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Learning Shape Refinement Using Deep Learning for Learning

Sketched Pictorial Symbols

MAKOTO SATOH!

Abstract: This paper presents a method for generating learning sets from a small set of base shapes for deep
learning of sketched pictorial symbols. In the method, shape features learned using deep learning are used
for refining generated shape sets. First base and its derived base shapes are generated from pictorial symbols
represented using SVG format. Then roughly similar shapes which have diversity-carrying similarities, are
generated, and the shape features of the generated shapes are learned using deep learning. The learning
shape sets are refined by updating the shapes included in the generated shapes based on the learned features.
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2. BEMREREFEOBRE

2.1 FHEEBRKROSHEME
FHREMAERAOCCA Y v F LR ZRi#ST 2551213,
BRI 72 EOMEORIREZ T 256 L i LT, @R
T DR DOENRRKRENLE NS Z L EEETINLEND
5. BIRICEIENAE T D01, AFICL Y W IRTH
HZEMRRTH DD, ZHITMATAT v F LIERIRIC
FAEDRRE LT, BIROEENHE R E2 S0 L 1T
ZTWBEDMNEND TN, FEIICHPNDRIZR X
SWBEHZDEVWIZLERTLIENTEL. T0OX
D TR DEACD SRR KIS T D72 I2iE, BT 5%
WaEFET L ENARERFIERGITHDLE VR D.
Kara % [8] TIF, @iz L LD LT 5K 7 o0
T1o0BKREAIIELTEHZ, Z£ORRELICIRTRR
EBIRIFEEERL VWS, ZOFEEZAVWD L, B
KoOBE), AR L OB —7R A7 — 1 71Tk L CEfkE7R
TEARFGR A RETH D, LL, BIROIEY—xr—1
U LR R TIRGRRIT B T E T,

2.2 MRELICERLGFE

Ay F LIRS b DR RIS G T 5 T2 0121,
BRAFET L2 EBEHTHD. FrlZ, BRITxL T
et T H MM H 5. Bishop[l], p.320 Tix, £T¥
1% L TAE (invariant) 7278 2B 272 5 720, LLFD
FHEIZONWTIRR TN S.

FiEk 1 FERRK BHEL L LT BROE KRS
LIRERE B o FEBRERNTEE B
9.

Fik2: BREM BELEO LT EROLIITH LT
RERIREEME AN TERE2BIR ).

FE 3 FEETIL BMLLO LT BRROEICH L
TRERFEEB IR ZENREREEET VA
WTHEEEZBIRD.

FiE 113, FENCOPVRLTVWFETH LD, KEDF
BB MBI HFETHH. FRC, B OIS
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IR TIRF 2 IR T & 258101%, RN FIETHS.
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WEE 22T T VR RIRHOR 555101, ARRFIETH
. 1T, ZEO=a2—F 0%y FEAWDFIEZON
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TeOITiE, Ha e B OERTBIRPLEE 72D
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2.3 BHROFEBFEE LFBE WK augmentation

WRIEFE 2 O TORR 2B E T 5 72D ORFED A
B I b Tnd., 2o 5 b TRIRERZ XS & T
HHFFETIE, FHEEFOmGH 5 W ITEFEGR DNy F
REENRETDHONEHAE L DD,

—J, ATy FLIBRERGR LT MRV THS.
2.1 fICBN TR L 5 1Z, A7 v T LIzBROEEICE
Wi, IROZ(ILDOZHEIEICHETE LI ENEETH
5. ZOHITE, REOFEBIREZ AT, Ltz b
DFRRIER O E FET L N E L 0D, BRI,
Fu % [4] Ti&, 27 v F LIZRIRIZIEK augmentation % 35
7D T EITR VAR LT, 28D S 2BIFIRZ VT
FEREBI 2o TS, ZLT, Al LR E, HEE
DFEETNDUEDTH S Deep Belief Network(DBN)
7] ZHWTER LTS, REFEE, Hinton 5 [6] 2378
T LI, FET— X OREE TN T D MERRICEN - FE
Ths.

2y F LIIRROFBRA D Z & TIRRWR—RIZ,
HREE TRV T, WEE O ARENEZ D S 57201
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DEL—RFAT7OBK [ 2BELT, ¥HEBIRHZ
ENHEBETHL. WHRFEEICREO T, FETLTY X4
LRI, FET - bHEEREEHEZRIZT L VAL 2] .

