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Since sketch is one of the most important creation by human, analysis of sketch drawing process by artificial
intelligence is the essential topic. In this paper, we consider a computational model to evaluate the similarity of
stroke order. We have proposed CASOOK in order to realize communication between computers and humans.
In this research, we are trying to develop CASOOK-SR which is extended CASOOK adopting sketch-rnn. Since
evaluating stroke order similarity is a difficult problem, and there was only a method to evaluate the similarity of
stroke order by persons. In this paper, we define an objective comparable evaluation function on the similarity
of stroke order. In our experiment, the correlation coefficient between the function and the similarity evaluation
values by a person were 0.344 and 0.446. It is found that our calculation model is the same as human evaluation
when an image made from a stroke order matrix is similar to another.

1. ELC®»IC

AR, B EOREEE R L U ALAIEE (Artificial In-
telligence : Al) 2N EHZBROTWS. Al iz % — v
R TIE AR ORI 2 EET 2 MEEEEZ RS, —HT, AR
DIEHER MBI 2 3B~ D AL O, Rz AIEY~DiH
HIZWEZRETH S, AIEMOHRTE, X7y T3, Fhm,
EEE, b o d, A LEMRERREHTH 5720
HEEDEN. ZO70, BIEEZID H5 DETOHEES Al
OHED 1 DL INTE 7z [Eitz 12]. FEHSIEINE THEA
e AleDaIa=r—yarvz2EET 5720, Creative
Animating Sketchbook (CASOOK) [Ueno 15] Z##% L T
E 7. PERDIFRIZENT, CASOOK IFEIHDIHH % K 7= 7
WER LR O A% R LT W22y, CASOOK DOk LT
HEE %R S =012, FEETFHET NV THS sketch-rnn [Ha 17]
%3 A U7z Creative Animating Sketchbook with sketch-rnn
(CASOOK-SR) ##ZE L TW\W5. ZOFETIE, EEOHRE
TR ARBERRTICH D VOB AL S, KHEKEH
FEEEIC AT DRENEIZE ENTND ZLIZEHL TS,
%72 CASOOK-SR #FEREICHEHT 5720, HUicz BH
T HEY 2 —Le LT VSAPS 22 L C&E 7.

UL Ui s, EOMSEN S ER S N7 E % & Rz
RS 5 72 O 1T B BA UM D MR X IR #2258 D 1 D ThH
D, NZ &Ko THIEOELMEZ BEHGHET 5 Laviahrorz. %
D7, ARETIE, FENEOFLNE BT 2 BB C LKW HEZR
FHMEE TV EERL, TOEMNE 2 FMEHOERIZ X - THE
AU, Al LTORTy F2 NTHIBETHNWS Z &L DHE
Mz RT.

2. ERF
2.1 CASOOK

WREERRL Liza—YhoD0AryFE2 AL LT, A
T FIAD S N B T L, B ICAbhE T =
A=V avEMETEVAT LR STVS.
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2.2 CASOOK-SR

#EFD CASOOK 1Z2—H D AN LTz AN v F % miffIE#R
DATHRNT LT\, ZTNEHiks 272012, CASOOK-SR
TIIEEEEET N TH S sketch-rnn ZFHT 5 Z & THEIH
1R & RIS AT U, N GEZTER U7z BRI ED
Blv oA VR T o= ANERARER VAT L% HIET.

2.3 Sketch-rnn

sketch-rnn & &, AMHRA T A2 L EDHOHE
lg%%83 252 Ta—FD17AbEHE, #IT25HEHE
FEEMHLU-ETILVTHS. 1 1Z sketch-rnn OFE €T
V&9 % Variational Autoencoder (VAE) [Pu 17] %R
. ANFAT Y FOWRRIZECEIETHITH D, BERY
MUy a—Xohfiif ks, £, &AE&EDITEEE
AR ATRE & S BN TR & A B
2.3.1 BENIX—% 7IID2WVWT

sketch-rnn D/XT A =X ThH HRE 7 (TBAEEM DL R
WZBL TR T 5. IE 7 20 OEAEHIIZIRER, DF
O, H—ORHERS KMUZHIZRS.

