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An Application of Quantum-inspired Particle Swarm Optimization Algorithm to

Optimization of Time-varying Function

Abstract—

Quantum-inspired Particle Swarm Optimization(QPSO) is an approach of Quantum-inspired

Computational Intelligence in which the concept of quantum mechanics is adopted. QPSO is a method based on
Particle Swarm Optimization (PSO). The state of a particle in QPSOs is described by a wave function derived
from the Schrodinger equation, whereas the state of a particle in conventional PSOs is determined
from its location and velocity. The performances of QPSOs are investigated through the optimiza-
tion problem for time-varying higher-dimensional functions. The experimental results show that

QPSOs outperform the standard PSOs.
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A Study on Search Performance Improvement for PSO by Switching Topology

S. Sakai, *T. Hatanaka and H. Xiao (Osaka University)

Abstract— Conventional particle swarm uses a fixed neighborhood topology during search process. It is well
known that the topology has effect for search performance. In this study, a variant of particle swarm with
dynamic neighborhood topology is considered to give well performance for complex function optimization
problems. The topology changing scheme is proposed based on particle velocity. Then a search performance
of the proposed particle swarm is evaluated by CEC 2013 test suite.

Key Words: Particle swarm, black—box optimization, evolutionary computation, large—scale global opti-

mization
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D—EDGEPROT TV TEINDE e EHITHB.

ETNVDRAF IV A%MFTHI LT, VIR %
L EORESRMERDBHE (FI2IE O) HmX
NTHY, ZOHRED L ITLHERLEDEFITH > T
INSDNRTRA—REWETNTED D Z 21T & MRl
ERRINTETNWSE T,

F72, PSO T, EIFRUBEVREIN, TH
SDOMBERENITbNATWS. I T, WRKD PSO
DERMZRT ETOR—AF 1 & LT, Standard
PSO-2007(SPSO-2007) 'V 23R &SN, & 51z, 2011 4
I, R ® Standard PSO-2011(SPSO-2011) ')
WRINTWS. SPSO-2011 1%, CEC2013 @ 2 > %
F4 ¥ a VT, RET20 M ) o2z L, PSO 123
DTN TY XLDHT T, 2FBHDOBEZHITT WD,
AFFKTIZ, 2D SPSO-2011 & REFEDOMEE % b
T 5.

3 MROY—-AZLT 2 PSO

PSO DR+ DEFEBFRD bRn Y — 2k, BRKT
MOMEEETH D, pg 2BWT 252 LN TE L6
DRZER T2 EDBEHEDTH D, RN IIHFERR
TRERINBBIZ, ERSINZIEFICEFESHLIT 50
TWwL., xY b= b RBEY—FZORTETITIES
N5, &b, TITOEMEE X, e TR
WEWS ERTIERL, WMLz ER I Nk 1D
BHIZL-T, HALTVWEHLDTH Y, MGHIHEHR
2 (local best DB PATREL TNT VWS,

INETOMEN S, PSO D/8T A — R WLt %
7z L TWTH, Ring MEE DRI &> Tld, HER
BFPREINIZINE L 2WnWZ &) FRZERB» S T b
5, local best DILHFFNP K E V& SITPERAPH L A
BWEERINH LW T — A H B Z & BEBRMIZEH T
AINnTWE W,

% 2T, ZZTIE, Ring b DHEE: @Yz 2bx
BB LIZXD, RFOEMOBEZLT 5 & 5]
WCEIERT D Z 2 RIS 720D, Bl O REE R %2
KERINZRD T WL Z e %2F R, BHER T Ol 217 -
Tk, BHETU-BERN T OME 2 HEET & IR L, BER
K F-DHEE AR E W\ & X121 Ring W& D EE O BN
I, BRIRAT Y TOREHN/NI WL ZI121E Ring
E DGR Z A I E L Z 22L&, KSR L B
BROZNFTNOMEEE NT Vv AZXE LD DERDY)
DEZSMEBRGT 5.

AFEOMEL Fig.l 237, PSO OFERK T D
% N, Ring MoK E R L, r(t) I&, HEDOH
EERBEMNT MV ERT.

r(t) = (p(t) — () + A1) —=(1))  (3)
ZOKRE IS T, BEBORIE HIET BB

BWIEaryCa—7—ya e AT YV ARS
(20154E529H-30H -+ AliE)

Fig. 1 #REFEROMEN

BEBEUT, apyam & By, Bm €[0,1] ZHAT S, =
BUZIE, DERAT Y IO r(t+1) DREI N AEL 5o
F2HDENELK o2 DDEIET, TNTh, HEEEK
EHBIETEY, YOREOELTHNIZELE Y
YETED, EOREQHGTHNIERY NT—T 2t
BT 20 % ap, i, Bps By DRETF 2a—=V I TE
&2z TWnWA.

Tibb, L() 2#&E2HE-TRTOMKE T2 &,
IO & 5 A ¥siAE AN & - T, Ring #5HE& D F % B
THBILEL, ap m, By, B 1T & BIEREDE N %

TLU.

o if L(ap|r(t)] < |r(t+1)]) < BpN then R = R+2
o if L(am|r(t)| < |r(t+1)|) > BN then R = R—2

4 =R

AR TiRET 5 PSO DO MHEE %, 2013 IEEE
Congress on evolutionary computation (CEC2013) @
Competition on Real Parameter Single Objective Op-
timization ® DRV F v — 7 B % W RITHEEL 7-.
IDAYRT 4T aVFENTA—-XOHHNREL
2 NGz, EAEFHEZRED TNV T Y XL DMk
BMOBDTHS. fl~f5 1%, Unimodal Funcion, f6
~ f20 ¥, Basic Multimodal Function, f21~ f28 i,
Composition Function T 5.

UTFCTRERBEICOVTARS., EREEER Y &
12) 2B/ L7z, Ry FY—sHEORTEE D =10 T,
PSO DEZKL T DI N =40 TH 5. PSO DT 5%
PR IZ BB 1 D FEAM 204 10000 * D 1IZE L2 & &
U, 1 20XV FY—IMBEIZH L TREFEZ 51 [
AT T 5. PSO DX A —RDFEEMIZ PSO OEFRT
F<KHWSNTWABETHDE w=07co=cp=14¢&
L7z, LT, REFEDONIA=ZTH D oy, um, Bp
s B 1, FARERRD S T OB B Y 72 Table 1
DAL T, BUEFEFRZ 1T - 7-.

Table 1 /85 A —RH5E

a  am By PBm
0.95 0.75 0.55 045
1.00 1.00 0.60 0.45
1.00 1.00 0.55 0.45

HBIZ AWz SPSO-2011 OfEHR % Table 212, 2%
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FHEEHWZAERZ Table 3-5 [ZRY. F7z, Fig. 24
W2, ZNTNDNRITA=RIZBEITBEH S 1 ATITBT
53T RTOHMBEBUZXTT 5 Ring Wil O #EHE D HER
ZRT.

Table 2 SPSO-2011 o ik 5 12

Function flax) Min Max Median Std

f1 -1.400E+03 | -1.400E+03 -1.400E403 -1.400E+03 0.000E-+00
12 -1.300E+03 | 7.853E4+02 4.755E+05  3.504E+4+04 7.356E+04
f3 -1.200E+403 | -1.200E+03  8.251E+07  2.670E+05 1.656E+07
f4 -1.100E4+03 | 2.454E402 1.856E+04 7.769E+403 4.556E-+03
f5 -1.000E+03 | -1.000E4+03 -1.000E4+03 -1.000E4+03  3.142E-05

f6 -9.000E+02 | -9.000E4+02 -8.898E+02 -8.902E+02 4.974E+400
f7 -8.000E+02 | -7.974E402 -7.434E+02 -7.789E+02 1.327E+401
/8 -7.000E+02 | -6.798E+02 -6.796E+02 -6.797TE+02  6.722E-02

19 -6.000E+02 | -5.987E+02 -5.929E402 -5.952E+02 1.499E+00
f10 -5.000E+02 | -4.999E+02 -4.989E+02 -4.997E+02 2.713E-01

f11 -4.000E+02 | -3.970E4+02 -3.731E4+02 -3.891E+02 5.658E+00
f12 -3.000E+02 | -2.970E4+02 -2.682E+02 -2.861E+02 6.560E+00
f13 -2.000E+02 | -1.946E4+02 -1.523E+02 -1.792E+02 9.822E+00
f14 -1.000E+02 | 2.228E4+02 1.109E+03  7.338E4+02 2.335E+02
f15 1.000E402 | 4.372E4+02  1.705E+03  8.743E+02  2.507E4-02
f16 2.000E+02 | 2.002E4+02  2.014E+02 2.005E+02 2.457E-01

f17 3.000E+02 | 3.104E4+02 3.416E+02  3.189E+402 5.873E-+00
f18 4.000E+02 | 4.125E4+02  4.365E+02  4.178E+402  4.534E+00
f19 5.000E+02 | 5.003E4+02  5.019E+02  5.009E4+02  3.886E-01

120 6.000E+02 | 6.020E4+02 6.040E+02  6.034E4+02  4.194E-01

f21 7.000E+02 | 1.100E+03  1.100E4+03  1.100E+03  0.000E+00
f22 8.000E+02 | 1.206E4+03  2.388E+03  1.706E+4+03  3.431E+02
123 9.000E+02 | 1.016E403 2.776E+03  1.810E403  3.596E-+02
f24 1.000E4+03 | 1.162E+03  1.222E+03  1.214E+03  9.166E+400
f25 1.100E+03 | 1.300E+03  1.320E4+03  1.309E+03  5.943E+00
126 1.200E+03 | 1.307TE+03  1.520E4+03  1.400E+03  5.513E+01
f27 1.300E403 | 1.602E+03  1.898E+403 1.636E403 7.359E401
f28 1.400E+03 | 1.500E+03  2.009E+03  1.700E+03  8.362E+01

WL ONRDORYF I — I B VWTIREFEDO AN
SPSO-2011 OfER L b & RWHEREZ R LU 2. KRz, 8
SA—REEIETH, f4, f21, 251200 THRE
FiE1E SPSO-2011 £ v H BWIHEREZ R L TWBIHEMH
W2 Db oTWAS,. ZD&SIZ, Ring Mh& Dkt
B, BRI TFOEEZ KT 5 Z 2 T3 PSO
T, B HAIOEA DA T, BEEWR Y F I —2 T
SPSO-2011 & HEFDMREN B Z ARSI N7z,

5 BHYIC

AL T, PSO OBRWN VKT 212y b7 —
MR Y—IZEHL, XTA=ZTlFR{Lxy hT—
Z hRuY—0ERBEEAIESLZ LT, PSO O
BlREEZIT>ZE2EARNELEZ. TLUT, 2V bT—7
FRBE Y= Ring #i&TH 25 PSO 2B WT, Rk
T OHEZD 5 Ring fiil O HEfi#E PSO O HHEER
TS E b FEEREL-.

