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Iterative Generation of Learning Shapes with Derived Base Shapes
for Deep Learning of Sketched Pictorial Symbols

MAKOTO SATOH!

Abstract: This paper presents an iterative learning set generation method for learning sketched pictorial
symbols with deep learning. In the method, pictorial symbols represented using SVG format are used as
base shapes. Learning shapes are iteratively generated with the following steps: First a derived base shape
are generated from a base shape. Then roughly similar shapes which have diversity-carrying similarities, are
generated by applying partial elastic deformations to the base and the derived base shapes. Finally learning
shapes are selected from the generated roughly similar shapes. The Restricted Boltzmann Machines(RBMs)
that have learned the feature of the base and derived base shapes, is used for selecting the learning shapes.
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T b EEREEEZRLT(] . 2O L EEERITR
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Z#lE LTix, Schmidhuber[11], Krizhevsky % [7] 7 &
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HEMEZ b HOAT v FROIK (T 7HELIBIR) 2 £/
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W5 Simard % [12] OFEZFNTNS.
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B EBZNT LD, BHRERTIE L RIS, SVG AT
FKEBL L 7= pictorial symbols Z FEHEZR & L THWS.
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WEE O OFREBRET LT XA AERT S Z
EWFREE 2D, ENITED, WL LS LT DT
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AbhD.
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|ET D7) XA, BEHRETIE (8] & EUERRIC
MACIREFEERRERH D LR LD TH B,
FTOMESY, LITFIORT.

Stepl: EERKDERK T, pictorial symbols DR
», SVGEROBIRT —# L LTHEALRLTND &
5. ZOSVGEROT—#0b, BIRERIT HH
BEAERT D, ZOBRERIT, FEBREEKRT S
T DDIEHERR E L THWLND.

Step2: WRFHDFEE EEERIRZ HEIC L CTIRELEHEE
WEAERT D, LT, EERIRE L OURETEERE
(NS RENOBMMET 2B 225 2 Licky, X
7y FROBEURR A EGET — 2 L LTAERTS. %
LT, A L7eEGOIRFHEEZIE X 572D, AR
L 7% % Restricted Boltzmann Machine(RBM) %
HnTFET 5.

Step3: T 7HEUMIKDER HKIER IR L OURAEEER
ISR E REMOER TR AT 23 270 5 Z LI
L0, ZEZRBELNEEZ S O BRI (F 7 8
FIR) ARk T 5.

Step4: FEBKDZFER £k L7e T 7HEEBRO 2200
5, EERROFEICHE LB ERIRT S, 22T
OFEPUTIL, Step2 THH L7z RBM # AV 5.
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Algorithm 1 Derived base shape generation

Set a scaling factor ¢ for generating a current candidate for a
derived base shape.
Set a scaling factor p for generating a previous candidate for
the derived base shape, to 1.0.
Transform a base shape using c¢. The transformed shape is the
current candidate for the derived base shape.
Set the previous candidate for the derived base shape to the
base shape.
Set a maximum iteration count of the following loop to N.
n <« 0
while n < N do
Verify the validity of the current candidate.
if the verification succeed then
b—c
c—c+(c—p)/2
p<—b
Transform the base shape using c¢. The transformed
shape is the current candidate.
Transform the base shape using p. The transformed
shape is the previous candidate.
else if the verification failed then
c—c—(c—p)/2
Transform the base shape using c¢. The transformed
shape is the current candidate.
end if
n<—n+1
end while

The previous candidate is the derived base shape.

Step2 /° % Step4 £ T%, LEIZL U THVERL, 8
FREERT D, ZNHDOEEMED S L, Step2 TOYRE
FEWERROAERD, BHERFILEE RE R0 Ths.
FRUSMZONTIE, BHERFIEICS W T EERR 2 A
WHEHD%E, RETIETITEERRES X OUREEER R 2
AVD XD ICBHREFEEZILR L CWDH DA TH D, BEE
RBFEOFEHIZOWTE, 8] IZBERLENTNDHDT, i
PO TIE, Step2 TOIRAEEIERR DA RKIZH
WTIRR 5.

