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Analysis of Synchronization in Spontaneous Activity
by Simulation of Spiking Neural Networks

(FRIFLHERF)

*3. Nobukawa, H. Aiura (Chiba Institute of Technology), H. Nishimura (University of Hyogo),
and T. Yamanishi (Fukui University of Technology)

Abstract— Cortical neural networks sustain some degree of electrical activity representing the brain’s noisy
internal sate even in the absence of sensory stimulation, which is called spontaneous activity or ongoing
activity. This neural activity exhibits typically accompanied by irregular neural spiking with a low firing
rate (= 1 Hz), but high coherent spike transmission between specific neurons. Teramae et al. proposed that
the spontaneous activity is produced by log-normal distribution of excitatory synaptic weights. Recently, it
has been also reported that network, which is constructed by the synapses with large amplitude of excitatory
synaptic weights, exhibits high clustering coefficient and low short path length, i.e., the characteristic of
small world network. However, there are few studies regarding relationship between the characteristic of
small world network and complexity of spontaneous activity. Therefore, in this study, we construct the
spiking neural network composed of the small world network with large amplitude of excitatory synaptic

weights and random network with the other synapses. We evaluate the fluctuation of neural activity in the

spiking neural network by multi-fractal analysis.

Key Words: spiking neural network, spontaneous activity, synchronization, small-world network, multi-

fractal analysis
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Fig. 1: Characteristic of spiking activity in spiking neural network with coexisting small-world network and
random network. (a) Raster plot. (b) Time series of spiking rate. (c) Power spectrum of spiking rate.
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Estimation of Forearm Posture by Nine-Axis Motion Sensor Using Quaternion Neural Network

* H. Firdaus and T. Ogawa (Takushoku University)

Abstract— Human motion and posture are quantitatively analyzed and evaluated using various sensors. Geo-
metric algebra including quaternions can be used to describe the geometry of three dimensional space. Moreo-
ver, we can learn and estimate nonlinear relation between quaternion input and output by neural networks ex-
panded to quaternion. In this study, we applied a quaternion neural network to estimate forearm posture from

data with the nine-axis motion sensor.
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Table 1 Network parameters

Parameters Values
Number of input neurons 3
Number of hidden neurons 5
Number of output neurons 1
Learning rate & 0.001
Momentum rate o 0.9
Number of training epoch 100000
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Fig.5 Mean squared output error in learning.

15

1 ®
o
5
S oos
5
o
® e
o" 0
1 3
‘ @estimated r1
-0.5
motion
(@
15
1
5
£ os
5
o
0
estimated r2
-0.5
motion
15
! s
05 o

output

d ) ?
3

@estimated 13
05 -
motion

©
Fig.6 Each element of the output quaternion for each mo-
tion, (a) r1, (b) 72, and (c) r3; motion =0, 1, 2, 3 represent
flexion, pronation, and external rotation, respectively.
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Abstract—

This document describes a new method for paper soil measurement. The method is based on ra-

dial basis functions (RBFs). A measurement system including a number of dedicated RBF networks connecting
in parallel is proposed. The networks are modeled on the Weber-Fechner law in psychophysics in order to
match human sense of fitness. This makes a contribution to enhancement in the plausibility.
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Fig. 4: Visualization of RBF units in feature space
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Knowledge Acquisition by Rough Set Considering Imprecise Rules and
Fuzzy Discriminant Analysis
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Abstract— This paper firstly gives new interpretation for the fuzzy inference model with imprecise rules.
Second, it proposes how to obtain the minimal decision rules of the imprecise rules by using rough set theory.
Finally, the proposed method is applied to medical diagnosis, and shown to superior to the conventional
model from point of view of accuracy and number of rules in this paper.
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Design Optimization based on Artificial Bee Colony and Weighted Voting Method

G. Yokoya and *T. Hatanaka (Osaka University)

Abstract— In this paper, we discuss a design optimization scheme by using Artificial Bee Colony and a
kind of discretizing method based on probabilistic voting for an alternative candidate. Artificial Bee Colony
is used for a global continuous search that corresponds to a physical perspective of target design problem
and a discretizing part is a choice of parts where we face to an actual design phase. In addition, it works
as a local search in the optimization procedure. By applying a benchmark problem, an applicability of the

proposed approach is shown in numerically.

Key Words: Design Optimization, Black-Box Function Optimization, Arificial Bee Colony, Local Search
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Abstraction of Punished Situations for Efficient Reinforcement Learning

Y. Sakashita! and *J. Murata (Kyushu University)

Abstract— A method is proposed that first extracts abstract expressions of situations where reinforcement
learning agents receive punishments and then utilizes them for efficient learning. The method focuses on

‘bad’ situations, and it obtains a general description of situations that can be used to predict ‘bad’ situations
and thus to avoid those situations, resulting in more efficient learning. A navigation task of an autonomous
robot is used as an example problem, and its simulations demonstrate validity of the method.

Key Words: Transfer learning, Constraints, Generalization, Autonomous navigation
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Fig. 2: An example image that the agent captures.
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Table 1: Rewards and loss of time.

Situation Reward Loss of time
Arriving at the goal 1.0 0
Stepping in a puddle —-0.2 20
Bumping into a wall —0.05 5
Bumping into an obstacle —0.05 b)

Table 2: Common parameters in the experiments.

Learning Parameter Value
Q learning Discount factor 0.9
Learning rate 0.5
LVQ learning | Learning rate 0.1
K 1000
0 0.05
p 0.05
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Fig. 3: The target environment of transfer learning.
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Fig. 4: Time to the goal vs episode, averaged over 100
runs, with transfer learning (violet curve) and without
it (green curve). Loss of time is present.
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Fig. 8: Images represented by LVQ weight vectors
(0 = 0.05). The images represent the state (s) part
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Deep Q-Network using Reward Distribution

Y. Nakaya and xY. Osana (Tokyo University of Technology)

Abstract— In this paper, we propose a Deep Q-Network using reward distribution. Deep Q-Network is
based on the convolutional neural network which is a representative method of Deep Learning and the Q
Learning which is a representative method of reinforcement learning. In the Deep Q-Network, when the game
screen (observation) is given as an input to the convolutional neural network, the action value in Q Learning
for each action is output. This method can realize learning that acquires a score equal to or higher than that
of a human in plural games. The Q Learning learns using the greatest value in the next action, so a positive
reward is propagated. However, since negative rewards can not be of greatest value, they are not propagated
in learning. Therefore, by distributing negative rewards in the same way as Profit Sharing, the proposed

method learn to not take wrong actions.

Computer experiments were carried out, and it was confirmed

that the proposed method can learn with almost the same speed and accuracy as the conventional Deep
Q-Network. Moreover, by introducing reward distribution, we confirmed that learning can be performed so
as not to acquire negative reward in the proposed method.

Key Words: Deep Q-Network, Reward Distribution, Profit Sharing

1 [FC&IC

AR, WHERERRC E A Rk DB CTIERFIEL D &
BN MEEZ RS & LT Deep Learning?) DV EHE N
TW5, Deep Learning (28 D2 R DB E = 2 —
FIxy FI—=TTHH, BHAHZ2—F)V1xy I
7 —7% 2 % Deep Belief Network (DBN)?) 7 EVZ D
RENEZET NV TH S, M= 2—F )by b T—
ZICBT 7 S — T b ay VIR D R
(LB ©) ORREIC K> THHE N, 1980 FERO I,
5 1990 FEARDATHIC T THIFIER AL TD N
Too BRESWMERIE TR, 2R T — 2T 518
5 = & DRRAEZ RS, FRAMBOEHICHKT 5 L)E
ICHDOWTHEEZTS, L LAEDS, AL
ICXB2EETIE, SERED Ry FT—F7TiEH LW
LEDD, ZNL EDZED Ry NI —DIlix5 kb
FIVERIC/NE K o 72, LT LE -0 954
BTHRRE E PHEN 2 B RAE L, 2R DNEETH -
Tzo TD XS AT, 2006 4EIC Deep Belief Network®)
MERIN, U, ZEME2R N =2 —I)L
oy FIT—=UMWMEHENS XS o7z, Deep Belief
Network Tld, ZED 3y hT— 7 ZHIRIL Y~
RV EMHINSHEO Ry FT— oL, A
HESEWED BIFFICFEH L TN T ETEED R Y
NI =T DR EEHLTWD, Tz, WEEHROS
O EF il 5 E DB THIERDOTFIEL D & KIEIC
PEREMUGE T S & LT, Deep Learning OHERNEMA
CHIBNBZ X IICE-72 T, HERDEHSEERDE R
ClE. AREREE 2 BECHE L. 2R LT
DHRITo TWIEH, Deep Learning TIE7T—2 05
M EZEINICHET 2 & TES,

Ko, BREEE OMEAFRHIC X 0 EYSBER 2 1154
OO RELE LT, MIEFHICETSEXEE
BRZEMTON TS ¥, it 8 Tl z @)
BRELTHL T LT, FHDOBEBICB W T &l itz
BORT T LICRDARZHEDBTENTED LV
RN B %, 8L 2 E O #E /5751&. Profit Sharing®

28

ICRET NS RERTRILRI DO L. Q Learning!?) 124X
KEINZREREHOZEHLICRKEL SFENS 1,
BRI D22, T—Y = v b AVHRBNES £ TIc
1RTRERZ WIS DN T b L, 2EZ#0R LT
WL Z e SRBR(ET LI N S, T OFEIEEY
DREZEM LU FETH O, el < MR BeER
ZFEEIEBHTENTERN, RENBERZAE S
BOFHE L, BREREROPAINE, 5 U7
ZRAVTREICE T 2T —Y x> FOIREER I L .
IT—Vx Y FOITHIC LICHMIERIC K DIEDF 5 X
IHEBWVIREEICER L T T e zHIGL., Bz
FEL T KIS %328 2175 T e HEREAEH &0
BENhd, TOFLEFPENBERZ FEERZ T LNT
TEHN, BEZMAT-HICK DL GEITZ2HE0 R T
EWH O, MEIC K > TRIVENEER 2155 C &N
AN D B,

2013 4EIC Volodymyr Mnih 5 HVEZ U7z Deep-Q-
Network'? &PHEN 2 Fikid, sbEEoO—/D Q
Learning 7 Deep Learning O —F1£TdH % B AP
Za—I)xy FI =V THEBLIEEDTH %, Deep-
Q-Network (k2 57 — LBV T AR EFEIREES L
FZENLL oz L, AREDHZE I N TV 5,

AHIFE T, Profit Sharing 12 350) % /7 Hic 2 HL D
A7z Deep-Q-Network 22589 %, Q Learning Tl
ROTTEN D KOMMEZ & LI 21175 DT, D
T OWTIERI & L BITERBEENTVL, LA L.,
B O R ARDMEICIZ R DIFHEVD T, EHICE
W ENERWV, 2T T, RBEFILETIE. ADHM
IZ DWW T DFH Profit Sharing T T % HH2 id
TV, Mg Tz e bRV e KD R TE
55X LTNV5,

2 BHAHFZ_1—FIbRY FT—7

BIHAHZ =TIV FT—7 D F, BIARE
HfTH)BPAREE T =) 2 Txi75 =) VT )E
ERUFEEHEO=_2—F )3y NT—UThHb, BH
IARBIC BN THBRICT TN SRz A8t d

