-
cording to any one of claims 1 to 13; and 15

19. A money information generation device comprising
a control unit configured to:

a money handling device comprising a storage
unit configured to store template information
based on the money information of the virtual
money.

virtual money as a fusion of the damage infor-
mation and the pattern information.

18. A money information generation program causing a

24

generate, from money information of a first mon-
ey, counterfeitinformation relating to counterfeit
of the first money;

20 generate, from money information of a second

15. A money handling device comprising: money, pattern information relating to a pattern

of the second money; and
the money information generation device ac- generate, from the counterfeit information and
cording to any one of claims 1 to 13; and the pattern information, money information of a
a storage unit configured to store template in- 25 virtual money as a fusion of the counterfeit in-
formation based on the money information of formation and the pattern information.
the virtual money.
20. A money handling system comprising:

16. A money information generation system comprising:

30 the money information generation device ac-
a damage information generation unit config- cording to claim 19; and
ured to generate, from money information of a a money handling device comprising a storage
first money, damage information relating to unit configured to store template information
damage of the first money; based on the money information of the virtual
a pattern information generation unit configured 35 money.
to generate, from money information of a second
money, pattern information relating to a pattern 21. A money handling device comprising:
of the second money; and
a virtual money information generation unit con- the money information generation device ac-
figured to generate, from the damage informa- 40 cording to claim 19; and
tion and the pattern information, money informa- a storage unit configured to store template in-
tion of a virtual money as a fusion of the damage formation based on the money information of
information and the pattern information. the virtual money.

17. Amoney information generation method comprising: 45 22. A money information generation system comprising:
generating, from money information of a first a counterfeit information generation unit config-
money, damage information relating to damage ured to generate, from money information of a
of the first money; first money, counterfeit information relating to
generating, from money information ofa second 50 counterfeit of the first money;
money, pattern information relating to a pattern a pattern information generation unit configured
of the second money; and togenerate, from money information of a second
generating, from the damage information and money, pattern information relating to a pattern
the pattern information, money information of a of the second money; and

55

a virtual money information generation unit con-
figured to generate, from the counterfeit infor-
mation and the pattern information, money in-
formation of a virtual money as a fusion of the
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counterfeit information and the pattern informa-
tion.

23. Amoney information generation method comprising:

generating, from money information of a first
money, counterfeit information relating to coun-
terfeit of the first money;

generating, from money information of a second
money, pattern information relating to a pattern 70
of the second money; and

generating, from the counterfeit information and

the pattern information, money information of a
virtual money as a fusion of the counterfeit in-
formation and the pattern information. 15

24. A money information generation program causing a
computer to function as:

ameans for generating, from money information 20
of a first money, counterfeit information relating

to counterfeit of the first money;

ameans for generating, from money information

of a second money, pattern information relating

to a pattern of the second money; and 25
a means for generating, from the counterfeit in-
formation and the pattern information, money in-
formation of a virtual money as a fusion of the
counterfeit information and the pattern informa-
tion. 30

35
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50
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FIG.6
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