BN AR T L TASIR LT — 2 —2 ] FERGmLE 2019

ADEAC OE#T —ZZFIF LI LF388 Al DBEZL
FHAIA TR AT I~ D EdE
Development of Embedded AI System for Recognition of Kuzushiji
by Using the Image Data on ADEAC®

Ry K—! Iy IEJR ! K K
gk =i LA FnB ° AR )11 fje,
Masahiro Takeuchi', Taichi Hayasaka', Wataru Ohno',

Yumie Kato®, Kazuaki Yamamoto®, Mamoru Ishima®, and Tetsuya Ishikawa*
VO TR R AR, BN RS TR AT 2-1
"National Institute of Technology, Toyota College, 2-1 Eisei, Toyota, Aichi
CRE LR, PRI RA  v S T S L 2-1-3
*Tsurumi University, 2-1-3 Tsurumi, Tsurumi-ku, Yokohama, Kanagawa
ESCEIT TR R, AURCER L)1 HTRKET 10-3
National Institute of Japanese Literature, 10-3 Midori-cho, Tachikawa, Tokyo
‘TRC—ADEACHKRAZ AL, HURTH SR KR ER 3-1-1
'TRC-ADEAC, Inc., 3-1-1 Ohtsuka, Bunkyo-ku, Tokyo

BEE: BRI < T L IIZNC B 3 20 e CIiRE PR AR AL T 7 e —F A Th . ARRFSETIL,
ROIS-DS A 5A—7 07 — KB 2 — N ARL T3 100 T TE BT LTT —Z ey MNIT V¥
NT —HAT VAT 5 ADEAC WO SEEEG L L= F T — 282 6 TF& M4 C, 16 £k Unicode
LT ULFEDEH T DEAIAFL=a—TF NV Ry N — I DFEE TS T2, ZOFRER, [RARDTANT —ZTlEEUZE
ERBEBNRLNRDSTRERRICONT, BEAROT AN —XTH L TG m LS Rbni-. Sbig, 0T
TN TN R —R a2 —4 Raspberry Pi ICFEHETHIET, HHOSTLFA—FELCABMRML, #ilx
ITOZEDTEBMAIAIL Y AT BEFAFE LT, A2 — R b~OEHi e LBEE LR, /INER TOHE R
T RFE COFERE O CREICHIA T, <FLFRR Oy — VLU UR BT AZER I C&5.

Abstract: There are many approaches using deep learning in research on the interpretation of kuzushiji characters in
Japanese ancient documents. In this study, we trained a convolutional neural network that classifies kuzushiji into 16-
bit Unicode characters. In addition to the over 1 million characters published by Center for Open Data in the Humanities,
we extracted approximately 26,000 kuzushiji characters as learning data from the Japanese ancient document images
on ADEAC®, which is the system of digitalization and exhibition for archive collections. The recognition rate was
clearly improved for the test data in handwritten documents, which was not significantly affected for the test data in
printed documents. Furthermore, we developed the embedded system that can automatically detect and recognize
multiple kuzushiji by implementing the deep learning model on the single-board computer Raspberry Pi. Since the
system does not require the internet connection, it can be expected to play an active role as a support tool for interpreting

kuzushiji in the situations such as education in elementary and junior high schools, surveys in old houses, and so on.

F—U =R 30T, <FUT, ADEAC, IRETHE, flAAAy AT A
Keywords : character recognition, kuzushiji, ADEAC, deep learning, embedded system

53



1. FXNE

E SCEFTEEHEIC LD IR 26 FEEXVBRIGS L
72T HASEEOD JEE 52 A BLEE o0 [E| B L [RIAFF 58 % T — 2
REEEFHE ) [1]7C1, PRl LTy 30 I
[ESR R A B T — 2L, BEfF O EFEEIRT —
B LIRE ST —H _R—ZADEREIT> TS, Hb
DD B OEEENE ENDEKIREGRT — 2% H %)
TG TEAUT, BIZITHEE RO K D R M O JE
BEHENE LB e DL, NTRED B
T BB R0 B A e S0 B HIFFE
B, LnLemdbELOFEHEIZE- T, TbIZ