PG0011/17/0000-0028 © 2017 SICE



AR B 7 | 2
eI A D By B (@
O (g B &

ke N EaTEE ]

Fig. 1: BHRABRZ 2 —F )3y b T—27 DKEE
XM S,

2.1 1#&&

BRHABZ 2 —F )%y hT—=71F, K 1IRT &
I REZBREED Iy NT—0THOH, BIHRAREE T —
V2V T DB DR 2 RIS R D, A
DBEFHABREDRICT—) VITEHNL Bt H 5,

BRAFE, EHELTERHEINE T 2 )V ZDE
WIS 2 — B U TR s Rz i 4% 2 &
TZ%, 7=V V7EIE, BHRARETHE S NI
BOMEICHT 2EEZX NS5 EHhHS, BH
ARG LT —1) VT TEOHAEHLEDRDIEI NS T
T, TV BOBAIC R M5 A MERLE
MHFAETNE 8D 5, FFTay bZ X MERLE
T, BiOEOHIDaY S A FDOESEEITY .
®ic, SREGHEZEL T, BN EHDPHIIE N5,
2.2 H

BHRAPZ =T )V 8T =7 Tld, MR
FiEZHWT AR % 771 & HbiE 5 DFEAEAVIN
T BEBEDICEBEZEH LTV, BHRIAHRZ 12—
Ty NI =T Tk, BHRAREDT ¢ )V ZITHYT
BEME. FUCT )V RIHIET B EB E[H CIHEIC K
BREND D, TNEEIE LWV, BHAAFRZ 21—
Ity NI — 7 TREAIGZEE U L TiReEm
INE L 725 K D ICHERNAERE FEIC K DR ZTTS
zLicikB,

MR AIBLRE AR T — 2 D— iz flioTI8T
A—=RZDEHZITI HIETHO, HWap¥EE T — 2%
HEZEZ TNTA—RZDOEHZITH> T & T, #ESHN
Bz iIMEd 2 K 5 ICEHMN TN 5 T2 DI R TR
WKh Ty TENZV AT EERT ST N TE S,

FERINAIECRE RiEICHB N T, BAOEHIZLL RO X
2 THhN %,

DB, (w)
9w (1)

CCTTC, widZHITRENRT A& (EHAPL ZUVH)
ZERLEDEANT MU (LUF, HICHEA LR, 3
PURETH %, Fiz. Ey(w) 33T A—=R w 2T
KDYV T s I 2 H NS 235828 TH
D, EEEEZ S BEIc 3R AR e LT

Bw)= 5 3 3 (o )

peCs j

W~ w—1

(2)

DX B FERH VD, TTT, C W3V TIbs
CEENST—20%4, P 3H LE (HIE) o

29

gy
¥
RTINS
¥
TR 35 e
¥
TR S5 e
¥
TR & H>
¥
TRy EEH>
R
3

Fig. 2: Deep Q-Network DAt

Za—nY ol dP EF—% p OBAIEHED j
BHOWDTH B, . THLBROBIA T, HE
Ey(w) DT LZHIC F Ladihd %,

3 Deep Q-Network

TR, BEETINVDE L LITD Deep Q-
Network!? I DWTEHIIHT %,

3.1 H=E

Deep Q-Network (&, Q Learning!® 1350 % 178l
OB BT BISAR 2 —F )by T —4 2 T
%, Deep Q-Network Tld, 7—LOD 7 LA Wiz
BE L TRPABZ 12— )by FT—=TICATIL,
ZDIRREIC BT 2 T X TOITEiEZ H 1T 2 K51
287721790 Q Learning &3\ TDIRAE & fTE)DFH %
T B L CTROBERMMERIE 2152 Z LMW TE HH,
AV a—2T—LDX S IKELITHIDOHA G DY
WEITTC TR % & TURT % £ TS 2 R
IZE>TLE S, TNUCH L, BHAAZa—T )by
FT—=J@BEITTDT— 22 WS T LICRIT TV,

Deep Q-Network (& Atari2600 DI D7 — LI
HENTEBL, ZNZNDT =L L TRy hT—2
REER22H 7 )V TV A LT 52 L3 9, 7t
KFECHEAIMRDEENE EHRENT VS, X
Too Z2LDTF—LIZBVT, ANHEFRRESL LLIIEZE
NP Eofdgz L, —HD7 — L TIEABL 72 AR
B2 a2 IND . BRIMEDHERE N TV,

3.2 t&E

Deep Q-Network OfiEZ X 2 1CRd, K2 Z2HT
E 0% K DIC, Deep Q-Network (B HIAHZ 2 —
Iy FI—=ZICEDSETIVTH D, 3 EOEH
IAREE 2 JBORKEREN DR ENT VWS, 7T— L4
DT LA WEZEHNE U TERBPARZ 2—F )%y b
T—2IC AU, ZOBIINC RIS 25 TEIC T %
ITENEED I E N5, B 1~4 ETIEHREEE LT
EHUEARER S T W05, MO TH 22 E
D= a2 —8a IS FEICBWT & D1F21TEI O
ERTCICIE %,

753, Deep Q-Network THE 9 ZMEIE, 2
& Z OBIINC BT % STEN O TEIMTIE & DRIfRZ
FAEGEE L TEDABTENTESD, ]
JETHBH 5 OB EER L XS,

3.3 ¥H{

Deep Q-Network Tl&, Bl T®H 57— L DD
Wz A1 U, ZOBIINC B 5 ZNZE D18
EZzt /1452 LT, mRMEEE LTEEZHBI R



9. W1E A 21TEMiiEIE Q Learning IC 3513 21 TENffi
BB 7o, FEOBNCH 5N 3 BN

max

2
0r41,a") —qlor,a
G/GCA(O7-+1)q( T+1 ) q(‘r -r)

3)

THZBNM%, TTT. ry ) 71T 2 HEH.
CA(OT+1) Ciéﬂ(ﬁu Or41 L:%‘b\fl—yl \/ ]\ 0) éi D ?%’
BITEIOHEA. v EZEEIE, q(or, ar) FE o, ITBW
Tii#)a, L% EDOMifEZERT,

Deep Q-Network (7 — L[ o, DASTIEND &,
ZHUTxH U, 80 o, I 23X TOITEIDAMlfEA H
JIENB I IEN S, ZOITEMIEICIED X, e-greedy
LTI ZIRET %o e-greedy I£TiE, e (0<e < 1)
DWERTTXRTOITEIN DT VX LA THI 28R L,
1 — ¢ OWERTIL—IVOMEN R E @O TE) 2 319
%o Bl o ICBNTITE @ Z2EIRT B0 P(o,,a) &

1
E:2<r7+7

3

(1 - E) + W
P(o;,a) = a = argmax ¢(o,,a’) D& %)(4)
a’eCA
6 N
W(%’hb&’*)

ThHZbN%, TTT, |[CAHBTZ—YzVbDEDTE
BITH OO TH D, Deep Q-Network DH/)/E
DZa—a P LR CRICE S,

BEIRENTATE) o, DEITEN, ROIREE 0, 1 I1TE
B9 %, £z, 1THa, ZEo/zT ICXD, Xa7®
TF—LOREREZE LICHM r, N5 2515,

Q Learning OfTEIli{EZ BHAH =2 —F )V 2w b
J— NS 5720 TIFEDANILETH D F
HLTLE S DT, Deep Q-Network Tld Experience

Replay, Fixed Target Q-Network, Reward Clipping
EMHEINZARCBIT 2 TRMEENTN S,

3.3.1 Experience Replay

LRI XS TEZ BN T—2, RERYINICH
LIz DEES>TWVS, D, FoNleT—2%
PRCZOFEFRHITZ L, @l TEAONST—
ZRENCHBEMH T L E 5, 22T B 1780, H.
ROBH DA EDY 07, ar, 77,0, 11 ZHEERE LT A
EVICERLTBE, T2 VXL TY T
LTIy F2ER L, HERAIRIRE TEIC K 28
WIKFHAT S VS BEEE > TWVWd, 1% Experience
Replay W9, AEVICIX, Hefd 1000 J{EDEIHIL
781, WM. XOBIMIOMHAGOEZEAL THL,

X B) BT
(5)

max  ¢(or41,0a")

a’'€CA(0r41)

rr+7

DEGTHEETD O FRIC B 2 HEMEZITHE YT 5 8
D E7%%, Experience Replay Tld, T OHRMEFITH
W B DEZERL THEVWIATUNSID L
TefEZzFH LU CEHRT 2 2 &ick b,

30

3.3.2 Fixed Target Q-Network

3.3.1 TLIbN7z & Hic, I (5) TEREINZHD A
FE SIS T 20, T DD Dbz KD B ITId M
Oy hT—I DEHZFIHTH LICKD, D
2. B E NcEAZ O TR E N T8I
Ko TGEIRESNTATEIRZNIC K o TIF D Nzl 7z
PERFLTR (5) I &> CHEIEE &R 3 L 155
&L FC AT () 1SR 3 BEMESDMERZED > T
LEWV, FEDNIEFICAZEICZ>TLE S, £ T,
Deep Q-Network Tld. 3.3.1 TEHAN/zXSITE T A
FEUNSY T TLUTIZNYFREKL, N
W TR 7217 9 IS BRIME S DIERICH WS 3 v
NU— 2 OEAREEE L THE, FWUAS (BI) 15t
TRHEMESNZEELENKIICLTWVD, 223y
FIC KB —ERBOEEDED ST 6. FEED Y
N — 0 B EME S OIEBRICH WS 2y F T —2Ica
E—LTLEEHEZL, X502 ENZH-V S,

TDX I ICHEIES (Target) DIERIC VS 2 K
T — 7 DEE I 2Ny FICK B —E BIE D
% ETHEE L THL T &% Fixed Target Q-Network
W9,
3.3.3 Reward Clipping

W E U TH A BMEIFHEIC K > TRZ S, Hi
DfaZzfkxs —1, &5 1, 2N 0ICEET S
C &7 Reward Clipping &9, Reward Clipping 7%
froceic ko, HMICEAMNFTE T LIFTEARL
BHEM, PE2EEDBLENTEELO1CRS,

EHIC, FEOZGEN 2 L X 5 HICEHDEHT
KHC O S N2 BRAERBOMNIH LT 7 U v EV T
#1719, I (3) THA BN FRAICHB VT, Deep
Q-Network 25 11X NATTENMIEE g (0, a) ISR 22
fiE ST 3 250 7% d(o,a) £ FRT &, FREREUZ

B = 5 (dlo,a) ~ 4(0,a)) ()

LRI ENTES, BAEBEMOMTIX
0B _ 08 94(0.0) _ (5 a)— d(o,a))

dw dq(0,a) Ow

9q(0,a)
ow
(7)
Li5%, TTT, AAEBBOTEIE (Hi/7) q(0,a) 1T
B9 2 MY 9 2 8800 %
e = q(o,a) —d(o,a)
EERL, e
1 (1<e)
e+—<e (1<
e < —

—1¢(

(8)

e<1) (9)
1)
DEIIC [—1, 1] DFIPHIC TV Vv ¥V TT 2, TDEE,
1 (7) ORRABIE O E

9q(0, a)

ow (1=e)
fw =1 c1<e<y a0
_Q%%@meg—n



Lirb, TNZRITAHT EICKD

1 2
E:{Qe

le]
MEEN%, DEO, FAEEED q(o0,a) ICBIT 207
ez [~1,1] DFEPIC 7 Vv BV T TET &I, e DIHIC
K0, 2 HHOBRAMBZHNTWS Z EICHYT 5,
le| DIEHKZ N E 2, DF DEEIES & )] & DD

