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AUTOMATIC COLORING OF LINE In addition , in the line drawing automatic coloring pro 
DRAWING gram according to the present disclosure , the local style 

designation receiving function is configured to receive at 
CROSS - REFERENCE TO RELATED least one local style designation selected by a user from a 

APPLICATIONS 5 plurality of local styles extracted in advance by extraction 
processing and stored by a storage means . 

This application claims the benefit and priority to Japa In addition , in the line drawing automatic coloring pro 
nese application number JP2017-108427 filed Sep. 20 , 2017 , gram according to the present disclosure , in the extraction 
the disclosure of which is incorporated in its entirety by processing for the local style , the local style is extracted 
reference herein . 10 based on a learned model for a local style in which it is 

learned in advance to extract the local style from any place 
BACKGROUND of the reference image . 

In addition , in the line drawing automatic coloring pro 
Technical Field gram according to the present disclosure , an encoder 

15 obtained by preparing plural sets of line drawing data and 
The present disclosure relates to a line drawing automatic coloring correct answer image data and executing the fol 

coloring program , a line drawing automatic coloring device , lowing steps for the plural sets of line drawing data and 
and a line drawing automatic coloring method for automati- coloring correct answer image data is set to the learned 
cally coloring a line drawing image . model for a local style , each set having line drawing data and 

20 coloring correct answer image data representing a correct 
Related Art answer coloring state for the line drawing data , and the 

following steps including : a step of inputting the coloring 
In recent years , machine learning using a neural network correct answer image data as the reference image to the 

having a multilayer structure , called deep learning has been encoder extracting the local style and generating a local style 
applied in various fields . The machine learning has also been 25 map corresponding to each of all pixels of the input coloring 
prominently utilized and has achieved a remarkable result in correct answer image data ; a step of picking up at least one 
a field of image processing such as image recognition and local style from the local style map extracted by the encoder 
image generation . and inputting the picked up local style together with the line 

drawing data to a decoder ; a step of executing coloring 
SUMMARY 30 processing reflecting the picked up local style on the line 

drawing data in the decoder to obtain colored image data ; a 
A line drawing automatic coloring program according to step of calculating loss of the colored image data with 

the present disclosure is a line drawing automatic coloring respect to the coloring correct answer image data by a loss 
program for causing a computer to realize processing for function , using the colored image data obtained by the 
automatically performing coloring on line drawing data , the 35 decoder and the coloring correct answer image data ; and a 
line drawing automatic coloring program causing the com- step of updating parameters of the encoder and the decoder 
puter to realize the following functions : a line drawing data so as to reduce the loss calculated by the loss function . 
acquiring function of acquiring line drawing data of a target In addition , in the line drawing automatic coloring pro 
to be colored ; a local style designation receiving function of gram according to the present disclosure , a decoder obtained 
receiving at least one local style designation for applying a 40 by preparing plural sets of line drawing data and coloring 
selected local style to any place of the acquired line drawing correct answer image data and executing the following steps 
data ; and a coloring processing function of performing for the plural sets of line drawing data and coloring correct 
coloring processing reflecting the local style designation answer image data is set to the learned model for coloring , 
received by the local style designation receiving function on each set having line drawing data and coloring correct 
the line drawing data acquired by the line drawing data 45 answer image data representing a correct answer coloring 
acquiring function based on a learned model for coloring in state for the line drawing data , and the following steps 
which it is learned in advance to perform coloring process- including : a step of inputting the coloring correct answer 
ing while reflecting the local style on the line drawing data image data as the reference image to an encoder extracting 
using the line drawing data and the local style designation as the local style and generating a local style map correspond 
inputs . 50 ing to each of all pixels of the input coloring correct answer 

In addition , in the line drawing automatic coloring pro- image data ; a step of picking up at least one local style from 
gram according to the present disclosure , the local style the local style map extracted by the encoder and inputting 
designation receiving function includes : a reference image the picked up local style together with the line drawing data 
acquiring function of acquiring at least one reference image to the decoder , a step of executing coloring processing 
from which a user desires to extract the local style ; a local 55 reflecting the picked up local style on the line drawing data 
style extraction place designating function of receiving at in the decoder to obtain colored image data ; a step of 
least one designation of a place from which the user desires calculating loss of the colored image data with respect to the 
to extract the local style in the acquired reference image ; a coloring correct answer image data by a loss function , using 
local style extracting function of performing extraction the colored image data obtained by the decoder and the 
processing of extracting the local style from the reference 60 coloring correct answer image data ; and a step of updating 
image with respect to at least one designated place desig- parameters of the encoder and the decoder so as to reduce 
nated by the local style extraction place designating func- the loss calculated by the loss function . 
tion ; and a local style application designating function of A line drawing automatic coloring device according to the 
designating a place to which the local style extracted by the present disclosure includes : a line drawing data acquiring 
local style extracting function is applied with respect to the 65 unit configured to acquire line drawing data of a target to be 
line drawing data acquired by the line drawing data acquir- colored ; a local style designation receiving unit configured 
ing function . to receive at least one local style designation for applying a 
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selected local style to any place of the acquired line drawing FIG . 3 is a flowchart showing a flow of learning of a 
data ; and a coloring processing unit configured to perform learned model for a local style and a learned model for 
coloring processing reflecting the local style designation coloring that are used in the line drawing automatic coloring 
received by the local style designation receiving unit on the device according to the present disclosure ; 
line drawing data acquired by the line drawing data acquir FIG . 4 is a flowchart showing a flow of coloring process 
ing unit based on a learned model for coloring in which it is ing in the line drawing automatic coloring device according 
learned in advance to perform coloring processing while to the present disclosure ; and 
reflecting the local style on the line drawing data using the FIG . 5 is a block diagram showing a configuration of a 
line drawing data and the local style designation as inputs . line drawing automatic coloring device according to a 