L ZAN, FEIPIROINEIITZ < ORI & 97 33
L%, BlxiX, Eitz % [3] T, A7 v F L7CROK
WEEICHNDTeODRT — 4%, A ¥ —% v N&F
ALTIELTWS.,

—Ji, FEBRENET 00 NEHIRTHZ &
ZHME LT, PEHEIRO augmentation(¥iff) 233 Z 72
bndZ tnbdbsd. FEIRO augmentation &%, FE
F—H O E TN LY X hEANTENESES Z &I
L0, FERT—ZORREMO 2L THL. REHGROFE
# T — H |2 augmentation #3272 > TV 58] &L LTid,
Krizhevsky % [9], Schmidhuber[15] 3% %. *7z, Fu %
[4] 1%, PEOBIKEEFEIZL T, BIK augmentation &
HWTA7 vy FROZERREZELL TS, £ I T,
Simard % [16] O#RFEIT & 5 WG OMEETE FiEZ VT,
A7y FRDOFET —H BERLTND.

RE, M L DM TR IR A
AT D LW HE 2L, Van Vaerenbergh, S % [17] D
FHEOEE RS TVWDEEBXF LB TLILORH DL LV
%. Van Vaerenbergh, S % [17] TiZ, J:&iilid 0 FHIZ &
DR EBTHBORB LB RoTWND. 22T, &
BTSN EIIREZTD T B UK E, FREER
ELTHNTWS. 52T~ VELIREMINE T D Z
LIZRY, WONPDTINALETRRE AL ATRETH D &
WO ERRITESNWT, RIRE S LOBEEMEOBR 2R T
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HBIODT T T HRER LTS, LT, OS5 7DY
VI EEEDZEICEY, HDHTUVELRIRS, UL
FERROFTET 227 TADSLOED T T AZFHET 5
DOPEHELTND.

24 REFZEOBMELERANF

FERTILTIE, A7 T L7z pictorial symbols O
BICHWDL O DEREERT D 2B E LT, H
IRINDE NSk o Shal Ao

Ry F LR, 2.1 8Tl X 21, BRoZE(k
WCEERMER S D VR D, TOTOREFIETIE, 228
TOFR 1 DEZFITHE ST, HUEL 2 DIRICIRE
Wr B IR ol & 2 EEURIBREFET5. 20D
RrE, UTIORTERBY THS.

FARKDER V%D pictorial symbols OFIRZ & L
T, SRR Z ORI E AT 5. Bl
AR & LT, IRAFEERZIR (e [10]) d6 L OVT 7 HAML
Tk (i [11) 24T 5.

FEBROEZIE FEFEE AW TAER LIZIR DR
DFEERB RV, FEHBROES Z LT 5.

Z 7EPIRIL, FEUE L 95 pictorial symbols (ZEALL 72 A
Ty FROFIRTHDH. FDOERKIZIE, Simard %5 [16] D
FELILE L EEFEE VTS, ok, Fu®
4] 2B\ Th, PEOEERRZEIZ LT, BB RE
AT B 72 91Z Simard 4% [16] O FEZHAVTW 5.

F 72, pictorial symbols IE, SVG JF=L [18] THREL SN D Z
EIRZNT B, SVG EEUTEEL L 72 pictorial symbols
HMERRE LTHWS.

REFEEACD L, PHOBKREREIZLT, #HHTE
DI=DDFERRE T A TY XA L BT D Z L AA]
BEL 2D, ZTOZLIThY, WEFEO LT, KEDH:
BREVEL T OB EOIDICHEARFIETHD &
Wz D, F, WELEDETDHIATyFLIERO A X
B A ANEGB 8D ZLinh, FREDHEMZEIZENT
AN DR OERICHND Z LR ERBEZHND.

3. REBZBZAVE-ZEBROERLL

3.1 73 XL
FEROES ERIIET D200 FEE, TATY X
L1, 2 1R T. EAEN, 2EOFL, BEY, FEBIR

DORFHTREOHBHATHD. HEE, LLTICRT.

Stepl: EERKDERK G x L1720 #D pictorial sym-
bols DIZRMN G, FEHEIRDES (B) 4T 5. =
Z T, pictorial symbols i%, SVG JEROEIR T 7 1 v
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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.