MERELEEREERIZ X », SPSO-2011 X R ETFiEDMERE
21T o 72668, W 2Ry F3— 7 MEIZE N
T, REFEOAPRBVEREEZ RL, TWARTA—=XD
HERIT Lo TEHEHBRECREN ZNISEWRE R %
1B7-.

PSO OFEETINDINT A=K w, ¢, co DFEILIHE
ELUTWD, ZOMEEZFHET 2 LTI 55 MR
EBRRIAEND. —HT, T TEAL ki S
HIZEDB/8T7 A —2ITH LT, EBROERBOZE(D
WPV YT AT THEI NS, TOENEZET
5ZLIFL5HBOBETHD.

BWIEaryCa—7—ya e AT YV ARS
(20154E529H-30H -+ AliE)

Table 3 NV F3—27I1Z08 T 2RFLEOKER

Benchmark functions (ap = 0.95, ay, = 0.75, B, = 0.45, B, = 0.55)
Function Min Max Median Std

f1 -1.350E+4-03 2.097E+03 -7.400E+02 9.391E+02
f2 1.256E+05 1.946E+07 3.194E+06 4.24TE+06
f3 5.74TE+06 3.095E+10 4.637TE+09 6.375E-+09
f4 1.785E+03 4.380E+04 1.223E404 9.992E+03
f5 -9.812E+02 6.175E+02 -7.890E+02 3.458E-+02
f6 -8.87T3E+02  -6.712E+02  -8.200E+02 4.756E+01
f7 -7T.817TE+02  -4.032E+02  -7.214E+02 5.727E+01
f8 -6.798E+02  -6.795E4+02 -6.796E+02  6.006E-02
f9 -5.952E+02  -5.902E+02 -5.922E+02 1.130E+00
f10 -4.953E4-02 1.355E+02 -3.841E+02 1.203E4-02
f11 -3.779E4+02  -2.801E4+02  -3.401E+402 2.507E+01
f12 -2.751E+02  -1.873E4+02  -2.402E+02 2.299E+01
f13 -1.696E+02  -8.321E+01  -1.314E+02 2.144E+01
f14 4.425E+02 1.857E+03 1.196E+03 3.269E-+02
f15 7.582E+02 2.060E+03 1.336E+03 2.885E+02
f16 2.003E+02 2.016E+02  2.009E+02 3.051E-01

f17 3.385E+02 4.219E402 3.757E+02 2.112E401
f18 4.390E+02 5.343E+02 4.656E+02 2.533E+01
f19 5.027E+02 1.166E+03 5.150E+02 1.199E4-02
f20 6.021E+02 6.050E+02 6.036E+02 6.347E-01

f21 1.102E+03 1.238E+03 1.125E+03 3.107TE+01
f22 1.865E+03 2.901E+03 2.315E+03  2.956E+02
f23 1.561E+03 3.153E+03 2.521E+03  3.546E+02
f24 1.132E4-03 1.227E+03 1.222E+03 1.290E+4-01
125 1.280E+03  1.327E+03 1.321E+03 7.022E+00
f26 1.328E+03 1.526E+03 1.401E4+03  4.303E+401
f27 1.726E+03 1.871E+403 1.816E+03 2.797E+01
128 1.687E+03 2.441E+03 2.249E+03 1.702E4-02

Table 4 NV F<—21Zx9 BREEDORER

Benchmark functions

(ap = 0.95, ,,, = 0.75, B, = 0.45, B,, = 0.55)

Function Min Max Median Std

f1 -1.397E4-03 3.173E+03  -1.089E4+03  7.069E+02
f2 -2.790E+02  1.043E+07 2.964E-+05 1.570E4+-06
f3 6.084E+07 1.024E+10 1.137E409 2.214E+09
f4 -8.689E+4-02 2.302E+04 5.425E+403 5.971E+403
f5 -9.978E+02  -7.305E+02  -9.064E+02  5.965E-+01
f6 -8.997TE4+02  -6.774E+02  -8.590E+02  5.192E+01
f7 -7.882E4+02  -6.528E+4+02  -7.486E+02  3.167TE+01
f8 -6.798E402  -6.795E+02  -6.796E+02 7.646E-02

f9 -5.946E4+02  -5.906E4+02  -5.922E+02 1.028E4-00
f10 -4.991E4+02  -2.021E4+02  -4.618E+02  6.049E+01
f11 -3.884E+02  -3.017E+02  -3.633E+02  1.785E+01
f12 -2.864E4+02  -1.892E+02 -2.611E+02  1.918E+01
f13 -1.939E4+02  -7.972E4+01  -1.560E+02  2.052E+01

f14 5.621E+401 1.467E+03 8.566E-+02 2.822E+02
f15 5177E+02  1.521E4+03 1.022E4+03 2.415E4-02
f16 2.004E+02 2.014E4+02  2.010E402 2.222E-01
f17 3.232E+02 3.989E+02 3.415E+02 1.906E+01
f18 4.210E+02 5.086E+02 4.416E+02 1.588E+01
f19 5.007E+02 1.075E403 5.042E+02 8.014E+01

f20 6.026E-+02 6.050E+02 6.035E+02 4.565E-01

f21 9.814E+02  1.181E+03 1.108E+03 2.479E+01
f22 1.187E403  2.519E403 1.902E4+03  2.703E4-02
f23 1.499E+03 2.600E4-03 2.053E+03 2.517E402
f24 1.213E+03 1.225E403 1.218E4+03  2.497E4-00
f25 1.316E403 1.324E+403 1.321E403  2.350E4-00
/26 1.335E+03 1.515E4-03 1.400E4+03  2.468E+-01
f27 1.700E+03  1.833E4-03  1.779E+03  2.647E+01
f28 1.574E403 2.459E403 2.162E+03 1.643E+02

S Xk

1)

2)

3)

J. Kennedy and R. Eberhart : Particle swarm opti-
mization, Proceedings of the 1995 IEEE International
Conference on Neural Networks, 1942/1948, (1995)
X.S. Yang, : “Firefly algorithms for multimodal op-
timization,” Stochastic algorithms: foundations and
applications, Springer Berlin Heidelberg, 169/178,
(2009)

Blum, Christian, and Xiaodong Li : Swarm intel-
ligence in optimization. Springer Berlin Heidelberg,
(2008)

R. Storn P. Kenneth : “Differential evolutiona sim-
ple and efficient heuristic for global optimization over
continuous spaces,” Journal of global optimization,
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Table 5 Ny F~—21Zx 9 B REEFEDRE R

Benchmark functions

(ap = 0.95, a, = 0.75, B, = 0.45, B,,, = 0.55)

Function Min Max Median Std
f1 -1.397E+03 3.798E+02  -1.201E4+03  3.772E+02
f2 -5.325E+4+02 8.761E4+06 3.394E+05 1.700E+4-06
f3 2.585E+07 1.108E+10 1.595E+09 2.680E+09
f4 -8.599E4-02 3.760E4+04 6.977E403  6.565E+03
f5 -9.854E4-02 -7.342E4+02  -9.137TE402 5.602E+01
f6 -8.971E+02 -7.116E+02  -8.798E+402 3.811E+01
f7 -7.872E402 -6.542E+02  -7.538E+02 3.412E+01
f8 -6.798E4-02 -6.795E+02  -6.796E+02  6.607E-02
f9 -5.964E+02 -5.903E+02  -5.920E402  1.444E4-00
f10 -4.985E402 -1.331E4+02  -4.500E4-02 6.699E+01
f11 -3.860E4-02 -3.198E4+02  -3.632E4-02 1.583E4-01
f12 -2.850E+02 -2.086E+02  -2.599E+402 1.880E+01
f13 -1.875E402 -1.229E4+02  -1.545E4-02 1.400E+4-01
f14 9.355E4-01 1.375E+03 8.795E+02 2.676E+02
f15 2.386E402 1.539E+03 1.006E+03 2.506E4-02
f16 2.006E+02 2.015E+02 2.010E+02 2.029E-01
f17 3.245E+02 4.091E+02 3.425E+02 1.780E+01
f18 4.252E+02 4.816E+402 4.439E+402 1.282E+401
f19 5.010E+02 9.033E+02 5.037E+02 5.811E+01
f20 6.011E4-02 6.050E+02 6.035E+02 6.532E-01
f21 1.071E4-03 1.221E+03 1.110E+03 2.242E+01
f22 1.408E4-03 2.486E+03 1.959E+03  2.780E+02
f23 1.289E+403 2.588E+403 2.069E+03  2.867E+02
f24 1.202E+403 1.223E+03 1.219E+03  3.793E4-00
125 1.289E+-03 1.325E4+03 1.321E+03 6.400E+00
f26 1.338E4-03 1.520E+03 1.401E+03  2.792E+401
f2r 1.728E+403 1.842E+03 1.789E+03  2.762E+01
128 1.601E4-03 2.391E+03 2.158E+03 1.316E+402

10)

11)

12)

13)

Vol. 11, No. 4, 341/359, (1997)

J. J. Liang, B. Y. Qu, P. N. Suganthan, Al-
fredo G. Hernandez-Diaz : “Problem Definitions and
Evaluation Criteria for the CEC 2013 Special Ses-
sion on Real-Parameter Optimization,” Technical Re-
port 201212, Computational Intelligence Laboratory,
Zhengzhou University, Zhengzhou China And Techni-
cal Report, Nanyang Technological University, Singa-
pore, (2013)

Fifinih, Hbwl, A E o Particle Swarm Opti-
mization 7V 3V XL DRZEVEMNT, ¥ AT L HIHHE SR
FEm X EE, Vol.23, No.1, 9/15, (2010)

N. Iwasaki, K. Yasuda, and G. Ueno : Particle Swarm
Optimization : Dynamic Parameter Adjustment Us-
ing Swarm Activity, Proceedings of the 2008 IEEE
International Conference on Systems, Man and Cy-
bernetics , 2634/2639, (2008)

