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Effects of Refinements in Learning Shape Generation Method

for Deep Learning of Sketched Pictorial Symbols

MAKOTO SATOH!

Abstract: This paper discusses about effects of learning shape refinements in a proposed learning shape
generation method for deep learning of sketched pictorial symbols. In the proposed method sketchy shapes
similar to base shapes are generated from a small set of base shapes. Then the generated learning shapes are
iteratively refined based on shape features. The shape features are learned using a deep learning method. In
this paper the effects of the refinements are discussed in terms of shape classification accuracy and a statisti-
cal test. Human computer interfaces using diverse sketchy shapes, with free stroke-number and stroke-order,

will be able to be constructed with machine learning of the generated shapes.
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RO FIEZ OV T L F 2 b ~%. €L T, 3
i, WEEEZAOTEERROES 2T 57
D OPEHRREFiEE KOV OBR O T FIEIZ SV Tk
NG, EREERB LOHEHZ O W T4 fiTthi~s. 2L T
KEIZ, BEITARDE LD EARIZTOVTIEND.
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BERR LB FEDOME

2.1 FHEWBRELIUVUR FO—ODZHME
WROIZ, Ay F LEERESHET 27200703 X
LOBRFHIB O TEBINDLREHUTHONTHERD

BRSNS BHRERICE ENDMIEOTIR & g 5
L, ATy F LIERITBIROEDBRKRENENZ D,
ZDT, ZRRMED & DR E 3FET D 2 L3 w]
RRTHINLENRDD.

AhO— DS ta—~r-aLba—F - AH
F7vay (HCI) OdDA 57 x—A L LTA
Ty FLEBREHWDEGEITE, BRE# A b
0— 7 OETIINEFRLEETH D Z & ~DORIE A
RRTHOINLERDD.

Ay FLIETERNZHETH DR E LT, AFIZLY
HNT-RTHHZ L 2R THIENTES. 2LTEN
WA TAY v F LI2JBIRICRA OJRR & LT, Eitz % [5]
DIERTWNB LS, BRERHERIZL D3RO 2D
TS, BB HE PN D TGIRIC KR E S BE 5 X D 20 )
ZERDHD.

Wiz, A ba—27 OB X ONEFOZEEIEIZ DV Tl
5. MEMEZAWVTERE#HIGAICE, A br—20
BEZFIEFICOWTRICETI, BEICBIRERH Z &
NN, —J, P2 AFYOHEDOL I HCI DA o H
T2 ADODA bu—TBROHSET LAY X LT
I¥, pictorial symbols O—H TdH 574 & O H IR
DHBEEBIROGAETH-TH, A —7OFEIT
NEFFIZ IR 23R T DIBENL. A7y FIRKROSEE A
WA VB T2 —REa—FT7 L RUIZT 52D,
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OEE T INEF OSSO C ORI EFERm L7 L=
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RABRCHWDICEHEERREWT LITY XA L2
TWb. ZOLX5kT7AI ) AT, Rk coid
BRI S, BRBBROFBEZUWEST D Z ENFHE LW

© 2016 Information Processing Society of Japan

Vol.2016-EC-40 No.1
Vol.2016-EC-40 No.1
2016/6/2
Z5B.

INLOBEBIICEY, ERANRT 7Y r— 3 T,
A =2 R ERT =TT XA EAWD 2 LTk
VEIREEEABD I ENZV. FLT, TZTHWS
NDIRFER DO T- O ORISR, T3 U X LAORFHE D
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FEREDSEREENE DN D D E D NTHONT, BIEEN
HBIZERAR L T Dt 2e e & L TR B RRTTH
HZ EMRAIRE L 72 5. Wasserstein [22] T 6TV D
E21Z, EDXHITHFAMRELZ AW OMNIERE R &
ThY, ZAMTHFTEBIRIRIOVOESLE LT, #
AR EE BNV Z N KRIITH B.