ELTHEZALRTWD LTS, £DSVG 77 A vz
HSURIT T 5 Z LI kD, &ROES Z & D Bezier
HiARDOER E LT B EART S,

Step2: IREEEMIKDER B 2 HIRERERIROES
D. #EmKT 5. D lE, BEEDBIRI LR H
TA=F VTR ERZB /5 Z LIT XY AR
L7z Bezier HIfRDELGTH H.

Step3: T JHELRKDER MoMRHMEER L2 HWT,
BEIOD, #RIC LT, kUM EZ O
BlZe Ttk (T 7 HEIR) oS R BT —2 L L
THEKRTD. R lE, A7 vy FROBIKTHD.

Step4: FI#FERKDER BD. 8L O R, # AW T,
DNN(deep neural network) @ 7= DI R DEE
T ZHRT 5.

Step5: FIFERIKDEREIE DNN 2 HW\T T ORRE
EEET L. LT, FHLULEBREFEERAWNT, 7
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A NEIRD 7 T AN ERB IR0, TOREFEIZE SN
TT 2%H7 5.

Steps # MBI U THVIRL, FIRREEHTD L
W2 X0 FIER OB 2B 272 9.

3.2 IREEEBKOERK

IRAEVER 2 AT D 72 ORI, [10] 2B L
b OE W, WRAIE, EERRE L OYRAEEIER IR
ORBBXELEFE LR THD. [10] TIE, #HBRIE
DOREERROWGET — X ITRERE I I /5 Z &I kY
IRERERROARER Z otz 22T, HoBRT
& DIHEFLIR O Bezier iR OEESIZIREREB Z 725
T LI R O IREEEEE A AR T D, ZUC kY, B
ROWRAETRIERRE LR T H Z ERFREL D, ZLT,
TRAEFEUETE 2 JRIC AR T2 T 7 EEIBIRIC OV T S, i
RIIREED Z L NTTREL /2 5.

F7, [10] T, 27—V o 20 LV IBIRE A 2 7o
72M, T ZTH, ElEE, Ar—U 7B IUOBEIERIZ L
DIREBRERBZ 5. [10] RIS, ORI &R
RBIGIRER T A= B AND. B, BIROEEED |
DX, BARIROELTHS. TS, &LEEAVWTIRE
R B AR T B 72 D TIEE R,

Stepl: ERAHADIEBER BREBROFEZ L1279
B2 T ERDARDINT A=\ ZHSEELHEER L,
[lfR, A7 —VU 278X OBEVERO D ORI
NIRA=R LT 5. 7o, TOERT LEIOHF %,
AR OFEIH Z L IC5 2 TBWTC, ZOHRPPEOEE
Ana.

Step2: BRKREM; Ak LIoRER T A —F 2 H T
IR Z B .

Step3d: E|MBKRD T4 v T4 VY EHEB IR0
KEx, TOEXTEBWHEKICT v T4 v 7R
9.

3.3 ZIHLBIKOLERK

FEHEF R X OWRAEZEEI R 2 212 LT, SAR7 BN
EHOT7 7HEEBREART S, Fokolc, [11] Tl
“ RSy R IR BRI ZE T vk 2 N 2. 3.2 fi Tl -tk RS
v, LVERLEGO T ZEEBRESDS Z LN TES.

4. EELEBERO®ET
IHEITWMELETLIY RAZFEEL, FOELMEICHS
WTRREF LT,

4.1 FEMRAKRDERK
pictorial symbols O & LT, X 1IZTRTRE H .
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AN

B 1 SVG 77 A AnbAER LI IEERR
Fig. 1 Base shapes generated from SVG 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.

ZAEE LOHERE AR T 2MamRoHIE, 3B L0
Thd. ZARBLIOEENTET LIRS 2 2%, £h
TN TA1IBIO2 L L. BDIZ, SVCGEXDT 7
A NEREIRENTT 2 Z LI L 0 ES TR Z & @ Bezier iih
MROEEEERMR L. £ LT, ARk L7 Bezier HifR%E 7 A
HITARXTAHIEIZLY, TNOOEBERE AR L.
ok, ROBEBY A XL30x30 7 ELTHDL. £D
RO F D 20 x 20 DFERIZGRE T A Z2 T A4 X LT