R. Eberhart and J. Kennedy : A new optimizer using
particle swarm theory, Proceedings 6th International
Symposium on Micromachine Human Science , 39/43,
(1995)

J. Kennedy and R. Mendes Population Structure
and Particle Swarm Performance, Proceedings of the
2002 IEEE Congress on Evolutionary Computation |
1671/1676, (2002)

R. Mendes, J. Kennedy and J. Neves The Fully
Informed Particle Swarm: Simpler, Maybe Bet-
ter, IEEFE transactions on evolutionary computation,
Vol.8, No.3, 204/210, (2004)

D. Bratton, J Kennedy Defining a Standard for
Particle Swarm Optimization, Proceedings of the 2007
IEEE Intelligence Symposium, (2007)

M. Zambrano-Bigiarini, M. Clerc, R. Rojas : Stan-
dard Particle Swarm Optimization 2011 at CEC2013:
A baseline for future PSO improvements, Proceedings
of the 2013 IEEE Congress on Evolutionary Compu-
tation, 2337/2344, (2013)

I. Loshchilov, T. Stuetzle and T. Liao : “Rank-
ing Results of CEC’13 Special Session & Compe-
tition on Real-Parameter Single Objective Opti-
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EALHNERGTEICE 1T 2NV FY— VU MEE
OWrE A  (EINAFSERA TR NBIAL 2R 587, JST CRST)
Benchmark Problems for Evolutionary Design of Experiments

«T. Uchitane (RIKEN, JST CRST)

Abstract— Applying analyses for big scale system is often required even if the number of numerical ex-
ecutions gets larger exponentially. However, the number of factors to affect the results of such analyses is
fewer than the number of data points in parameter space. This implies that enough analyses results can
be estimated if fewer number of system input-output data sets are obtained. The goal of this study is to
develop a framework to get good estimation of such analyses by using parameter selection algorithms which is
based on evolutionary algorithms. In this paper, benchmark problems are proposed to evaluate the proposed

framework.

Key Words: huge parameter space, design of experiment, analysis of variance, multivariate analysis, data

clustering
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Fig. 1: Examples of pattern classification learning for
Frrr,1 system function. TRUE is described as a mark
of rectangle and FALSE is described as a mark of
circle. Level curves of NN as a probability density
function are drown. In the left figure, a pattern clas-
sifier for grid pattern data points is shown and in the
right figure, a pattern classifier for random pattern
data points is shown.
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Fig. 2: Examples of pattern classification learning for
Frrra system function with fewer data points. The
left figure shows that learned NN from data points
nearby borders. And the right figure shows that
learned NN from data points not only nearby bor-
ders and also a few additional points. The pattern
classifier in the right NN is better than the left. This
indicate that it is not enough to obtain data points
nearby borders.
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Performance Evaluation for Hospital Meal Menu Production
Based on Genetic Algorithm

«T. Isokawa and N. Matsui (University of Hyogo)

Abstract—

One of the approaches for improving quality of life of patients who are undergoing hospital-

ization is to improve hospital meals that are provided to them. To plan daily menus for hospital meals is
very cumbersome, which involves many conditions for nutrition and allergies, and this will become difficult
if patients’ preferences of foods are also taken into consideration for a purpose of enhancing patients’ quality

of life.

This task can be formulated as an optimization problem with menu items as variables and specific

nutritional and allergic as its constraints. We have proposed a menu creation scheme to satisfy these condi-
tions with being incorporated patients’ food preferences, and shows a preliminary result for creating menus
for a patient. A genetic algorithm was utilized to better and more efficiently locate combinations of menu
dishes for individual patients. This paper demonstrates that a variety of menus can be produced for patients
with several ranges of ages, three types of physical activities, and allergic conditions.

Key Words: Hospital meals, nutrition intakes, genetic algorithm
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Table 1: Four core food groups and their constituents
Group Foods

1 Milk, dairy products (cheese), eggs (of
hens, quails)

2 Seafood (fish, shellfish, calamari), meat
(beef, pork, chicken), beans, bean prod-
ucts (bean curd)

3 Vegetables (carrots, spinach), tubers,
roots (potatoes, sweet potatoes), fruits
(oranges, apples)

4 Grains, cereals (rice, noodle, bread),
sugars (caster sugar), fats (sunflower
oil, batter)
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Fig. 1: Implementation of the proposed scheme: entry
of physical attributes and output of calculated nutri-
tional intakes
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Fig. 2: Implementation of the proposed scheme: list
of menus for patient’s recommendation
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Table 2: An example of nutrient adequacies for the 1st day (male, 35 years, 68.5 kgs, 170.5 cm, Level 1T of

physical activity)

(a) Lunch (b) Dinner
intakes target intakes intakes target intakes
Food group #1 87 g 100 g Food group #1 100 g 103 g
Food group #2 60 g 733 g Food group #2 55 g 715¢g
Food group #3 255 g 216.7 g Food group #3 1895 ¢ 1745 ¢g
Food group #4 135 g 146.7 g Food group #4 157 g 153 g
Averaged adequate Averaged adequate
for TFGs 85.79 for IFGs 90.72
Variance for IFGs 4.14 Variance for IFGs 8.29
Point for IFGs 81.65 Point for IFGs 82.43
Energy 750.3 kcal 891.1 kcal Energy 731.6 kcal 1075.3 kcal
Protein 30g 20~ 45.7¢g Protein 259 ¢g 8.9~602¢g
Calories 26 g 19.8 ~ 248 g Calories 26.9 g 174 ~273 g
Carbohydrate 96.6 g 111.4 ~ 154.2 g Carbohydrate 92.6 g 131.5 ~ 2263 g
Salt 3g <3g Salt 28 ¢g <29¢g
Averaged adequate Averaged adequate
for IFCs 93.19 for IFCs 87.69
Variance for IFCs 6.62 Variance for IFCs 15.09
Point for IFCs 86.58 Point for IFCs 72.60
Fitness 84.94 Fitness 75.87
98 [ 208 | so8 | «o8 | 568 Table 3: Fitness values for five days’ lunches and din-
— B o . na s ners for the virtual patient (male, 35 years, 68.5 kgs,
e |SE e D0 2% §§§E$ 05155 170.5 c¢m, Level II of physical activity)
. w15 o ey Eigiﬁm Adequacies Adequacies
— %2‘”’ mal i e Day for lunch [%] | for dinner [%]
1 84.94 75.87
. (ascrescresscrr e por 2 81.36 74.59
TR TR 3 76.65 74.53
i par s e s B 4 83.69 72.20
e ERE ERE O 5| s o7.31
Fig. 3: Implementation of the proposed scheme: com- Average 80.50 72.91

posed candidates of menus for the first day’s lunch and
dinner

MR ENTED, BIONAL LBICEBMEEIOE
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BEESTICYEICHE U THR - R LIS TICD
W T DEISER Table 319, TNHOREED, 42
Ry AT LS EOESE R OB O A S D 72 B
BTXTBOHZ WM S.

APERY AT LOGEZ/RT T2IC, Table 4 1R
FTHEEICOVTENZT NI ZITS. TDRIC
AT KD, BERIER, MR, SRR, T LIL
F—HEMNHEWVICEES LIICRE L. BEOHE
BEUKEICOWTIE, HRADYE e mb LS
WKRELTWS., JFEBEEICHLT, TV &R LI
Fo S BRTEIR B X OB 2 WIHAMRARE 2 L T2 kAT
PRI e T 12, SHICBIF3RE - YBOHTIC
W9 % IS EE # Table 5 1IC/R9. THOEKD, £
L DGEEIEBOTEWEISE Z R DB TN R TE
TWBTENTh5. W DhOBEEICENT, FiC

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

HH Id:W60 1 U TR LS DRk LS 51
TV, ThET—ERX—=AIEFINTVWE LY
CED Dz (72 FiE) C EWERTH B EEZ BN,
COREIZL Y EDT—ZR—ZADHLFEIC K b k& n]
RETH%.
5 F&o
AT, BEOEIUNT VAL 6 I 2%
& U T2 BRI ERG AR Y AT S DWW T ZF OHRMMEDORK
AR T T RV AT L TIREBEEDOEKERD 58
IR Z R ET S &Il & D BEREANCIS Uik
VLOVERRZ TS TN TES. ML IIRFEEE T
LHEITRER K DBRE, YBL EITHIOFIESEN
BV EERTE TS b, chickd
K AT LOFIMEZ R T E 1.
BE R
1) XK, B, RBESERUNT V ADNcED B
SR AT L) HART — 2 N— A HE50G0E, 8-4, 1/6
(2010)
2) S, GHF, “BMOFEIC K BHIIEROFER, BERfRNT
WHoeAsRER, 1629, 1/7, (2009)
3) TEIE B, kL, i @R E R L 2t
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Table 4: Several virtual patients with their physical attributes, used for the targets of menu creation

1d. gender | ages | height [cm] | weight [kg] | Activity level | Allergies
M20 male | 18-29 171.4 63.0 3 N/A
M40 male | 30-49 170.5 68.5 2 N/A
M60 male | 50-69 165.7 65.0 1 N/A
W20 | female | 18-29 158.0 50.6 3 N/A
W40 | female | 30-49 158.0 53.0 2 N/A
W60 | female | 50-69 153.0 53.6 1 N/A
MAc male | 30-49 170.5 68.5 2 Cereal
MAm | male 30-49 170.5 68.5 2 Milk
Table 5: Fitness values for virtual patients (averaged for 10 trials)
M20 M40 M60 W20
Day Lunch | Dinner | Lunch | Dinner | Lunch | Dinner | Lunch | Dinner
1 76.26 | 66.40 | 78.82 | 76.92 | 85.99 | 82.72 | 88.56 | 83.11
2 76.32 | 67.13 | 84.32 | 75.66 | 84.00 | 83.51 82.69 | 83.24
3 75.44 | 65.40 | 80.30 | 76.95 | 85.46 | 80.64 | 75.30 | 80.52
4 75.69 | 65.11 79.87 | 73.28 | 82.13 | 80.18 79.89 | 79.74
5 75.77 | 65.70 | 79.10 | 72.51 84.04 | 81.26 | 86.09 | 82.41
Average | 75.89 | 65.95 | 80.48 | 75.07 | 84.33 | 81.66 | 82.51 81.80
W40 W60 MAc MAm
Day Lunch | Dinner | Lunch | Dinner | Lunch | Dinner | Lunch | Dinner
1 80.37 | 80.54 | 76.37 | 59.95 74.51 74.14 | 75.21 74.84
2 85.39 | 80.29 | 82.18 | 63.61 81.88 | 72.90 | 74.50 | 70.86
3 84.58 | 80.09 | 64.43 | 62.39 | 78.79 | 71.36 | 80.85 | 72.22
4 83.66 | 80.31 75.82 | 60.22 73.61 72.33 | 69.28 | 67.38
5 82.80 | 79.53 | 81.61 68.48 | 78.45 | 66.59 | 80.27 | 68.57
Average | 83.36 | 80.15 76.08 | 62.93 | 7745 | 71.46 76.02 | 70.78