10 second embodiment . In addition , in the line drawing automatic coloring device 
according to the present disclosure , the local style designa DETAILED DESCRIPTION tion receiving unit includes : a reference image acquiring unit 
configured to acquire at least one reference image from First Embodiment 
which a user desires to extract the local style ; a local style 
extraction place designating unit configured to receive at Hereinafter , an example of a line drawing automatic 
least one designation of a place from which the user desires coloring device according to a first embodiment is described 
to extract the local style in the acquired reference image ; a with reference to the drawings . FIG . 1 is a block diagram local style extracting unit configured to perform extraction showing a configuration of a line drawing automatic color 
processing of extracting the local style from the reference 20 ing device 10 according to the present disclosure . It should 
image with respect to at least one designated place desig- be noted that the line drawing automatic coloring device 10 
nated by the local style extraction place designating unit ; may be a device designed as a dedicated machine , but it is 
and a local style application designating unit configured to assumed that the line drawing automatic coloring device 10 
designate a place to which the local style extracted by the is a device that can be realized by general computers . In this 
local style extracting unit is applied with respect to the line 25 case , it may be assumed that the line drawing automatic 
drawing data acquired by the line drawing data acquiring coloring device 10 includes a central processing unit ( CPU ) , 
unit . a graphics processing unit ( GPU ) , a memory , and a storage 

According to the present disclosure , a line drawing auto- such as a hard disk drive that are normally included in the 
matic coloring method for automatically performing color- general computers and are not shown . In addition , various 
ing on line drawing data includes : a line drawing data 30 types of processing may be executed by a program in order 
acquiring step of acquiring line drawing data of a target to to cause these general computers to function as the line 
be colored ; a local style designation receiving step of drawing automatic coloring device 10 according to the 
receiving at least one local style designation for applying a present embodiment . 
selected local style to any place of the acquired line drawing As shown in FIG . 1 , the line drawing automatic coloring 
data ; and a coloring processing step of performing coloring 35 device 10 includes at least a line drawing data acquiring unit 
processing reflecting the local style designation received in 11 ( also referred to as line drawing data acquirer ) , a refer 
the local style designation receiving step on the line drawing ence image acquiring unit 12 ( also referred to as reference 
data acquired in the line drawing data acquiring step based image acquirer ) , a local style extraction place designating 
on a learned model for coloring in which it is learned in unit 13 ( also referred to as local style extraction place 
advance to perform coloring processing while reflecting the 40 designator ) , a local style extracting unit 14 ( also referred to 
local style on the line drawing data using the line drawing as local style extractor ) , a local style application designating 
data and the local style designation as inputs . unit 15 ( also referred to as local style application designa 

In addition , in the line drawing automatic coloring tor ) , a coloring processing unit 16 ( also referred to as 
method according to the present disclosure , the local style coloring processor ) , and a storing unit 17 ( also referred to as 
designation receiving step includes : a reference image 45 storage device ) . 
acquiring step of acquiring at least one reference image from The line drawing data acquiring unit 11 has a function of 
which a user desires to extract the local style ; a local style acquiring line drawing data of a target to be colored . In the 
extraction place designating step of receiving at least one present disclosure , line drawing , which is the target to be 
designation of a place from which the user desires to extract colored , is not particularly limited , but in a learning process 
the local style in the acquired reference image ; a local style 50 of a learning model to be described below , it is preferable to 
extracting step of performing extraction processing of include line drawing data similar to line drawing that a user 
extracting the local style from the reference image with desires to set as the target to be colored in terms of a 
respect to at least one designated place designated in the thickness of a line , a type of touch or the like in line drawing 
local style extraction place designating step ; and a local style data prepared as a set together with coloring correct answer 
application designating step of designating a place to which 55 image data . 
the local style extracted in the local style extracting step is The reference image acquiring unit 12 has a function of 
applied with respect to the line drawing data acquired in the acquiring reference image data for extracting a local style 
line drawing data acquiring step . that the user desires to apply to the line drawing data of the 

target to be colored . Here , the local style is a local style 
BRIEF DESCRIPTION OF DRAWINGS 60 related to coloring such as a color , a texture , a gradation , a 

painting style , a pattern , a highlight , and a shadow . 
FIG . 1 is a block diagram showing a configuration of a The local style extraction place designating unit 13 has a 

line drawing automatic coloring device according to the function of designating a place at which the user desires to 
present disclosure ; extract the local style in the reference image data acquired 

FIG . 2 is a view showing a concept of coloring processing 65 by the reference image acquiring unit 12. The local style is 
using a local style in the line drawing automatic coloring generated using information of neighboring pixels present 
device according to the present disclosure ; within a predetermined range with respect to one pixel of the 
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reference image data , and when the reference image data is drawing data , it is possible to extract the local style desired 
composed of the number of pixels of width Wxheight H , by the user from a reference image and reflect the extracted 
local style is generated for each pixel , and plural types of local style on the line drawing data . Three reference images 
styles such as a color , a texture , a gradation , a painting style , A , B , and C are shown on the left side of FIG . 2. When the 
a pattern , a highlight , and a shadow are extracted for one 5 user desires to use a portion of the sky of a background of 
pixel . Therefore , when the number of types of styles is set the reference image A as a background of the line drawing 
to C , WxHxC local styles can be generated from one data , the user designates one place of the background of the 
reference image data . reference image A , extracts the local style from the desig The local style extracting unit 14 has a function of nated point , and designates a place of the sky of the line extracting the local style from the reference image data . 10 drawing data as a point on which the user desires to reflect Extraction processing of the local style is performed based the local style extracted from the reference image A. In on , for example , a learned model for a local style learned in 
advance using training data for convolutional neural net addition , when the user desires to use an expression of body 
works ( CNN ) . It is possible to appropriately set up to which hair of a cat of the reference image B for coloring of a dog 
range the neighboring data to use for extracting the local 15 of the line drawing data , the user designates one place of a 
style for one pixel of the reference image data , and extrac body hair portion of the reference image B , extracts the local 
tion may be performed by a plurality of patterns with respect style from the designated point , and designates a body 
to up to which range the neighboring pixels are used for portion of the dog of the line drawing data as a point on 
extracting the local style . The extraction processing in the which the user desires to reflect the local style extracted 
local style extracting unit 14 may be a method of performing 20 from the reference image B. When the user desires to use a 
extraction processing only on the place designated by the texture of a belt of a wristwatch of the reference image C for 
local style extraction place designating unit 13 or may be a coloring of a hat of the line drawing data , the user designates 
method of performing extraction processing of local styles one place of a belt portion of the wristwatch of the reference 
on all pixels of the reference image data . image C , extracts the local style from the designated point , 