2.4 VSAPS

FriEEBR DO A E TS CASOOK (Xt LT, ElEZEAT
% CASOOK-SR ®aA7EYa—)L & LTHUMITEML 72
Visual Search Automotive Production System (VSAPS) %
RE U7z, VSAPS TR ERRHA 2 DIF4£3 5. 1 OH
A=Y LRI NTETE MR- TVWE I THS.
=RV AT Y FETCITHE UIROMEE EEE, 2—9
WFEHZOHNZ ATy F%& VSAPS 12 & 2 HEEG D H 5
BRU, VSAPS 21X QIEFRHIE 2 MRS 2. 2 DH ORI
FNERZ PV EHRD LIk oT, #ibEGOMER T
TR, FH2HRT 2HEOMER % 2 —Ficfftcz
5ZLTHB. HpEREEIRAZ =T NIy NT =2
(Convolutional Neural Network : CNN) [Simard 03] X—2A
@ VAE Tl <, fRil=a—7)% vy b7 —2 (Recurrent
Neural Network : RNN) [Jain 99] R—2AZ® sketch-rnn % {#i
9% Z & T VSAPS I3RRH T — X DFEMPRETE 5.

2 12 VSAPS OHH QR E %2 mR9 . LAllOH Iz —Y
N2 AT Y F 2 FoR U, GRNIZER LR DREOEIUR & K



2M5-J-10-04

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

Output Sequence S' conditionally generated from z
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1: sketch-rnn € 7 VX

Where is your sketch?

Choose the same sketch in decode as your encode sketch!

encode decodel H decode2 ‘ decode3 H decode4 H decode5
1—GORTYF
BRURDERE
ZOHMNS I DRY Wy FESER |
@ decode6 decode?7 decode8 decode9 decode10
REPLAY |Om 26.67s |

X 2: VSAPS ik

BT 5. 2= F ORI S EMRERRZ L 27— L0
BELTS.

3. REFZE
3.1 FHMEETIL
(1) RITARTIRET 2EE =Y. 270, U, V id 1K

DAy FOENEEZLITHIT, TNEThOY A1 XL ty x 3,
ty x3 THY, ty ®ty FEATyFORBEZRL, 31k
sketch-rnn 36 DRV DIRFER 7 M LDY A X% 737, sketch-
mmn T, RV g JEEE RO y B, R0 ERERO
FERT Bool fEEZHD. 72, K RMIEEOWKMEL L
0 < K < min(lU,lv) -3 THB. TIZT, Iy 1A
7y FOEIETS U OREER, v 1ZA 7 vy FOLEETH
V OEREZRT. LENoT, HIHF TOEIEDOHRH
THBHEERZ LD YA VIEME [Singhal 01] O RF
HIANZwd 2FHEEe LTEHT 5.
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5. 4.3 fiTlE VSAPS 232 & T, HlTWaEEHn%E
JIER T DFEAG % 4% S .

4.2 2 HOZEIED LB
4.2.1 FE

(1) RTERINBFME TN, 2 DOENER O FFUNE 2
T2 ANEOEBNEHE & OMBEZRNRS. TANT =X 958
A72 10 MOERZ i E 4t - g - Hi S b D 3 B,
¥ 0 30 FFOHEGE, 5 ADOFEERRGIE ZFENEO Iz
LT TIEFIZETVS], W5, T8 5 ), [FEFIZER
5] D4 BRETIHMLTE S5, 5 AOFHliZ FH L -HEE
(1) RofEZ B LU THBIRE A RO T, LT 2 BIEOETHE
EHERT . M, HEBMREEEIET 5 & &, FERIG I DT
T 5 4 Bz onT, MFERIZETWD ] 1d 412, TETWw5 ]
X310z, THRZR5] E 21z, HEFIZ®ERD ) 1T 1 ICE1mT 5.