REVEZICHADEFENRESEDTERNED
ICHIRY 5 C LT E O EN 2 EERE TV S,

3.4 FEDFHN

Deep Q-Network D IFLLTFD XS 7))LV X
LTIrbN5,
: Replay Memory D DO#JHAL
Network N Z#JHH{L
Target Network Niarget ZHIHIE Nearget = N
T?ihﬁ%%g g %*Bﬁﬁ’ﬂ: E = Eins
for episode =1 ... E do
T=1
ep_end = false
while not ep_end do
BHEDHE z, D SIRAE s, Z1ERK
o, WH D XTITH EIN
{ Z VR LNIE T

(-l<e<1)

(11)
(L)

—_
=

(WE=Re)
K72l argmax,q(s,a; N) (R 1 —¢)

a; FRITU, WM r, & ROMH 2, &
THIE ep_end 78]

Tr41 h\‘gzlj(ﬁ_“% Sr4+1 %ﬁfﬁk

D IZHER (sr,ar,77, 8741, ep-end) 72381

if DICH YTV MUULEEE>TVS &
& then

D DOHH 5T U HEINCY > T EH

11:
12:
13:
14:

15:

L. o7V Mo =Ny F 2R
ERA)

16: IRV F GITDOWTEEREZ I T

17: e B 23R, WEERINAECRE MEZ2 I T

18: end if

19: Tupdate 11T L 1T Target Network O F
Ntarget =N

20: T+=1

21: Emin < E7ED g, 12U ¢ A

22: end while

23: end for

4 iﬁ@”ﬁ‘ﬁﬂ’a’:ﬁﬁ U e Deep Q-Network

T, HBET W7 E 2 iz Deep Q-
Network WICDWTEIHYT %,

REETIVIE. Deep Q-Network ICFEDW =TTV
THO., TrEfifEZ22E I 5 Q Learnlng ICBT
ZMEDEFICIMA . ADOWRMMNEZ b NTHEICIE
Profit Sharing T{1H M % M7 \EEGDEHE%*UJEH LT
BOWMZBEICENDIE > THELT %,

Q Learning Tld. ROIRREIC W TIED FK & 7%
HITENC BT A MEZFH L TEE 2T 2o, [ED
HICDOWTIER R & L ITRIEEN TN, LA L,
BLOWMIC DEN B K 5 HATEI OMIED R AICIZZED

31

BERVOT, FHICBOWTEEEINT, Z0 X5 &fT
FOAMEZ FF 2 X 5 A M EE R0,
Z T T BOWMIC DOV T ORI 21T, £
DM OIERICOEDN D K5 HiTEIZ L ST &7
KDEELRT LTS, MBI FDK 51119,

v
(ICs+1)™"

Ty o, WK 7 ISR 2. |C5 | &R - D
REBICBNTEB T ENTEBTEIEL 7 IZBE DI

IS U Tz Ri%)) 72 29, Profit Sharing Tl D77
T EY — RET L72RICAT 9 DY, IREETIV TR,
D A TFRHCKL 2 EHhDIZ D IS0 Bl 21T 90

HM ol U 7z Deep Q-Network DO%731d, 3.3 C
iBX7z Deep Q-Network D3 7)) ALD 1117H
D ZZ i LIz LIF DX 577 )b 3 AL Tiibn b,
Replay Memory D O#JHH{E

(12)

ry =

—

2: Network N 7z JH#A{t
3: Target Network Niarget 2 ML Niarget = N
4: fTENHER c 2L € = i
5: for episode =1 ... F do
6: T=1
7 ep_end = false
8: while not ep_end do
9: BHEDM 2, h 5IKEE s, Z1EK
10 s, WHDEAITHE EIR o =
T VA LR TE) (HfEHe)
{ F 7213 argmax,q(s,a; N) (HEH 1 —¢)
11: a; ZETU. W -, & ROMIH 2, EF
THIE ep_end 7210
12: if r. <0D&E then
13: Ttmp =Tr
14: for time=1... T do
15: Ttmp = Ttmp X (7= tl <T¥1)
16: T'r—time = T'tmp & D %E%ﬁ
17: end for
18: end if
19: Tri1 75“5’”( R Sr41 %f’lfﬁi
20: D IZ#ER (sr,ar,7+, 8,11, epend) ZiBNN
21: if DICYYTIVH MU EREEF->TWS L
Z then
22: D OWNE T VRIS VIV ERE
L. YU 7IVE M O =Ny F 2R
ERA)
23: SNV F IOV CEEREZ T
24: A E 723k, WERNAACRE MEZ2 I T
25: end if
26: Tupdate 1T £ 1T Target Network O 5
Ntarget =N
27: T4+=1
28: Emin < €725 g, 12U} € 2D
29: end while
30: end for
5 ETEREEER

BEFHEOFWERHEE L. A ERT2DIcE 6
FETIRATz Atari2600 O 3 DD — LAEEM & UTCE
%:%%%Eﬁ%??ngo J;{‘FL:%OD"%E':%%/?\‘@‘O



Table 1: BHIARZ 2 —F )V Ry T —TICBHT B RS

|IEEZ TAINWZFA X[ AFTAF T X | BIEEE

AT - - 84 x84 x4 -

IREZSUZVER 8% 8 1 20 x 20 x 32 | ReLU

| EFIARIE 2 Ix4 2 0x 9 x 64 ReLU

T BARE 3 3 X3 1 7T X7 X 64 ReLU

ESEER - - 512 ReLU

EHREGTE 2 - - TTEFERE | THSEIR

Table 2: “ZFICBS % D RERSET: HODZAAT7WSHTO AT #5072 OOV

FELTL— E 10° ~ 5 x 10° RAAT LS THEY, 0 ZBATLBBRILIZC ki
52@?@ CET 7%, ADTIRRED 21, REH 21 EEoTWVS,
€ D>t er_ /10 BT Y — FEIE 1000, T Y Y — REGE 112 ©
e DREIA Emin 0.1 N . ‘ s .
LY — FRIcBIT 5 ¢ Y 0.05 H% 15\3111{—]\9(611‘&'6@}3} A —21 13T
Replay Memory DY 1 X Dinaw | 10° W EMNZWLD, 22570 Y —FHL SWITH
SN FHAX M 32 JTHRAICAIT M TCWE, BHID 10 T¥Y—R
GIEIRS _ 7 0.99 DATT DA —20.9 THTzDITH L. D 10
Target Network DRHMIAR _Tupdare | 10 TEY—ROXI7 O 14.7 L5 T, HELY

5.1 RERFM

£ 1 IIRETE & S50 Deep Q-Network TH
WBEBRARZ a—TF )y NT—TICBHT 255
R BIHAIRZ 2 —T )Wy FT—IA\F 4T L—
LD —LDT LA MiEZ AJ1T %, Atari2600 O
7 — LA E 210 x 160 ¥ 7 )LD RGB W TH %
W, INEZOEFEFMT 3 EEIHEENIEFICKEL
o TLE S, TDJz8, RGB Wi§kx 7 L—Ar—)b
fEL. 110 x 84 E 7 )UKz UTzt4, Huld 84 x 84
)Y OHLIZEDE AT L—LnFEEDHT1
DOMERELIZEDEATIEL TV, Tz, HiE
O TEMEETH B DT, HhED =2 —1 ¥
FFEITET—LICBNTER T EDTEBITEIOM
FHORERCICE %,

7o, PHICHT MO 2L 217, TTERER
I3 e-greedy £ T1T9. ¢ DEIFZEFIMRRAICIE 11CE
BT B8, FERICT VR LATHMNERNENS, ¢ D
X1 EfTEIT 528 (1 A7y 7 TE)IC1/10° 3D
0.1ICEDFETHRILEETCNL, ¥, 10Z¥Y—RT
i1 Y — FZFHBICHW A D, iy —FR
ICHTF5 e DE () 13005 ELTWD, T—Lick>
T1TZEY—=RBEODAT Y THNRES T2, %
TF—LCBWT e DEMNERVIMEICIZ D, 2EDD 518
T LIz BN b Y — REESAIZIZD, 2
PV —RRET—=LZLICHIDEICIE> TS, &
7z. Replay Memory Y Rl D Deep Q-Network D
FERICBOTIE 106 TH o7, AEBRTIE, HHT
BatERORGR 105 & Uiz, Y2 VA T D%
Loz R —FYOHOY T IV SIEIC FEET
BT T B 105 DY > )V EEEAFEHT %
ZENTES,

5.1.1 A7 D%

T T, 1T 2 HM 2Bl Z W7z Deep Q-
Network &HE3RD Deep Q-Network I B\ T2EHE 21T
W, A7 OB DL 21T o Tz,

(1) Pong

3 1Z Deep Q-Network {Z ¥ C Pong @i & L
TR AT I EDR 7 OB 727”9, Pong Tl

32

V— RRISH D> T AT THUS 2408647 AT 7',
FHIT Y — RKISh > T2 AT T8 363930 A
TV I TH -1,

AN B % W72 Deep Q-Network 123800 C
Pong Z @ & L TR R To I L DA a7 OB %
R, 15 TEY—FRHL SWETIR AT M —21 13T
WT EMNZVH, ZTHh5E 65 ZEY—FREHLI SWITH
T TIRRICATT MHTTVE, D 10 TV —R
DAAT DN —20.8 THHT=DITH L., HED 10
TEYV—ROAAT7DFZ 13.5 Lixotz, #HITE
V— ReKISh D> T ATy 781X 3016489 ATy 7,
FHMET E Y — RRIChh - 7= A7 TEUE 477353 A
TV I TH -1,

5 IZ Deep Q-Network & 7 Ad %z IV 7z Deep
Q-Network IC$51) 2 H KD X a7 OB O Lg%
FoltER AR, Kb5ERS X7 OHBITKE
TEWERSNZWT EVgh 5,

(2) Breakout

6 1C Deep Q-Network IZ 3T Breakout 7 it
LB RIToI2 L ZDRAT OB ERT, ¥
IEY— FEE 5000, FHiiT EY — REUE 556 TH 5.
100 TV —FRHLBWE T ATy olaanc &N
2V, FTHh5 300 TEY— RHL 50T TIRE
WCAAT7 MU TVE, TFID 10 TEY—RFDAa7
DM 2.7 THOT=DITHH L, &fED 10 TV — R
DAAT DFF 176 LixoTz, FEHITEY — Rek
o e AT TH0E 1964570 A7 7, FHfiT Y
V— RRICh o T ATy THUL 332824 X7 T
E') f:o

X 7 I ERE 7B 72 FH O 72 Deep Q-Network (2380 C
Breakout Z @ & U T 21T T2 & DA77 O
BaRd, 120 LYV —FRHLSSBWETIE AT 0
WIENT EMZND, FTHh5 200 LEY—REHL S
WIEDT TIRRICADT MR TNE, IRfD 10 T¥
V—ROATAT DN 1.6 TH-T=DICH L., HE
D10 Y —RDAXATDFIF 14.8 Lixo Tz,
BV — ReRIchh o A7 THIZ 2221370 A
T 7, FHEZEY — Reichh>lz A7 v THIZ
180375 A7 v I TH -1z,