FEPNTOLLFRIKT LTI TH O LN EREL /2D,

BATOLT LU FRZNCBE T2/ DT, av =
— N L DT LT B BEIZNC B 20 2R3 D
FATHFROEFE R H(FI X [2][3]), EHEDOKE
W BThHEE ZbND. FEHLOZES V—T71%
B E 2T T a—F OEERIT[3]1ELTFL
FO B A ORSELT> TS, AR T, ROIS-
DS ASCEA—T T — 4 LRI 2 —VARL
TWAKT LT =&y AN, TUXNT — AT
AT L ADEAC [5]0 iy SLEEE D L 7=
T —HEMA T — 22 AT, <FLTEENE
T HEIIAIZ 2 —T VR NI — T DB EITN, &
DFERDD, BARBLOERIZHT2FET —H0
I LD R 2 Sl 5. DI, /MITHEK
B 2Afi72 s w7 VAR —R a2 —% Raspberry Pi 12
ZOFRET NVEMIGANELTLFO HBRIE R
FUOBHBAEATOV AT BITHOWTHRE T 5.

2. ATHRRICE AL T LFHRA

AL 2= F IR L AT LF B BRI T2
RS ND AR B THWDIRIE %
(deep learning) 1%, H3RALIT — LD FLEIEATEL
T & 72 Y B G A S A TV, 2 DRERE, Eb
FENIZ 31T 2 Z B DRI LD E RO EVE
HAZIVET ML R B =2 —F L Ry T —2
(ZJg "=t Tty ) BT TS, TRBFE I
KVET NEHEEET HIZIX, GPGPU (General-Purpose
computing on Graphics Processing Units) &V o723
RRHAIR OB AZE VLEEET D0, —EET VA
LEx TR =2 —F LRy hY — VL RIERICH
BFZNCE T DRI S N TH D, o, FHIT
MWL Faig A2 2B MET20ETH DD, FH
BOET NMUIENE O HBEECZ LR EN N
TR C R D FREMEDH DL T LF DR KBS
NTND7, BIADBME K2 T — 2 =2 &
T HMENTR. DED, N THEEETOE AL

54

T, VIURALE 2 —T 4 T RES AR ERE T
AT A (BG)ITHEHDZEDR, —ERIICE R LTWD
B IR R o S — Y LA B a—F THEIET S
INRREZR T ) r—2 a7 =T LTI Th
S EZTH HETH BEV A 2 BT DL A R
2Bl E 2 5.

3. BEFEB LI TLFRBET V
DFH

AR TILEERE 28 RO TLFRIRTT
NERWD. ZOFT NMT4ABOE AL TE LB D
EREG EP DRSO B HIAF =2 —T Ky T
—2 (CNN; iConvolutional Neural Network) T& 5. <
PFTLTE—LTFT D 64x63 B/ RALOKRESITIHA
AL, I RPE ARz JPEG FEROT LA A —
SV E A JIEL, 16 E' b Unicode 65,535 77 A4y
M5B EIT-T-. CNN (TR EIT 22
ITAFE[13]2 5Bl , AR CHW Ry T —2
EgEE R 1 ITRT.

# 1 FHIHW Ry by — 74 (1 +Max Pooling
J&,2+ReLU J&, 3 +Dropout /&)

BoiEsa a=wh
B FIA R 12 64
B PN g 12 128
B FIA R 12 256
B FIA R 12 512
EfEAE 2 1,024
SREATE 2 1,024
A8 (H77) 65,535

—EOBE R IL G EEFRH &L TR B2
2B HTA 7TV Th B Caffe [6]& VTN r-. &
FREBREI LU T, OS 1% Ubuntu 14.04 LTS, CPU i
Intel Core i7 6900K 8Score / 16thread 3.2GHz, EAEY
I3 128GB (16GB X 8) DDR4-2133, GPU & nVidia
GeForce 1080Ti 11GB X2 2L 7=V — /27— 3
> GDEP Deep Learning Box ZF| L 7=.

