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Tab.1 Parameters of each microstructure
15 FH—RBEHE o B/ GHe it 5 DA
S1 0. 86453 6.09 1.01266
S2 0.03033 13.38 2.26395
S3 14. 25440 9.10 10. 91362
S4 0.00016 7.12 26. 71429
S5 0.00469 15.58 3.27296
S6_1 1.45161 11.05 1. 88545
S6_2 3. 88782 14.49 0.36117
S7 7.71357 8.43 8. 60465
S8 4.73935 12.71 4.19048
S9 2.02798 9.55 4.37137
S10 4.19601 17.99 2.07339
S11 1.02082 11.19 1. 29700
S12 1.55337 8.72 5.05276
S13 0. 00456 12.83 3.20377
S14 0.00038 4.99 3.37379
S15 4.04439 7.48 6.02620
S16 3.91923 11.87 24.27184
S17 1.12489 10. 84 1. 58430
S18 2.08217 14.27 2.01550
S19 2.49439 17.95 2.82127
S20 1. 58509 15.5 1. 84600
S21°1 1.32549 10. 46 1. 90840
S21 2 3.48261 14. 56 0. 62550




ExR SR E ATHMBFN AR ALAFEMBBENRE T EAR 443
y 3.88782, T HSRJE A 0.1, p (3.88782) = BAE. v, =0.36117, 31 B M a =0, 57418, W KX
0. 1, BHAC VT B fe b 19 4546 2 S11, o IH —Fk B HT (10,

1.02082, % & x, = 1. 02082 — 1, H & H 3R J& bR () = ¢ 080313 ¢ x—11-0.02082) (8)
s C8)  [) PG Vs IR AT 4R 4 SR J R 42 (1449 — p( ) = ¢ 9 am1ol=0.45) (9
100GHz=0.1, 2,=10—9.55=0. 45 GHz, # =N u(x) =1— ¢ &FTH8C0.301D (10

A9 o o PR AR IXC 18] I8 38 0 A 4% R v
Uﬁtaﬁﬂ%ﬁ(@ﬁ/iﬁjﬂ/ﬁéi@@ LVQETIDIPSE i 41 PN

INHERE . S9 M5 BEAG H G B R R 4. 37137,
P E 1 (4, 37137) =0. 9, x, M /N &5 A
1.077 e
’ %
AY
0.8 " \
‘\.__‘ \\
0.6 - EqE \
= \ —— Eq.5., a—l'l 80313
# Y  -=- Eq5.a-0.56137 °
0.4 —x~ Egd.,a=04". .
. O p(3.88782)= ot O
x o u(3.88782)= 02 ™
0.2 9, .
R
0.0 T il
0|2'§45678010||12]3]4
I3—{kFHAT
(a) H—fLEAT
(a) Normalized impedance
1.0 TN
0.8} ~ 4
061 % \
*® N AN
0.4} %
N .
........... Eq.2 "\ .
0.2t ~— Eq4 w0
-~ Eq.5.,a=0.39838 N “®._ %!
00 —— Eq.5.,,a=0.56995 Ty
4 6 8 IU 12 14 16 18
RIS /GHz
(b) BEiRER
(b) Resonant frequency
_ - )
7
T Eq2

—"—hq4a 0.57418
- Eq.4,a=0.40134
-« Eq.4,a=0.30023
o u(4.37137)=0.9
& u(437137)=0.8
o Iu(d'%?l:}?) 0?

0 24 6% 10 1214 16 18 20 22 24 26
Sk
(c) .hflJﬁwﬁrﬂtJﬁmﬁf

(¢) Quality factor under different form of the subordinate

function or undetermined coefficient

AT B O 3 1 5 2R B U — A BEL T % 3 R A5 2 A
sty o R RS S e B £

Fig. 2 Subordinate function of the normalized impedance,

& 2

the resonant frequency,and quality factor under
different form of the subordinate function or