X 3~ 7 IZEHMlRD ATy FO—HlERT. EBRIZBEW
TIHEBGOIK TR, ATy FOEEET = A—2a v T
HELZEDOZ2IERT 5.
4.2.2 #R

8 IZ ADFMif L (1) RCERINBHMET VTR SN
LAHIEDOHAAK 25T, MLy, FHMEETFVRAADIHEEES
F— & 12 13T RTAD BRI & JER IR & A
5. F7z, NOFHEEAS 2.5 LA TEHEiE 7V O FHMEiE A 0
NETH 72T =R 19 hd - 7=.

INSDOT—RERAWCCHBEREEELZEZ A, 0.344
WESNTZ. LA - T, AOFHM & FHIIE T UIEEE W IEDFH
BWH 2L EHERL.
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5. ERFERIKENESTF] OB & B O OFEUIE DR %
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5Nh5. FBETVIZBEWNT, EDMHEIX 135 i 108 H:dH -
7o, K3z AOFHIZ BT, 2.5 BL R 135 4 19 T
Hotz. ITNSDERKL, FHEE TN TIXELMED NSRS
LI LICENT I EHERD.

INERERT B720, SIZBWTCLELDTF—%, D%,
AN DT FARN— 5T, T TV OMEAEVEGED T %
R ZOEGERT OFMEE TV DOEIX 0.86 THo7z. —F
T, NOFHMfElx 1.0 TH Y, FEFIZHRR D] 2T RTOE
%ﬁfmb%ﬁ“lﬁ]&bfwﬁ ZDF—=R06, HFZEHT LI

VHEUENEWIZE 20 5T, < OBIEEDESER T D
ﬁrﬁlﬁﬁﬁﬂéﬂf:.

10 12 9 1B B2 EIEOFARLIRE DO XY ML O LR %
RY. 10 &0, FEFRZFEORZ MLOEEIIHHTD 1~ 7
FIZBVWT—HLTWBZeDbohd. Lh->T, BREE
L UTHGE, 2 DDA vy FIRRLE )T, EIEF—&
E UTHARGE, HUMEOB WA Ty FREONEZEH D
EFEZHND.

— KT, M8 &b, FHEFTNVDMEN NI VWTRTDT —
ZIZANDFMMEE RN EDREN. Lh->T, FHlieT
VOEPNZ T UL ADFHIIENZ &AW R 5, ZD7=d,
FEE U 725HlE TV Ik 2 OZENEOFLUM: AR 12N 7 — A
IZIEERIThBEEEZLOND.

4.3 VSAPS %ffo7zH#g
4.3.1 Fg

wiz, VSAPS 2V, HBEVER S Nz fE o 2 LR
OB BV 2 HLEDFII % $ 5.

4.3 ﬁﬁ@ﬁﬁf 1, 4.2 HiOFEBRCHALZT—X & EiD,
RO R ORI IEE (2 @ WELEE £ D, BEUROHLE
ti, I—HYDANURENEE VSAPS MR U 725 U

T (1) REEHALME 9 Mk, ThoDFHfEe L.
72, BEGOBENEA2EETEINTIA—2L LT, 23T
WAz 7 D% ZBE X E 7.

1112 7 BXREW, DX 0, EEGPIERER 2 T

# 1: VSAPS (235 % BULME @ = B & % B AT
[0 No. | ERmIIGHN | ZBAIIE |

1 2 0.8811
2 1 0.7270
3 1 0.9240
4 1 0.9517
5 3 0.9534
6 1 0.8996
7 1 0.8212
8 3 0.8385
9 1 0.8460
10 4 0.9810
IZBWT, FHlETVOMBNS Wl ZRT. 72, K121
T AUNE, DF D, RIKREERDPER R BWT, P

ETFIVDMEMPREWNHIZRT. =720, FHUEDFEME T ILD
SEYMEIX B L Z 0.80~0.99 OFPHDE % HL - 72. 11 &b,
Ef#TH 5 decode 9 IS DR DENFIT N T E Fua %z
CTWB7s, ABOEHEHMIZEELMEENEWE S, —T
T, ™ 12 TIZ decode 4 ~ 10 DFENFIZIF L A LXK DD
PRWIEEFEMMER B W LRI NS, IS O AR
5 &5, B 11 T, FHEE TV OFEEEIZH 0.84 %
RU, 12 TI%, FWE TV OEEMEIEH 0.96 27 LTV
5. MUERS, FHiiTTIVOFHIGEE VSAPS O REIE—
EOMERD 2 LS NG, InZEfifEe UT, LD
BUEZEE L7254, AT & IR & £ LR O SEBLE 12
C OB D 2 R T 5.