Dietterich [3] Ti%, /T /VF Y X hd O OM
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REZET 222 HME LT, BROFREHIMETFIEC
OWTHEZBZR>TWD. £Z T, 7V Y X
L OMEREHEERIZ N D DI 2 e R IE FIE L LT,
Dietterich [3] THEZ L TV D EF#TH % bx2cv paired
t test ¥ L U McNemar MiE [16] Z 2T Cnd. EH50
FEEZHVD_ENL, FET ATV ZLOHHOTZ0DIZ
BTSRRI T 5 LI TN D,

Adrian % [2] 1, 22 Fa—F Vs L pHTOT LS
U X LD TOMRERHIl FIAIC DN TR TN D, £ 2
TiX, 7oA Y X LOEREMEDOHETO 7201 McNemar
Ex TIN5,

2.3 WBROFEBFE LFE MK augmentation

2y F LTEJGIR DY & DR IR AT 72 TR 73 K %
BIRITEDITE, BROFEPEDTHD.

Bishop|[1], p.320 Ti%, ZEFIZx L TAZ (invariant) 72
FUREB IR T2DDOFELEN OPFETF TS, ZDO0
LD L LT, BROZEICHHNT HIRER A B e o7
FERZEAWTEEEZB 225 FECOWTHERTN S, A
Ty F LIEIROZEEME 2 FETRIC K W KRBT 272012
%, REOFEHBRBNEL D,

Hinton % [9] /"9 L 912, HETFEIX, KEOTFHE
RS AR TR ICEN - FE TR TH D, 2D
720, BREEET 570 FEE 2O AR R A
B IRDRTWD. LarL, 46 DIFEDKE» I
FREETFOEGH 2 WVITESEB Oy Fip K hxig b
THHLDTHDL. —JF, ArvF LIBRERNG LT D0
xR THhH L. HlxE, Fu% [6) Tix, 2HEDEX L
TR BITE 2 FR AR L7 IR &2 B IR e LT, A
Ty F LERIROEEFEE B 2> TW5. £I T,
Simard % [19] DOFERIT & D W§ DML FiEZ AW T
AR augmentation(H4fi) 2B 2725 Z Lk, Ar v
FIRDOFLIGR 2 R LB R E L THWTWS.

AR augmentation &%, FEBIROMEEKEZT LTV X
LEANVTHEMSEL 2 212k Y, FEBROREEZH D
L ThD. Eitz % B RT LI, FEIBROIEIC
3L DR EFNENELTDH. 20D, FHBKRE
WHES 2700 FhEEET 52 L2 AE LT, JBIR
augmentation B 2729 2 ENH L. BIRFEDOTZDIC
augmentation 3 Z 72> TWAHFEDFI & LTI, Fuf¥
[6], Krizhevsky % [12], Schmidhuber[18] 23% % .

2.4 BHREFES S VFHEFEOME

BEFRZETHE [15] T, A% > F L7 pictorial symbols @
FEZE AL TEODORELERTHZ 2 L L
T, FEHBROEGOWEMILEB IR, PBEOEZ BN
TR IR augmentation #2729 Z &icky, Z
THEUBRZFEER S LTER LTS, T Z7EETBIR
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LI, BHELTHIRICSARLRBELMNEE O AT v FRO

TR TH 5. Ik augmentation (21%, Simard % [19] D1z

RIZ X BB OMEEEFIELZ LR L F15 (13], [14] %=

AT a. JBREWBRT 2B IR 7 N — IR - -

WEREBZ S5 LICLY, L0EFEEOHLIA T v T

BOFERIERE LR T D EMNARETH D L 5 ITHERE B

ToTnA. FlziE, IERICE Y X b —27 OZEO
REBSEDLZENFAREE 2o TIND.