% BRI Y AT I~ RIS AT L O~
WOTRI T 7D q s VAT L - R LaRa S,

1135/1140 (2011)

4) W1, HRE, Bl N, K, “BB OGRS EIS LT
TR LM TS E S 2 7 LOMEE” 5 58 [0S X7
LTIV H A X W FE S R AR XAl AR SO, 135-7 (2014)

5) JEAETIE: HARANDORHREEIGEE (2010 4hR), http:
//www.mhlw.go. jp/shingi/2009/05/s0529-4.html

6) B, “BAFHILEESEE 500keal BDT AT 5 ER,”

T=7w oA (2012)

Iy Ca—T—yatN - ATV VANES -16-

(20154E5 H29H-30H - ili&)
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Bipedal Walking in Consideration of Slip and The Evaluation Based on
Dynamic Reconfiguration Ability

*X.Li T.Feng H.Imanishi M.Minami T.Matsuno A.Yanou (Okayama University)

Abstract— Humanoid’s bipedal walking realized by controllers’ based on Zero Moment Point (ZMP) known as reliable
control method deems to be different from human’s walking on the view point that ZMP-based walking does not include
falling state. However, the walking control including falling state is vulnerable to turnover. Therefore, keeping the event-
driven walking dynamical motion stable is important issue for realization of human-like walking. In this thesis, walking
model of humanoid including slipping of supporting foot and contacting foot, bumping, surface-contacting and point-
contacting of foot is discussed, and its dynamical equation is derived by Newton-Euler method. Then, we propose walking
stabilizer named “Visual Lifting Stabilization” strategy to enhance standing robustness and prevent the robot from falling
down. Besides, in order to investigate the flexibility of angular acceleration of each joint of robot, a new concept named
Dynamic Reconfiguration Manipulability (DRM) which indicates dynamical shape-changeability by using redundancy is
proposed as an index to optimize design and posture control of robots. And then, we apply the DRM into humanoid robot
to research its dynamical reconfiguration ability during walking.

Key Words: Dynamic Reconfiguration Manipulability, Shape-changeability, Humanoid Robot

1 #5

ta—< /A ROSLTHIEIZE LTI, Zero-Moment
Point (ZMP) & FEZINL D IRN-TIOESIHFLE ST 5 2
LIS T o RBITEEIT L HELY Db ANT
BWERANZTIETHLZERMBNTWS, 872513,
FRLAWOMANIZ ZMP 28D T Z Ltk -
T, aRy MREGEET S Z LR BIERBREN MR S
NDEEND T EPRIESNTNDTZDOTHD. KAHE
WRFZERT D> ASIMO Zhhh & LT, < 0FEHICE S
ta—< /A RN ZMPIZIESWTERERRICRBITS =
EHTEER LTV 5. ZMP BlEoOHIELSNCE, U
2w M A 7 VIS 2 A THELGE 0 BIH 4 L &
AL, TROEZBB LT ESHTEERT L FED
FET 5 ).

LI LAR D, Lo T MEChiliEgssR st o ik
IFETHMbENE 2T ET AR RTHY, &
(foot) ZETeET IVDIERRSCIEDIB Y 72 ERBTIZE %

BT iR S AEICH D, Fo—
T, CHEEY 1T (foot) DIFELEIT ko TEEER AR M
AR END Z L ERAMICIRR L, xR e Ehdk
ITETNVEER L TWD. AR TS, AlREZR IR
DEEICE X oF S, & (foot), BE, MEDIEY,
RDERR EEBEGLH AT I 7 RTESW I Eim & 1T
5. AMFZE L SR D OBLTITIE L TV DS, AR
IZI7Z T Tl B E L ED T2 gDET V%
WH. LT, ta—~ /A ROET/MUIZBWTESE
ONEELEZ TWDHEHET, HFEROEITIS L TEA
T RZEENDREEROR TV ELT HEND
RThD., —Blaxd 2L, mEMRiE (o0 &N
Bl 2> O EEASEER S B 551213 F D )& D [nllsES) & &
TEENHTCHE L A B 720, RO I
T5H. 20X AR Y 12BN T, “one-legged
hopping robot” MiEH 2 x5 & L TITHOI TV S A5, #
ITIEENIR L TIEE R SN TV, I HITIREEEHK
DOIRTEDBENOFE NS U TELT DRI LT,
TR DR FHRLEEE O HIB & i L TV DI e,

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

Task-1: maintaining head-height

Task-1: maintaining head-height

fo).

DRME
N » Task-2:
waist-height down

...................

(b

Fig. 1: Applications of dynamic reconfiguration manipu-

lability for humanoid robot walking on uneven ground
Lifting a head

t by Visual Feedback

Dynamic Reconfiguration (prior task)

Manipulability Ellipsoids (DRMEs)

DRMEs

SIz-s
=7

(acceleration ellipsoids)

SN

Executing x

a hand task

Walkin;
(prior task) €

% or standing

(b)

Fig. 2: Applications of dynamic reconfiguration manipu-
lability for (a) redundant manipulator and (b) humanoid
robot.
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T, AL W ARBIIEER S L TR
AHETH Y, STHR O 1T IR BREE L B2l L 7278 & )
AT TV DIRRER IR 0 BB & & b T i 2k
DSNWTEHL, ba—~vr 74 X2 T ~DSHAEIERL
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DX A F 7 A% Newton-Euler 5% HIVCENT 5.
V= a L—ZIZESWEET RIS D ThiTh
ITWBEN, FIEOROHOHRDET VRRIGR E o
TWn5.

Z LT, ALTIEZMP IZIEGF LW A S LWESK
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QO : Number of link

[J : Number of joint

Head Table 1: Physical parameters

v Upper body Link l; m; d;

Upper arm Head 024 | 45 0.5
« Upperbody | 0.41 | 21.5 | 10.0
Lower arm Middle body | 0.1 2.0 | 10.0
/ Lower body 0.1 2.0 10.0
Middle body Upperarm | 031 | 23 | 0.03
Lower body Lowerarm | 024 | 14 1.0
™ Hand Hand 018 | 04 | 20
\\Waist Waist 027 | 2.0 | 10.0
Upper leg Upper leg 038 | 7.3 10.0
Lower leg Lower leg 040 | 34 10.0
Foot Foot 0.07 | 1.1 10.0

- Total 1.7 63.8

Fig. 3: Definition of humanoid’s link, joint and angle number

RRATOEBEE XD, ZMP PR A O5R
FIZHFELTWAEE, b a—< /A FIZEEENREICH
0, BEIIARLE L 2D AReER SV, 2o X ) e
1% LT, ARBFSE Tl “Visual-lifting Stabilization” & 4
(T T2 BB B BT O 12D D &2 &0 2 7 L —
REA L E—F 2 RIS OBERIZHESOTRET 5.
Z OEIEIESCHR © 10 [cB W TIRE STV D “visual
pose estimation”Z#F|H L Tk Y, ta—~ /A FHH
TR % ERF TRk 2 Z LI Ko THUS ATRE e
K4 2 B ONE KB DREEZ 7 4 — Ry
THZ LR, BENLKROHBATIRIBIC T 5 B3R E
fbzwHeL 5.

&5, vRy FOKBEESOAMEEDOH LTS %
BEA D700, ARiwSUCILEE)E LB EN B S
Wiz ETOINEMERAIC X 0 EH AR IR L E %
LTS TEhRIEIRZS B AT #/EME (Dynamic Reconfig-
uration Manipulability, DRM)] ##2% L, Fig.1 & Fig.2
WRTEOICNRE =2l —4DHhTh{bta—~/
A RuRy b OR#EHGEE RO 7o O BB
REO—OOIHMifEEL 5% 5. 2L C, DRM%Z t = —
~ /A FurRy MZEA L, STRICKE T 2% B0
R E TR IOV TELRT 5.
2 Ea—T/AFODZRBHITETI

ta—~ /A KDY o, B, BEEME q OEE
% Fig3 /7. WBRRY72/3T A — X % E % Table.1 |27
T ETUL 9 RORIEY > 7 L EESRE S BRI
W I8 E D [FEARIH CHERL S TR Y, DEEEGTE
(foot), MAfK, Bizz&DEHET V% 18 HHETERELL
TW5. FEEERRENOES LMToens, k
1T joint-9, 10, 11 12KV 3 RITZERIN O IEE ) AT HE
Thb.

LI T, link-0,---, 3 12k > TR S B E [
FF ), link-5, - - -, 8 12 & o THERK S U D & IR RELZ S
UC M) E7203 M) & res.