8 IC Deep Q-Network & il 77fil 2 FH U 7z Deep



20
15
10
5k
o
E 0
5 b
-10
-15 F
20 /\ A ) Deep-Q-Network ;
20 40 60 80 100
Episode
Fig. 3: Deep Q-Network IC¥51F % A 37 ## (Pong)
20 F T T T T T
15 F
10
5L
2
S 0
2}
5t
-10 |
-15 ¢
20 Lk A/\ Reward distribution Deep-Q-Nelwork ;
20 40 60 80 100
Episode
Fig. 4: ##5H %2 FIV 72 Deep Q-Network I 31 % &
a7 #E# (Pong)
20 [ '
15 +
10 -
5L
2
S 0
@
5k
-10
-15
Deep-Q-Network
20 /\/\ A Beward distrib‘ution Deep-Q-Network )
20 40 60 80 100
Episode

Fig. 5: A7 OB DL (Pong)

Q-Network IZ31F % 22D A 37 OHER O gz
ot A Rd, £, K8 TRERAAT7DEFDE
FL L, A LI Wizd, RUT—%7% 20 T
EY—RZTEDYHE L TERLIZONK I TH S,
R ld % FHO 72 Deep Q-Network D75V U BLWOES
FETUCRL TWAD, iR A a7 & AL 2
Honznc EWVnh s,
(3) Asterix

10 IZ Deep Q-Network IZ 3T Asterix 7 @t &
LB R EDRaA7 OB ERT, ¥ET
YY) — REUZ 5000, fHMliT Y Y — REUE 556 TH S,
RADITIE AT 100 5 500 < SWVOHIFHT, &
BOFIEAAT 200 15 600 < SWVOHIPITERL
TV, B0 10 TEY — RD A7 DFH 240 T
HoleDICHT L, 52D 10 TV — RO R a7 D44

45

Deep-d-Network
40

35+
30

25 1

Score

20 [

|
L.nhh “uhL ‘ ‘
100 200 300 400 500
Episode

Fig. 6: Deep Q-Network ICF1) % A a7 # (Break-
out)

S

45

R‘eward distrib‘ution Deep-d-Network
40

35 ¢
30

25

Score

20

s1
il S
100 200 300 400 500
Episode
Fig. 7: #/2Bc 2 AV 72 Deep Q-Network IZ381) % A
a7 #E#% (Breakout)

45

‘ Deep-d—Network ‘
a0 | Reward distribution Deep-Q-Network

351

30 [

25 ¢

Score

20 +

S

15 +

9

10 b

o

| ,'”]ld i | “M ! ' * |

e
0 L.‘.,.l.\Luililxixihll’anr 'l ‘ ‘ ‘
100 200 300 400 500
Episode
Fig. 8: A7 OHEB DL (Breakout)

45

w

40 |

35+

30

25 1

Score

20 [

Deep-Q-Network
Reward disnibption Deep-Q-Network ;

100 200 300 400 500

Episode
Fig. 9: 237 OHER (20 TEY — RT L D) DLt
% (Breakout)




& 385 £7xolz, FHIEY— ReRIchhoTzAT Y
THEUNE 1467501 AT v 7| FHIZ EY — RKIThHh-o
T2 A7 78 191082 A7 I TH - 7z,

11 IR 2B 72 FI W 72 Deep Q-Network 12300
T Asterix ZHEM E L THEEEITEEDRAT D
R E RS, BHIDNIEZATTH 100 H5 500 < BV
DT, BBOITIZATTH 30015 700 < HWVOD
HETERTLTWS, ®HID 10 TEY—RDAaA7 D
M 305 THo DT L, &E%ED 10 TEY—R
DAAT DFHYZ 480 LT o te, HHIEY — Refk
WD o e ATy TEUE 1554778 AT 7, P Y
V— RRICHh D -T2 AT TEUE 180375 AT T
HoT7,

12 1Z Deep Q-Network & ¥/l Z FHU 7z Deep
Q-Network IZH1F 52 E KD A a7 OHERE D LLik %z
fFrolet B e R, £, K12 TR AIAT7D L FDOZE
AL <. i LIcd Wiz, RICT—%% 20T
EY—RZELDEHELTERLIZDODK 13 TH S,
Asterix (&, Deep Q-Network W& L TWARIET
BB, BIENERAITIIIRETIETH 2 Wil 7z
Wz Deep Q-Network D5 E K o TWBMD, 0T
NOTFETEIEY—RTEDRTATOEFHEHLL .
FEERICEREREND D LETERSVENZ L,

5.2 BEDRMOESEDHTS

5.1.1 TR K ST R a7 ORI L TIER
THELHERD Deep Q-Network & DRICHIER DR
b otc, IBETFETIE. ADHRMO DB ZTT-
TWA 7, BYNEEM TN TOIUI Y DTS
WCONTHEOMMIERENZ MV R kb LE
AbNs,

(1) Pong

141X, Pong DFEICBNTHEE Y —FZ 10
HATw T TEICKY]Y, ZORXBICIBWTES LA
OMMDIEIEZ 7T LizeDTH B, K14 KD,
B Z T 75 W ER D Deep Q-Network 1 FEaX,
REFETIE AWM OER BN 85%1F EICE> T
W3 EDNTh %,

(2) Breakout

15 1&. Breakout DZFZHICHENTHEH LY — R
210 JAT Yy 7T EIXYID, ZOXMIC BV THERS
LIzBOMMOmEE 7571 Lz DTh S, K15
KO, WM B 21T IR WK D Deep Q-Network 1<

e[ 1RRTE TR A DO O HED 90%1F £l
ToTWBT N5,

(3) Asterix

B 16 (X, Asterix DEFICBNTEHIEY — R
10 JFATYy FTEIRKYID, ZOXMEICBNTHERL
TZBEOMMDaE " 75 T Uiz D TH 5, X 16 &
0. B ZT T DR WIERD Deep Q-Network I L
A, EFETIIADRMOIEFEED 85%1F E1ciz->
TWBT N5,

DL EDOFERE O W NDGEIC & $EETFE Tl Deep
Q-Network IZ LENTHEEEN LW -0 FEED L
Mo TWVBDIFTREWD, KD ADOMMZIET LK
WESICHEETETWAB T ol

1000

Deep-Q—‘Network

800

600 -

Score

400

200 ,1

0

100 200 300 400 500
Episode

Fig. 10: Deep Q-Network IC 8} 2 A7 #HF (As-
terix)
1000

Reward distribution Deep-Q-‘Network

800

600

Score

400

200

. . . .
100 200 300 400 500
Episode

Fig. 11: Bz AU 7z Deep Q-Network I $51) %
A7 HERE (Asterix)

1000

Deep-Q-‘Network

800

60

.| ‘
”“‘(

pl

Score

|

| l”

T
Reward distributjon Deep-Q-Network
300

, “ W

Fig. 12: 227 OHEB D LLES (Asterix)

1000 T

Deep-Q-‘Network
Reward distribution Deep-Q-Network

800 -

600

Score

400 -

200

. . . . .
100 200 300 400 500
Episode

Fig. 13: 237 OHERS (20 TE Y — R L D) DLt
% (Asterix)



2500

Deép-Q-Networi(
Reward distribution Deep-Q-Network

2000

1500

1000

The number of get negative rewards

500

30
Episode (x100000)

Fig. 14: ¥ TV — RICEBT % E DRSO
% (Pong)

3000

Deeﬁ»Q-Network ‘
Reward distribution Deep-Q-Network

2500 r

2000 -

1500 -

1000

The number of negative rewards

500 -

0 . . . .
5 10 15

Episode
Fig. 15: ¥ TV — RICEBT % B OMIES R D
#E#% (Breakout)

1200

20
(x100000)

1000

600 -

400 -

The number of negative rewards

Deep-Q-Network
Reyvard distri‘bution De‘ep—QfNetvyork

0 . .
2 4 6 8 10 12

Episode
Fig. 16: #EH TV — RICHBT % A DORMBEERE D
HERS (Asterix)

6 HbYIC

ARG T, 7 B2 WV 72 Deep Q-Network 7
RIA LTz, B2 FUW 2 Deep Q-Network (&, 1
KD Deep Q-Network ICFEDWIZETIVTH D, 178
i 72 4 9 % BRIC Q Learning (< 3513 2 i i oD B 8t
ICINA., BOWNE % 5 NTE1ICIE Profit Sharing
TN 2Bl D I71E7Z2FIH U TE O Z i 2
ICEDDIF>THET %0 Q Learning Tl&, RODIRAE
ICBWTIEDN B & 7R B 1TENC BT Z iz R H L
THRZITD 12O, IEOHMIC OV TR L &b
EREEINTHL, L L, BOWMICDERNS XS 7%1T
FOMEDRAICIEZDFHRVDT, FHICBN T
BENT. 2OX S RITHOMEE T2 X5 %750

14
(x100000)

35

IKIFEETHE R T, IREFEOEAN RN IEE
@ Deep Q-Network &R UTH SN, Q Learning I35
WTHEHOHMIEEENEZ0WE VS EIcERHL, &
DM ZHENT LTz & ZICDH, Profit Sharing ICH1F %
W B2 T BLOWMZ &2 K5 RiTEiZ L 5%
WEITHEE TS,

Atari2600 © 3 DD7 — LBV TRIEMKIERZ1T
WV, BB FE EERD Deep Q-Network D217
2o WITNDT—LIZBWTE, Deep Q-Network IC
ARTHEENHLZDH T EEMEN LNE T EETN
TeMghote, L L. BLOMMOWESRIEIE -
THED, KOEHOHMZER LENKSICFEETET
W5 EMTERETE T2,

SE
1) A. Krizhevsky, I. Sutsukever and G. E. Hinton : Im-
ageNet classification with deep convolutional neural
networks. In Advances in Neural Information Process-
ing System, pp.1097-1105, 2012.

2) Y. LeCun, L. Bottou, Y. Bengio and P. Haffner :
Gradient-based learning applied to document recog-
nition. Proceedings of the IEEE, Vol.86, No.11,
pp.2278-2324, 1998.

G. E. Hinton, S. Osindero and Y. Teh : “A fast learn-
ing algorithm for deep belief nets,” Neural Computa-
tion, Vol. 18, pp.1527-1544, 2006.

F. Rosenblatt : “The Perceptron: a probablistic
model for information storage and organization in the
brain,” Psychological Review, Vol. 65, No. 6, pp.386—
408, 1958.

D. E. Rumelhart, J. L. McClelland and the PDP Re-
search Group : Parallel Distributed Processing, Exlo-
rations in the Microstructure of Cognition Vol. 1:
Foundations, The MIT Press, 1986.

G. E. Hinton : “A practical guide to training re-
stricted boltzmann machines,” in Neural Network:
Tricks of the Trade, Springer Berlin Heidelberg,
pp-599-619, 2012.

A. Krizhevsky, I. Sutskever and G. E. Hinton : “Im-
ageNet classification with deep convolutional neural
networks,” Proceedings in Neural Information Pro-
cessing Systems, pp.1097-1105, 2012.

R. S. Sutton and A. G. Barto : Reinforcement Learn-
ing : An Introduction, The MIT Press, 1998.

J. J. Grefenstette : “Credit assignment in rule discov-
ery systems based on genetic algorithms,” Machine
Learning, Vol.3, pp.225-245, 1988.

