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These days, cloaking is attracting attention because of the rapid progress of researches
on metamaterial. Cloaking is a technology to make an object invisible by arrangements
of dielectric materials. In order to design the cloaking device, it is possible to employ
the topology optimisation. The topology optimisation makes it possible to determine an
optimal allocation of dielectric materials for cloak based on mathematical vertifiation.
Generally, finite element method (FEM) is involved in the algorithm of the optimisation.
FEM is, however, not the best choice for the optimisation of wave devices due to its
meshing cost. In this study, we employ the boundary element method (BEM), which
needs less numerical cost to generate mesh. We develop a topology optimisation to design

cloaking devices using BEM and confirmed the effectiveness of the proposed method for

both TE and TM porlarised problems. Futhermore, in order to deal with the modes

simlutaneously, we have employed the KS function as the objective function.

Key Words : Cloak, Topology optimisation, Boundary Element Method, Level set

method

1. #8

A, BRAAY T Y TIVIEORELERIZEY, K
DOFEMCTIRERRNETH TN ADEFICEA»EE -
TWa. TOHTYE, REBHAGHO—DIzra—Fv T 57
NAANEITFOND, 70—F 2 T L IIHRY O JHBHIZFHE
EREDOYBEETET 2 Z LI &) HOHE % G % T =
THEDIHIML, HAENERRYAPZEHAL DD &SI
ﬁ’e‘iﬂ?‘é&ﬂﬁ@ ETHD. —RIZZO—F U ITTFNNA A

BEA R TV TNV AHPICEET S Z L&) &G
m&ﬂkuwuawb_@ﬁ&fiim&wﬁmﬁ%%ﬂ
AT220TRNVF—DEENELDZEVIREEALTY
5. £/, AR TV T INVORBIFRTHBRNTH>T, BT
LHBERBREEZBELRVE WO HEELDH .

—HFT,ava—&yIalb—varvizHnwE%:
FHRELUTCMROY—mlbAEHZEDOTWD. ZDHIE

2015 4£ 9 A 20 H3A+, 2015 4E 10 H 23 HAZH

&, MROY—D&EFAEL 2 REZRG TR R R HE
HHEOEWEERE{TFIETHD. ZOHEEHNDEZ L
WD BEEMBIICE DT REBREZRET DI &N T
X5, TNETITHMFRT NS A, HEETNA A, BT /N1
AT N AR ERk 2 BRATIZE VT hRD Y — ki
M3 2MENERI N TS (23,45, 6)

I O—F VT FNA ZADFHRFHIH U TIE, Fujii 523G RE
FEEHWAZ MR Y —5iEIc &Y, 2R EEANIZE W
TTM E— ROBHEBEDOAFIZHT 270 —F 2 F 734
ADBEANTRETHZ 2L 2mLa2 D ULALAENS, HE
WRETIE, BFEBEEICDEZ>TAY Y a2 LR T 5 %
EXRHD. WERMBEICBID RO Y —FiE ki BT,
Rk % ERHICRBH L TB L 2 e BRREEDOB NS EET
HY, BREEHTD/-2CICAY V22 HAERT DI &N
FLWV. AREREZAVDIGE, TNIIHND I A NN
SRMELRDE. 72, ARERETIIPHMETHE S HE



Db % IR % FREL L UTEBLUTHDS 20, +0 74
fRNTHRSE 2 3 D 1 TIZR W RITHHIS 2 B & U, KBRS
OBEIZH U TR ARSI THD L EZD. — 5, BHEE
HBOEE, AvYaDERIFEROATI NI LITNA, KR
%Eiﬁjz%rﬁ{u%ﬁ%u\*& IR RE T H B L VD R EMN S
WENMEIZB I bﬁmﬁ—%i@ftc:i@bm%t%ia
UM UBAL, BEREREZ VWA MR Y — & iz &
IJHA—F VT TFNA A& UGNV, 2, f*?%%?%
ENERERBICHERTENMAHEL L, a—F 1 VI »E
ML D Z X, GEALFIEEZ VRV AIZEH AR
kt@é:tﬁﬂmf%étﬁﬂﬁﬂa

T I TCARMETIE, IR ERELH W MR Y — Rt
B2 MABREHMEIIBITZ2270—F Vv ITFNAL R
DOFBFHFEZHAFKLZ. W< O2OBUEHIZ LY TE €— K,
TM E— RENTNOBRHEEDOAGIIRNTE270—-F2 75
NA ZADFFIHN U TRFEPNENTHD 2 & &2 Hifd 5.
F/2, TEE— R, TM E— RZNZTNOHIIEDO K Z X % 5]
BT KSBEBEHMZLHWEKE UTEHRT DI LI
D, WIFNOE—ROAFRIZHLTE 270 —F 2V TOE
PETAMERRITHEIENTRTHD I L 2RT.