3 Visual-lifting Approach

RN ZMP 2B LS T IR L I A
BENDT, HETHD & Snd. REERBELIT
RELRRE AR L, —BERENMREAE L D & LERE
BICEIRTH 2 LI L. RETIZZ O X O RRE

FaYCa—7—ya b ATV VAR
(20154E5 H29H-30H - ili&)

-18 -

fo s, t?
R
Yy
........... >
”\}'\sua\ semVoNd giotic object

fv is force that lift up head to
prevent from falling down

Supporting-leg

Fig. 4: Concept of Visual-lifting Approach
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Ty (g (1), (1) = T Tr(yp(t) - T4T " (a(t))
(1)

K (D) 2BV T, TR 1330k %10 TiRESATVD
“On-line visual pose estimation”(Z &> CTHIE S 4172 1 (¢)
EHWTHEAEFRETH DM, AFETIE T2V
TR =R L DREIC L > THRD O TR L, B
B LT, 21T, 59(t) = () —(t)
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T 272012, BIELEEEICA SN RE MLy R
DUTFoRickviatians.
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Emerged gait

% : Supporting-foot is switched from one foot to the other foot

S : Supporting-foot

Fig. 5: Gait’s transition
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Fig. 6: One step of contacting foot (K = 0.7)
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Fig. 7: Average distance of slipping
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Emerged gait
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Emerged gait

% : Supporting-foot is switched from one foot to the other foot

S : Supporting-foot

E0 Emerged gait Lmorgcd gait

: Possible to fall down because of slipping

Fig. 8: States and gait transition including slip motion
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Fig. 9: Distance and state of slipping
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Executing
a primary
hand task

(a) (b)
Fig. 10: (a) Dynamic manipulability ellipsoids (DMEs) represent the

realizable accelerations ?-Z for each link without prior task at hand, and
(b) dynamic reconfiguration manipulability ellipsoids (DRMEs) repre-
sent the realizable accelerations A 14 4 for intermediate links with a hand
task being executed as a primary acceleration task.
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Fig. 11: Reconfiguration relation of j-th intermediate link during hand
executing task 7,,4. 1.?"]- means influence of hand task to j-th link as
shown in Eq.(19). J,; M ~}(J, M ~1)*#,4 is a induced acceleration
of j-th link by #,,4. If 1#; is required to be generated at j-th link, Al#;
determined by Eq.(20) have to be realized through 1 in Eq.(22).
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(a) Large lifting gain (K, = diag[20,290, 1100])
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(c) Small lifting gain (K, = diag[20,290,900])
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Fig. 12: Screenshot of humanoid walking on uneven
ground
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Fig. 13: DRMSI until t=15.0[s]
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Fig. 14: The uneven ground
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Fig. 15: Case: Low lifting-gain
diag[20, 290, 950]), 6h = 0.01[m]
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Fig. 16: Case: Low lifting-gain
diag[20, 290, 950]), 6h = 0.02[m]
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Fig. 17 Case: Low lifting-gain (K, =
diag(20,290,950]), dh = 0.03[m]
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Fig. 18: Case: Low lifting-gain (K, =
diag[20, 290, 950)), 6h = 0.04[m]
35000
30000
25000
g 20000
£ 15000
10000
5000 DRMSI = 9719.04
0
0 1 2 3 4 5 6 7 8 9 10
Time [s]
Fig. 19: Case: Low lifting-gain (K,
diag[20, 290, 950]), 6k = 0.05[m]
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Fig. 20: Case: Low lifting-gain (K, =

diag[20,290,950]), 5h = 0.06[m]
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Fig. 21: Screenshot of humanoid walking on uneven
ground with Low lifting-gain (K, = diag[20, 290, 950)),
o0h = 0.01[m)|

sl

- =

Fig. 22: Screenshot of humanoid walking on uneven
ground with Low lifting-gain (K, = diag[20, 290, 950)),
0h = 0.06[m)
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Fig. 23: Case: High lifting-gain
diag([20, 290, 1100)), 6h = 0.01[m)]
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Fig. 24: Case: High lifting-gain
diag[20, 290, 1100]), §h = 0.02[m]
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Fig. 25: Case: High lifting-gain (K,
diag[20, 290, 1100]), 6k = 0.03[m)]
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Fig. 26: Case: High lifting-gain (K, =

diag[20, 290, 1100)), 6h = 0.04[m)]

.. B .= .
Fig. 27: Screenshot of humanoid walking on
uneven ground with High lifting-gain (K,
diag[20,290,1100]), 6h = 0.01[m]

S

Fig. 28: Screenshot of humanoid walking on
uneven ground with High lifting-gain (K,
diag([20, 290, 1100)), 6k = 0.04[m)]
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Visual Servoing System based on Eye-Vergence

«Tian Hongzhi, Hou Sen, Minami Mamoru, Yu Fujia, Maeda, Koichi and Yanou Akira
(Okayama University)

Abstract— Towards moving target visual servoing with hand-eye cameras fixed at the hand is inevitably
affected by hand dynamical oscillations, therefore it’s difficult to make target’s position always at the center
of camera’s view, because nonlinear dynamical effects of whole manipulator stand against tracking ability.
One proposal to solve the problem is that the visual servoing controllers of the hand and eye-vergence are
separated independently by decoupling each other, so that the camera can rotate to observe the target object
better. The track ability of the eye-vergence motion is superior to the one of hand since the eyes’ motion can
be quicker than the hand’s motion because of the eyes’ light mass. In this report the merit of eye-vergence
visual servoing for tracking have been confirmed on condition of full six degree-of-freedom(DOF) pose being

estimated in real time.

Key Words: Visual Servoing, Eye-vergence, 1-step genetic algorithm(GA), Object tracking
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Fig. 2: Disadvantage of Fixed Camera System
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Fig. 3: Advantage of Eye-vergence System
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(c) Eye-Vergence System

Fig. 4: Dynamical Advantage of Eye-Vergence System
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Fig. 5: Motion of the end-effector and object
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Fig. 17: Movement of the x-axis direction of hand
coordinate system. The object’s pose x, vy, z, €1, €2
and €3 are recognized by camera.
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Fig. 18: Movement of the y-axis direction of hand
coordinate system. The object’s pose x, y, z, €1, €2,
€3, are recognized by camera.

Fig. 19: Movement of the z-axis direction of hand
coordinate system. The object’s pose x, y, z, €1, €2,
€3, are recognized by camera.
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Consideration of the state representation for semi-autonomous reinforcement learning of sailing

within a navigable area

Abstract—

To sail quickly to a goal within a navigable area, complex control of the rudder and sail is needed.

Sailors need to determine the current action considering the time series of states, i.e. not only the current state but
also the future state. Reinforcement learning is an appropriate method to learn a complex problem such as sailing.
In this paper, we apply the navigable area such that a robotic sailor needs to avoid touching a boundary.
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How Further Search Pruning Works
for Complex-Valued Multilayer Perceptron Learning

xS. Satoh and R. Nakano (Chubu University)

Abstract— In the search space of a complex-valued multilayer perceptron having J hidden units, C-MLP(J),
there are singular regions, where the gradient is zero, as is the case with a real-valued MLP. Since a method
called complex singularity stairs following, C-SSF, starts searches of C-MLP(J) from singular regions formed
from the best solution of C-MLP(J-1), C-SSF allows for finding excellent solutions. However, the number of
searches tends to increase in the process of C-SSF, as J gets larger. To deal with this problem, we proposed
C-SSF'1.1, which prunes searches that merge onto previous search routes. In this paper, we propose C-SSF1.3,
which goes further with search pruning, and then evaluate the proposed method in terms of solution quality

and processing time.

Key Words: Complex-valued multilayer perceptron, Singular region, Search pruning

1 FAHLE

BFE=a— TNy MNIBEEROEREWZ D720,
Hoa—F Ny NIRWFREET 5. BlziX, #
FLZE N —t 7 brr (#FMLP) 3HEFR==2—T
Fy NO—FTH DD, FOIEHEIEEICIIEE %
TOEEWRD XA TR0, HEIREEFE LRI oBEL
FNETNEFZREL MO XA TREDDDH. AT
ITERERE T DEE S VA FBEEICATT HiEM(L
Bz D03, 2 OTRMHEALBEEI X IRNE A3 7] 22 72 J&
PERBH Y, MOFEEOHZRNBAT SIEFE MLP O
T4 RBEEERICE RS, 20X ) aE %% MLP
THEBTHZ LITEEL.

B MLP 08k LTE, ERZEMONE %
WABFE Sy T a R — g U (C-BP) 67 %,
ABLD A T7 < Hesse THIOWATHI DIl H IV THE
=1 5 U Newton IO —FEO#EZE BFGS 1= (C-BFGS)
B) 72 EnMunbinsg. C-BFGSI1E C-BP L0 4R E
SRBRLEMEBHRTCTED.

L L, #E3 MLP OBRZERIZIE, 5 MLP & A
Bk, ABLNE 7 R BRI R T Bl R S AR T
D=8, C-BFGS ZHW=E LTHHEICIIHREZEE )
KR SEOLND LIRS, 5 MLP O#ER
EELTIE, FrREMA RS S LD D BRESH
=208, b LEMTEZELTH, ZORBEOMNIE
DIVDERFEIL AR,

R RN AT 228 T VTR R
TIEMHIN DN, FRETIIIMLP OA TR, H
TARBETARBEN LT BTG E L REERET
NTHD. T ORFERE T IVOME % BRI BT
THMIEN 72 Sh, FFRETNVOPLREEZHETET D
RN RRE SN TRz 415,

fEdiv = M J H DR MLP OFREZEM] LDk
FBAEEITIEN =y MY T — 1 O#i#E MLP Ok
AR SEG A2EAT 5 LRSS, 20Xk
RS- R B B o2 To SO IR NS
BEEHLT-REELL, i, TOIFEAEDSITE
TT D0 — b WEET A8 TH 5 Y. ZOME ZFHI
L, ®BEEZERT 2O TR, WA 218%E

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

-37 -

R EBEEBMNE (C-SSF: Complex Singularity Stairs
Following) 2R &7 9. Z ok SR MLP(J -
1) O fciifif & GRS UV VRR SR RIS & PRER 22 [
ERTT 5720, FIRRZEOEFHRD MEES T TE
0, BEOMERDZENTES. LML, Bha=y
MRS E X DOSRFRER G R 5720, R
BRBERKTHEENDH L. D=, BEOERRMNLL
ATDOTRBERRIE & G T D5 B 1T BAEO TR X v 3
5 FEREA LT C-SSF1.1'0) 322 &, AP aT
PRS2, fRhv=e = MRSV E & 1F, KR
ELTHIMSEE T > # AZERE LT 100 [FIRRTIT9 507
EE 0 LR EE N H o 7.

AfE I BAEIE B oD Hesse 1741 0 [E A 8 % B2
SROBRNAMLZRE L, PRRO LREZZR T T—EOHE
MY 7 C-SSF1.3 #1875, ZOHRE
MY FEIEE MLP OERETH 5 SSF1.412) [2EA
S, EWEEL ST D 2L BRI A HIE T
7. ZO, #HFEMLP OFEICBWL T LY
EHEIED I L7 AVEREFR 2 KIBICHIR T2 2 &
W CE D, %IBOFFEEERIC TREIEOA ZME
ZRHET 5.

2 BERZEEAA—tT OV OHERSE
AR & HRE

AETIE, Bha=y + J - 1 EOHEFE MLP ©
TR AR ESR 2w L CEe =y & Dl
oF L HRER AR SN D Z L A EICHAT 5.

ZIT, Bhae=y b JME, Hhz=v b 1ED
5% MLP (3% MLP(J)) OHNILLFTh D, 7272
L, OJ = {’UJQ,’LUj,'LUj,j = 1,,J} L L/, ﬁ%‘&aﬂﬂj
NI TEZKETS.