C. J. C. H. Watkins, and P. Dayan : “Technical

Note: Q-Learning”, Machine Learning, Vol.8, pp.55—
68, 1992.

TR, ILAPHES?, /KRS © “R-FESRERATL « salb
BBV 2 BEIRIE D 726 O TR EREG,» A TR
£37%, Vol.10, No.3, pp.454-463, 1995

V. Mnih et al. : “Human-level control through deep

reinforcement learning,” Nature, No.518, pp.529-533,
2015.

I. H. Witten : “An adaptive optimal controller
for discrete-time Markov environments,” Information
and Control, Vol.34, pp.286—295, 1977.

A, (LATHESE, RIS - ibEEEIC B B
FHERS T OBERNE S N THIBEF 2R, Vol.9, No.4,
pp.580-587, 1994.

10)

11)

12)

13)

14)



12

2017

12 15 -16 \‘EBEFH

HEXEEISE! Deep

Belief Network FHEICK S

B2 T — 2 DFEEEDR L

OffH =

it %

UL BTN RZEREZAGEG A ARG R A 5 B0
FOZIR R AR R AR B A AR )

Improvement of Learning Speed For Comprehensive Medical Examination Data
by Adaptive Structure Learning Method of Deep Belief Network

xS. Kamada (Dept. of Intelligent Systems, Graduate School of Information Sciences,
Hiroshima City University )

T. Ichimura (Faculty of Management and Information Systems,
Prefectural University of Hiroshima)

Abstract— Deep Belief Network (DBN) has a deep architecture that can represent multiple features of input
patterns hierarchically with the pre-trained Restricted Boltzmann Machines (RBM). We have developed the
adaptive structural learning method of DBN, that can discover an optimal number of hidden neurons in RBM
and layers in DBN. The adaptive DBN obtains the highest classification accuracy among the other traditional
methods for some image benchmark data sets. Recently, the learning method for the combination of image
data and some text or numerical data called multi modal data has been proposed, but the preprocessing
for their data such as the filter composition is required. In this paper, the classification accuracy and its
computational time for the multi-modal data including not only image data but also numeric data and text

data is verified on the adaptive DBN.

Key Words: Multi-Modal Data; Data Arrangement Method; Deep Belief Network; Restricted Boltzmann
Machine, Adaptive Structure Learning; Comprehensive Medical Examination Data
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22— 0 YV EDIEFEMEN —EDEX D &
INEWT EfRT

7: CBlockCand OHIT, b ORH) (WD) hiiRd
MW CSV 7y 7%, ANKEAZITS CSV
Juaw 27 & LT, CBlock £ 3 5.

8: if CBlock; ¥ I Blocky OEFHCEENTWR
WA then

9: CBlock;, DfiiE %, IBlock;, DOREDONIEIC
ZEHT 5.

10: C Block; %@Iﬁ?ﬁ%‘@'jﬂvﬁ&b,
CBlockCand M5B 5.

11: BHED AT17—Z Difi " C LookupT able %
B9 5.

12: end if

13:  end for

14: end for

Algorithm 2 Inference procedure
Require: V: AJ17—%, Model: *#E%0D
J—7.
LookupTable: T7tD ASJDNLE & 258345 DN E DX
ISz RLER T BT — T L.
1: LookupTable ICFLERE LTV 5 A HUERICIE DN
T, TOANT—2 V DlEFz ANEAZ, Thze
vV £9%.
2. V' BEBEHERDIY N T—Y Model 125 %, #
mziTo.

|/

~» b

EEPICHT S WD DRSS U T, HEDE
FollEn=—a—ua Y SaHBENOEZIT, FE
KTBAHZ a—a DN Z—2V RO B T EHEAR
k%%, TCT, HHWEBTuy e CSVIuy s
OHMBICHIGT B A= 2 —a b, mEIchH
HAH B ERAZL, CSV 71y 7O EZEGRT Ty
JORRICTED K DI, Al a—R Y ONEZZEHE T
%. B ZIX, IBlock, & CBlock, 7t A& Z 555,
JCD AN T—Z DT 7%

{-++,IBlocky, I Blocky1,---,CBlock;,CBlock;11,- -}
E9BE, ANEZROUT %
{---,IBlocky,CBlock;,IBlocky41,---,CBlocki41,- -}
&9 %. Algorithm 1%, BEFEDO7 )LV XL
ZRLTWS. &, ANMT—2DANE 2%, tD
T—ZNED S ANE A DONE DM IS Z Rk 5 7z
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(a) Register a new sightsee- (b) Google map with new
locations

ing spot

Fig. 7: Android smartphone application

Table 1: Health check items

Category Name Data type | Range
Basic test Patient ID Integer
Age Integer (10 - 134)
Sex Code [Male, Female]
Date Integer
Tleight Float (117 - 196.7)
Weight Float (276 - 175)
BMI Float (11.9-57.3)
Abdomen Float (53 - 157)
Eye sight(right) Float (0-9.915)
Eye sight(left) Float (0-9.015)
Tearing(right, 1000) | Code Normal, Abnormal]
ing(righ Code Normal, Abnormal]
. Code Normal, Abnormal]
Hearing(left, 4000) Code Normal, Abnormal]
Blood pressure | Blood pressure(Max) | Integer (70 257)
Blood pressure(Min) | Integer (26 - 148)
Urine Protein Code ), (@D, a0, P, BH
Ocult blood Code ), E 00,6, G
Urobilinogen Code ), (@, ap, P, BGP
Blood analysis | WBC Tnteger (1200 - 26000)
RBC Tnteger (231- 672)
T Float (5.5 - 22.3)
Ht Float (20.6 - 65.2)
PLT Float (2.7-112.6)
Liver function GOT Integer (5-1134)
GPT Tnteger (4-1909)
Gamma GTP Tnteger (1-2329)
ALP Tnteger (39 - 1758)
LDH Tnteger (77 - 620)
ChE Tnteger (103 - 621)
ZTT Float (T-13.8)
Total Bilirubin Float (01-48)
Float (56-9.3)
Alb Float (3.3-5.4)
AJG Float (0.6-238)
TC Integer (94 - 418)
Lipid DL Tnteger (4-357)
TIDL Tnteger (17 - 205)
TG Tnteger (17 - 2628)
Sugar urine Code [, @, 09, P, BP ]
Diabetes Blood sugar Tnteger (41 - 441)
ThATc Float (47-127)
Uric acid Tnteger [1,3,4,6,7
Uric acid Creatinine Float (0.28 - 13.68)
Kidney function | BUN Integer (5-59)
cGFR Float (39-224.7)
CRP Code O, @, 09, 0P, GP]
Infection Hbs antigen Code =, B
Hbs antibody Code =), ]
Hbe antibody Code =), (D]
Hev antibody Code ), B, 09, 0]
Pepsinogen Code =), (D]
Additional test | Pylori Code =), ()]
Amylase Float (27 - 1335)
ASO Float (10 - 393)
CEA Float (0.2-10)
CA15-3 Float (4.600-19.400)
TTT Float (0.3-10.6)
Fecal occult blood Code [, ]
Other Health questionaire | Code [1,2]

$HDFEKE LT, “Look up Table” MMEKRET N 5.

BOXy T =T 2 HOTHEGwRZIT D
BXU Algorithm 2 1T/R9 K S, “Look up Table”
EHWTT—2DEHEIMTbNs.

4

&, Fig. 6



Table 2: Medical Image

Rk | 0L [ W75k [ WAk
RS TR | X AR
g CT s | CT O
Hil X 5 Hil | X AR O
SRVETI T4 || SVETTT 4 (XD @)
4 BR
4.1 T—REv b

KX T, HEEEOT—2NGENTVWaE <)L
FE—ZNT—RELT, BOUICEET 2 EBINT—X
2y, 11 FAOWMZT—2 13 O 2 BEOT— %
KL, REFEZEH L, HDBERE LR E 7z T
fifi L 7z.

BOCT— 213, WADBFELIZMPPS 7 7)) r— 3
> (Mobilephone Based Participatory Sensing System)
THs [OALFBYEY Y 71 1 ZRVTIEE N
& DT, Fig. TIRT X, BOHESINZikITH
DOEBNRE UTHIENHR, 5 BRFEHEfE, I X2k
X, BEZIETZTLNTES. BlES254%
7eoic, FERERER SOM(Growing Hierarchical Self-
Organizing Map)'? 20) 2 LT, JUEEE Nz 974 (HD
T—2E T O T AR LTz,

WisT— 2%, JREREEMERE 1D hoitEh
B W T — 2 TdH 5. 2012 5 2015 D
44E[HT, 118,165 ADRLENTH D, &£ 1ITRIIEHES
WriEHH &2 2 1RT 4 FBOEREGD DR ENS.

REFLEOPENT AL L LT, AROEEFLEZ
Stochastic Gradient Descent (SGD), *##&{%&7% 0.01,
2Ny F YA ZUF 100, FEORKKRAE L 200 [, )
RN = 2 —1 U8z 300 & L7z, WiEEIGE RBM
DISTAZELT, 0 =0.050,04 =0.100 & L, Hit
BRI DBN D/8F A2 E LT, 61 =0.1, 00 =0.1
Ll TNHEDINTARDMEIE, TAHEEROMRIC
KERBOMHAEDLETHS.

4.2 HEER

£3, £4F, TNTNOALXBYEYY T, BasT—
2R HEEHERTH 5. 5K, SEICETIZTA
b 7= 2T B IEERB K CERITH D - Fat HE
fil (CPU Time: sec) Z/RL T\ 5. IEZHIE, 10-fold
Cross Validation #55CdH 0, 10 [RIDOFFTICIBI B
fill, FEHE(RZE, RAMH, FyIMEZ RSz FHRRHEICDW
T, 2 DO MW THEZITV, Tesla ® GPU
M E N7z GPU GHE# (Timel)(CPU:Intel(R) 24
Core Xeon E5-2670 v3 2.3GHz, GPU: Tesla K80 4992
24GB x 3, Memory: 64GB, and OS: Cent OS 6.7
64 bit) & GTX 1080 AMH&# & 17z PC(Time2)(CPU
Intel(R) Core(TM) i5-4460 @ 3.20GHz, GPU: GTX
1080 8GB, Memory: 16GB, and OS: Fedora 23 64
bit) & FICEHI L 72
EEROFIRN 5, RETEZ, @H O DBN Pd
GRS DBN ICHENT, AERE MR LIcER, &
AR ZHIR T E Wz, RAEBICH 27280
I, MGG DBN ERETFIETREHENER
MoTz. @H O DBN EERTHEIC K 2 RHERH 2 Lk
LTER, UALEBDEY Y 7T 25.9%, MaZT—
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ZCIFH) 29.4%HkT % T EMTE. Bl L 725
IRFf (57) & TNEN26.9 77, 569.87TH D (Time2),
14.3 57, 162253 Td o7 (Timel) THo1z.