AfTE ) BRETFIEL [15]) TOFEBROELED
Ve b O R OB TIL, RSEORE, B IO
REFIETdH D McNemar BE [16] 2 74 RE & LTHN
5. McNemar MEIL, XIGOH DT IV DIVEHD Sy
WOEDIZHNON IR EFIETHD. Z 2T,
Ve LT 2 AT O IR & V7o 0 das & el b L% o
AR & T dags & % McNemar #iE % UV Todr
T5. Afa TOUMULOZNR ORI FIEIE, Dietterich [3]
TORET AT Y X NE T ZAEROMRETIID 9 505y
BIKHISHTTER D &, BEHENR 2S5 6N Tk
TANT—=2R 556 (8] TO3IFEADOHA) AT
IMAT=HEIREET 5.

2.5 WA

BESER FEE WS &, DHo pictorial symbols DK
ZIHICLT, BERRET LI XLTEVAERTEZ L
NHEEL 2D, TOZLnh, REOFEHBIRELELT
DRETFED XD BT B O OICHA MR FETHD &
W2 5.

Ar v F LT= pictorial symbols D& F=EIZ L TR
¥rE HCIICHWD Z itk y, =2—F 7L NIRRT
Vor—ya VORIENRTFEIC/RD B2 6N5. Bz,
BFZRRDHDVNEY 7 b= T 22 EORRENTIE, #&EO
bz VBT HERHD. Ay F A X Tz—2R
1280 REF OVERALS FTEE THh I, BFHE LML oA
BRI BT A Z ERFBEIL D, VYT N T D
HEHCBWTIE, V77720 IO OEEN IDE
IZBWRkshaZ icky, FZxzlfokliicl 7y
IRV TTHRETHDNE WD) RER 72 RITEREHE D
EFTEDLLITRH>TND. [, A7y F A4
T 2—AERANTY 7 b OREED UL ATREIZ 72
i, V7 ruToMEOEY 22 S0 X ) IciEik T
HARERDNEND OREHREFITERFTE DL LI
HTENWIFFTE D,

Fio, B2 oNTDEOIR» B RE LR T2 2
ENFREIRDT, BT HAT v F LICRO IR Z~ A
ANKGZIe D, ZOD, HHFEDHFEFICBWTHN
ODNDLREIRO GBIV DL L ERB 165,



BFRLEZHRIRE
IPSJ SIG Technical Report

3. REFBEZRAV-ZERROERELOHE

3.1 ZEWROKFLETILITIXL

IR OiHEiZR Z R S BHRED T LAY X4 [15] 1T
WCE AT 5. o7 A3 AAE, AT LK
pictorial symbols DIREFEHICHW L FHBIROES Z £
LY ET 27200 b 0 TH S, T AAE, LT
DRI L VRSN S.

FEURKROER DD pictorial symbols DA FEIZ L
T, SRR Z O ERZ AT 5. il
AR & LT, IRAEFEERZIR (e [13]) F6 KOV 7 HME
TEAk (e [14]) 24T 5.

FERKOEFIL FEZE LAV TER LR DR
DFEBEB RV, FHRBROESZTHET .

IRAEFMEZIR T, BUERR O K S FRITRRIE O TR ZE
BarBIRWERLIEBRTH D, 7 7HELRIE, A
TR F T VTR ELHERE IR D 45 T8 43 IR IS FERRIE D MR 28
BaBIRWER LR TH Y, EMERRIC SR
HEbOR Ty FRORTHDH. 7 7HLIRO AR
1%, Simard % [19] OFEL LR L 72 Z T FIE [15]) &
FAnTnsg.

TN XLOBREEHEFEICT D012, ERRoREE
KOVEFHLIZONTHET . BREOT VI XADH
FITIEB BN 120 DB A LR TS L Th
5. FDOZEEANE LTRRERDOT VA Y XLTIE, 7
NI Y XLNTOMBRE LT, RFFE A IR T 5 72D
BEEEANS. F LT, FORIREBIZESHTHEER
ROV bEIL 272 5.