3.2 IREEEMKROER
TRAERERREERTE-0OTFEE, 713U XAl
WY, ZOT7AAY RANTE, A=V 22k5R
B T, FEHERIRD D IREEMER IR 2 AR L TV 5.
Ry —Y 7T TIERL, MR EERT 2 Z &0
RERMEEOIREREZAND Z ENARETH D,

TNAY XL 1 OMEEZLLTICRT. o, 74T YX
DDA, EERIROIRT —5, R 7—10 27D
ROYHERS L O LB ORKETHS.

Stepl: IREREERIKDIRMIARER EERRE X 7 —
V7422 8icky, IRELERROBEMII R 2 4
Y 5.

Step2: XKD R LMRETE  WATR IR FEHET AR
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Algorithm 2 Validity verification of the current candi-

date in algorithm 1
Set a scaling factor t for generating a testing base shape:
t—c+(1l-c)/2.
Transform the base shape in algorithm 1 using ¢. The trans-

formed shape is the testing base shape.
Apply small elastic deformations to the previous and current
candidate for the derived base shape in algorithm 1, and the
testing base shape:
the generated deformed shape sets are defined as P,C and 7.
Construct a training set A for training RBM with P and C.
Construct a test set B for testing RBM with 7.
Train RBM with the training set A.
Test RBM with the training shapes P: the average test error
is defined as p.
Test RBM with the training shapes C: the average test error
is defined as c.
Test RBM with the test set B: the average test error is defined
as b.
if b is between p and ¢ then

The verification succeed.
else

The verification failed.
end if

LLTHELEBIRTHD N E I DOV THEEBZ
729 (3.3 HizsR).

Step3: MREBFHMOERE HEMKRIIISCTAT—
VT ORGEEREEF L, i IR BEAR O &
KT B.

Step4: YR LDFIFE #VELEEPRKREIZR ST
WU, AT T 5. £ 5 TRiIFNE, Step2ic
R5.

3.3 IREEERKOZZEOHER

32HITIE, TNAIV XA EZRTIEICLY, HUER
K& HC U CIRERHE IR 2 AT~ 5 7o O D FIRIZ DN T
WA=, 2T, TATY XA LITE AR
KOZIMOHREIL /2D D DFIEIZONTIERD.
FOFEEY, TAITY XA 21T,
ZOMEIILTOLEY THD. ok, TAITY XA~
DATNE, FKERRORT — %, 8L OVRAELER RO
BER LD L DRIDFEM O ZNZ I DN TORR
T—ARBIOART—U VI OEBETHDL. ZbIiL, TV
Y XA TIZBONTOfEEHNVS.

Stepl: #HHIAKDERK  IRAILVERIR O HLAE ORI K
L EERIR L 2T AR E AR T 5.

Step2: FFERKDER FKUERIRE L OHIEOIRAEFLUE
TEAR DGERTEAR 2 AW T, FgTRIRZ AT 5.
Step3: TR FEKDERK HMEKERANT, T2 M

WaEWRT 5.
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Step4: BRFHOEE EERIRKIL L OBIEOIRAEFEE
TR DBEHEIEIR O TR FF 2 2B 3 572901, Step2
THR L7ZFIER IR E A1 LT, RBM 058 %15
Z9.

Stepb: BMIKOBEEREDETHE Stepa T H L -
RBM % HWC, FfR RIS KO X M2k O B
MREREET .

Step6: ZYUMEDEEE Stepd THHA L 7= HRESEE %2 H
W, IRAEFEYEFLIR D 234 P % 5l 9 5 .

72%, RBM OFMEFEAZEOFREOOIZIE, (1) Xz A
Tn5.

e= | > (vi— )2 (1)
IIT, U MLy BLEO 0 L, FhFER, RBM OA
HRT PILBLOHBER ML THD. T2 TOHEE
X7 ik, RBMIZkW = a—RLERY MLVET
a—RLTHLNERT MLDZ ETHD.

4. REEHROKRE

JECRELETAIY XAEEEL, ZOHEHMICS
UWVTRRET L 7.