2.1

J

fi(x;05) = wo + ijzj, zj = g(ij:c)
j=1

(1)

FERT—S {(x"y"),p=1,-- N} BGEZBNT, Lk
TORMBEBEZR/NNIT D2 EE2EZD. T2ZL, o

15PG0007 © SICE 2015



(T or OIBERL LTS,

N
Ey=)_o"or, o
p=1

2, Bha=y b3
@Eﬁ% 0J—1 = {u07ujauj7j = 17"')
TOHENIUTTHS.

= fi(x";05) —y" (2)

J — 1 {HO#E#E MLP(J — 1)
J—1} & 5.

J-1
fr-1(z;605-1) UO+ZUJU]7 vi=g(ujz)  (3)
j=1

T, B% MLP(J - 1) (D%iﬁﬁ@% 0,1
{uo,uj,u],j—l J—1} &L, 0, 1\l 3fDA
7’ i%’n@ﬁ a,ﬁ v % Jﬂ L’C?%f’o:héwﬁfﬁé?%h%ﬂ
©.67.8) L7

~ o ~ ~ B ~ ~ Y ~y
0;1—0,; 6, 1—0; 0;;—06,

@J = {0J| w():’a(), ’Ll)1=O7
wj:ajflawj:aj*hj:Z'"7']} (4)

~ 8 ~

0, = {6, wo+wig(wio)=1o,
wlz[wlo,(),-“,()}T,
wj:ajflawj:aj*17j:2>"'7‘]} (5)

@’} = {0J| woiao, w1 +wm:am—la
wlzwm:am—la
wj:ﬁj_l,wj:’aj—h
je{2,---, JP\{m}} (6)

f:fil/y m:2;"'a‘] &‘g—é é37@§7é} O)’ﬁ/ﬁ\fﬁﬁ@

M, HEOBIE E,(0) OARAY B & 72 % sl (%
BAEIR) 1L T O SO TH D,
(1) pE @i E éi ﬁ)i%ﬁéﬁﬁj—ﬁ&i w1o 75’@%@%5\:

BT S, =T AR % - ofEbiz 0
LT 5.
wo = a()7 wy = 0, wi = [wl()aoa o 'aO}T
wj:ajfh wj:ajfla ]:271J (7)

(2) I ©) 13, BUFOR &7 THRENTH 5.

(8)

w1 + Wy, = 7/vb\rnfl

2.2 BEFRBHEBERENE1.2DLEOR

T B PE BB IR 1.2(C-SSF1.2)™) 1 Bt o5
TR ERROYMMR E L THIHT%. C-SSF1.1 & 1.2
DEWE, C-SSF1.1LITF IR BOMOHZEZFRIHT 5753,
C-SSF1.2 TiiEn ==y MEIMRIEF DL &3k
NEBEOEZRWTIRET L2 THhDH. ZDZ b
12XV, C-SSF1.2 TiIfEh o=y FHFEFITDRNE
X2 C-SSF1.1 L0 L BWERHE G, TR LBEOBRE
FTH C-SSFL.1 LV b BWENE b 1D,

o=y k2 Jp £ TEN RBEOMREE FHWTHE
%95 C-SSF1.2 DAEL DN Z LA FIZRT. 72720

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

-38 -

BT BENT= N ORKEE Jnas, #3E MLP(J)
oEH% {w)” Wl W} LT 5.

C-SSF1.2 QUED R

1 fEha=y b3 0ED & & ORIEGEE A RD S
@) )

2: for J =1, -+, Jpax do

3: if J < Jg then

4: forr=1,---,R do

5: it =v b3 J — 1 HD & & OHEHRTH

LIV r B BT BE ORI WM T % i
H U TS & R aik HICERE L, Hesse
1THOEFEE BT MLERD S,

6: 2 TOADEAEIZHST D EA X7 hv
Fa & Z DM N ERBEZER A2 B T LT
BRET 5.
7: end for
8: else
9: Fihr=y "R J - 1O L TOERATED
NIz BRSNS B 2 A L T A%
R BLGEIR IZERE L, Hesse {TAIDREAMHE &
BRI MERD 5.
10: ETOADEAEIHET DEA 7 hvT7
M & DM IR ZEM & % T L TR A T
KT 5.
11:  end if
12: end for

Step 5 & 9 TIEHHIMETHR a8 & v ZFIHT

B, AHRIVEGAR o, B &M L O & A A
% 05 LiciET s FEIUTF LTS, £EL, K
o=y b8 T — 10D & X ORF T BT E
oS TICERR S I
ugJ>+-a%J*1% wi” o0,
(‘])<—w§‘]11), wﬂ—fugil), j=2,--,J
N B A LA A R R O RICRET S
FHEEUTET S, 2L, m=2,---,J £T5.
wi a7 W) g x gD,
wﬁ,{) — (1—¢q) % wf?;] 11),
w70, W I,
wj(f]) — wgfill), w]eﬁyll),
.76{277J}\{m}
TR ERERTE, 0% »bitp=—1,0,10

3»5 (?)}ﬁxac;tq_m 1.0,1.5 (ZNZHHNSE, N

T ENGTOERR, S5 5)0)3><( )E%HEHﬁ
L. £, R=3,Jp=3 &L, C-SSF1.2 DL
DFEILD Step 5 DFR ORI CTILF U2 RIS 52 &
ERET D7D, r>10LE, r —1FHOMLD LI
HRRZZDZEN 1078 LU LS 2RO TR/AhD b D %13

WU FrReE BN SEA N MVHTRA~RET S
15PG0007 © SICE 2015



—>A, GO

A, (=0
H E e
A <A

Fig. 1: Conceptual diagram of eigenvectors at a point
in a singular region.

BRI ABETIIEAZEH TE VWD, £THED
EED) ZMWTELLZ —EEHRL, ZO%ROBERITHE
Newton ED—FfED C-BFGS3) % A 7=

F 72, C-BFGS CHRFRZEM 2 M T 9 2 BRITIRBHA] Y
RUBRAAT 5 78, YEEREN] O ORI €13 0.3, ZEREN Y
HIE & BAOREIER AT » 7 HH {100n,n =1,---}
DEELTDH. PEREAN WO FEMIT SR 10 25
BRI,

3 HERFEMEENEL1.3

C-SSF1.1 & 1.2 1TRBEEA Y 5 Z Lz L i
PRRFM A HIR T X 2203, BBha=y MERZ W E X1,
IR E LTI R Z T & AIZERE LT 100 [BIERFT9
LEL 0 BN SN S o7 101D, 2o
TARETIE, R oo Hesse 17510 [ A 2 JE 12
BBEOERIANLZRE L, BB ERE2ZT )3
DOIEFEEN Y 2 7= C-SSF1.3 2R+ 5. Z DE
FRFEA] D FIEIFE MLP O#%FEIETH D SSF1.4 (ZEA
SN, ZOREER, MAEELILIED L7 ALERF
MAER T 12, 209, #H3E MLP 0%EICk
WTHIRME 2SI SE D Z L 7 < WUEEFER 2 KIE I
M5 2 L A& 5.

X 1R RAER EOEA T ML oEER AR, X
R RO, ADBEFMEON, FEAMERNSVIEE
Z OBEAMEIC KT B EA X7 bV ORERZEM O
T2hHMATHDLEEZLND. O, ADEE
EANIVEE, ST LHEENT MVFRICHERZ
1T TETZROIBEEIT NS WMHEA RS D L EZ D
na. Lol, shOBEAHENRNOIIMEEE b
LI ERTIX Wi, HEERIOREEZITHMLERH D
LEDbDND.

C-SSF1.3 OMEEOiiiL % LI T iZoRd. C-SSF1.2 &
DEVE Step 10 IETH 5. 7272 L, BREEKO L
Bi% Maz &4 5.

C-SSF1.3 QLB DR
1 J =0 OKRBEEEEEZ RDDH. (wy = 7)
2: for J =1, -, Jnax do
3: if J < Jg then
forr=1,---,R do
=y F3 J — 1D & & DR TH
LTz r B BE ORI AR B &
H U TS & R ik HICERE L, Hesse
THIOBEAEEEANY M ERD 5.
6: ETOADEFMIT ST DEA~T b
JFm & O I ERRZE M & [ T L CfR

FaYCa—7—ya b ATV VAR
(20154E5 H29H-30H - ili&)

ERFET .

7: end for
8: else
9: Bha=y "3 J - 1D L ZOHEBETHDL

N E BRI ESR 2w L T a2
R FLAEIR R IZERE L, Hesse 175D EFAE &
HXT MVERD L.
10: while SR 2 AOEAENES 72 57, TR
B Max Bl & 705 F T T2V iIRT. do
11: Step 9 T%’% L7-ADEAEO T TH b/
SWEAFEDIRICERIR L, ZOFEAMHIC
ST B EAN T VTR & F OIS
BRRZEMERET L CRERETD.

12: end while
13:  end if
14: end for

PUF OF R IR CIIF 3 2 B R8I 72 & O E
1T TC-SSF1.2 L[REU & L, BREED LR Maz 1X
100 & L7~.

4 FREHEEER

Hr FLAEIE E > Hesse 175 O B E % FAZERIEAA D
2179 FiE%E C-SSF1.2 |23 A L7- C-SSF1.3 LR
PS5 72, FHEMESER AT o, T D EkE
I%, C-SSF1.2 Ofthlz, BEREESEN &Ny FHIER BP
B (Z ZTIEHEIZ C-BP LIRS, % Newton ED—
fET#H 5 C-BFGS' & L7-. C-BP & C-BFGS 0¥)
HIE I & AT X (-1, +1) b T &
LTEIRL, % J T100 MOFEITEIT- 72, KRITO
BTRME, A —T7B5N 1 HRZ#Z 50, R
ME2S 10710 LI R & n- 8B LT,

B MLP OFEMALRE%0E Kim 5 %) & Leung 5 4
DIRNEITHERAE LT LU T OTEMEALB S vz, 72721,
z=a+ib, i=+/-1L75.

1
1+e 2
1+e %cosb+ie %sinb

= (9)

14 2e=%cosb+ e2a

o(z) =

I OWEMALBEEE, BAEASEECERBEETHS. E
Al CAVWEMA LR S 2 Fr > FE MLP o frEE Iz
WTIHENT 23T hoau - 8 23, ERIZEMAL R A -
3 MLP OBBRERICHOVWTIIZELBIF S TWn
e Lavl, X (9) OIEEILBIETIRNE 23 I 28 72 B
W2 o790, AL EBITRIEN LT 5 X 57
BIgtick LT HEN@ &E 2 bNn5.