2. 2 RTEHMSKREBREDERXL

ARFFETIE, ZIRTCFEH I EZE G Qy, FERE Q2 €
U CoBEARE Q, WEETDIRINEE R D (Fig. 1). TE
E—RICBI G EZE R uwTRT L, ulEPAF D Helmholtz
FRABLICEARMEZHET 5.

Au+kiu=0 x € Q1 (1)
Au+ksu=0 x € Qo, (2)
ul = u2 T € de (3)
1 (ou\' 1 (ou\?

1 <87) -2 (%) zely, 4)
ou

% =0 b A Fp, (5)
ETEUS T — 0o (6)

EFA, TME—RIZBI2E L 22 uTRT &, uldATD
Helmholtz HFER B & OB k% 5725

Au+kiu=0 x € Q, (7)
Au+kiu=0 z € Qo, (8)
ut = u? x €y, 9)
OO R
u=0 zely, (11)
B S T — 00 (12)

AT, AR OB i IR Qs D S BERANDOEREZ &L,
Pq XFEBEROER, T, 3R REHROBEREERT. 0/0n 135
T, Ty BICETERMGT MDD 2 RT. £z, ks W
IBISWBTHY, BHR u, FER e, ZVTUTRTE

INhb.
ki = W4/ Wi (13)
AMETIE, MAEREEZHAND I LI2&Y), Th 5D

bk 3:¢(4 b’Cﬁ£<. Z O, Foh T o E A i R
%7012, PMCHWT &1k % v 2 ®),

L'y

PEC

Yy Ly

Dielectoric material
J—- T 9] 1

Fig.1 Definition of simbols.

3. y7O0—FVIJTFNA R0 ROV —KHEL

ARFIETIE, E2HEE QO WIZEP N2 28RO F BT
FRAHEIL A2 B, BEHEEN IS A EREWET DS Z LTk Y
SERERERAGEIT 2 &0 RFEBEAROTIKE KD D (Fig.
2). FEEROBRIREUTIFIRETTHEAND L)Ly MEHEK ¢
EFHWS. 20—V TN 2D ERBELIZE T, B
BB BB IC LV EBT B HEN L VD, BR EHRE
DM EEEA, AFETEERICELTHAEICREL -
BHIAS 2 IZB T MELBORSIDME L TEETS. §
RS ARETHE D HEHEITIUATOELS REDTHD.

find ¢

such that min J

J= Z |u ()bb _

u" (@) (14)

2 (PEC)

Fig.2 Topology optimisation of cloaking devices.
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Fig.4 Topological derivative (TE mode, y=10).
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Fig.5 Topological derivative (TM mode, y=10).
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Fig.6 Histry of objective function of each mode

against the optimisation step.
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Fig.7 Shape of dielectric in the case of TE
mode (left : initial shape, right : optimal
shape(step 60)).
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Fig.8 Shape of dielectric in the case of TM
mode (left : initial shape, right : optimal
shape(step 60)).
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Fig.9 Magnetic field in the case of TE mode
(left : step 0, right : step 60).
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Fig.10 Electric field in the case of TM mode
(left : step 0, right : step 60).
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Fig. 11 left : electric field in the case that TM
mode incident wave enters the optimal
structure of TE mode, right : magnetic
field in the case that TE mode incident
wave enters the optimal structure of TM

mode.

Table 1 Objective function in the case that inci-
dent wave of each mode enters the do-
main in which we put the dielectric with

optimal shape of each mode.

optimal shape(TE) | optimal shape(TM)

TE incidence Jo =2.21 Je =337.78

TM incidence Jm =201.40 Jm = 2.18
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Fig.12 Topological derivative in the case that
the KS function is used as the objective

function (y=10).
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Fig. 13 Histry of scattering field of each mode in

the case that the KS function is used as

the objective function.
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Table 2 Scattering field of each mode at step 160
in the case that the KS function is used

as the objective function

scattering field
Jo = 18.80
Jm = 14.27

TE incidence

TM incidence
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Fig.14 Shape of dielectric in the case that the
KS function is used as the objective func-
tion (left : initial shape, right : optimal
shape (step 160)).
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Fig.15 Magnetic field of TE mode in the case
that the KS function is used as the ob-
jective function (left : step 0, right : step

160).
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Fig. 16 Electric field of TM mode in the case
that the KS function is used as the ob-
jective function (left : step 0, right : step
160).
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