THHOREERIRERICLT, REEERRBLOT 7
HERIEIR 2 AR Uiz, Ak L ZIREEEIROHE, £
HEFEARIC DU T 500 Th 5. SEEMEIIRES L OV IRA FL e
TEARIZOWTAERR L7 7 ZEEEROHIE, 10 TH 5. ¥
212, AR LEIRERHE IR L OV 7k o —& 5
EoRT. OBV ZAFETHY, FEo0NERTHD.
ZNENOFIRD 727> T DR b AEDINTRTTRDS, IR
HEHERIRTH D, TNENOIREILER R OER O 10 8
DINRTIGRD, ZOIRELEIRN S ER LT 78
LR TH S, 327X 51T, ELEE RV TRE
LTeRT A= 2AWTIBREREI /) 2 LT kY,
FEVERGIR D B URA FEVEFIR & A2 Rk U 7z, SLERZAERIC AW 2
NIA=BERIVITRT. BREBRORHZ L1, RITR
T LR RAEOE AR E LT, £ LT, BELEL
B 5 BT, RIRT R/ME & RREOMOMEZHWTIE
WEWE B Ihote. F£iz, AR LEBIRE — B
BEICT A0, 1T v AefE L.

RF, BRI ML & R\ 2 T IR O AR I
DNTIE, [11] ITBWTEHEMA IR 5TV D.
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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.

I Ay i 0 b (I
A RS S b ] €5
A T 4 Sy e
be Sy LNEEFREAFETy B A
13 R34 13 A 43 A 38 LD
A A N e
P 20 o Pised VI R Bl
B be 55 WA ATEISY e
g A S W AT A
HRUD - T AN D L8

SO T b Ry Y !
4T 4 AL kit of
b 7 2Dl 155y
YR A AL T e TV
LA Sl SRR
o Ao 1y D Qoo ) 13
METSEN NS oY
SN HY AL A
L3R Py B2l A
S AL AN LT A O

3 FIFEERIB LT X MEROB] (v iKL 1)
Fig. 3 Examples of training and testing shapes(iteration 1): Lef-half plane; training

shapes. Right-half plane; testing shapes.

4.2 BREHOZEE

TR K O F3 121%, DNN(deep neural network) %
V7=, DNN O&BOBHEIE, 900,196,196,196,10 Th
H. 2055, 900 BLN10 0, FNENASER IO
NBOEFETH 5. EFREN 196 TH D 3 SDEN, R
NWEThD. 772832 THH0, HMHEOEEKIT 10
L7z,

DNN 02813, oIl SfE I L IcFRiEE 2B 72
W, ENDB T AT a—=r TR IR0z, F
FEE, IR EAWZEMM R LEETHS. FLT,
Ty AT a—= 2 ZIEATR & AT v E DT
flido 0 #¥Ths. DNN OHEFFEEICIE, ACH b
(autoencoder) &MV o, 7ok, FRTFE I, Fry 7T
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7 rEHWEZ, Fey 77 v b®RiZ01 &L~ DNNO
EECTHOWREIRRE LT 2 MERICE, 418T4E
B L7e R BIEIR Lo TR & Wiz, e ikes O
A MAROEIE, FFI 4422 B OV2200 THBH. Th
HOFIRO—5r %, K3 IRT. 2B, 418 TAhERL
TR OA T > 7 ABEFL2WE 21, JIFEkE X
T R MR EZTEIR UT-.

FERULIERTG A= AN TRIRDEHEB Z o 7245 R
Z, R2I17T. RIOFTEIL, 2ToOIFRIRL ZOT
A MERIZOWT OSSR A LI LIZfETH S, ELL
FEENTTRB L OB THE I BIRE, K415
. B, BoTHHEINTZ 721 ORI,
TIRIRNETORIKRTH D,

Z 2R
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® 2 HERIE

Table 2 Classification accuracy

iteration  training shape testing shape
1 1.000 0.901
0.915
2 1.000
(0.940 ) =

2 The accuracy is tested using the same

testing shapes as iteration 1.

®3 MOUEL1LFALTAMEREMNTOMY KL 2 TOLMH
il ROFEHE
Table 3 Details of classification results at iteration 2, using

same testing shapes as iteration 1.