undetermined coefficient

TIE AR B RO 24 RO B AR . X 4% 1 S it
AR E,W1=1{0.4,0.3,0. 3}, BRI L # LN

©0.50018 | 0.44254 | 0.53143 | 0.55731
M= S1 ™ S2 T S3 T S4 T
0.44263 |, 0.67108 . 0.06999 , 0.45765
S5 S6 1 * S6_2 T T
0.36963 , 0.74814 . 0.22307 , 0.72147
ss T so " st T osit
0.72743 o.50147+o.451_-’ 0.41587
S12 S13 8{47 S15
0.47254 | 0.75950 . Q388 0. 35360
Ste " s17 MCSKE T s
0.44321 , 0.78808 (0. 12645
s20 sglgj) S21_2 ab
FE WA E T é LR FR Rk BN 7 A CERT
30Y0) W HE @A ) 1,S817,589,S12,S11,S6 1,
S}, [ 8 W2 =1{0.35,0.35,0.3),W3=
{0.4,0.4,0 z)/ W4=1{0.45,0. 35,0, 2} i}, B4
1 BLEAHE PF 43 1) 2 (S21 1,89, 812, 817, S11,

y

1.1,S17,812,811,89,S6_1,S4}, R4 A [
N A 885 2 0 HE B (61,59, S11. 812,
S17,S21_ 1}, REHETF A 2k B0 8E A 1
/l\ﬁiﬁlfﬁiscﬁu W BT iE— ke, AWt —
A 3 B X AS TR ASCER | AR A R R A v 1) A4 o
B S21 1 Fi S12, # 7F s L b b 3 5 B A 40
GiER IS ST % 4%%5(22%%%4\12{&3%
J& BE 5 SN 1, ARy O 4 Z R RO A i 4 i A7 R
RO H P,
4 RTARLEA X EF R

oAb s

T iy B2 4G Oy FE A5 A8 L SOUR RO 4 AR 5
U, SR B R A3 38 3 1 o o W, OF B R A
Tl 58, B B e o o RO A A BT UL S . RS
WA, AN B R S Kimpedance ™ Yimpedance » 2 ¢
X tactor = Y Qfactor * Yimpcdancc 5 Y q factor A AR AR
FHAC UG T B2 Bz i o0 R BB 4R & . BUARE W 24 SRR
Al X eonant A resonant 0 A2 X bandwidh A bandwidih
A oo TUERBE I R0 515 R 5 ML A 1) B8 i J
MIEES , f_resonant=12 GHz, A, wan 1R EF

&‘ \34} {S12,821 1.59.S17.S11.S6_1.S4} fl
A

¢



444 g 4 ¥ ¥ # %34%

AU A, W 0 IO A 5 A, TR K2 E MR R RO R RS R
JBIE R R Y 5 Y i 6 35 81 % 5 72 Tab. 2 Size and material parameters of
eSS fork-shaped structure
f‘l :Ximpedmce - Yimpedance ’ f’Z :XQ factor YQ factor ik Blel/GH: HIMHFE &EES H—tHf
-
Al : Xfiresonam - Afireﬁonam ’ INAZ : Xfibandwidlh - Afibandwidth F1 il 13. 84 0.00217 1.47792 0. 71305
— — -
Mf_ Mfl m Mfz ’ LAf_ Al m éz F2 il 12.90 0. 00851 2.20277 0.80482
JueA, =(ANM)CU -
F3 il 12.10 0.01565 2.94844 0.87494
ACu” )—maxé(u) a2

weU ]
SR TR - 5 1k S B b R B S AL F1 il 1115 0.02230  3.37327  0.75634
TG M B R SFAR G L) 0. 16 mm A K, R F5 = 13.54  0.00369 1.71339  0.64947

3 AR i £ > 2 il 57

TEAH ARG B 18] /Y 3% $2 . A1 BJEH‘IEH A 0.0l mm - ii sl 001108 250791 o st

B S X L 5 4B AR 2, BE S 12GHz —

ENEIRT 0 A HEFE S (F23. F3. F21. F17. F7 E. 11,60 0.01803 3.03&) 0.72732

F19,F6,F7,F10, F15}; # X7 58 . & B R i K F8 ii 13.46  0.00891 2 jz 0.85365
- B b B 0 A AN A N ) ;

BRI R AT HE 9 a3y (F29, F13, F9 i 12.57 0.0134’(2\.,(7231 0.79513

F23,F4, F21, F10, F28, F30, F19}, {F29, F28, 7

L
F30,F13, F4, F23, F21, F10, F15} fl { F27, F14, F10 EI 11.60 (mo) 3.22400 0. 74712