The local style application designating unit 15 has a 25 and designates a hat portion of the line drawing data as a 
function of designating which the local style extracted from point on which the user desires to reflect the local style 
the place designated by the local style extraction place extracted from the reference image C. As described above , 
designating unit 13 is applied to which area in the line using the local styles are extracted from each of the refer 
drawing data of the target to be colored . The local style for ence images A , B , and C , the places on the line drawing data 
the line drawing data may be designated at one place or may 30 on which the user desires to reflect the local styles are 
be designated at a plurality of places . In addition , all of the designated , and the coloring processing is performed on the 
C types of local styles extracted from one pixel designated places , colored image data shown on the right side of FIG . 
by the local style extraction place designating unit 13 may 2 by performing the coloring on the line drawing data is 
be applied to the designated place of the line drawing data obtained . Hatching is performed to only the places at which 
or a specific local style of the C types of local styles may be 35 the local styles are designated in the colored image data on 
selected and be applied to the designated place of the line the right side of FIG . 2 , but although not expressed in FIG . 
drawing data . Any local styles and any characters of any 2 , for example , the coloring processing may be also auto 
local styles selected by the user can be applied . For example , matically performed on other places at which the local styles 
it can be applied that only the local style related to the are not designated . 
texture of the local styles extracted from one pixel desig- 40 FIG . 3 is a flowchart showing an example of flow of 
nated by the local style extraction place designating unit 13 learning of a learned model for a local style and a learned 
without applying the local style related to the color of the model for coloring that are used in the line drawing auto 
local styles . matic coloring device 10 according to the present disclosure . 

The coloring processing unit 16 has a function of per- A learning method does not need to be one , and various 
forming coloring processing reflecting the local style des- 45 learning processes can be used . For example , learning the 
ignated for the line drawing data . The coloring processing is learned model for a local style for extracting the local style 
performed based on , for example , a learned model . An and the learned model for coloring for performing the 
example of the learned model for coloring is in which it is coloring processing can be simultaneously carried out . 
learned in advance to perform coloring processing reflecting For learning , plural sets of line drawing data and coloring 
the local style on the line drawing data using the line 50 correct answer image data are prepared , each set having line 
drawing data and the designation of the application place of drawing data and coloring correct answer image data rep 
at least one local style for the line drawing data as inputs . resenting a correct answer coloring state for the line drawing 
Colored image data is obtained by performing the coloring data . A set of line drawing data and coloring correct answer 
processing by the coloring processing unit 16 . image data can be prepared by extracting only the line 

The storing unit 17 has a function of storing data required 55 drawing data from the coloring correct answer image data by 
for various processing performed in the line drawing auto- edge extraction or the like . 
matic coloring device 10 including the line drawing data In starting the learning processing , first , two convolu 
acquiring unit 11 , the reference image acquiring unit 12 , the tional neural networks including an encoder extracting a 
local style extraction place designating unit 13 , the local local style from a reference image and a decoder performing 
style extracting unit 14 , the local style application designat- 60 the coloring processing on the line drawing data are pre 
ing unit 15 , the coloring processing unit 16 and the like , and pared as convolutional neural networks performing learning 
data obtained as a result of the processing . ( S101 ) . 
FIG . 2 is a view showing a concept of coloring processing Coloring correct answer image data of the number of 

using a local style in the line drawing automatic coloring pixels of WxH of the line drawing data and the coloring 
device 10 according to the present disclosure . In the line 65 correct answer image data prepared as the sets are input as 
drawing automatic coloring device 10 according to the a reference image to the encoder , and the encoder extracts a 
present disclosure , when automatically coloring the line local style map composed of WxHxC local styles ( S102 ) . 
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That is , the local style map corresponding to each of all the The above steps S201 to S205 can be executed based on a 
pixels of the input coloring correct answer image data is graphical user interface . For example , it is conceivable to 
generated display the acquired line drawing data and the acquired 
At least one local style of the WxHxC local styles reference image data on respective display regions provided 

extracted by the encoder is picked up ( for example , ran- 5 in a display screen , designate the extraction place of the 
domly picked up ) , and the picked up local style is input local style by selecting a displayed reference image by , for 
together with the line drawing data to the decoder ( S103 ) . In example , a pointer of a mouse , and designate the application 
this case , with respect to the designation of the application place of the local style by the pointer of the mouse for the 
place of the local style for the line drawing data , an input is displayed line drawing . 
given so as to apply the local style to a pixel position on the 10 After executing steps S201 to S205 , an input of the user 
line drawing data at the same position as a pixel position on for whether or not to extract and apply another local style is 
the coloring correct answer image data at which the local received , and it is determined whether or not to extract and 
style is picked up . In addition , a process of picking up the apply another local style ( step S206 ) . When it is desired to 
local style is to perform pick - up in both of a pattern that extract and apply another local style ( S206 - Y ) , steps S201 to 
picks up all of the C types of local styles corresponding to 15 S205 are executed once again . The step can be repeated . 
one pixel as a bundle and a pattern that picks up only some When there is no need to extract another local style ( S206 
of the C types of local styles corresponding to one pixel . N ) , the coloring processing proceeds to the next step S207 . 
With respect to a pick - up rule , in addition to random pickup , The coloring processing is executed on the entirety of the 
any process such as a process of performing pick - up accord- line drawing data while reflecting the local style on the 
ing to a predetermined rule may be used . Learning including 20 designated place using the line drawing data , the local style , 
a pattern that does not pick up any local style may be and the designation of the application place of the local style 
performed . When considering convenience of the user , it is as inputs ( step S207 ) . The coloring processing is performed 
preferable that both of coloring that applies the local style based on the learned model for coloring in which it is 
and coloring that does not apply the local style can be learned in advance to perform the coloring processing 
performed . 25 reflecting the local style on the line drawing data . The 