ZD7D, EERGIHICHREADEURERENTE S5,
BEUROBERIGICB T 28I >WToT v r— b 2 EE
LTh 5 o7z FHlEE X FEFE TS, TETwa],
(725, TJEWICHR RS D4 D&M LZ. 7L, 4.3 %=

TIIFLEDR S NHT, ENSOVWERLE1ERTED, 4.2
EDFHMEE & 132 B bFHiiA T —VTh 5.

4.3.2 R

F 11 NOFEBRBGAEDT > — MER L FHEE T LD
fl% R, 72720, EBAIFEM A FEER 138 O [BIERE R % 15
U, BBINFEMA I E TV OMEZ2 T, £72, BT IX
TIEFEIZIT WS 134102, TRITWS 1 id 3142, TH235] 1% 2
2, TIERICHRARZ ] IZ L ICTE UL > TV, FBIN
PN & ST DA FRER 1L 0.446 2R U7, L7235 T,
TR & SR EOMBED D B Z L AR T E -,
4.3.3 E®

TR & B BIAETHI O MBIGRENE 0.4463 TH -7, L
72035 T, VSAPS IZ & » THEE NZEIEITHIH Stk & n
5 RARE AL L TWBI5E, (1) AAE R % G-l L34
ZZYMDHBETNTHEEEZONS.

5. XEHESERDEE

ARFETIE, ENEORELIM: 2 2 BEN 2 S 2 E5 720, (1)
A FMfE & EER N & B ENED M % i U7z, F—&
Y FDTFARNTF—ZMS T VR LIRAFEIED g% Uz
4.2 T, FOIEOHENDH S 0.344 2\ > HHERE 2 EER
THER U7z, VSAPS THEA AL L 7= SEUE D E\ W EE L o
% U7z 4.3 §iTlk, EOMHBENH B 0.446 &\ 5 FHEEGR
BAEEBRTHALZ., L2 > T, BRI ST 25 EMD
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10: FENHDEB X2 DIV IR

Where is your sketch?

Choose the same sketch in decode as your encode sketch!

This question's level is 0.8425673606744719.

decodel decode2 decode3

0.80191274030485 | 0. o o.

~ 5 T | €Y

decode6 decode? decode8 decode9

3| 5| | D

encode decode4 decode5

0.6265369845115962

5

decodel0

g’

Lo

11: 2EAHE T U DAE AN X W

EOER AR T OENEE (1) ROFHBERETH Y, AW
IZEENE D SEBINE % 1 2 BB R FEIEOER AN TE 2L WA 5.
SHEOMBEE LTI, £3 4.2 #, 4.3 HilzB\WT, #HAfid
B NBIPADIL WV RUZ D WTHEDP B ETH B, RIT (1) XD
FTAT 8 1 LW R O TSR R T R E L BAR D555 #
FATELMIEHEZLEL LTWVWBIZDOWT X DIEVWELENK
EThD. mtlc, N\OBWEMIE LTOATy FEANWDZ L
T, NEALHREOMIZED & St v R =57 a vy BED
BT DOVTHMABRERVBETH 5.

i, ARBFFEIE I, HARFPARHREL 2 RS B < SR A 5T
(C) GREZES 26330282) Ol 2 G Cirbh/zHDTH 5.
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Where is your sketch?
Choose the same sketch in decode as your encode sketch!
This question's level is 0.9625661781652095.
encode decodel decode2 decode3 decode4 decode5
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