7Fu /5 I EEIT MATLAB R2014a & v 7-.
A TR 1 Tix CPU 2 Intel(R) Xeon(R) CPU E5-
2687W 0 @ 3.10GHz, RAM 78 32GB D= = —#
Z v, ANTRIE 2 Tix CPU 23 Intel(R) Core i7-2600
3.40 GHz, RAM 7#* 12 GB @ XPS 8300 % A\ 7~.

15PG0007 © SICE 2015



— 3
S 10
5 .
op 10
g
£ 10
g o
E 10" | C-BP
| —C-BFGS
10" j—C-SSF1.2|
102 > C-SSF1.3
1 2 3 4 5 6

o I[---C-BP
10" i —C-BFGS |
107+ C-SSF1.2

LI|>¢C-SSF1.3]

1 2 3 4 5 6
J

(b) Test error.

Fig. 2: Training and test errors for artificial data 1.

4.1 AIRIRE1

ANLRE 1 &L LT, UFOEAZZROHE MLP »»
AR LT =22 AW TERETo 7.

(w07 wlaw27w37w4)
— (—4+ 30,2 — 20,3 — 20,3+ 5i,0 — 5i),
(wla w2, W3, w4)

244i 3+40i —5+0i 2-2i
5—3i —4—2 —3-2 —4-—2i
143 3—4i 141 -1-2 | (10)
| s+ —2-1i 4-3i —5+2
| 3-8 0-1i 2-5 4-3i
0+0i 040i 0+0i 0+0i
0+0i 0+0i 0+0i 0+0i
0+0i 0+0i 0+0i 0+0i

AT — & OFBILHL 2l O EE & R HHEXE (0,1) @
HCT U H DMIAER LT, gt A% y* OIE B
DEHFEFFOBTFE MLP(J = 4) OO FEE L BRI
/NS TR EMELEE N (0,0.012) Z00%, 500 BT — 4 45
BEM LI, TA T =21, of ZJT — & LAk
DIFIETHET — & LIIBNCAR L, y* IR E
ZFIC 1000 EDOT — 4 maHm L. BET s>
= MOHRKEIT Jpae =6 & L7z,

Fig. 21245 J THROLNR/NOFIMEAZE & OfED
T A NEEA T KOt Er e L. C-BP
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Table 1 [Z&EFIEOHER B S Z 3. 7=7ZL, C-
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Table 1: Numbers of searches for artificial data 1.

J || C-BP | C-BFGS | C-SSF1.2 | C-SSF1.3
1 100 100 38 38

2 100 100 132 132

3 100 100 321 321

4 100 100 160 100

) 100 100 220 100

6 100 100 237 100

Table 2: CPU time for artificial data 1. (hr:min:sec)

J C-BP C-BFGS | C-SSF1.2 | C-SSF1.3
1 00:35:38 | 00:00:30 | 00:00:13 | 00:00:13
2 00:53:57 | 00:00:53 | 00:00:39 | 00:00:39
3 01:10:27 | 00:01:08 | 00:03:09 | 00:03:09
4 01:39:13 | 00:02:18 | 00:01:19 | 00:01:00
) 01:22:45 | 00:02:35 | 00:02:56 | 00:02:07
6 01:41:25 | 00:03:54 | 00:04:06 | 00:02:53
total || 07:23:24 | 00:11:19 | 00:12:22 | 00:10:02

SSF1.2, 1.3 [XRB BTN Y Shi-ERE &L, C-
SSF1.3 Tix J = 4 LI TIX 100 B DA LMEFR LT
WS, C-SSF1.2 & 1EIFF Ufig% 4, C-SSF1.2 &
FIEE, J=40DL X EMRETNEE.
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Fig. 3: Training and test errors for artificial data 2.

Table 3: Numbers of searches for artificial data 2.

J || C-BP | C-BFGS | C-SSF1.2 | C-SSF1.3
1 100 100 16 16
2 100 100 81 81
3 100 100 162 162
4 100 100 70 70
5 100 100 80 80
6 100 100 177 100
7 100 100 190 100
8 100 100 269 100
9 100 100 568 100
10 100 100 306 100
11 100 100 593 100
12 100 100 583 100
13 100 100 1042 100
14 100 100 770 100
15 100 100 1664 100
16 100 100 838 100

L0 b ARGED N SV, C-SSFL2, 1.3 07
A RNEFENDS J = 12 F0F 13 BN RBET L EED
nb.

Table 3 (2K BRBRIEDORREE # 7T, 7272 L, Table
2 LIAKE, C-SSF1.2, 1.3 13IRBRPITHAM Y S i-#E
T Gite. C-SSF1.31% J = 6 LA TIZ 100 [A] L%
RLTCWehol=is, C-SSF1.2 LiZEAERICERED
fift % 1537

C-BP, C-BFGS, C-SSF1.2, C-SSF1.3 »7 % &
ENRNE ol L E DR =y MIUT, EhER
J =15,15,13,12 THo7=. D L XDHHFE MLP ©
HH % Fig. 4 1Rd. B RT L5, C-BPiXH %
IFERLTETWARWZ ERbns. C-BFGS T, =
DRELBRDIZONTTNRREL o TWND. —F,
C-SSF1.2,13 Tida =13 FTHEL FHTE TS
T ENbNA.

FaYCa—7—ya b ATV VAR
(20154E5 H29H-30H - ili&)

_41 -
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Fig. 4: Outputs of C-MLPs.
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Table 4: CPU time for artificial data 2. (hr:min:sec)

J C-BP C-BFGS | C-SSF1.2 | C-SSF1.3
1 00:38:58 | 00:01:03 | 00:00:10 00:00:10
2 01:11:01 | 00:01:46 | 00:02:16 00:02:18
3 01:12:26 | 00:03:38 | 00:05:27 00:05:33
4 01:29:03 | 00:04:47 | 00:03:00 00:03:07
5 01:39:42 | 00:06:10 | 00:03:17 00:03:25
6 01:55:47 | 00:07:22 | 00:08:27 00:07:08
7 02:11:15 | 00:09:22 | 00:09:16 00:06:26
8 02:22:59 | 00:11:08 | 00:14:34 00:07:46
9 02:33:36 | 00:13:54 | 00:22:46 00:06:55
10 02:54:17 | 00:15:51 | 00:13:31 00:06:27
11 03:04:18 | 00:18:23 | 00:30:37 00:07:39
12 03:20:16 | 00:19:35 | 00:24:39 00:07:27
13 03:49:26 | 00:22:03 | 00:38:24 00:09:32
14 04:00:40 | 00:26:08 | 00:24:32 00:06:28
15 04:12:06 | 00:25:33 | 01:04:22 00:06:42
16 04:33:26 | 00:28:11 | 00:31:31 00:07:02
total || 41:09:15 | 03:34:55 | 04:56:48 01:34:04
5 F&OH
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Restricted Boltzmann Machines & F U\ o 20 EMRT

ERAVZOO—2ER7ILTYU XLDORER

O B (5 By tr ke Ko Bt L i SRR RS 7
W I ORI B R R e R )

A proposal of Clonal Selection Algorithm with Immunological Memory by using

Restricted Boltzmann Machines

x3. 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— Recently, many machine learning methods with high classification capability such as Deep
Learning are developed. Our research aims the analysis of the tourist subject data collected from the Mobile
Phone based Participatory Sensing (MPPS) system. Each record consists of image files with GPS, geographic
location name, user’s numerical evaluation, and comments written in natural language at sightseeing spots
where a user really visits. In our previous research, the famous landmarks in sightseeing spot can be detected
by Clonal Selection Algorithm with Immunological Memory Cell (CSAIM). However, some landmarks could
not be detected correctly because there are not enough amount of information for the feature extraction. In
order to improve the weakness, we propose the generation method of immunological memory by Restricted
Boltzmann Machines. To verify the effectiveness of the method, some experiments for classification of the
subjective data are executed by using machine learning tools for Deep Learning.

Key Words: Image Analysis, Clonal Selection Algorithm, Immunological Memory Cells, Restricted Boltz-
mann Machines, Deep Learning, Smartphone based Participatory Sensing System, Knowledge Discovery
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Fig. 1: The learning algorithm in RECSA
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Fig. 2: The antibody structure
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bhd, FHI=a2—-INVFy NT—=T7 D)X= T |
aUicESWEEEHTHh A, LRSI NAIRIE, L E
WETH D 0, 21FH, 0,125 L1, HifkoHER
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visible units

Fig. 7: The structure of RBM
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Fig. 6: The learning algorithm by perceptron in

CSAIM

3 Rrestricted Boltzmann Machines

Z o fifi T 1%, Rrestricted Boltzmann  Ma-
chines(RBM) IZ 2> W T #HIHT 5. RBM? %, o]
e FENfE o 2 fEr SRS h, RIS <
v M=V HEERIFOETNTH L, FEHICL ST
AT =% D) ELERBTEENRT R MR THZ
EMMT XS, il O Boltzmann Machine!” T, £
TogD2=y MNMITHEMENSH 575, RBM T,
Fig. 7o k912, &Eoa=y MO EEHIRT 5
ZeT, HHEEEAIRKT 720 TRL, RNWEo &2
=y NZ LI L RN M7 EHTH 2N TE
5. %, RBM X Deep Learning (25 5 FAj=H
D1 H>oFFe LD, FEdhE o cEE S
nTuwa, i<, RBM % AutoEncoder? o & 9 7k
Tt E TN LT Y, T3V X — IR S b
KN ETINTH LD, FEHLUZETNVOREE%
et sl a2 O CGRim T 5.

v ZolEICBY S i EHO2 =y N, hy ZEENE
KB % jEHoa=y heLizeE, vEhicitd
5 T3V F B E(v,h) B & OWHEENME p(v,h) 13,
Zhzha\ (13), A (14) o kO ITEFREIND,
v = {vo, 05 vnt & B o= {ho,- e by,
Fzhzho] g e fEnEoxs MV EiET.