The decoder executes coloring processing that reflects the colored image data obtained by the coloring processing can 
picked up local style on the line drawing data ( S104 ) . The be provided as , for example , a graphical user interface that 
decoder executes the coloring processing to obtain colored causes the user to show a coloring state by displaying the 
image data . colored image data instead of the line drawing data on a 

Then , loss of the colored image data with respect to the 30 display region displaying the line drawing data on the 
coloring correct answer image data is calculated by a loss display screen . An input of the user for whether or not the 
function , using the colored image data obtained by the colored image data needs to be corrected is received , and it 
decoder and the coloring correct answer image data ( S105 ) . is determined whether or not the colored image data needs 
Finally , parameters of the encoder and the decoder are to be corrected ( step S208 ) . When the user desires to modify 
updated so as to reduce the loss calculated by the loss 35 the colored image data ( S208 - Y ) , steps S201 to S205 are 
function ( S106 ) . The updating process of the parameters of executed once again . In this case , steps S201 to S205 can be 
the encoder and the decoder may be repeated until the loss executed again in a state in which the extracted local style 
is reduced to be less than a threshold value . and the designation of the application place of the local style 

Steps S101 to $ 106 of FIG . 3 indicate one cycle as a are maintained . When the colored image data does not need 
minimum unit of the learning . Learning of a considerable 40 to be modified , ( S208 - N ) , the coloring processing ends . 
number of cycles can be repeated , and learning is completed As described above , according to the line drawing auto 
in a step where appropriate extraction of the local style and matic coloring device 10 according to the present embodi 
acquisition of the colored image data in which appropriate ment , with respect to the line drawing data of the target to 
coloring is performed become possible . Parameters and the be colored , the local style desired by the user is extracted 
like of the encoder at the completion of the learning are 45 from the reference image data , the place to which the 
acquired as the learned model for a local style , parameters extracted local style is applied is designated in the line 
and the like of the decoder at the completion of the learning drawing data , and the coloring processing can be executed . 
are acquired as the learned model for coloring , and the Therefore , it can realize automatic coloring processing 
acquired parameters are in the storing unit 17 . reflecting the local styles related to the coloring characters 
FIG . 4 is a flowchart showing a flow of coloring process- 50 such as the texture , the gradation , the painting style , the 

ing in the line drawing automatic coloring device 10 accord- pattern , the highlight , and the shadow as well as the color at 
ing to the present disclosure . The coloring processing in the the place desired by the user in the line drawing data . In 
line drawing automatic coloring device 10 according to the addition , when designating the local style , plural types of 
present embodiment is started by acquiring the line drawing local styles simultaneously extracted for the same pixel can 
data ( step S201 ) . For example , the user selects the line 55 be designated as a bundle and only some local styles of 
drawing data of the target to be colored , such that the plural types of local styles simultaneously extracted for the 
acquisition of the line drawing data is performed . same pixel can be selected and designated . Therefore , for 

Then , the reference image data from which the user example , a local style in which the user desires to reflect 
desires to extract the local style is acquired ( step S202 ) . In only the texture without reflecting the color can be desig 
the acquired reference image data , the place at which the 60 nated , such that the user experience is improved . 
user desires to extract the local style is designated ( step In some embodiments , the place to which the local style 
S203 ) . Then , the local style of the designated place is desired by the user is applied is designated with respect to 
extracted ( step S204 ) . The extraction of the local style is the line drawing data of the target to be colored , and the 
performed based on , for example , the learned model for a coloring processing can be executed . In other words , it is 
local style learned in advance using the training data . Next , 65 possible to realize the automatic coloring processing reflect 
a position on the line drawing data to which the user desires ing the local styles related to the coloring such as the texture , 
to apply the extracted local style is designated ( step S205 ) . the gradation , the painting style , the pattern , the highlight , 
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and / or the shadow as well as the color at the place desired preferable that the local style libraries can be classified and 
by the user in the line drawing data . The local style may be sorted depending on desired conditions such as a type of 
extracted from the place designated by the user in the texture , author and the like so as to be easily used by the 
reference image in a state in which the reference image is 
acquired and be reflected on the line drawing data , or may A flow of coloring processing in the line drawing auto 
be selected from the library by the user in a state in which matic coloring device 20 according to the second embodi 
a plurality of local styles are extracted in advance and are ment is the same as of the coloring processing in FIG . 4 
stored in the storing unit as the library and be reflected on the except that processing in which the user selects the desired 
line drawing data . In addition , in the local style , plural types local style with reference to the local style library stored in 
of local styles simultaneously extracted for the same pixel 10 the storing unit 22 and designates a position on the line 
can be designated as a bundle or only some local styles of drawing data on which the user desires to reflect the selected 
plural types of local styles simultaneously extracted for the local style is executed instead of the processing of extracting 
same pixel can be selected and designated . Therefore , for and applying the local style from the reference image data in 
example , a local style in which the user desires to reflect steps S202 to S205 in FIG . 4 with respect to the coloring 
only the texture without reflecting the color can be desig- 15 processing of the line drawing automatic coloring device 10 
nated , such that the user experience is improved . according to the first embodiment . 

As described above , according to the line drawing auto 
Second Embodiment matic coloring device 20 according to the second embodi 

ment , the place to which the local data desired by the user 
A case in which the user selects the reference image data 20 is applied is designated with respect to line drawing data of 

from which the user desires to extract the local style and a target to be colored with reference to the local style library , 
extracts the local style from the reference image data has and the coloring processing can be executed . Therefore , it is 
been described in the first embodiment , but the present possible to realize automatic coloring processing reflecting 
disclosure is not limited thereto . In a second embodiment , an local styles related to coloring such as a texture , a gradation , 
embodiment in which plural types of local styles are 25 a painting style , a pattern , a highlight , and a shadow as well 
extracted in advance by extraction processing and are stored as a color at the place desired by the user in the line drawing 
in a storage means and a user selects and uses a local style data . Since the local style library is created in advance and 
that the user desires to use among the plural types of local the user can select the local style from the local style library , 
styles is described . a frequently used local style can be used for the coloring 
FIG . 5 is a block diagram showing a configuration of a 30 processing without being extracted from the reference image 

line drawing automatic coloring device 20 according to a data each time , such that convenience of the user is 
second embodiment . As shown in FIG . 5 , the line drawing improved . 
automatic coloring device 20 includes at least a line drawing A case in which the coloring processing is executed after 
data acquiring unit 11 , a local style designation receiving the designation of all the local styles ends when the desig 
unit 21 , a coloring processing unit 16 , and a storing unit 22. 35 nation of the local styles for the line drawing data is 
It is to be noted that components denoted by the same performed plural times has been described in the first and 
reference numerals as those of FIG . 1 according to the first second embodiments , but the present disclosure is not lim 
embodiment perform the same functions as those of FIG . 1 ited thereto . For example , the coloring processing may be 
in the present embodiment , and a description thereof is thus frequently executed each time the designation of the appli 
be omitted . 40 cation place of the local style from the reference image data 