72385, pictorial symbols 1%, SVG B [21] TRELEND
ZENRZNZ LD, SVG A TRELL7Z pictorial sym-
bols #7 /Y ALDASHELTWD. LT, SVG ¥
KA RN 2 Z Lok 0 BERREZ AR LTV, &
RS N7 BRI, SVG A ORESTIC L kE S h 5
DRI VRS D. BRIz OV TS, [14], [13], [15]
IZBW TR 5T,

[15] TRELZFEHBROESG O FiEL, 71
VXN, 200087, TN, 2foiin, 8L, %3
FEROEFHTFILEOHITH S,

3.2 ERIEDINR DO
UM THWDRRICOVWTHATS. 73U XA
1 Z Wik 2T & R OFEBROESEZ, ThE
M, L ELTLy ETD. TLT, Lp £IFT Ly ZHN
Tl L7emnfidnz, £hth, Cp £7213Ca & 5.
Ve b ORROFHIEFiLEZ, LLTFIRT.
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Algorithm 1 Learning shape refinement

Given a small set of shapes represented in SVG format.
Parse each of the shapes into base shape set(B), composed of
Bezier curves that represent partial shapes.
Generate a derived shape set D., composed of Bezier curves,
from B.
Generate a roughly similar shape set R. as image data, using
partial elastic deformation, from B and D..
Construct a training shpae set 7 for training DNN(deep neu-
ral network) with B,D; and R..
Set a maximum iteration count of the following loop to N.
n«—0
while n < N do
Train DNN with the training set 7.
Updated training set A is generated using trained DNN.
n—n+1
T—N
end while
The training set 7 has been refined.

Algorithm 2 Updating training set in algorithm 1

Generate a derived shape set D, composed of Bezier curves,
from B.
Generate a roughly similar shape set R, as image data from
Dy.
Construct a test set V for testing DNN with D, and R,.
Make a empty shape set for correctly classified shapes: C.
Make a empty shape set for misclassified shapes: M.
for all the shapes in V do
Classify the shape using the trained DNN.
if the shape is correctly classified then
Add the shape to shape set C.
else if the shape is misclassified then
Add the shape to shape set M.
end if
end for
Update training set 7 with B,D.,R., and M.

Stepl: ZERIKOERIL 5 % 57z H D pictorial
symbols DER % Rz, ZEHBROELGEZ AL,
Wit 2 (Lp BELWLY). Z2TE, 7A=Y X
A1 ZHWS.

Step2: N EEFRDINE Lp T3 L4 2R E LTH
Han w35 (Cp £721% Ca).

Step3: TR KD HEE [FUT A MEROESE AN
T, CBLOCAICL DT A NBIROGHEEZ B2 .

Step4: DEEREDEE Step3 TONFEMEL HWTH
BFREELFETS.

Step5: McNemar #5E % Step3 TORIEMERIZ OV
T McNemar fEIZ LV FEHIREZ B 272 9.

I T, ZHLETE I ) IR E ORI DN

THERD . FEPROVEHIEOMREZFML LS & LT
&L, BRETDIRBUILLFO L 51275,
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IREEIRER Lp & La ITITHERIIITED 2.
FIREE Lp & L4 ITITHEFBNCERD D.

T, Wb E % & OFEEBRICOWCEBENIZ T
BT 50 TIERL, Be b o &% & DEERE VT
AR L= & R OERE M IC BT 2 L 2B %
5. ZEOBEITHEET DIEUILL T DO L 51272 5.