12X, ROIS-DS A4 —7 w7 —F LR
%% & > % — (CODH; Center for Open Data in the
Humanities) 23A B L TWALFLFT —F v 4]
(L'F, CODH 7 —#&M597), 3L ADEAC [5]iC
85 [T FoINRa—D7 b)) TERITF V¥
VR TR &7 KT IR E e - H 53
121t 4,335 FE, 1,117,703 XFDL T
LT HifgT — 4% iz, 8T —20O7EE £ 212
AT FER, &3 ICEFIIIAWVTORNT AN —
ZNZHT DR, TROLHEIED SN FERHL
MDD TODRIZIFE R LRI Cho 7Bl %2 R



F£2 FHF—HOZEM
Arorno—K FHEETHEH N "
INE B | N
CODH | #1#4%3%: | ADEAC CODH | Fhfe=xia 0 SXF
T—5[4] (7] (5] T—43[8] [9]
N e 714,568 3,265 9,209 9,511 1,473
N 738,026 77 9,585
(F&) (96.82%) | (0.44%) (1.25%) (1.29%) (0.20%)
EF fih 360,550 16,920 2,207
N — — 379,677 | 4,258 89
)] (94.96%) (4.46%) (0.58%)
INEE 1,075,118 3,265 26,129 11,718 1,473
N 1,117,703 | 4,335 258
1)) (96.19%) | (0.29%) (2.34%) (1.05%) (0.13%)
FEfEH 4,299 48 1,638 417 48
%3 TANT =X ARG 5
(B Tef3 FE i BAE, B TEZ T IO%ML@TAT@XC%élﬁ‘fé?E%&%)
R (B A)ADEAC R
(hA) CODH - - . , - = < —
EEME10] 59 RT | CODHF— | #IEHMMELE | L34 T | CODHF—
2E < {EH A41ERA HRAIR(11] | PEIEA A[41EA
98.15% 98.08% 50.00% 100.00%
EiX £ 9,852 2
99.39% 99.37% 100.00% 100.00%
. 87.58% 87.66% 74.07% 66.22%
EF th 1,280 964
93.75% 92.97% 81.95% 73.34%
) 96.94% 96.88% 73.91% 65.94%
INEE 11,132 966
98.74% 98.63% 81.78% 73.19%

ﬂ” AW TIX, CODH 7 —# DA% FEHITH W
AL, ADEAC (2B i Mg 7 — 20 bFAF

%ﬂﬁatﬁw_a&ﬁ;—?—ﬁé%n% Mz & ET,
LFRROMATHLMIREKWFEIN0], BLOEFEAR
ThHHMEE WY BEURI11% 7 AN —4
EUTo L& DR A LB LT

CODH A =727 =4 100 H 558257 —4
IR DITKIL T, ADEAC oD FIET—HI1L 2 J7 6
TFHEVE, 1ZLAEFETEN RN TS
nNam, % 3 X, IADT AN =2 TIFEIUIE
B RSN TR RIZHONWT, BADT AN

ZZH LTI LR LS RN TWDHIEND

3%, Ziut ADEAC OF — X N2 [E& MO T A% 3=
ETDHLOTHLHILICLDHLDEZ X LND. HIGEL

TFD LS, FETHFHT — X ORROZETF,
RIS DN =g BT L, 2HLR
JEF BRI TLFRIAN T 7 a—F T R s L
THHEEZLND.