E(V,h) = sz’vl — Zthj — Z ZUiWijhj (13)
i J J

> > 7
[N, y

7hm}

%

p(v. ) = - exp(~E(v, h)
Z = ZZexp(—E(v,h))
v h

Z :f‘, bz Lj: Vg L:;(TITE)/\/( 77\' Cj Li hj ‘:)L(qlvg_
BENALTATHY, Wij Fov; & hj FEH@%%{TID%) ¥

(14)

(15)

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

_46 -

7z, Z \EECBEL (partition function) TH Y, v & h
DT O RERMlAGDE 2T,

RBM ICBUJ 585 A5 1%, v DHEFENE p(v)
S p(v,h) OFRALHEEIC L VRO 5D, FEHEER
AN AT)T =206, £b6 LR L
HI2HETHY, ok, Rnfgo==y MIIIM
HiGEMWRniz®w, fa=y b I eI L 72 iERsy
MEHL2eMTEL, LPLAEMS, RALKEICE
JHEHEEE, ETIVOKE S0 TEREEIC
MWL TL Ev, BRMGHERNETHL. 22T, <
Va7 EE v 7 ek (MCMC) (IS un/zy
7V > U ftk& LT Contrastive Divergencde(CD)
18) MRS, BERMCGHHENEEE -7, CD #ic
B Sfcizat > 7 ) v AR W TGRS h
TWDM, 2702 7R 11E (CD-1) TH 474
MEER RT Z eAIBENTWAS 19, Fig. 81F, ¥ 7
Vo781 8o CD & (CD-1) o 7 )V A A%
RL TN,

Step 1) JTRToOfN2=y ML T, o] ffix
7 MV v B ZIBROME h; it 5T 5.

p(h; = 1|v) = sigm(c; + ZWijUi) (16)

3

22T, sigm() F¥ 7 EA REEO LI
0,1] ZH T 2EETH 2.

Step 2) IR TCoufHla=y MIXILT, Step1)
THHELZENARY MV h & 52 -FBRoEER
v; 2 tET 5.

p(v; = 1/h) = sigm(b; + > Wizh;)  (17)
J

Step 3) TN TokEh2=y MIXfLT, Step 2)
TEHE L2017 bV 252 BRokfs
hy A HT 5.

p(h; = 11v') = sigm(c; + > Wyv))  (18)

Step 4) NA T ALELERD K I ITHEHT S,

’

Wij Wij + n(vihj — ’U;h]—)
b; bi + n(vi — v;)
cj = c¢j+n(h; —hy) (19)

22T, nIFFEHETH L.

Step 5) £ TCou[~_Y ML T Step 1) 7
5 4) £ TEEDIET,
Fig. 8: The learning algorithm in RBM by CD-1

15PG0007 © SICE 2015



4 Rrestricted Boltzmann Machines &
FAL\fz CSAIM DIEZE

2 TRz k912, CSAIM I N—t 7 b ik
LT k0, Bl N F — o % e BEZR S
ELTARTDZ EMTEL, ML, #Bycs
RONE — MBI N A RICHT L LBk S h, S
ENDHN, HIRD & D WK TEHM AT — 5 2 7Ed
LG, BERACEMIAS B R Y, ThEg£L
DAEYDBRFENC S, DAIOWIFETIE, 7 — 2 i
BT DRI EBIRT 2720, FHsdh 2 2
T2 L Lents, Fig 10(a) 0E RO BE
D E I, PR E 5> TSI L TEERR T
&5, Fig. 10(c) DJFE K= kD1, FE e 5
ADZ ML L, oY E BEBOE SN
OIS L OIS T E e s g, 1RE
U 7RSS & 0 5T — & o DS HI TR
N, KRVELNERFE TRoTLESTIZDTH 5.
ZDGE, ol TF =2 L ClFEENAEL B KD
ICFEMTb NS, ToME, FikShizictEmiad,
AT — 2 OFFEICIE T 20, TANT—F D&
I IR O E D7 — i L UE—8 L %2 <
5. REEOERRLOGIEIETY, L THIRRE
SO E 7 HURIEIF o URICUE L 72 < 22 5578
HH IS, KIFFETREL LR Efc s
JAEREERICHBL T eEZXONS, Kif
T, FANCEGOEREZ KT 2 2 &<, @i
DM EFEL, KD/ 2 — 420t LTS
EOEMI 2 fEk T 5 20ls, N—k 7 harofk
PH vz, 3Tk RBM % FvCRltEMn 2 £k
THLFLEEIRFET 5.

AT, RBM 23359 472812, Deep Learning
DIF—=T ) —=2ADTATZ) & LTHRIN TS
Pylearn2??) % filv»7z. Pylearn2 1% theano?!) & -3
% python OFUEHE S 4 75 U MNR =215 T
57=%, CUDA?2 72 2% Fv7= GPGPU it E A% ]
HETH 5. Pylearn2 ToOHIE, “YAML” 2 ifiIhd
XML ZRD 7 7 A FETTER A 17— 5 ln L2 0E
#L, 2hZz7aZILaRHrirAEEs 2 & TRITT
5.

RFEF L TlE, RBM % DeepLearning (2351} 5 HHi
FHeLUEbN S, AlfE{Eo e 7 2)VE%Z RBM
ou] HIEIC -2 2B, Fig. 8 T/RL 7z CD-1 i1k,
o[ g L FRNE O OERE LN 7 APNEH SN
5. TOR, NHREICHEH T 572912, Deep Belief
Networks(DBN)?3) Cirbh T b k91, 7 F Ak
HlozoictiiExna, R /i cdimd
D288 %175 (Deep Learning IZ351) % fine-turning).
ZZTIE, Nk T bk FERETY. N—k
7 a3 ERO CSAIM TH b T B0y, 125
FHETIERBMIC L VR S EhE s Aje LT
FEEITO O, ERFELD O AT =TI L
TTHEMZ O SLIEERTHO ZEMTELEHEALN
5. ¥z, (ko CSAIM Tli% 7 I 20N FHME %
o85G, N(6), R(MICLYZThZThor 52
L T—BT 22 e EHE L The, JEFETIE
Fig. 90 ko7 vy hU— I iELFL, V7 by
7 AW EFACT, £2 5 2035 % [[FHC A5

IRy Ca—T—ya i A UT) YV AMES
(20154E5 H29H-30H - ili&)

_47-

output layer

hidden layer

visible layer

Fig. 9: The structure of DBN
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5.2 ZERER

fER D CSAIM & AL CHEZET 5 RBM % v /-
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Table 1: Correct Ratio for 2 classes

| L&k | LEE (Bw) | LAE(FRr— 1)

CSAIM | 100.0%(16/16) | 100.0%(8/8) 100.0%(8/8)

(test) 75.0%(3/4) | 100.0%(2/2) 50.0%(1/2)

CSAIM with RBM | 100.0%(16/16) | 100.0%(8/8) 100.0%(8/8)
(test) [ 100.0%(4/4) | 100.0%(2/2) 100.0%(2/2)

Table 2: Correct Ratio for 3 classes

| TAE | LAE (hE) | LEE (RE— L) | &% (Pl A)

CSAIM | 33.3%(3/24) | 100.0%(3/8) 0.0%(0/8) 0.0%(0/8)

(test) | 33.3%(2/6) | 100.0%(2/2) 0.0%(0/2) 0.0%(0/2)

CSAIM with RBM | 83.3%(20/24) | 100.0%(8/8) 100.0%(8/8) 50.0%(4/8)
(test) [ 83.3%(5/6) | 100.0%(2/2) 100.0%(2/2) 50.0%(1/2)

(a) Torii in Miyajima 1 (b) Torii in Miyajima 2

(¢) Atomic Bomb Dome 1 (d) Atomic Bomb Dome 2

(f) Battleship Yamato 2

(e) Battleship Yamato 1

Fig. 10: An example of data set
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16GB, OS = Ubuntu 14.04.2 LTS x86_64.
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Fig. 11: Sum of squired error of perceptron
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Fig. 12: Energy Function of RBM
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Mammographic image feature extraction by tree-structured self-organizing map

LE X MEGDIZIEDLHD
A SRR Y v 71C & 2 BB M DR

for computer aided diagnosis

N. Hasegawa, O N. Homma, X. Zhang, K. Ichji, M. Osanai, M. Abe, N. Sugita and
M. Yoshizawa (Tohoku University)

Abstract— In breast cancer diagnosis using mammography, it is generally very difficult to find quantitative
features to detect the cancer with a sufficient accuracy due to the variability of cancer signs. This paper
proposes a new tree-structured self-organizing map (TS-SOM) model that can learn criteria to classify normal
breast mammograms in an unsupervised manner. The normal mammograms with different features can be
represented by the T'S-SOM hierarchically. Given a mammogram, we can calculate the similarity between the
mammogram and the hierarchical representation of such normal mammogram TS-SOM, and then determine
whether the mammogram is normal or abnormal. Consequently this model has a potential to classify the
mammograms into normal or abnormal categories without explicit design of complex diagnostic logic that
may be based on fuzzy features of breast density, fibro-glandular shape, etc. The experimental results
performed on a standard digital database for screening mammography showed that the proposed method
achieved sensitivity of 82% with 20% false positive rate. This result suggested that the proposed method

Ak AZHER EHE CGRAERT)

without explicit quantitative features design is effective to detect abnormal mammograms.

Key Words: Mammography, computer aided diagnosis (CAD), pattern recognition, and tree-structured

self-organizing map (TS-SOM)
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Vector Product Hopfield Neural Networks

«M. Kobayashi (University of Yamanashi)

Abstract—

This document describes vector product Hopfield neural networks and their fundamentals.

Vector product Hopfield neural networks is a model of three dimensional Hopfield neural network. In this
paper, we compare the storage capacity and noise tolerance of vector product Hopfield neural networks with
those of complex-valued Hopfield neural networks by computer simulations.

Key Words: Vector product, Hopfield neural network
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Statistical Properties of Phase-Only Correlation Functions Between Signals
with Phase-Spectrum Differences Following Wrapped Distributions

*S. Yamaki and M. Kawamata (Tohoku University)

Abstract— This paper reveals statistical properties of phase-only correlation (POC) functions with stochas-
tic phase spectrum differences following wrapped distributions. We assume the phase spectrum differences
between two signals to be random variables following a linear distribution. We next convert the linear dis-
tribution into a wrapped distribution by wrapping the original linear distribution around the circumference
of a unit circle. In deriving general expressions of the expectation and variance of the POC functions, we
obtain exactly the same results between in case of a linear distribution and its wrapped distribution.

Key Words: Phase-only correlation functions, Wrapped distributions, Directional statistics
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