IREMRERE Cp & Ca [QITHEFANICZEN 20,
SRS Cp & Cu IITHMEIICER D S

728. McNemar € DHFLIAZH DD =D, T A b
ROEE L LTR—DOEEEHNTHEEB oIk
HAZDOWT McNemar BBEZ B 272 9.

4. REELHFROBE

SEHTIRELEFEZANT, RO Lo EIZHS
WAL 7=,

4.1 FEWRKOER

pictorial symbols ®f] & L CTK 1IR3 R EZH iz,
AR L TER AT 2o Iko%E, Thtn 3
ZLT4ThD. “AEELTHENIBRT LIRS 7 2
B, FNENITALIZEFLT2L L. DI, ZHLHD
EROF L e D2 BIRNEZRIN TS SVG IER T 7 1 v
DRESHNT 2 3 Z 72\, J TR 2 L2 Bezier HIfROES
(FEHERIR) 4R LTz, £ LT, %D Bezier Hifi% 7 A ¥
FTARXTHZ LIk, W 1LIRTEEIRIRZ A% LTz,
ok, WROEBRY A XIL30x30 7 EALTHD. £D
BB IO 20 x 20 DEIRITIERE F A X T4 X LT
FIRAEAR S, IRAEIEME IR L OVT 7B & £
R UTo. BIEHETIR D B AR LI IRARE R O $0x, %
NEN 1500 Th L. KLU E L THIREIEHE R 2>
LA LT 7B OEIL, £ 10 THD. 4
AR U7 JRARMEI IR RS X OV 7HERB RO —Em %, X2
T, MOEFEA =M THY, G ENEETHS.
BRI O b A DOFNRTIRD, IRAEFEHERIRTH 5.
FIREFAER DGR D 10 TN TIERD, £ OIREFEUE
R DR LT 7 7EEER TH 5. IRESER IR OAE
FRIZBW TR 222 3 IBIREB D /3T X — & OREITIEELEL
AW, SLBOAERICHWERNT A—2 %K 1 ITRT.
IR TPEME L EREFREOGE AR L, ThbDH b
TRIRT R ME & R KOO %, FRRERD T
A= L LTHWE. F£2, AR LEERE —EICH AT
BEICT B7018, IBIRICA T v o 2A%fHE L.

B, EMIRENEE & - T T IR O AR
DONTE, [H4] IZBWTEHEMABRRETND.
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AN

B 1 SVGHERXT 7 A hbAR Lz EHERIR

Fig. 1 Base shapes generated from SVG format files: the left
shape(shape class 1) is a triangle composed of 3 shape
groups, the right shape(shape class 2) is a rectangle

composed of 4 shape groups.

£ 1 IRELEBROAERCHN T A—4 (HIER)
Table 1 Parameters for generating derived base shapes

(random number generation)

transformation mean sigma minimum maximum
translation 0.0 1.0 —2.0 2.0
scaling 1.0 1.0 0.5 1.5
rotation # 0.0 1.0 —1.0 1.0

2 The angle is in radian.

4.2 FERROERIEL

TER K D F# 21X, DNN(deep neural network) % H
V2. DNN O£ OZEHRENL, 900,196,196,196,10 Th
5. 900 BLV10 5, ERENAAERICHENEOE
FHETHDH. EFERED 196 THD 3 H>DfER, RETH
L. 77AET2 THLH, HABOEHREIL10 & L.

DNN 8%, oK@l L icFair#esk 2
W, ENNHT 7 A v T a—=r S EB IRl Fil
FENE, NEIRRE W EE e LEE THD. £LT,
Ty A rFa—= ZIFFHIBIR & AT L& F T2 2
flido 0 2 E ChH 5. DNN OFERiFEICIE, BHOAKSLE
(autoencoder) Z Mz, 7k, HFATFEICIE, Fry 7T
U rEMWE, Fry 77T FRITZ01 L L. DNNO
FE AWK L O R MR, 4.1 §iTA
B L7k IR L2 TRk 2 vz, #ak L 1 To,
TR B LT A MEROEIE, £ Eh 4400 B LD
2200 ThDH. BV IEL THEZIGERT 27 2 MERIE,
2200 THSH. LT, FVIELTHEDOT A MEKROK
%, 4422 THD. TNLO—Eo %, M3ITRT. K.
41HITHE LIBROA 7 v 7 ZREBR LRV E DI,
FR B L OT 2 MEREZ BRI L.

4.3 HDERBES U McNemar REIZ & SEBIEDOTR
DiRE
FETR OV DR 2 G 5 72012, Peib o4
RPE T ORI &0 B L 72 0 3ERR O RGOV TR
AT 5. MIEIZHWZIBIRIE, B BE b BRE THIW 72 3R
iR, 72 MR, B ROKERILER I BT 2 ME
WThB. B, A28 TRREA Ty 7 ANEE LY
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Fig. 2 Examples of derived base, and roughly similar shapes generated with base

shapes: Lef-half plane; shapes generated from the class 1 base shape in Fig.