LR ETAERALTC, HREOEBT —4%
FEARIAIR, T ARE TEHREI N 130 F 0 O<FL
FHEFZTH WWW 77V —at s 2016 4R X0 A

BH S AL T [3] (http:/vpac.toyota-ct.ac.jp/kuzushiji/).
T IOV EiEOFZ ] 1R

(@) Wifgu®y (A 7428 Image Selection

|| Cwsttmd cw ]

| REHED cow

2 9 UF%ERH# Recogniton

BZI#ER Result

Xl 1 CNN IZLA<T LTaeek A
WWW7T 7 Vr— a0 DATV— 2 gy M

55



ZOT TV —ar T, g7 AL ORRIZZ
BTl A~ — 7+ TR LT iR TR
WP LTEEFRDZENTED. WWW H— LT
Apple Mac Mini %\, GPU Ti372< CPU IZL5HR
AT TND. FRIZHONWTIZIA T MllOEE
FEERBEIARTE T 203, Y — MU C1LCFH -0 D55k
2 DHIFEITR 0.4 P THD.

4. Raspberry Pi ZAWETLFER
B MRS R T A

4.1 AT LOBE

BURTIX, 2 ANEDFIHTED Wi-Fi DA% —
FYMNRBEDN SN QO NP a2 =T (il
RITEHZUT 2N, dTIEFIC R 2R
DFFERBELT-WISAIC, 2oL B A S it
FHHRRE T HZEITHIS ORI L 2035 . AT
T, A X —Fy MREZLELLRNTLFED
B Bl B KO EATOM AT AT LEBRFE L
72, B 2 \C AT LW E R %7k

Raspberry Pi

Picamera

2 PSR AT LM

X 2 lZRT VAT AT, N—Ry=7 L TMNIT
e 2 MR B E Ny v VR —Rar e a—4
Raspberry Pi Model 4B % =, 7 A AT LA D H
|[ZF%iE L 7= Raspberry Pi AT E Y 2—/Linbxt 5
Oy HEEE 2 T& 5. F/z, Raspberry Pi (ZHf
NSz SD I —RITRAES AV B DA Frd \]
AECHh 5.

§ 3THl72 CNN EF /L& AT LITHEH#HL T
50, ZAUIK T LFLCFITH L TGRS AEITOH DT
BH27=8, Python3 5T OpenCV3 % VWV CREFk T2
ST LF ORISR H D726 D BRI 70 L%
179, RIS 8 H 7V — 27 —2 TensorFlow
Lite [12]&% H\WTITo4, #E(E E O mWIEIZ DO
FRRE RO T AV ) —ARRENS.

56

42 <FLFMEER O

Ty HEE (4 | 6P D RTALEZ X OpenCV3 & FIH
Lo 1CFORIRTIL, X T A7Y— Al T
HEET ECOXEEL L OY A TG L7214, 0
FEIRAE VYA XL, 2E{bE1T->7-%1Z, CNN £ /L
ICAFIL TS, LA, 13T > FEECTHl
H 25 ETIEFRAD D120, R D
H B TP LA T ofke A R LT

PLFHEIRD B iR 1TV 7 4 e DAL EF]
FAL7. AFHEEICHILTC, K 3(@2sd it )7
BN U TR 21T, L TOFE2BIFH2LT,
WTZ OB AT, WIZ, B 30T T &I
BT IR AL 21TV, ZRFENDITHNS1LF
FOomEEAER TS, K 3RS TLE
EILOBI %R,

il

I [ S BT

B g s

(b)
3 TR O B ER L KRG

T2 4 1 ORT IO, WS NSO EIRI BRSNS
HET, T EM TSI CNN B 7 L C— R E
1TV, EEOEWHOERHT52LT, FikOH
B ERIDENEIT- TS, 100 SCFHEVO i EE
RIS THR 5 B O UFRIROM S FTRET