classification results
counts of shapes

iteration 1  iteration 2

true true 1849
true false 133
false true 218
false false 0

4.3 ZFERKOEZL

4.2 FiTOT A MEROSFERERIZIESNT, 7Y X
A2 LV AR OEF 2B otz LT, BHL
AR 2 AN T2 ) XAD#D KL 2 TD DNN
DA EI Z I Tz,

FH L7 DNN O RT XA —FZHNTIIRGEEZBZ
ol fERER 2ITRT. BVIEL 2 THWS T R Mgk
LT, VL 1 THWEIRRES O & R
ERRDA Ty 7 AREE LWL I ITEBRLEBIRE
A, RPohyalNig, #§ViEL 1 THWZL D EH
U7 A MERICE VRS EE B I ko RThH D, IE
LS SHEENTHRB L OB T ESNEFREX 5
RT. B, BRo THEINEIRIE, I ZIORTIRA
BTORRTH S, Fiz, #VIRERL1I THW=LDLFRT
TANMERICE VRS E B I R ol RO L, £
3R,

4.4 1HEE

M1E2aTsoLICL, ERERRIZHEL TR
ARERRE LR T D ENARETH D Z BN ND. %
LT, IREEERREZEZICLT, ZRICHERAR T 7 EPE
REARTDZENFTRETHD Z ENDND. AR LR
AEERRE L OVT 7R, EERRIEEIZR R
THY, ZERELUEE L OR T y FROBIRTHD Z &
DR TED.

3 75, DNN OFlRRIB LT X MEk L LT, &
7 FIRDSAETRFRRNEE b OIRFEE T — X B EKTE
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LT ENBNIND.

# 21277 DNN & AW IR O R B IX, £k
REBEE L ORIREN R LE LT, TR MERICHLTY
09 ONERBENMSOND Z RS, 22T, X4
IRTHESNTZBIRICOWTEMABICHET 5. FELL
SHEENTZRRICONTUE, KTy e sk b
HEEZLND. LoLans, —@lmoFkix, 772
1BIRI TR 20ELLIZHLAETR LAWK EEZ DD
DY 2R THD ENZD. ZNHDORIRIZOWVW T,
IFTARIZE DN ED, TATY XLADEEPNIET
HD. WmoTHEINTIKRIZOWVWTIE, IELWWY T AT
SHEINDREPRPZHEEENTVDE. 2 bDOBRIZ
DNTHE, AIFRARICBINT 2 0ERH 5.

WIZ, Bk E B8 Z 2o ik 2 %8 L= 54 (i
DKL 2) 1o\, BRESELEEREMETT5H. K2
BLOX S5 e, B0 1 EIRIEFREEDIER RN S
NDZERSMDE. F2OT R MNEROSS IG5 0 K
L1&2i2o0WTHIRT % &, DREBENLEINTND
NG, £, BYVIEL 1 THWET X MERIZ
W, MDRL T 2 EEHETHE, VIRL 2 TDSy
HRENGES N TWAD ZENSND. 2L, HiEL
1 CHoTHEENET A MERE #0iEL 2 THWE
EHRBRICEM LI EICk 2R ThHD. —F, £330
Bk, #VEL 1 TELIAEINT A MERAS &Y
BL 2 TEDEIHHINDDODBGND. ZHIZLD
&, DR L 1 TIE L SEINTBIROKE 531358 0 K
L2 THELSAEENTHDN, —Hr ORI K
L2 TR THEENTNDZ LB 15. LrLagn
b, R2IZFRTEIIE, BFE LTIHERENSEL T
WD ENSND.

INLERAELTHETZ &, S OIZHIIRRZ MY
DVENRSHDEEZEZDOND. LT, IR EEMNT S
ZEI R EBEOUENHIRFTED L VXD,

5. HbHYIZ

A/ F- L7z pictorial symbols % g 8N L 0 285
HZEEAMELT, TOLEXTADBOIEERRIZESE
FEWREERT DT DOFEERE L.

RETE, FEBRE L THWL 00T 7HUBRE
BERIC T D720l BEHRETE (10, [11] 29EE L. ZL
T, 7 7EPERE B TER R A AR L OVt
DIODFERRE LI, R, FEFEICLVZEEL
TR FE AT, FEBREZEH LT 2 2L THS.

REFEEFEETHIZLICED, SVGGEATERELE
pictorial symbols Z JEHEFAR & LT, LRk EMEE b
2y FROIRE LR T D ENFAIRETHDLZ L ER L
oo LT, ARLEEREEREFE T2 8ICLY, %
PR EDLIIET D ERNAETHDLZ L &R LT,
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Fig. 4 Examples of classification results(iteration 1): Lef-half plane; correctly classified

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

Lower-half plane; class 2 shapes.
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Fig. 5 Examples of classification results(iteration 2): Lef-half plane; correctly classified

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

Lower-half plane; class 2 shapes.
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