F25,F3,F15,F8,F12,F24,F2}, &Z/VEH =1Z% F11 i. 13.4 9!‘ 0.40815 2.14380  0.75848
HE P AT 30%5@4\1212%1{F10,F15,F21,F23},
: O ) N F12 0.01506  2.83950  0.83237
X BEA R AT A BT EER A v REIE K

ezt s U & e Z S8 F% 2. ik F13 1 6 0.02395  3.45276  0.78855
TE IR AR A It AL 12 GHz [ 30 DX [R)M0 A 450 42 Flig 1346 0.01250  2.74198  1.05926
L OB E M R E k., FHE bk F A : \ -

N o o ) i R4 00761 31T 0.86818

—ALBHBT/INF 1 B9 X 8] P G B 55 % R . B

&
(@Wﬁﬂ,ﬁi@@ﬁﬁﬁﬁ’iﬁﬁﬁﬁﬂﬁ(w 14) i \ 16 E 1313 0.00913  2.27748  0.70084
i‘ m?ﬁlﬁ%ﬁ%ﬁﬁgﬁ%ﬁ%ﬁ’ 4{ IE 12. 14 0.01643 2.93273 0.71585
fERREEBIE R, R « =1. 3773

1.47792, )@ R Bcan = (15) . /i T 242 A Sy 5
E%%il:ﬁﬁﬁig/_] ﬁl@}zﬁ—t(z),ﬁ;jﬁ Z;& 4? F19 E 12.18 0.01881 3.10408 0.75643
# X 16),

F18 i. 13.19 0.01210  2.51728 0. 75345

F20 Ei 13.21 0.01285  2.51665 0.73198

#(I) 71 51486 (| x—12/—LIF. 98 -17|) (13)

’ 0 F21 12,12 0.02133  3.30124  0.78649
l’L( I) =4 —8.52841(| = \)10 79 ) (14) -
() =1 I }\ L1 792 a15) F22 EI 12.98  0.01231  2.50642  0.71947
() = —E— 0£00217 (16) F23 Ei 11.98  0.022401 3.37279  0.79917

0.02706 — 0. 00217

S 4% 42 it IR 5] 0 KL T, W1= (0. 25,0. 25 F24 = 13.90  0.01220  2.62642 0.81816
0.25,0. 25}, W2=1{0.2,0.3,0.3,0.2},W3= F25 = 15.16 0.00791  2.18770 0.93632
{0.3,0.2,0.2,0. 3}, Al RIS BB LBk AE . — E

F26
*{ﬁ i

(IR IR ) D N e F30 EH 16.79  0.01895  3.57944 2. 44550

Fig. 3 Adjustment on the size of the fork-shaped structure
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Fuzzy mathematics based strategy for selecting of the patched
left-handed metamaterial microstructures

SHI Peng-fei, GAO Ren-jing, LIU Shu-tian”
(State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology.Dalian 116024 ,China)

Abstract: In this paper, the mechanism for selection of the microstructures of the patch left-handed
metamaterials based on fuzzy math is proposed. A set with different topological configurat?bé@ is obtained
from the existing left-handed metamaterials structures. The characteristics of each Slrlfégz e in the set is
mapped to [0, 1] interval through a certain subordinate function. The degrefs'fﬁ&\/ e membership
represents each structure’s conformity to the designing demand. According to 1he—meffnbership degree of
the fuzzy objectives and constraints, the fuzzy superiority set is obtained,wﬁhiiﬁﬁfn) be used to represent
the suitable structures for the demand. The determination of the suboft('kna,t/e function of each fuzzy
objective and constraint is discussed. In order to validate the feasil‘lity})@)f }émethod,one set containing
the structures with different topology configurations and another g@%m ing of the fork-shaped structures
with different size are established. For different objectives aﬁ%}o traints, the superiority of the
corresponding set is calculated. The result indicates that lhgﬁﬁ%)pdsed structure selection method can find

the required structure configurations. £ \

Key words:optimal design;left-handed metamaterlalﬂ‘t{c structure design;multi objective optimization;

fuzzy math : .{\
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