5 BbYlc

££% 7% Deep Learning D #EFEMELEEINTED,
HGREROREEICDONTIE, KERVEEIZE > T
LT EMEHEINTVS. F£iz, BE723 xR, Bl
RTFA ST —2EOEHREHOT — 2 MREELEY
WFE—ZIT—ZA\DEHADHFEN TS, KA
¥, RBM*®°DBNICEHL, AJ7—2Icxf Ui &
FEZ N5y MU — KGR AE) TR %ML
AIRBM, #&@EiGA DBN 2R LTz, chbOFE
&, RBM @ 2 DOBRBUCKT B4 0% & LITHEEZ
LZBEIT L TWIED, KX CERANMEZDEZ Z)E
P RIRBICIS U TEHET ST LT, bIcBH LTz
ZAENELTEHTENTEILEEZEZTVS. ZTOH
R, REFLRICKOBEZHER Ul E 49 30%a1HRE
MZEEHEICRIN Uz, 5%l FERVIT—25%, fho
O IVFE—R LT =2 UTHIRE T 7
MU, HEOMAEZTTS.

HEE

AWFZEBHFIE S SCOPE(RZA4#E5: 162308002)
DOFFE, NTHIBEWMENC X 288, BX T ISPS BHjf
B (FEES: JP17J11178) OB ZZ ) 126 D TT,

BEH

1) Y.Bengio: Learning Deep Architectures for AI, Foun-
dations and Trends in Machine Learning archive,
vol.2, no.1, 1/127 (2009)

C.Szegedy, W.Liu, et.al.,;: Going Deeper with Convo-
lutions, 2015 TEEE Conference on Computer Vision
and Pattern Recognition (CVPR), 1/9 (2015)

K.He, X.Zhang, S.Ren, J.Sun:
learning for image recognition,
arXiv:1512.03385 (2015)

Z.Wang, T.Oates: Imaging time-series to im-
prove classification and imputation, Proc. of the
24th International Conference on Artificial Intelli-
gence(IJCAIL5), 3939/3945 (2015)

® 13, KiRY Deep Learning: http://journal. jp.
fujitsu.com/2016/03/10/01/, (2017 412 A 2 HEE
%)

G.E.Hinton: A Practical Guide to Training Restricted
Boltzmann Machines, Neural Networks, Tricks of the

Trade, Lecture Notes in Computer Science (LNCS,
vol.7700), 599/619 (2012)

G.E.Hinton, S.Osindero and Y.Teh: A fast learning
algorithm for deep belief nets, Neural Computation,
vol.18, no.7, 1527/1554 (2006)

S.Kamada and T.Ichimura: An Adaptive Learning
Method of Restricted Boltzmann Machine by Neuron
Generation and Annihilation Algorithm, Proc. of 2016
IEEE International Conference on Systems, Man, and
Cybernetics (IEEE SMC 2016), 1273/1278 (2016)

A Krizhevsky: Learning Multiple Layers of Fealures
from Tiny Images, Master of thesis, University of
Toronto (2009)

BiRFHEL, AR Efﬂ*%ﬁ‘éf&ﬁ’)f’: Deep Belief Network
I & BHEESESE, A E 25 9 >
Va—F—yatib ATV Y sy ANES#EER
#£,92/97 (2016)

S.Kamada and T.Ichimura: An Adaptive Learning
Method of Deep Belief Network by Layer Generation
Algorithm, Proc. of IEEE TENCON2016, 2971/2974
(2016)

Deep residual
arXiv preprint

9)

10)

11)



12)

13)

14)

15)

16)

17)

18)

Table 3: Classification Accuracy (KankouMap)

Model Layer Ave. | Std. | Max. | Min. | Sort | Iterations | Timel | Time2
Traditional DBN 1] 0.821 | 0.011 0.829 | 0.819 0 489 4.5 9.1
2 | 0.846 | 0.008 | 0.861 | 0.867 0 411 3.3 6.7
3] 0.862 | 0.009 | 0.863 | 0.865 0 430 3.8 6.3
4] 0.862 | 0.012 | 0.869 | 0.861 0 379 3.8 6.8
51 0.859 | 0.010 0.864 | 0.863 0 354 3.9 7.0
Total 19.3 35.9
Adaptive DBN 1| 0.915 | 0.010 0.921 | 0.910 0 429 3.9 7.3
2| 0.934 | 0.008 | 0.940 | 0.929 0 356 3.1 5.9
3] 0.954 | 0.012 | 0.961 | 0.949 0 329 3.2 6.1
41 0978 | 0.009 | 0.9800 | 0.972 0 338 3.4 6.5
51 0.982 | 0.010 | 0.985 | 0.978 0 331 3.9 6.9
Total 17.5 32.7
Multi-Modal Learning 1| 0920 | 0.010 | 0.915 | 0.928 | 363 370 3.8 7.2
2 | 0.945 | 0.010 0.950 | 0.941 28 299 2.5 4.6
3] 0.953 | 0.008 | 0.959 | 0.948 4 278 2.6 4.9
41 0971 | 0.009 | 0.974 | 0.967 0 256 2.7 5.0
51 0.982 | 0.010 | 0.984 | 0.979 0 260 2.7 65.2
Total 14.3 26.9
Table 4: Classification Accuracy (Medical Data)
Model Layer Ave. | Std. | Max. | Min. | sort | Iterations | Timel | Time2
Traditional DBN 1] 0.833 | 0.011 | 0.851 | 0.818 0 500 44.1 151.8
2 | 0.862 | 0.008 | 0.873 | 0.850 0 500 37.2 128.3
31 0.864 | 0.009 | 0.877 | 0.850 0 430 34.7 122.1
41 0.892 | 0.010 | 0.904 | 0.875 0 456 37.8 130.3
5| 0.907 | 0.006 | 0.916 | 0.893 0 421 36.8 128.9
6 | 0.911 | 0.010 | 0.930 | 0.895 0 433 39.1 131.8
Total | 229.7 793.0
Adaptive DBN 1| 0.835 | 0.007 | 0.847 | 0.825 0 500 43.1 150.4
2 | 0.861 | 0.008 | 0.870 | 0.842 0 440 29.3 99.2
3] 0.864 | 0.010 | 0.874 | 0.845 0 402 31.1 110.0
41 0.896 | 0.007 | 0.907 | 0.883 0 411 33.5 111.9
5| 0912 | 0.012 | 0.941 | 0.901 0 422 35.9 120.3
6 | 0.944 | 0.008 | 0.953 | 0.932 0 406 35.2 124.0
Total | 208.1 | 715.69
Multi-Modal Learning 1| 0.854 | 0.012 | 0.870 | 0.832 | 502 413 36.6 130.4
2 | 0.879 | 0.011 | 0.898 | 0.861 | 127 367 25.1 89.2
3] 0.878 | 0.006 | 0.888 | 0.871 23 305 23.7 88.0
41 0.927 | 0.009 | 0.941 | 0.915 0 299 24.5 86.9
51 0.942 | 0.008 | 0.953 | 0.925 0 307 25.7 86.3
6 | 0.942 | 0.008 | 0.953 | 0.931 0 295 26.6 89.0
Total | 162.2 569.8
I'TProducts, UCALEBHAYT https: mobile phone sensing, IEEE Communications
//play.google.com/store/apps/details?id= o Magazine, Vol.48, No.9, 140/150 (2010)
jp-itproducts.KankouMap, (2017 - 12 1 2 HEF) 19) A.Rauber, D.Merkl, M.Dittenbach: The growing hi-
[ B R B {@ %2> http://www.kanhokyo.or.jp/, erarchical self-organizing map: exploratory analysis of
(2017 4F 12 H 2 HEHE) high-dimensional data, IEEE Transactions on Neural
G.E.Hinton: Training products of experts by mini Networks, Vol. 13, No.6, 1331/1341 (2012)
mizing contrastive divergence, Neural Computation, 20) T.Ichimura, S.Kamada and K.Kato: Knowledge Dis-

vol.14, no.8, 1771,/1800 (2002)

T.Ichimura and K.Yoshida Eds.: Knowledge-Based
Intelligent Systems for Health Care, Advanced Knowl-
edge International (ISBN 0-9751004-4-0) (2004)

HmE, mHE, FE Za—-0vERGER7IVIY
ALIC K B1EEEIGE Restricted Boltzmann Machine,
AR EEIHIEERE S EaY L a—TF—vatib - 4V
TV Y v AW GRS, 90/96 (2015)

S.Kamada and T.Ichimura: A Structural Learning
Method of Restricted Boltzmann Machine by Neuron
Generation and Annihilation Algorithm, Neural In-

formation Processing, vol.9950 of the series Lecture
Notes in Computer Science, 372/380 (2016)

N.D.Lane, E.Miluzzo, L.Hong, D.Peebles,
T.Choudhury and A.T.Campbell: A survey of

41

covery of Tourist Subjective Data in Smartphone
Based Participatory Sensing System by Interactive
Growing Hierarchical SOM and C4.5, Intl. J. Knowl-
edge and Web Intelligence, Vol.3, No.2, 110/129
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Application of Generative Adversarial Networks with Encoder Model

to Building Construction of Ordinary Houses

*T. Ueda, M. Seo and I. Nishikawa (Ritsumeikan University)

Abstract— Generative Adversarial Networks (GAN) are composed of two networks of discriminator and
generator, which learns a distribution of a given data set by adversarial learning. We introduce an encoder to
infer a latent space of the obtained generator. Encoder is trained not only as an inverse mapping of the gener-
ator, but also as an auto-corrector of an invalid data to be reconstructed as a valid data through the generator
with a minimum modification. Proposed method is first applied to image data of a handwritten figure, to be
modified to another figure. It is also applied to voxel data of a construction design, to be corrected to attain a

required quake resistance.

1. [FL&HIZ
WETB K DERET VN EZEARE SN TN D,
BLIEE IR TOAS S DODO—2% Goodfellow & Vic &
- THER S 7= Generative Adversarial Nets (UL GAN)
Thb. £ T, RBNERCTRELINDIBHEL
W LEoBMg L LT —4 24T 5 A kas

(LLF Generator) &, #@ Generator 7»5H 1 &4
T2 BT — 2 BT R T — & a5 3 % 3
22 (LLF Discriminator) @ 2 SDiEEXR > NU—7 A
FMHEIZZE I 5. -5F Y Generator 1%, Discriminator 3
T — X OFFHEN LBLIT — & LB LT w7 —#
AR a5 2 LT BT — % O B ST 5.
xtgd Blxix, A4 21) 1Zk425+5%< OBl
T—2 & HND Z & T, FE% O Generator (BT —
ZIZEHEENTWHRY, LLe RBARTH T4 2] &
BT —FEERT DI IS,

ARFETHE, SHIG5bds A TFmra—%) %
AT D Z LT, FEERD Generator 2 W T, T D
TEEE e OB EREI N S, — D&M &=+ F
— X DIHEERTDH L ERILD., I Tmra—F
L, T—Z D OIBEERZEMA~DOBARTZN, FESN
T2 2l Te 97 — 2 12xt LTI, Generator 236 U7
—ZEERTH L0 B bERE 00, ), S
VT ST NWT— 2T LT, EEw T — 4
D D BETTRRAEN /NG 72 DT — X % Generator 23 E
A L9, WhiEF—% 0 AEMEIEEEDESL A B
89,

AHEMERR L LT, £, BaSOoEREICIA<H
WHNTE L FEIHTT —F Y b MNIST TiE%
EERRET 5. 2 MO TZXRIC, FEESHTOHA
BEEAITD. RIZ, 3 IRITEEMZ KT, TREEH]
= KO WMECE O BEEEE1T ).