4.1 IREEERIKO LRSI

JETHARZTTY X4, 2 FHOTIREEERIRZ
R L7=. pictorial symbols O & LT, 1R d a—
vt —h v FORE W, ZoRRIE, SVGIERXD T 7
A WEARESCRRNTT 5 Z L2 & 0 A% L 7= Bezier #hifig % 7 <
AIARXTHZ LIV AERLEZBEBBIRTHS. b,
AR OBER YA X1L 100 x 100 EZ AL THSH. ZOMH G
DOHFHRO 50 x 50 OFFAICIIRE T A Z T4 A LT-.

Z OFIRE IR & U CUREZEHERAR O BERITR 2 X
WHNTAERT B Z L2k, IREERERREAR L. K
BEOEEITS & Uiz, £ U TAR L IRAEFEERIR
DEEIIRE, K5 IZ7Rd. K231, 1REIEBOEVIKL
THW= RBM IR TH Y, ThEh, KERIR,
F I IRIRAEEERIR ORIk 2 B U CTAR LT 7 78
IR TH 5. AR L2BRENE, £hEh 100 TH Y
FEHETAR, FRIRERERROBEMIRE ST, A5
202 DR Z IR & LTHW . RBM O35 (2w
ToNAINN=INT A —H %, F1ITRT. 41, 1 HED
UKL THWERBM OF A MEIRTH B, T A MR
X, 101 TH5.

X 612, K0k L THWEZIREIRE XOT X Mk
BT, 1,2, - 51T, ERTh, $12,--- ,5HA
DOV E L THWEBRTHD. ZNENDOITOLEMD 4
ORI TH Y, 7R OB T R MERTH
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%. 723, RBM OFl#ERE LT 2 MEKE LT, #4
H72 PRI 2 AW CTARR L7z 7 7 BRI L CRITAL
HErBIlholzboa Ve, Al LT, BEilgT —
O M) IVTBLIO2MEkEB I o7, ok, JIRY
RIZOWTE, IRAEEVEIIR &2 B U CARL L 72 IR
ZR Lz,

0 R LTI CIRAESEETZ IR Dtk 2 A9 2
TEOICHWEA =) 7 ORERE, R218T. Zh
LOMEIX, TATY XA1 D, 24 c(current candidate)
DIETHD. 5EIEHO#YIELOKTRETIE, coffee cup,
sauser, 33 &N grab (22 TOZEKL p(previous candidate)
OfEE, EhEFh, (r,y) = (0.375,1.0),(1.0,1.0) B L
(0.375,1.0) THbH. ZOERT LY ALTEDERL
7o, WRAEREREERLTDIODA T —1 7 OfEHET
H5.

¥, BRI & e 7 7 BRI IR DA RIS
DT, [§] ICBWTEEABR RS TV,

4.2 REBERKOZ LR OH

EOT LAY XATH, BROF#MEZE L7 RBM
WL AR OEREEEEE VWA Z ik, RAEEMER
ROBEHEROZLZMOMRBEL /5. 4.1 HioFIZ->
W, TV XAOEEY IR L TERI NS BROH
BERELZK T IORT. $1, - 5171E, ThTh, F
1, - SEIHOEVEL TOEBIROFHBERETH .
FNENOITIE, EBAIC, EERIRE I L TAERL
T ANRTEIR,  IRAEFEHEISIR 2 FR12 U C AR L 72 SIFRTE IR,
T A MEIROFMEERZE, TL T, Zhod0EHDDT T
IO TH B,

4.3 ®&Et

B2, 3,415 EEMETHIEITED, BRI
FET A MR E LT, FEHERRIEB R IR 23 A 5l AT
BECTHDLI ENTN5D.

K605, 73V XAOEEDRLIZEBWT, FIEE
KB XIOT A MERBEALT 2T D50 5. 6 X5
EERITHZ LY, A=V U TDRERICHDOET,
FEVERI IR IR A AR RTRE CH D Z L D,

B 7705, RBM % HWZIROBESEGEERT LY
ALDOMEY KL LD BLTDHETR N5, T ZTIE,
TNAIY) AL LELIIC, FaBIOA L VED
t A L 7T ARG 2R T — % % AT RBM 0%
ERIZHRoTCWA. LT, FELEZRBM #HWT, F
o, Ao, BIUOYGEOE A T NIRRT B
KT —4 2L OFEREOTEHEEZHRE L, ZOMHICH
DNWTAT =) U ITOBROEH B> TWDH. i
HOEANTTHBIL, BRT — X OFHERZED 44
DEERZ DD, TAIY X XChHbET, £YVELT
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_

B 1 SVG 77 A i bAERR LT SRR
Fig. 1 A base shape generated from SVG file.