The local style designation receiving unit 21 has a func- or the designation of the application place of the local styled 
tion of receiving at least one local style designation for from the local style library is performed on the line drawing 
applying a selected local style to any place of acquired line data . As described above , by executing the coloring pro 
drawing data . The local style designation according to the cessing each time and displaying the colored image data on 
present embodiment is performed in a form in which the user 45 the display region of the display screen each time , the user 
selects a desired local style from a local style library in can designate an application place of the next local style 
which the plural types of local styles are extracted in while confirming a state of a colored image changed each 
advance and stored and designates a place on the line time the application place of the local style is designated , 
drawing data on which the user desires to reflect the selected such that the user experience is improved . 
local style . The coloring processing that applies the local style has 

It is noted that the local style designation receiving unit 21 been described in the first and second embodiments , but 
in the present embodiment may have the same function as there are many local styles having directionality or regular 
the function of extracting the local style from the reference ity such as a gradation or a pattern . When applying these 
image data and reflecting the extracted local style on the line local styles to the designated place of the line drawing data , 
drawing data , which is performed in the reference image 55 a function of performing conversion processing such as 
acquiring unit 12 , the local style extraction place designating converting angles of the local styles , converting hues of the 
unit 13 , the local style extracting unit 14 , and the local style local styles , or changing orientations of gradations of the 
application designating unit 15 in the first embodiment . That local styles may be added . As a result , the user experience 
is , the local style designation receiving unit 21 may have is further improved . 
both functions so that the local style may be extracted and 60 In the first and second embodiments , after the extraction 
used from the reference image data or may be selected and place of the local style is designated , the place to which the 
used from the local style library . extracted local style is applied is determined by designating 

The storing unit 22 similarly stores data stored in the any place from the line drawing data displayed on the 
storing unit 17 in the first embodiment and required for display screen by the user , who provides the instruction via 
various processing and data obtained as a result of the 65 a user interface . In this case , a function of informing the user 
processing , and also stores the local style library constituted of the place on the line drawing data related to the place at 
by the plural types of local styles extracted in advance . It is which the local style is extracted may be provided . 
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Processing using an existing image recognition technique , it is also possible to automatically create a pair before and 
such as pattern matching or object detection is performed on after the coloring from a data set including only the coloring 
each of the reference image data and the line drawing data correct answer image data by using a standard image pro 
to extract with which place on the line drawing data a feature cessing technique such as grayscale processing , processing 
of an image of the extraction place of the local style has a 5 converting a brightness into a halftone , or processing reduc 
high relationship . For example , when the user selects an ing the number of colors instead of the edge extraction 
" eye ” portion of a person on the reference image data by processing 
clicking the mouse , a place corresponding to a feature of an 
" eye ” is extracted from the line drawing data using an What is claimed is : 
existing image recognition technique and is presented in a 10 1. A method of automatic coloring , comprising : 
form in which it can be recognized by the user . For example , acquiring data of a target to be colored ; 
a method of informing the user of the correspondence by receiving at least one local style designation for applying 
blinking an " eye ” portion on the line drawing data displayed a selected local style to at least a first part of the target 
on the display screen or temporarily changing a color of the to be colored , wherein the selected local style is not 
“ eye ” portion is conceivable . applied to another part of the target to be colored ; and 

Likewise , when a specific place on the line drawing data performing coloring processing reflecting the local style 
previously displayed on the display screen is selected by a designation on the first part of the target to be colored , 
click or the like by the mouse , candidate places of a local by inputting ( i ) the acquired data of the target to be 
style that are to be applied to the selected place may be colored , ( ii ) extracted information indicating the 
extracted by performing processing using an image recog- 20 selected local style applied to the first part of the target , 
nition technique . the extracted information being obtained from pre 

In addition , the candidate places are not only extracted by determined process for extracting a local style based on 
performing the processing using the image recognition tech a user - designated part of a reference image having the 
nique , but coloring processing reflecting the local style may selected local style , and ( iii ) information indicating a 
also be automatically executed by automatically performing 25 position of the first part to which the selected local style 
selection among the extracted candidate places . is applied into a neural network system for coloring the 

Further , when a plurality of targets on which the user target to be colored , 
desires to perform the same coloring processing appear , for wherein the selected local style is related to a style 
example , when the same character repeatedly appears in a different from a color , and 
plurality of frames in comics or when the same character 30 wherein the neural network system is obtained based on 
appears in a plurality of line drawing data of a target to be at least a training process using at least ( i ) image data 
colored , the extracted local style may be simultaneously to be colored , ( ii ) extracted information that indicates a 
applied to these targets . Also in this case , candidate places local style to be applied to a part of the image data to 
of the target to be colored , having the same feature as that be colored and is obtained from the predetermined 
of the place designated so as to extract the local style are 35 process for extracting a local style , ( iii ) information 
extracted by the existing image recognition technique , and indicating a position of the part of the image data to be 
the extracted local style is applied to a plurality of extracted colored , and ( iv ) answer image data of the image data 
candidate places . The processing as described above is to be colored . 
performed , such that it is possible to efficiently perform 2. The method according to claim 1 , wherein the receiving 
animation creation , coloring processing of comics , and the 40 at least one local style designation includes : 
like . acquiring the reference image ; 
As described above , the application candidate places of receiving at least one designated place in the acquired 