LIFTIE, £ 28 TGAN /L, K< 3E T,
MRTHT L a—FuftE GAN IZXLDT—%DHE)
BEEEZDHT D, #R2EE AW HEERE LT, 4
FCIX MNIST OFEEHTT —4, 5 B CIHETEM
BLET — X 2 ZNTNREL, 6EETELDD.
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2. REBERETIL

2.1. Generative Adversarial Nets

Goodfellow & 9 GAN Tid, Generator(ziH! TlE5:
% G T#9)F L U Discriminator([dl U < 5% D T#
HbID 2 SOEBFR Y FU—r R, [, FR(Q)
? min-max A BERANRMET 2 2 & THEEEAT
.

mGin max V(G,D) = Expypiat0 108 D(X) +
Ez~p(z) lOg(l - D(G (Z))) (1)

ZZT6@)IE, BAEEMz DD BHERSHp()D b
LTz T — 2 EERTHESLTHS. £DX)IT,
AT —HxNEz bl & &L, TRRERT —
(DI3ADgara X)X H5-2 B IVTZ) 7, Bl i3 Generator
DR LT=7 —% (p(2) > B4R S hu7= Generator (2 &
DO ipy () B 5% BIVE) 7, E MBI 5 FIECh
5. mEEbHEERry U= ThHz 5 K TEHEZ
55 V(G,D)Zxf LC, Discriminator |3 Z 1% i K
b2 Lick->T, #BHT—% D54 & Generator
DAL D IS XA N—V = A% RO Tilkh %2 E8L
L, Generator | =N & H/IMbT 5 Z & CTBUHIT —%
DR EEETDH LI, TNETNAFETS.

2.2. Wasserstein GAN

ATED GAN & 13572 5 oA [WIERRE 2 HIV 5 228 ik
& LT, Arovsky 5 2% Wasserstein GAN (UL T WGAN)
ZHEZE L7-. WGAN TlE, FX(@)THx b5 Earth
Mover’s Distance(& % \ M3 Wasserstein ) & FHE 5
OAEEREEE VD, ToEsE, XL H I R
ETHZLI, ZZTHRAIZV TV oY ERLDY 7
VIR OGHR TH 5. B RfE TE— Mg
ERFZALDIRRBICIE D 2 & 03D D HIHETD GAN & Hhig
LT, RELIFEEIT)I ZENTED.
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W (Paatas Pg) = S0P Expaacarn [fw (O]
fW le

_Ex~pg(x) [fw (X)] (2)

A(2)>FUZ, Discriminator & Generator % T, &
DEICHRKMEOERIZEETE D, ZDLEEf, I
Discriminator =™ & DT Y, Discriminator (X737 A
—ZwICET DRI AZ RS 2 & THEETD.

mlgix Ex~pdam(x) [D (X)] - Ez~p(z) [D (G (Z))] (3)

Discriminator ® % # 1, FRM THE 2 N D
Wasserstein 2 3K 6 5 72 D12 EB) D KAV ks
T 5, 2 OOAMEREE L0 ERECRD D 2 LR
F— X OFBNARY 9 5. FRIFFZ, Generator D523 13,
Z OHBEOF/IMEIZHIET 20, FU K-> TBIHIT
— X D53 KiPgara (X) & W IEST 5.

728, WGAN TIXEE 1 0V 7 v ik Atz
Ty DNUEE L 722, Gulrgjani & 1%, E# 10V 7
w2 Wifgt A 729" Discriminator Z 54 % D122 T,
Discriminator M3 2 V5 B B, LA D~
NT A THEMZTFEEH LTV D (LU WGAN-GP?).

Expaata®@[D O] = Ezopn[D(G (2))]

— 2Bz [UIV:D®)l; — D?]

727l =ex+ (1 — )X
X"'pdata»i"'pg: £~U[0,1]
A1=10
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3. BREETIL

3.1. Variational Auto-encoder

AT D GAN &R HTREARKET VIZ, Kingma
5 NT & - THZE I 7= Variational Auto-encoder (UL T
VAE) &%, ZHUIBE A Fkasntan LBy, =
a—FBIOTFa—FE2HNT, F—&% &2 —BEKRT
DEFTEEBZEM TORBLZZ THEEL, O
MAER/MEAEFE TS, 2 TTFa—A %, Bk
ROHTH 2 BN DIRKRITTOBIEZER DT — X & E
BT 558 ThHY, Wy a—2E, 5zoneT
— 2 ZHRNGT D ETEEM T O R E R T 2 B% & LT
ZEEND. —f%IC VAE TiE, GAN & Hil L CTLE
L7 BMRTE D, VAE DZZEME L GAN OXEHiNE %
N, X 55 & LT, VAEIGANYSCa-GANO N B % .
mEXEDL L, = a—# O Generator D512
BT, FEGRAER A E < . 58 L7= Generator Tl
EAEZEf, BUT — & O R & iz ek L7-%
FRADER S ND EE X B .

3.2. GAN with Encoder

ARTIE, BT —22HNTFE L7 GAN O
Generator |Zx} L C, ZDE(EZEM A H#wmT 2= a2 —
HEEANT L. OF D Generator 7 a—X & LT, H
s RME T2 k) a— 4523845, %
DB, BRE LI 272 ST — F Xy lTkF LT
1%, SRR TT —Fxox D D B EREE A I R/
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Xreal
= {Xng} 7 real /fake
= Encoder Xfake D —»
de(Z|Xng) p(z) -
real
= {Xok}
N J \ J
Y Y
(@ (b)

Fig. 1: Proposed model of GAN with encoder

DH D% Generator DIEIEZERNHEE L TER S S
X9, HEMEEMERELHDES.
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— X Xpealld, FFEETWEZLTODHODHET S,
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B S S (Fig.d b). XTI, #ER53Aip(z) = N(z|0,1)
\ZHE> T Generator TS INTET —F & Xpape &7 L
TW5. %%?(ﬁﬂzﬁzﬁkéﬂ5X@ke&:li, *&“Gili%@ﬁ:
BT TH O DA TR ERNE DX b H
DHIBHEZEZLND.

RIZ, =ra—HDrzFEIEDL, mra—F~
DANNT—=2I1TY, FMEMTZTHOxo bl S 72
I/\%)@XNG%)K?)z) é:—quD T&i{?ﬁkéfib‘?%ﬁxm
LLTHRENTWS., = a—X0%E L, Generator
ERCHEBEINRREZOR/MEE L, TXE)TES
N5 L2 VAT 2. Zhucky, mva—4
WA EnbT—4 & Generator 2B EN 5T —
Z B ITWVIBTEER O G R s L T a— X &%
HI 5.

Ez~q¢,(z|xNG)[”G(Z) - XNG”Z] (5)

BEZE Wz E ORI Fip @) T IER A & L=y, =
a—XHLFEEANT XIS LT, BEZEMz EOIE
BorMiqe (2]X) = N (z|ne, 651) D/NT A—Fn,, 6
AT 5oL L. ziZLL T Reparametrization
trick 2 & » CTHERMIZ 5 2. 5.
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PLEX W ARTIL, G)RE@)RERAICH N =
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—2 L LTRSS Ve, BEAKET L THIRKRIT
DIFTEREZE N L 53 0 0 o W R E 2 7R3
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D
Input data x € R?8%28x1
Convolution, filter size=4x4, stride=2, 64, IReLU
Convolution, filter size=4x4, stride=2, 128, IReLU
output: full connection—1

G
z € R1°~N(0,])
dense—4x4x128
Deconvolution, filter size=4x4, stride=2, 128, ReL,U
Deconvolution, filter size=4x4, stride=2, 64, ReLLU
Deconvolution, filter size=4x4, stride=2, 6, Sigmoid

E

Input data x € R28x28x1
Convolution, filter size=4x4, stride=2, 64, ReLU
Convolution, filter size=4x4, stride=2, 128, ReLU
output: u—16, ¢*>—16

Table 1: Network architectures of Generator (GQ),
Discriminator (1), and Encoder (£)
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T, L2+KLET V)] T1=0,1, BX10°D 32D
Be, 6 roirer ), XB)LXE@)EZHAEHLYE
12,67 EF V] O 5 SOEKEKIC L 258 %
b U7z

Fig2 Iz 60Ky a— 428 LT
& EOHBEIREDOENE /T, [L2+KL ET V(A =

[

®  WCAN 0BT HXox 7 — 4 : MNIST 07
~L9D 5000 F— X 0, A= 10_5), TLZ, Gt BT VC\?]EI;J L=y a—
@ T a—XDFEEIZHN 5 Xng F—2% : MNIST Gl?geconstruction error
DT ~YV7TD 5000 T — :
® FEXUFTHET—H YA X 28X28 DI L— 008 —L2+KL(1=0)
A=) 007 L2+KL(= 1)
®  Generator OIETEAZEROWITEL : 16 oo L2+KL(A = 1079)
® T a—XDEEIZBITHNNyTFHA X100 G~ only
Xng P4 5000 7 —4 & —i&4 5 503y F & AT o —G7 and 12
LTy a—HONRNTA—2FHTHEDIRL 004
% lepoch & L, 4= 400epoch T%H 003
® L2, G"HARET V) Ik a—FpEH 002
T, GTHAKBIEGEE®))IZ L D HH 1 Bkt L o | .
T, L2 HRBEEEG)IC L 2 EH % 50 [T . ' )
0 epoc

50 100 150 200 250 300 350 400

Table 1 (Z Generator, Discriminator 8 X O a2 — 4 0
LLTHWES Ry N —7 DGR £ & O TRT.

Fig. 2: Reconstruction error during the learning
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(b) Corrected data
Fig. 3: Example of correction of ‘7’ to ‘9’
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Fig. 4: Example of member placement of ordinary
three-story house
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Fig. 5: Proposed model of Stack WGAN-GP: First
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generate a whole design xog while Gg, 1is fixed.
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D, Dsli DsZ

Input data x € R35%81%6
Convolution, filter size=5x5, stride=2, 64. BN, IReLU
Convolution, filter size=5x5, stride=2, 128. BN, IReL,U
Convolution, filter size=4x4, stride=2, 256. BN, IReLU
Convolution, filter size=4x4, stride=2, 512. BN, IReLLU
output: full connection—1

G’ Gsl

z € R1°~N(0,1)

dense—2x5x512
Deconvolution, filter size=4x4, stride=2, 256. BN, ReLLU
Deconvolution, filter size=4x4, stride=2, 128. BN, ReLU
Deconvolution, filter size=5x5, stride=2, 64. BN, ReLU
Deconvolution, filter size=5x5, stride=2, 6. Sigmoid

GsZ

Input data x,; € R*>*®1%6
Convolution, filter size=5x5, stride=2, 64. BN, ReLU
Convolution, filter size=5x5, stride=2, 128. BN, ReL,U
Residual Block

Convolution, filter size=5x5, stride=2, 128. BN, ReLU
Convolution, filter size=5x5, stride=2, 128.