£ 1 RBM DI e A /8= RF 2 =2
Table 1 Hyper-parameters for RBM training

learning rate  momentum  weight decay  dropout rate

0.0001 0.5 0.00001 0.9

DR O FRERRE D AN BT DT 0 5. IR
FAEAR O L PEORER AR Lz, 18XV 3 [AIH
DV LTHD.

H, FLrvf, BIXORBEOKE R NI T LD
ERARDE, ENENOEIEMEOBENREL 7o T
W5, ZRUE, FNEROREUE LS BRRITHERN e M
BRERBI /D) ZLICE 0 7 7HUBREER L TWDTZ
HThHDH. FHNRIIROFEE L<IEATWD E VR 5.

5. BHYIC

A7 v F LTz pictorial symbols 25 4 —7 7 —=17C
SVFEBEFTDHZLEEEME LT, TOEXDEOEAER
RICESEFEHPRE AN T D720 DO KEN R FEL RS
L.

RRTIE, EEBIRD» O ZRRFLEEZ O AT T
DIGIR (7 7FUTIR) AT 5 72O DEEHERFE 8] %,
IRAERERRZH WD X3 Itk Ea B 2oz, £z, %
HEFAR & IRAEZEVEIZIR & 24l 2R FE IR E LT
BIRT 5 Z ERFRER K DT, IREEMEIRZEIRT 5 F
EERELE.

EFLEEFRETHZLICLY, 5 x bz pictorial
symbols % 22 U CIRAEEERIRZ ERK T 2 Z L B A[HET
D LER L. Fie, EERIRE IRAEEERIR E Off
R Z FE IR E U CGERIRT 5 Z & A AR 7RIk 2L VER
WEERT D ENRETHLZ EERLT.

St OEICIY, REFEOEMERIR~DEH, B &
!, ARk L8R E AW TOA S v F Lz pictorial
symbols DT  —F 7 —= JIZHT B3R E 25T 5D
ZEMMTES.
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SZIBLP AR AR 2P LD
W RS RN W R R

2 U A IR L7 7 7R OH)
Fig. 2 Examples of roughly similar shapes generated with a base shape.
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Fig. 3 Examples of roughly similar shapes generated with a derived base shape.
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Fig. 4 FExamples of roughly similar shapes generated with a test shape.
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Table 2 Scaling factors at each iteration of algorithm 1 [1]  Edwards, C.: Growing Pains for Deep Learning, Com-
mun. ACM, Vol. 58, No. 7, pp. 14-16 (online), DOI:
iteration  coffee cup sauser grab 10.1145/2771283 (2015).

[2]  Eitz, M., Hays, J. and Alexa, M.: How do humans sketch

! 0.500, 1.000 1.0, 1.000 0.500, 1.000 objects?, ACM Trans. Graph., Vol. 31, No. 4, pp. 44:1—
2 0.250, 1.000  1.000, 1.000  0.250, 1.000 44:10 (online), DOT: 10.1145/2185520.2185540 (2012).

3 0.375, 1.000  1.000, 1.000  0.375, 1.000 [3] Fu, L. and Kara, L. B.: Technical Section: Neural
4 0.313, 1.000  1.000, 1.000  0.313, 1.000 Network-based Symbol Recognition Using a Few Labeled
5 0.344, 1.000  0.032, 1.000  0.344, 1.000 Samples, Comput. Graph., Vol. 35, No. 5, pp. 955-966

(online), DOI: 10.1016/j.cag.2011.07.001 (2011).
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L COYREILETGIR DIGAfTAR

Fig. 5 Candidate shapes for derived base shape at each iteration: From left to right;
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Fig. 6 Examples of training shapes and test shapes used in each iteration. From the

first to the fifth row: shapes used in the first iteration, - - - ,

and the fifth iteration

respectively. In each row, the left four shapes are the training shapes, and the

others are the test shapes.