1. Right-half plane; shapes generated from the class 2 base shape in Fig. 1.

4 BNy f o B P
T 24 Ay Nl Y b
 EATIS R A Ry
D A AA DI R PRy

LA e k7,4 B
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HEAVY PG B A DA KA

3 FIEERB LT X MEROB (Vi L 5)
Fig. 3 Examples of training and testing shapes(iteration 5): Lef-half plane; training
shapes. Right-half plane; testing shapes.

xR 2 UERLOS BB TOIRIRIT K0 JIBE L 7= 0588 0 2 KR EE

Table 2 Classification accuracy of classifiers trained on shapes in each refinement step.

classifier # Co C1 Ca Cs Cs
training accuracy 1.0 1.0 1.0 1.0 1.0
. p 0.8991 0.8877 0.9132 0.9241 0.93
testing accuracy
(0.8976)  (0.8953)  (0.9003)  (0.9175)  (0.9233)

2 The classifier C; is trained on i-th refined training shapes. The classifier
Cop is trained on training shapes without refinement.
b The accuracy is provided in parentheses, is tested using the same testing

shapes.

& 3 UEHMLOBBRETOIRIZ LV IR L 7253825 McNemar #E (p i) (& & 2 3l
Table 3 Evaluation of classifiers, trained on shapes in each refinement step, using Mc-
Nemar’s test (p-value): The column C; value on row C; shows the p-value of

McNemar’s test used on the classification results of classifier C; and C;.

classifire 2 Co C1 Co Cs Cy
Co — 0.7086 0.6444 2.553 x 10~*  1.106 x 10~
C1 0.7086 — 0.3873 4.558 x 107> 2.34 x 1077
Co 0.6444 0.3873 — 1.498 x 10=3  6.831 x 10~6
Cs 2.553 x 10~*  4.558 x 107>  1.498 x 10~3 — 0.2508
Cs 1.106 x 1076 2.34 x 1077  6.831 x 10~ 0.2508 —

2 C; denotes the classifier trained on i-th refined training shapes. Co denotes the classifier

trained on training shapes without refinement.

© 2016 Information Processing Society of Japan 6
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Fig. 4 Examples of classification results(iteration 5): Lef-half plane; correctly classified

shapes. Right-half plane; misclassified shapes. Upper-half plane; class 1 shapes.

Lower-half plane; class 2 shapes.

WEICINODOFRERIR L7z, JE L0 EE,
F2IRT. ZIZC, G, i BRI EERBZ 2ok
ERHWCIE L= 08EasTh D, £, C i, kxR
ZRIFIOBRE AT L= TH 5.

WIZ, FEERROVEAFIE DR OmE M & 5G9 5 72
12, &k C B AWM RIC OV T, McNemar 7
EIZLVBHEHREEB 2 o7, #3112, McNemar
EDpEERYT. B, T TOESHERCITE50HE
WZHWET 2 MNEROERE, R—D0bL0Ths. T7hb
L, TAMEROEGEHMRT HHERELE LR NS D
EHWE. Zo5E0OT A MEIROESE T, SHES
Ci \CRDHOIERB LG [T X DD ERBRIZONT
McNemar MREZ ¥ Z 72\ p HERDT-.

ELLSSHEENZRRB LU > THESNERIRE X
4T

X1 &2 LakigdsZicky, EERRITERL IR
EREREART D ENFRETH DI ENGNDH. £
LT, IRAEREERIREZ I LT, ZHICEM R T 7HEUE
WEAERTDZENARETHDL Z ENDND. ERR LR
AFHER S L OV LRI, FRER IR 2R R
ThY, ZERELEE L SA Ty FROBIRTHS Z &
DHERTE 5.