the local style in the image data are extracted from the reference image ; 
feature of the selected place in the reference image data performing , in the predetermined process for extracting 
using the image recognition technique , or the extraction 45 the local style , extraction processing of extracting the 
place candidates of the local style in the reference image extracted information indicating the selected local style 
data are extracted from the feature of the selected place in from the reference image with respect to the at least one 
the image data using the image recognition technique , such designated place ; and 
that there is an effect that the convenience of the user is designating a place to which the local style extracted is 
improved . applied with respect to the data . 
A configuration in which the coloring processing applying 3. The method according to claim 2 , wherein the neural 

the local style extracted from the reference image data is network system extracts the selected local style from the at 
performed on the line drawing data has been described in the least one designated place in the reference image . 
first and second embodiments , but the present disclosure is 4. The method according to claim 1 , wherein the at least 
not limited thereto . The coloring processing according to the 55 one local style designation is a first local style of a plurality 
present disclosure may be applied to , for example , image of local styles extracted in advance and stored by a storage 
data having the same property as that of the line drawing device . 
data such as black - and - white comics , a gray scale image , a 5. The method according to claim 1 , further comprising : 
pencil sketch , a line drawing in which a shadow , a halftone obtaining and updating an encoder by preparing plural 
or the like is partially written , and an undercoated line 60 sets of data and coloring correct answer image data and 
drawing , in addition to the line drawing data , as long as the executing a plurality of steps for the plural sets of data 
image data can be prepared in a pair with the coloring and coloring correct answer image data , wherein the 
correct answer image data and learning can be performed encoder is set related to a neural network for extracting 
based on the image data . a local style , and each set includes data and coloring 

In the case of the line drawing data , the line drawing data 65 correct answer image data representing a correct 
that becomes a set by performing edge extraction processing answer coloring state for the data , and wherein the 
on the coloring correct answer image data is extracted , but plurality of steps include : 
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a step of inputting the coloring correct answer image data 12. The method according to claim 11 , wherein the 
as a reference image to the encoder extracting a local performing coloring processing reflecting the local style 
style and generating a local style map corresponding to designation on the data of the target to be colored further 
each of all pixels of the input coloring correct answer includes : 
image data ; inputting ( ii ) information indicating the second selected 

a step of selecting at least one local style from the local local style applied to the second part of the target , and style map extracted by the encoder and inputting the ( iii ) information indicating a position of the second part selected local style together with the data to a decoder ; to which the second selected local style is applied , into a step of executing coloring processing reflecting the the neural network system for coloring the target to be selected and input local style on the data in the decoder 10 colored . to obtain colored image data ; 13. The method according to claim 1 , wherein the pre a step of calculating loss of the colored image data with 
respect to the coloring correct answer image data by a determined process is configured to extract different local 
loss function , using the colored image data obtained by style information from different input reference images and 
the decoder and the coloring correct answer image data ; 15 to output the different extracted local style information into 
and the neural network system . 

a step of updating parameters of the encoder and the 14. The method according to claim 1 , wherein ( i ) the 
decoder so as to reduce the loss calculated by the loss acquired data of the target to be colored and ( ii ) the extracted 
function . information indicating the selected local style applied to the 

6. The method according to claim 1 , further comprising : 20 first part of the target are input into the neural network 
obtaining and updating a decoder by preparing plural sets system as separate data from each other , and the neural 

of data and coloring correct answer image data and network system is configured to perform the coloring pro 
executing a plurality of steps for the plural sets of data cessing reflecting the local style designation on the first part 
and coloring correct answer image data , wherein the of the target based on at least the input data of the target and 
decoder is set related to a neural network for coloring , 25 the input extracted information . 
and each set includes data and coloring correct answer 15. The method according to claim 1 , further comprising : 
image data representing a correct answer coloring state displaying the acquired data of the target to be colored and 
for the data , and wherein the plurality of steps include : the reference image on respective display regions pro 

a step of inputting the coloring correct answer image data vided in a display screen , 
as a reference image to an encoder extracting a local 30 wherein the receiving the at least one local style desig style and generating a local style map corresponding to nation includes : each of all pixels of the input coloring correct answer designating , as the user - designated part , a part of the image data ; displayed reference image by a pointer ; and a step of selecting at least one local style from the local 
style map extracted by the encoder and inputting the 35 designating , as the first part , a part of the displayed target 
selected local style together with the data to the by the pointer . 
decoder , 16. An automatic coloring device , comprising : 

a step of executing coloring processing reflecting the one or more memories ; and 
selected and input local style on the data in the decoder one or more processors configured to : 
to obtain colored image data ; acquire data of a target to be colored ; 

a step of calculating loss of the colored image data with receive at least one local style designation for applying a 
respect to the coloring correct answer image data by a selected local style to at least a first part of the acquired 
loss function , using the colored image data obtained by data , wherein the selected local style is not applied to 
the decoder and the coloring correct answer image data ; another part of the acquired data ; and 
and perform coloring processing reflecting the local style 

a step of updating parameters of the encoder and the designation on the data of the target to be colored , by 
decoder so as to reduce the loss calculated by the loss inputting ( i ) the acquired data of the target to be 
function . colored , ( ii ) extracted information indicating the 

7. The method according to claim 1 , wherein the data of selected local style applied to the first part of the target , 
the target to be colored include line drawing data . the extracted information being obtained from pre 8. The method according to claim 1 , wherein the style determined different from a color is at least one of texture , gradation , for extracting a local style based on process 

a user - designated part of a reference image having the painting style , pattern , highlight or shadow . selected local style , and ( iii ) information indicating a 9. The method according to claim 1 , wherein the local 
style designation includes the information indicating the 55 position of the first part to which the selected local style 
selected local style and the information indicating the first is applied , into a neural network system for coloring the 
part to which the selected local style is applied . target to be colored , wherein the selected local style is 

10. The method according to claim 1 , wherein the selected related to a style different from a color , and 
local style is further related to a color . wherein the neural network system is obtained based on 

