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v BROBKEFTHL, MROS—3 TS TREEILETS.

[E] 25+ 0D B 1
vV COFRFEHHERIREEH LT AIREENHS.
v LHL, BEEICIXE BN BERORREZEZET 5.
HRELT...

v BEIEZROBBEDES
VBRI VTR L (GA) R TAELFEMET SR EN H .
REREFLNS
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i E 3

e MROD—EiE 1L
V IZERIZITEGERATILTO) X L (GA)ZHLAS.

C stat )
¥
Generate initial
population
i ! GAIXTEMDE L ZEHL
Ijgl v =7 ILT) X LTHS.
ﬁ n=0
¥
'%' Crossover “ GARTIIEAEXZTERT S
2 iy OIS B OB EE
s : =01 | FEMBHT S 2 RENHS.
Selection
<
Yes
C End )
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o MROU—EaE{LE
v EENOZLOEFEHMENTHEETHS.

73.5% D E A I =B LRI D SR D+ 7
LUTDOFHEETHS.

NoDEIKRITXERICEREMREL
THRAAIEEMEIMELNEEZZ DN S.

NSNDHIREFEMTHRITTANE
NHB=H5M?

Distribution of fitness in the
initial population
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ME Tz ADELE-REEE TS

[1] Y. LeCun, B.Yoshua, H. Geoffrey, “Deep learning,” Nature, vol. 521, No. 7553,
pp. 436-444, 2015.

[2] {EBZEFE BHER, “HMRFEZEAL-ER SR ORELIZET ST,
IEICE technical report, vol.116, pp.289-294, 2016.
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v GAFDERERFFTEIDEIBDO=HIZCNNFRLS.
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net'on 011 i E—2OEEFIRIRFEELL.” EXFRMIE. D, EXLHEMES, Vol.135, No. 3, pp.291-298, 2015.

VEREOHIVAEEZHREL, ERIEAVREHRYNT—
(NGnet)Z=1ERL T 5.

vV SRETREBADERDOYEIIEAJI>TRET S.
v RBE{EFRTIEEAFRBWZEZRZREEENTILT) X L(RGA)D
EinfET D
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.
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T
Y

w;: The weighting coefficient

b, : Normalized Gaussian bases

X, . Gravitation center of element e
Ng: Number of Gaussian bases G;
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€ Googlenet

vV EZBEZEED—DOTHAGoogLenetZF AL =,
v' GoogLenet [(IBEAIAH=—a21—FILARYLT—I(CNN)DDED.

v FCEBLI-RAINT—UTH

-I-

ILSVRC — 20141 H T A E R HE B 0B
3.

vV 22ETEBRINTLS.

GooglLenet x#k[3]&Y5IH

[3] Szegedy, Christian, et al. “Going deeper with convolutions.” Proceedings of the IEEE conference on computer vision and pattern recognition. 2015.
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C stat )
y

[ZHARAD ZEEEZD.

Generate initial
population

L 7

FEM

n=0

d 11 |e

Crossover

S

L 2

FEM

C start )
y

Generate initial
population

. 2

Evaluation by
CNN and/or FEM

A 2

n=>0

y

Crossover

L 2

n+1

y

Selection

<o a0 >

Yes
C End )

Conventional
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Evaluation by
CNN and/or FEM
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y

Selection
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C End )
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® KAETIIERFESDETIIVUTHAIPME—2OD A EEF D i

Design region
Permanent Magnet

Unit:[mm]

o
QS| -- coil
Lo
T9=2.08 Nm
oo
00 [N
NN
Current phase angle [degree] 30
! P i;i
Current effective value [A 42425 | @ okl o Gy,
A 80" "~ Gaussian Function
Number of turns [turn] 35
Residual flux density [T] 1.25

[4] Technical report of the institute of electrical engineering of Japan,” Industry application society, No. 776, 2000.
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¢ IPME—42M*E

S SR [t T4

¢ BHIBE#MZLLTIZRT.

F

2017/9/22 #1E2B/EEHEASRIMIES

T
— F —> max. Sub.to. N,.. <2

T: Average torque
TO: Average torque of original model

N, The number of separated rotor cores

Optimization setting

The number of genes 42
The number of individuals 800
The number of children 160
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& A000ME A D 3 72 LBFHIEDREIZRZCNNIZFEE SE D.