¥ 3 725, DNN OFlf#ERB LT 2 MERE LT, &
7 FIRDSAEIERINEZ b SR EE T — 4 AR T&
DI EDBGMND.

# 212779 DNN Z HHW 2 RIR AT ORB RN B 1%, 24k
IR b OBIRE SR E LT, 7 A2 MEIRICH L TK
0.9 DHFEREENEOLND Z EBNynD. £ LT, JIFE
ROVMLIZ L 0 DFEREENLZEL TOD I ERTND.
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FEIVCIHA TV T A MERO SRS, IR+
T I ANEBLRNE DGR LT A MEkE AW
LOThHD., O LG, IR EREILT D Z &I
£V, REMOGRITK T 2B ENYEEL TV D &N
5. Fiz, FENTHATRLT A MEKROSEEE X, F—0
HEEOTAMBREAWZLDOTHS.

# 3 12”7 McNemar fED p fil%, 58 C & C; I
ENRVWERE LEEAIL, TONEMENRSGELNLES
WERBLLTWS, i =7 OEICIEp=1ThDDITxt
LT, i#£j OHBEITpHEITVNSWEELE RS TNS.

SYHAEROVERE 2 M9~ 5 72 D ISR E 2 B 272 9 18
B, AEAMELELTED LD REEANDREDITON
T, FORFER SN TN &IXW 2720, 22T,
p EEAEKYE L I, p EICOWTEEICHRET
T4, HFERC & CITOWTOplIL, i & j OENKE
WIZE/NSVWEL > TS, FD72%, IR O YRR
LB DZEN K EVIE ESFEBROBREDENKE 2o
TWbHENVWZD. £FOZEITMAT, £2IT7T L9918,
FHTEIR O PEAHAL D RIFL A K & WME E O EEAR O/ EERE E 13
LEINTWD I EZEBET DL, R OBEILORE
BN RKE VI EIFFRRALFEEN TS LV RS,

2%, ZZTIE, DNN %I 2356 0L OB
ONTIEEZE L TRV, Z0EICOWTIE, 2% 0mE
BYETHD.

WIZ, K 4IRS ERRIZ oW T ARG
T 5. ELLDHESNEIRICONTIE, KRERSISEY) 7
NERRTHDLEEZLND. LLanh, —HoyoR
Wix, 77 21BILBIZTA20EELICHLETELRVE
REBZDOPRBURIIRTHD EVZD. ZHRHORIR
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IZOWTIHE, JIRRICE DR ED, T3 XAD
BENBBETHD. Bo THEINTZBRICONTE, E
LW ARSI NDREERNSEHE TN TS, 2
NHORARIZOWTIE, FIFRRICEMNT 2 L8R D 5.
INLERALTHET 5 &, X OIZFIERIR A MY
DMENHDEEZLND. LT, JFRRERENTS
ZEICE D EREOWENSFTEL LN,

5. HHYIC

A7 w9 L= pictorial symbols ORE S (deep learn-
ing) ICHWA Z & & B E LIZBEREDOF=E IR D ALK F
1% [15] 122\ T, FEIBIROBEHILOZ R A MET LTz,

FEIROVH L AR EITITE, ZORRE VT
L7 DNN OGHRENSEIND Z &R L. Fh
W2 T, Wb alB 2 SR L% & TIXFEBRO R
BRI ZEZRH D DD E D IO NT, FHEHBRE
ERHOTHRE L. METERB 275 2oIlcthols, ik
DD KL DFBPETORRE VT DNN ZalgiL, 7
A NEROGFEEB Z /2072 £ LT, HEMERIZONT
McNemar #E % W CTHREHIREZ B Z 2o 7. Zhic
£V, BEHbOREBENRKEWVIZE, FEERPUEINS
ZLERLI

ShOREICIY, BREFEOEMIVIR~DEH,
L, A vF L7 pictorial symbols DIIRD 7 T 2 ¥ %
REL LTCOEBFEICET 2R BR EEET L LR T
5.
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