11. The method according to claim 1 , wherein the receiv- 60 at least a training process using at least ( i ) image data 
ing the at least one local style designation includes receiving to be colored , ( ii ) extracted information that indicates a 
a first local style designation for applying a first selected local style to be applied to a part of the image data to 
local style to the first part of the target and a second local be colored and is obtained from the predetermined 
style designation for applying a second selected local style process for extracting a local style , ( iii ) information 
to a second part of the target , the first selected local style and 65 indicating a position of the part of the image data to be 
the second selected local style being related to different colored , and ( iv ) answer image data of the image data 
styles that are different from colors . to be colored . 
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17. The automatic coloring device according to claim 16 , a step of executing coloring processing reflecting the 
wherein the one or more processors are configured to : selected and input local style on the data in the decoder 

acquire the reference image ; to obtain colored image data ; 
receive at least one designation of a designated place in a step of calculating loss of the colored image data with 

the acquired reference image ; respect to the coloring correct answer image data by a 
extract , using the predetermined process for extracting the loss function , using the colored image data obtained by local style , the extracted information indicating the the decoder and the coloring correct answer image data ; 

selected local style from the reference image with and respect to at least the designated place ; and a step of updating parameters of the encoder and the designate the first part to which the local style is applied 10 decoder so as to reduce the loss calculated by the loss with respect to the data . function . 18. The automatic coloring device according to claim 17 , 
wherein a neural network system extracts the selected local 22. The automatic coloring device according to claim 16 , 
style from the designated place in the reference image . wherein the data of the target to be colored include line 
19. The automatic coloring device according to claim 16 , 15 drawing data . 

wherein the at least one local style designation is a first local 23. The automatic coloring device according to claim 16 , 
style of a plurality of local styles extracted in advance and wherein the predetermined process is configured to extract 
stored by a storage device . different local style information from different input refer 

20. The automatic coloring device according to claim 16 , ence images and to output the different extracted local style 
further comprising : 20 information into the neural network system . 

an encoder obtained and updated by preparing plural sets 24. The automatic coloring device according to claim 16 , 
of data and coloring correct answer image data and wherein the one or more processors are configured to : 
executing a plurality of steps for the plural sets of data display the acquired data of the target to be colored and 
and coloring correct answer image data , wherein the the reference image on respective display regions pro 
encoder is set to a neural network for extracting a local 25 vided in a display screen ; and 
style , and each set includes data and coloring correct receive an operation designating , as the user - designated 
answer image data representing a correct answer col- part , a part of the displayed reference image by a 
oring state for the data , and wherein the plurality of pointer ; and 
steps include : perform the receiving of the at least one local style 

a step of inputting the coloring correct answer image data 30 designation , by receiving at least pointer operations of 
as a reference image to the encoder extracting a local designating , as the user - designated part , a part of the 
style and generating a local style map corresponding to displayed reference image , and of designating , as the 
each of all pixels of the input coloring correct answer first part , a part of the displayed target . 
image data ; 25. A non - transitory computer readable medium storing a 

a step of selecting at least one local style from the local 35 program that causes a computer to execute a method of 
style map extracted by the encoder and inputting the automatic coloring , the method comprising : 
selected local style together with the data to a decoder ; acquiring a target image ; 

a step of executing coloring processing reflecting the receiving a designation of ( i ) texture to be applied to a first 
selected and input local style on the data in the decoder part of the target image and ( ii ) a position of the first 
to obtain colored image data ; part of the target image , wherein the designation of 

a step of calculating loss of the colored image data with texture is not applied to another part of the target 
respect to the coloring correct answer image data by a image ; 
loss function , using the colored image data obtained by coloring at least the first part of the target image so that 
the decoder and the coloring correct answer image data ; the texture designated is applied to the first part of the 
and target image , by using a neural network system , 

a step of updating parameters of the encoder and the wherein the neural network system is a neural network 
decoder so as to reduce the loss calculated by the loss system into which the acquired target image , extracted 
function . information of the designated texture that is obtained 

21. The automatic coloring device according to claim 16 , from a predetermined process based on a user - desig 
further comprising : nated part of a reference image having the texture , and 

a decoder obtained and updated by preparing plural sets of information of the designated position of the first part 
data and coloring correct answer image data and of the target image are input , 
executing a plurality of steps for the plural sets of data wherein the neural network system is obtained based on 
and coloring correct answer image data , wherein the at least a training process using at least ( i ) image data 
decoder is set to a neural network for coloring , and each 55 to be colored , ( ii ) extracted information of a texture to 
set includes data and coloring correct answer image be applied to a part of the image data to be colored and 
data representing a correct answer coloring state for the is obtained from the predetermined process , ( iii ) infor 
data , and wherein the plurality of steps include : mation of a position of the part of the image data to be 

a step of inputting the coloring correct answer image data colored , and ( iv ) answer image data of the image data 
as a reference image to an encoder extracting a local 60 to be colored . 
style and generating a local style map corresponding to 26. The non - transitory computer readable medium 
each of all pixels of the input coloring correct answer according to claim 25 , wherein the coloring at least the first 
image data ; part of the target image includes : 

a step of selecting at least one local style from the local outputting a colored version of the target image from the 
style map extracted by the encoder and inputting the 65 neural network system , the colored version of the target 
selected local style together with the data to the image having the first part to which the texture has been 
decoder ; applied . 
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27. The non - transitory computer readable medium indicating a position of the part of the image data to be 
according to claim 25 , wherein the coloring at least the first colored , and ( iv ) answer image data of the image data 
part of the target image colors another part of the target to be colored . 
image , by using the neural network system . 33. A method of automatic coloring , comprising : 

28. The non - transitory computer readable medium 5 acquiring data of a target to be colored ; 
according to claim 25 , wherein receiving the designation of receiving at least one local style designation for applying 
the position of the first part of the target image occurs after a selected local style to at least a first part of the target 
the receiving of the designation of the texture . to be colored , wherein the selected local style is not 

29. The non - transitory computer readable medium applied to another part of the target to be colored ; and 
according to claim 25 , wherein the neural network has been performing coloring processing reflecting the local style 
trained through ( i ) coloring a training image by inputting at designation on the first part of the target to be colored , 
least information of a texture and information of a position by inputting ( i ) the acquired data of the target to be 
of a part of the training image into the neural network colored , ( ii ) extracted information indicating the 
system , and ( ii ) updating parameters of the neural network selected local style applied to the first part of the target , 
system based on the colored training image and an answer the extracted information being extracted from a user 
image of the training image . designated part of a reference image having the 