Classification
CNN FEM
1.1 1.05~
1.0 0.95~1.05
0.9 0.85~0.95
0.8 0.75~0.85
0.7 0.65~0.75
0.6 0.55~0.65
0.5 0.45~0.55
0.0 ~0.45

Bit map showing material distribution
(224 x 224)

W:Ilron M: Permanent magnetic M: Copper LI: Air
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® CNNDMREEZET AT A= (Z4hD 40001E A% FBLNTCNNIZ%
S -HEREERICFEMZRAWTENTLI-EREZLLET 5.

L ESESEIOFZ

Relationship between evaluation value by CNN and FEM

Label by CNN revv e Thfngi‘j/r;tl’g of | Ratio[%6]
0.8 (0.9 1.1 | TOTAL

= 584 0 3367 84.2
L 1 0.1 599 15.0
E 0.6 0 0.2 19 0.5
'; 0.7 0 0.3 6 0.2
= 0.8 0 0.4 2 0.1
% 0.9 0 0.5 7 0.2
- 1 0 0.6 0 0.0
L1 0 0.7 0 0.0
TOTAL] 531 4000 TOTAL 4000 100.0

& 9NN—tU U EDOEAEIVILUADEETHETETLNAS.
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® NEBROHZERT.

CNN: 0.50 FEM: 0.50 CNN: 0.90 FEM: 0.90

CNN: 0.70 FEM: 0.70 CNN: 1.10 FEM: 1.09 ;
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L EX TE

¢ KX TIISERDODFEMBERMERZAVWTRELZTOT .
CNN Output Probability for FEM analysis [%]

() (b) (c) (d) ()

0 100 0 0 0 0

0.5 100 40 20 0.78125 0

0.6 100 50 25 1.5625 0

0.7 100 60 30 3.125 0

0.8 100 70 35 6.25 0

0.9 100 80 40 12.5 0

1 100 90 45 25 0

1.1 100 100 50 50 0

Total 100 61.3 30.6 12.4 0

v 100K B THRITIRERLTW S EHIEL, TDRRTORRT®
wEfEELT -
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® =i "t"fn%%'ﬁ_d—

F=1.098 F=1.109
Toe = 2.31 Nm T, =2.33Nm
(a) 100% FEM evaluations (b) 61.3% FEM evaluations  (c) 30.6% FEM evaluations

F =1.000
=2.08 Nm
(d) 12.4% FEM evaluations (e) 0.0% FEM evaluations
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0 10 20 30 40 50 60 70 80 90 100
Generation[-]

---@ (b) —() @@ —@

v FEMZRW:5EE, I XTRIBEOFEEEIZINEL TLAS.

v CNNIZEYBWFHRBREHIESN-EBIRIETT X TFEMEENTT BIFS
MEZFELLY.
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The number of individuals analyzed by FEM[-]

20

0
0 10 20 30 40 50 60 70 80 90 100

Generation[-]

-=--@ ——(@®) —() (d)

v HEZESIIENT, SEMEDSIMERNZLGAHIEMND, BT
a#EBERIZERLTLNA.
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a1t fa R
® FEMIZKAEEMTRIFZTRT .

The number of individual .
analyzed by FEM Ratio [%0]
(a) 16000 100.0
(b) 10528 65.8
(c) 5293 33.1
(d) 1774 11.1

%

v BRE()ICTHEREEZITOLMHER, )DHI11%0#BITEAR Tx
BEZ IO EMH KT
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& SEEDfEZZEELI-BADREERT.
a Va

F=1.114
=2.34 Nm
(b) MAX 100%
FEM evaluations

T

ave

\

SEED A

() Q
O

F=1.117
T,e = 2.35 Nm
(c) MAX 50%

FEM evaluations

F=1.101
=2.31 Nm
(b) MAX 100%
FEM evaluations

T

ave

SEED B

F=1.124

= 2.36 Nm
(c) MAX 50%

FEM evaluations

T

ave

VAN J
v TREOREEDFENLY DRERZELL.83 X 102Nm.
v SEEDEZXATH, EiEMINERT:.
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a1 ZE ERICRITTES.
e.g. F=w;T+w,T,.+w3L+w,0o
- ZEMREILDERIZCEITTES. e.g F,=T,F, =T,
v U—MEZZERELERELLICLRIRD S FERRTE AR
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