=
i

@
X 4 L7230k 538 - Broh - G o6l

i



43 ETLORETAL

ARFFETIE, Raspberry Pi (2&5HER O E
HTZA T TV EL TESA VGRS A A B AR A
@ TensorFlow Lite [12]% 1 L 7z. TensorFlow Lite
T, FHEHSET VO ELELZEY NUETE D
HEENETRICE AL, T NP A X% /NS
THIET, WA S HR0R0S DR SR COFHA B LW
FEAIA PN DIRE & GG T AN TESD. A
T, A& 32 B hOERBNEEEAEL, il
DRTA=ZF 8 BV O EE/NE BRI 'L
7. FORER, R E LR TR FREOFEE
TP ARIH 14 \TRESH, 13XFHIVOR
AT DI DIRERIEA 0.08 oL T DTN TET.

4.4 FEfEp)

ARVAT LTI, GUL 7 ZUr—avink, AT
F oW MBI GRS, 77 AV FEA AR, SCT BRI
H, FEICOEIVEY, BEREROENENOWLEE
1THZENTES.

AATEY 2— /WIS O TV 2 —1% 1T e
B AR DI ELT. SDA—RRLUSB7 Ty
¥ a AERVNRIFHE S OBHG T 7 A )V DFt I iA Fr %A T
ITELAIBETH D, CFRRMAIIR 5 1R T XOITHE
REFRRL, Bl RORAFSLBEA L2 H5 LT
MO YRR R RIRT AL A RETHD. £
D%, HMEEB G T O T LTFEHRY YT 528
T, WA REME CORBTHIENTES. E2,
R R B LML IS U EOEE X, 7% AR
T —HE U THIZIS NI R OB 2 RIRT 528 T,
Eig L RIFFC R AAEN, WO THESRIHZEN
TES.

| gELaL |

&% | xemER |

5 BB AT AZE AT LTS RO R/

REAT ST F B L ORI EAT 7 L F DR
BT DAL, TARAT VAR LRI THyF$52LT,
6 (RTINS, FEEAT > 7 CF IR STk
BT, CFRR I ET o Tk ROBEIRIL T @ ChH
ENTERSND.

o7

B U= IRk T — Y — MR A TV 2
BEE, |’ 6 IR RIZIEB OLE Th HEikimE
REAZEVFRETH D, X 7 W TR TIITER LI
FEIA BRI S 9~ TRE AN I ED IR T 5.
FD%, K 8 IR T RO PR IREAT VY, 2
R FAT L TR DOHEBICAE T T HILNTED.

6 BAFEL AT MZLDPLFO A Bl HIS LT
AR D FATH] (TAZEELRAFE - BARK TS
EREPTE ARSI T LR [13]49)

WE

wES || mE |

BYHL | | omom |

8 BAFET AT AT D H B O FF 2R D



4.5 TANT =2 2

ADEAC Mo EDIH - 7= GAT L FA[13](2,712
TF)ITK L TR AT ML AT LT HEE O B &)
HHZEIT 72825, 622%DKEEZT-. F7-, TELL
i CEIZSCTREIRIC R TR R, MefE e
PEDSTFIZXL T 57.3%, ME(GENFESMLETDT X
TOILFITHRIL T 784% T 7.

5. e

AHFZE T B ARGE O S s EE o B #hER%1 % H
LT, WEERIZIVERIARL=a—T LRy T
— 7T KT LFOR#EETOHE, Tha<TL
T SCTREE A O WWW 7Y — g LR
L7z, fERELC, @t — Ry =T 2F| L7 &
b 7RI L OMA N R TELI LD
MWZUTz, TUHNT —HAT AT ADEAC 128
T RIE S ILEE D DI E X T, B DN
—ar BRI T T — 2l T — 2L TH
WAZEIZES T, A% LI HEE DM _FIZEN
DTENHIRIESND.