30. The non - transitory computer readable medium selected local style , and ( iii ) information indicating a 
according to claim 25 , wherein the predetermined process is position of the first part to which the selected local style 
configured to extract different information of different tex- 20 is applied , into a neural network system for coloring the 
tures from different input reference images and to output the target to be colored , 
different extracted information into the neural network sys- wherein the selected local style is related to a style 
tem . different from a color , and 

31. The non - transitory computer readable medium wherein the neural network system is obtained based on 
according to claim 25 , wherein the method further includes : 25 at least a training process including : 

displaying the acquired target image and the reference generating colored image data by inputting ( i ) image data image on respective display regions provided in a to be colored , ( ii ) extracted information that indicates a display screen , local style to be applied to a part of the image data to wherein the receiving the designation of the texture and be colored and is outputted from the predetermined the position includes : 
designating , as the user - designated part , a part of the process for extracting a local style , ( iii ) information 

indicating a position of the part of the image data to be displayed reference image by a pointer ; and colored , into the neural network system ; and designating , as the first part , a part of the displayed target 
image by the pointer . updating at least a part of the neural network system , 

32. A method of automatic coloring : based on at least the generated colored image data and 
acquiring data of a target to be colored ; answer image data of the image data to be colored . 
receiving a first local style designation for applying a first 34. A method of automatic coloring , comprising : 

selected local style to a first part of the target to be acquiring data of a target to be colored ; 
colored and a second local style designation for apply receiving at least one local style designation for applying 
ing a second selected local style to a second part of the 40 a selected local style to at least a first part of the target 
target to be colored ; and to be colored , wherein the selected local style is not 

performing coloring processing reflecting the first and applied to another part of the target to be colored ; and 
second local style designations on the data of the target performing coloring processing reflecting the local style 
to be colored , by inputting ( i ) the acquired data of the designation on the first part of the target to be colored , 
target to be colored , ( ii ) extracted information indicat- 45 by inputting ( i ) the acquired data of the target to be 
ing the first and second selected local styles applied to colored , ( ii ) extracted information indicating the 
the first and second parts of the target respectively , the selected local style applied to the first part of the target , 
extracted information being outputted from a predeter- the extracted information being extracted from a user 
mined - process for extracting a local style based on a designated part of a reference image having the first user - designated part of a first reference image 50 selected local style , and ( iii ) information indicating a having the first selected local style and a second position of the first part to which the selected local style user - designated part of a second reference image hav is applied , into a neural network system for coloring the ing the second selected local style , and ( iii ) information 
indicating positions of the first and second parts to target to be colored , 
which the first and second selected local styles are 55 wherein the selected local style is related to a style 
applied respectively , into a neural network system for different from a color , and 
coloring the target to be colored , wherein the neural network system is a decoder obtained 

based on wherein the first and second selected local styles are related , 
respectively , to first and second styles that are different from at least : 
a color , and the first and second styles are different from each 60 a step of executing coloring processing reflecting a local 
other , and style on image data using the decoder to obtain colored 

wherein the neural network system is obtained based on image data , by inputting into the decoder ( i ) image data 
at least a training process using at least ( i ) image data to be colored , ( ii ) extracted information that indicates 
to be colored , ( ii ) extracted information that indicates a the local style and is outputted from encoder a prede 
local style to be applied to a part of the image data to 65 termined process for extracting a local style and ( iii ) 
be colored and is obtained from the predetermined information indicating a position of a part of the image 
process for extracting a local style , ( iii ) information data to which the local style is applied ; 
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a step of calculating at least loss of the colored image data indicating a position of the part of the image data to be 
with respect to answer image data , using the colored colored , into the neural network system ; and 
image data obtained by the decoder and the answer updating at least a part of the neural network system , 
image data ; and based on at least the generated colored image data and 

a step of updating at least a part of parameters of the 5 answer image data of the image data to be colored . 
decoder based on at least the calculated loss . 36. A non - transitory computer readable medium storing a 

35. An automatic coloring device , comprising : program that causes a computer to execute a method of 
automatic coloring , the method comprising : 

one or more memories ; and acquiring a target image ; 
one or more processors configured to : receiving a designation of ( i ) texture to be applied to a first 
acquire data of a target to be colored ; part of the target image and ( ii ) a position of the first 
receive at least one local style designation for applying a part of the target image , wherein the designation of 

selected local style to at least a first part of the acquired texture is not applied to another part of the target 
data , wherein the selected local style is not applied to image ; 
another part of the acquired data ; and coloring at least the first part of the target image so that the 

perform coloring processing reflecting the local style texture designated is applied to the first part of the target 
designation on the data of the target to be colored , by image , by using a neural network system , wherein the neural 
inputting ( i ) the acquired data of the target to be network system is a neural network system into which the 
colored , ( ii ) extracted information indicating the acquired target image , extracted information of the desig 
selected local style applied to the first part of the target , 20 based on a user - designated part of a reference image having nated texture that is obtained from a predetermined process 
the extracted information being obtained from a pre 
determined for extracting a local style based on the texture , and information of the designated position of the process 
a user - designated part of a reference image having the first part of the target image are input , 
selected local style , and ( iii ) information indicating a wherein the neural network system is obtained based on 
position of the first part to which the selected local style at least a training process steps including : 

generating colored image data by inputting ( i ) image data is applied into a neural network system for coloring the 
target to be colored , wherein the selected local style is to be colored , ( ii ) extracted information of a texture to 
related to a style different from a color , and be applied to a part of the image data to be colored and 

wherein the neural network system is obtained based on is obtained from the predetermined process , ( iii ) infor 
at least a training process including : mation of a position of the part of the image data to be 

generating colored image data by inputting ( i ) image data colored , into the neural network system ; and 
to be colored , ( ii ) extracted information that indicates a updating at least a part of the neural network system , 
local style to be applied to a part of the image data to based on at least the generated colored image data and 
be colored and is obtained from the predetermined answer image data of the image data to be colored . 
process for extracting a local style , ( iii ) information 
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