BN, ReLU
Deconvolution, filter size=5x5, stride=2, 64. BN, ReLU
Deconvolution, filter size=5x5, stride=2, 6. Sigmoid

Table 2: Network architectures of the proposed
DCGAN, WGAN-GP and Stack WGAN-GP:
Adam optimizer (learning rate a = 0.0002, S,
0.5 and S, = 0.9) is used in all cases.
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DCGAN : 500epoch, WGAN-GP : 1000epoch, Stack
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L.
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Fig. 6: Generation rate of ‘valid’ design evaluated
by a network during the learning of each GAN.
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EHHTDH. 1212 L6(12) %6u(Ga(@)E L, ()T
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Pl E LT, = a—F O IO TWOZRWFIK
ET — 4 100 il VT, FEET — & Ol FEIE
EAEEFREIZL VRO T, ZTORER, HIKRERE -

E
Input data x € R35x81x6

Convolution, filter size=5x5, stride=2, 64. BN, ReLU
Convolution, filter size=5x5, stride=2, 128. BN, ReLU
Convolution, filter size=5x5, stride=2, 256. BN, ReLU
Convolution, filter size=5x5, stride=2, 512. BN, ReLU

output: p—100, ¢>—100

Table 3: Network architecture of encoder
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Intelligential Control for Variable Sokuiki Sensor Array in the Complicated Environment
*S. Kitai, Y. Toda, N. Takesue, K. Wada, N. Kubota (Tokyo Metropolitan University)

Abstract—

Recently, in order to reduce secondary disasters at the disaster site, the expectation of rescue robots

has been increasing. In the disaster site, many kinds of environments are mixed. Therefore, in order to make robots
perform the environmental sensing in the complicated environment, it is necessary to change the measurement area
and density according to the environment information. Therefore, we developed a Variable Sokuiki Sensor Array as
a 3D-distance measurement system for changing measurement area and density. In this paper, we propose an intelli-
gent control method for the sensor array based on Multi-Objective Behavior Coordination, and show results of pro-

posed method in a simulation experiment.
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Table 1: Specification of LRF"!

B R UST-10LX UST-20LX

BEER D RIS : 0.06m~10m (A7 > hE) | RIEERIEE : 0.06m~20m (B7 > hME)

b 0.06m~4m (R5310%H) $0.06m~8m (R&{E10%H5)
BABRHIER  30m (HAHRFE) BARHIERE | 60m (HDMRFE)

RUBEREEE +40mm*!

EEAE 270

EERE 25msec (E—% [1E# 2400rpm)

AR 0.25F

«¥%—7 x—2 | Ethernet 100BASE-TX

HBERHFEROBERETICL ZRERMRAYT > ME) KL BEETT,

Table 2: Specification of FHA-8C!"

R
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— /7ML R FEEE [sec]
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77

Yya—h

UST-10LX
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Fig. 2: Robot and Variable Sokuiki Sensor Array Model

of Simulation Environment
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Fig. 4: 3D-map of Simulation Environment.
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Fig. 6: State of robot locomotion in experiment
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Fig. 7: Experimental result of transition of weights
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MA for Automatic Picturesque Maze Generation

* A. Imamiya, N. Ono, Y. Nagata (Tokushima University)
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Abstract—

Picturesque maze is a category of maze, whose solution path shows up as a picture. When you

reach from the entrance to the exit without mistake, you can draw a picture. In this paper, we discuss a method
to automatically generate a solution path close to a given binary image. Although a simulated annealing algo-
rithm has already been proposed to this problem, this paper proposes a memetic algorithm. To apply memetic
algorithm to this problem, we develop a crossover operator suitable to this problem by modifying edge assem-

bly crossover for the TSP.
Key Words: Picturesque Maze, Memetic Algorithm
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Fig. 1: Example of a picturesque maze.
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Fig. 2: Picturesque maze configuration problem.
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Fig. 3: Existing maze generation method.
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procedure SA()
1 AP san D AE AL
2 Tstarty Tdecays Tend DFXTE
3 Thow:=Tsat; P :=Psar
4 REPEAT
5 TP DAERL
6 IF  (F(P)-F(P)<0 THEN
7 X=X
8 ELSE
9 exp(— (F(P*) — F(P)) / Trow) DR T
P:=P;
10: ENDIF
11: Thow = Thow X Tdecay:
12:  UNTIL Trow<Tend
\13 : RETURN with % FLfi# )
(a) (c)
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Procedure MA(Npop, Ncn)

1 HIHEER{X, X2, ..., Xnpop P DK

2 REPEAT

3 ie{l,..., Npp}tx 7 > & KEMIC
FIRD;

4 FOR i:=1TO Npp DO

5 PAI=Xi;  Pg = Xis1; (Xnpop+1 = X)

6 {c1, Co, ..., CNen} = EAX(Pa, PB);

7 X; := Select_Best(ci, Cz, ... , CNeh);

8 Xi == SA(X);

9 END FOR

10:  UNTIL #& T &MU EhD;

11: RETURN with [ D fx BAE(K;
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Fig. 6: Example of route substitution.
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Fig. 7: Example of crossover in the maze.
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Fig. 8: Example of route exclusion.
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(@) Correct path (b) Add background path

(c) Maze to be created  (d) Integrated maze
Fig. 9: Generation method of background path.
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Fig. 10: Image to use.
BaEE | V| kR
0.99995 6.90 4
0.9995 15.80 8

Table. 1: Evaluation value of (a) using SA.

Wk | PH | kB
0.99995 36.20 28
0.9995 60.55 42

Table. 2: Evaluation value of (b) using SA.
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| KBV mRE
E-set % 1 3.96 2.8 2
E-set % 2 3.88 2.4 2
E-set %% 3 4.08 2.4 2
REREERSN 3.28 2.8 2
Table. 3: Evaluation value of (a) using MA.
)| mEEY | mE
E-set %% 1 27.10 21.2 20
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Table. 4: Evaluation value of (b) using MA.
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Proposal of delivery planning system considering additional order in vehicle delivery problem
*Y.oda and N.ono and Y.Nagata (University of Tokushima)

Abstract—  We propose a delivery planning system considering additional orders using metaheuristics in

the vehicle delivery problem. In order to create a delivery planning system, dynamic scheduling that takes into

account the situation of additional orders is required.

In order to cope with additional orders, the proposed system first creates a schedule,in which a specified num-
ber of vehicles have enough room to deal with the additional orders, the additional orders are then assigned to

these vehicles by a rescheduling procedure.
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A computational method for isoclones of cyclic e pression pattern sequences
in gene regulatory networks

«Y. Mori and Y. Kuroe (Kyoto Institute of Technology)

Abstract— There exist periodic phenomena in organisms such as circadian rhythm and those are considered
to be generated by gene regulatory networks. Some periodic phenomena in organisms are affected by some
stimuli and timings of the oscillations change. For example, circadian clocks in organisms are considered
to be affected by light stimuli and phases of the clocks shift, that is timings of the oscillations change.
In order to understand such mechanisms, phase shifts caused by perturbations are investigated. Isochron

and asymptotic phase are often used for analysis of phase shift of periodic phenomena.

However, it is

almost impossible to obtain asymptotic phases and isochrons analytically. Therefore, they are computed
approximately by using numerical methods. In this paper, we show a computational method of isochrons

in gene regulatory networks.

In the method, we compute isochrons by using maps obtained analytically.

Therefore we can obtain isochrons without using numerical method solving nonlinear differential equations.
In this paper, we evaluate the method by performing a numerical example.

Key Words: gene regulatory network, isoclone, phase
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Table 1: Phases of points on Poincaré map
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Table 1: Parameters

meaning parameter value

geometry [—S1, 5] S1 = 1[m]

X [—527 SQ] SQ = 1[m]

number of robots No 4[]

radius robot: 4% 0.05[m]

object: Rp 0.25[m]

mass robot: m 0.3[kg]

object: M 37.5[kg]

coefficient e 1[-]
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collision potential™ os 4[J]

o 4[J]

ns 12[-]

Ny 12[-]

wall reaction CR 4[J]

CpB 4[.]]

NeR 12[—]

NeB 12[—]

friction robot: 7y 0Olkg/s]

coefficients object: ¢ Olkg/s]

quantum Hp 0.1[J - 5]
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Merits Concerning Energy-consumption and Trajectory-tracking Accuracy Derived from
Elbow-bracing Manipulator

*X.Li M.Minami (Okayama University)

Abstract— Considering that humans perform handwriting task with reduced powers by contacting elbow or wrist on a
table, it is reasonable to deem that manipulators can save energy and simultaneously accomplish writing tasks precisely
like humans by bracing intermediate links such as elbow or wrist. First this paper discusses equation of motion of robot
under bracing constraint condition, based on the robot ~ s dynamics with constraint condition including motor dynamics.
Then a control method to utilize the constraint dynamics is proposed to control simultaneously bracing force and hand ’
s trajectory in work space. Even though the model used for the simulation analyses is simple four-links manipulator,
the simple structure can help understand even more clearly the effects got by bracing part of the manipulator. This
paper demonstrates the merits of the strategy to utilize bracing by comparing the contacting motions with non-contacting
motions, including; (1) the energy consumption can be reduced; (2) the hand trajectory tracking becomes accurate; (3)
there is an optimum contacting point that minimize the energy consumption on condition that trajectory-tracking task be

given to the hand.

Key Words: Bracing manipulator, Energy-consumption, Numerical simulation
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Bus Passengers Activity Recognition Using PHD Filter
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Abstract— In Japan, as the declining birthrate and the aging of society progresses, future needs for route buses
as public transportation facilities are rising. Then improvement for bus routes and schedules is required. However,
existing system can collect only data of passengers paid fee, so there is no method for collecting accurate data of
passenger such as commutation ticket users and free ticket users. Therefore, in this paper, we consider a method
that can recognize bus passenger activity using PHD filter through images obtained inside of a bus.
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Fig. 3. Layout partitioned into cells
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Table 1. Behavior transition probability of the cell near the exit

current\next | Walking Standing Getting off Sitting Sliding
Walking 0.25 0.25 0.5 0 0
Standing 0.25 0.25 0.5 0 0
Getting off 0.15 0.15 0.7 0 0
Sitting 0 0 0 0 0
Sliding 0 0 0 0 0
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Fig. 5. Layout of experiment
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Fig. 6. One frame of experiment movie
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Table 3. Behavior transition probability of cell near the entrance

current\\next | Walking Standing Getting off Sitting Sliding
Walking 0.5 0.5 0 0 0
Standing 0.6 0.4 0 0 0
Getting off 0 0 0 0 0
Sitting 0 0 0 0 0
Sliding 0 0 0 0 0

Table 4. Behavior transition probability of the aisle cell

current\\next | Walking Standing Getting off Sitting Sliding
Walking 0,5 0.5 0 0 0
Standing 0.5 0.5 0 0 0
Getting off 0 0 0 0 0
Sitting 0 0 0 0 0
Sliding 0 0 0 0 0

Table 5. Behavior transition probability of the double seat cell

current\\next | Walking Standing Getting off Sitting Sliding
Walking 0 0.5 0 0.5 0
Standing 0 0.5 0 0.5 0
Getting off 0 0 0 0 0
Sitting 0.15 0.15 0 0.55 0.15
Sliding 0 0.1 0 0.7 0.2

Table 6. Behavior transition probability of the rearmost seat cell

current\\next | Walking Standing Getting off Sitting Sliding
Walking 0 0.5 0 0.5 0
Standing 0 0.5 0 0.5 0
Getting off 0 0 0 0 0
Sitting 0.15 0.15 0 0.55 0.15
Sliding 0 0.1 0 0.7 0.2
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