[4]  Geman, S., Bienenstock, E. and Doursat, R.: Neu-
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ral Comput., Vol. 4, No. 1, pp. 1-58 (online), DOI:
10.1162/neco0.1992.4.1.1 (1992).

[5] Hinton, G. E. and Salakhutdinov, R. R.: Reducing the
Dimensionality of Data with Neural Networks, Science,
Vol. 313, No. 5786, pp. 504-507 (2006).

[6) Hinton, G. E., Osindero, S. and Teh, Y.-W.: A Fast
Learning Algorithm for Deep Belief Nets, Neural Com-
put., Vol. 18, No. 7, pp. 1527-1554 (online), DOI:
10.1162/neco.2006.18.7.1527 (2006).

[7]  Krizhevsky, A., Sutskever, I. and Hinton, G. E.: Im-
ageNet Classification with Deep Convolutional Neural
Networks, Advances in Neural Information Processing
Systems 25 (Pereira, F., Burges, C., Bottou, L. and
Weinberger, K., eds.), Curran Associates, Inc., pp. 1097
1105 (2012).

© 2015 Information Processing Society of Japan

8]

e {F : A4 v F L7z pictorial symbols ®F 4 — 7
T == T DD ORI & BT EE T —
HHERR, TE LSRR, Vol 2015-CG-160, No. 7

pp. 1-8 (2015).

Mitchell, T. M.: The Need for Biases in Learning Gen-
eralizations, Readings in Machine Learning (Shavlik,
J. W. and Dietterich, T. G., eds.), Morgan Kauffman,
pp. 184-191 (1980).

Modley, R. and Myers, W.: Handbook of Pictorial Sym-
bols: 3,250 Examples from International Sources, Dover
pictorial archive series, Dover Publications (1976).
Schmidhuber, J.: Multi-column Deep Neural Networks
for Image Classification, Proceedings of the 2012 IEEE
Conference on Computer Vision and Pattern Recogni-
tion (CVPR), CVPR ’12, Washington, DC, USA, IEEE
Computer Society, pp. 3642-3649 (online), available from
(http://dl.acm.org/citation.cfm?id=2354409.2354694)



FHRAEZSHRRE
IPSJ SIG Technical Report

Vo0l.2015-CG-161 No.12
Vol.2015-CVIM-199 No.12

2015/11/6
100 100
€ €
=] =)
o o
o o
0 e 0
50.0 20.0 50.0 20.0 50.0
error error error
100 100
€ €
p=} >
3 3 ‘ ‘
o o
0 —— — 0 —
50.0 20.0 50.0 20.0 50.0
error error
100 100
€ €
=3 =3
o o
o o
oL 1 | T 0
50.0 20.0 50.0 20.0 50.0
error error
100 100
€ €
3 =)
[e] o
0 ,[I]]:n_ 0 ‘H]fl:n_
0) —— — 0l —=
50.0 20.0 50.0 20.0 50.0
error error
100 100
€ €
=3 >
3 3
o o
0 —— — 0 --—H]Eh—
50.0 20.0 50.0 20.0 50.0

100 100
€ €
> >
Q Q
5] 5]
0 0
20.0 50.0 20.0
error
100 100
€ €
=1 3
Q Q
o m o
0 0
20.0 50.0 20.0
error
100 100
€ €
=1 =
Q Q
o o
0 0
20.0 50.0 20.0
error
100 100
€ €
=1 =
Q Q
&) o
0 0
20.0 50.0 20.0
error
100 100
€ €
=1 =
Q Q
o o
0 0
20.0 50.0 20.0

error

&7

error

error

A0 K L TOFEEYI LT 2 MERko RBM % 7= B s E

Fig. 7 Examples of RBM reconstruction errors of training and test shapes in each iter-

ation. From the first to the fifth row: the reconstruction errors at the first, - - -,

and the fifth iteration respectively.

In each row, from left to right: the re-

construction errors of the training shapes generated from a base shape, of the

training shapes generated from a derived base shape, and of the test shapes. In

the rightmost column, the left three graphs are put together into a whole.
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