FARBIE T, EOREFEET VERALT,
AT THREE LIRS B LB i 5 < LD B
B B L O E TR T 6 AT A BT LT,
Raspberry Pi D XH7/ NI HlGRY 2272 L 7 VR
—Rar Ba—2THHRBVRRE TOE LN TE
7o INEERE IR E D oy WU — ZBRBE DI TR
Br AR A FF DR O EERE D5 2 Th, <
T LRI WG TSRy — VL TR 52
ENRTEDLD, BEMERK T LR O MR R L 4 X
DEDDLIENEHRDBETHD.

AFFFEDRRDHE RS D EI2LD, IV sk, F
AMEZHE I N Z L BEEL 2725 WO fEHibH D73,
BN THEEIRR B AT A3 IS R R L TV D BIfEIC R
WCH TRIRR | SV EE T A B Eole, TEHAY
HEEDNFFO I ADDLEIRZDTZOIIE, B2 T30
B D INLTEELIRBEE 2 DD, HFIE D72
DD N 2 IR A M 5T D A SR
T HIET, WM IS5 H A DEE S A9 SLEE o FI) A
EEED, TNOICRRINTMROEFEL H TS H
T AL TENTEAEMFINDS. TDTDITH
VNG WY e I R A QAN AV Aoy g VR

BE TR

[1]  ESCFERFICEBE, <SRBI B 5 2 M
7'v ¥ = 7 7. https://www.nijl.ac.jp/pages/
cijproject/, (& 2015-10-14).

o8

(10]

[11]

[12]

[13]

T. Clanuwat, M. Bober-Irizar, A. Kitamoto, A.
Lamb, K. Yamamoto, and D. Ha. “Deep learning
for classical Japanese literature”. arXiv:1812.
01718, (Z/ 2019-07-03).

FRYOR—, REFE, IS, AT, “TRE
FENCLDEMRA DBZ B L WWW 77
r—varBEORE. ANXRFEI E a—
FL L IRVT D SR, R R Ry
L U—X, vol.2016, no.2, pp.7-12.

N A =T 7 =2 ER A2 — “A R
oI 7 — 2 I (E SCHFTE - CODH N
T.) ”. http://codh.rois.ac.jp/char-shape/, (5 M
2019-06-07).

T IOHNT —HAT AT I ADEAC. https://tre-
adeac.trc.co.jp/, (Z/R 2019-07-12).

Y. Jia, E. Shelhamer, J. Donahue, S. Karayev, J.
Long, R. Girshick, S. Guadarrama, and T. Darrell,
“Caffe: Convolutional architecture for fast feature
embedding,”. arXiv:1408.509, (&8 2015-11-12).
fi] FH—#fi. “TFnigsa sl s 467 — 2 =27,
https://kana.aa-ken jp/wakan/, (ZFf 2016- 08-16)
NFA =TT =2 R 2 — “AAR
wHEE T — Sy S (ESCPTED) — - — R
http://jcbsv.nii.ac.jp/oa/NIJLO-1/items/NIJL0002.
zip, (B 2016- 07-25).

EESHR. < HESTJE”. http//www.let.osaka-u.
ac.jp/~okajima/PDF/5tai/, (Z:# 2015-11-12).
NI A =T 7 =2 LRI o2 —. PRI
WE: B AR A FLTET — &y htpy/
codh.rois.ac.jp/char-shape/book/200003803/, (%
7 2020-01-18).

SUHR - R U - R . “TE s+
EAZFRIE HE SEY B EHEE,
https://trc-adeac.trc.co.jp/ WI11F0/WIIS07U/267
2055100/2672055100200030/mp100030, ( & HA
2020-01-18).

TensorFlow Lite, https://www.tensorflow.org/lite?
hl=ja, (M2 2020-01-18).

AFEEIRATE - FHELSHE - BIREHE
A, Il RRHE LGB — A7 AIARE
g L FK”, httpsi/tre-adeac.tre.co.jp/WI1
1FO/WJJS07U/3290515100/3290515100200010/
mp900000, (Z & 2020-01-18).



