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Multiple Antennas Mounted on Complex Platforms
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Abstract:  An efficient method of moment with Costa§ basis function is introduced to analyze the EMC of multi-
ple antennas mounted on complex shaped conductors. Too much time and prohibitive computation resources are needed
for the EMC analysis of complicated EM environment. To overcome this drawback,a paraliel atgorithm that combines
MoM with MPI functions is studied. The tessellation scheme is employed for parallel filling the impedance matrix and
Paralle] Conjugate Gradient method is used to solve the matrix equation. Several numerical results are presented to dem-

onstrate its accuracy and efficiency.

Key words: MoM; multiple antennas; EMC; paralle]l computation ; PC clusters

1 5i§

BEEEH AN KRR, RFRME LIS M, TA,
R iR A R SR R A R AT AR B B T TS RN A,
PR T IR 9 4R AR Hh e, PR o A
WIS R T, G ALARAR 2 8 W A LU L
fERET ELTRNERFE SR SER L%
BABRATLER MoM BRI SESMT. AF H AR BN T,
Ferh Ve T s b 4 B0 R0, T 7E 5 I B 1 R
w2 AR AR AL T R TAR R A, 1 i 4 8 &
SRR TR B M AT B T T R 5 A B
(OBBS . A SO TERTRN TR > 2R _E , 2B Costa 2if§
) R g R 4 T4 B S AT YR A 5.

B, BT E B U R A R, % A R
Bzt REBRRAFIE 0 /M7, — 3 DUROE T 15 76 PC #

WORR H 47 :2005-04-19 . 5 ] [1 31 :2005-10-19

LB, W TRl — HLOREZE MRS
ERC AR G ER ALK BT A AT B R N E
FAHITH R R A S R —
BETHEEFTRETRMEEN, EARR AR E L
BXHEGATEES W+, EEREHE AR UTD,
B FDTD HERH IR T RFIET MPLHEH
BT R R B O T e PO R BER
G T Shrm TR RN A BRI 6] P HFRM
HIFT RO R R R A N xRy R R
BETERA B X TR K B B EE B 047, 3
RN R IE R A, W ANTE &R AR TR
B ER R, B30 — S WA R IR T B ok g
T RBARETI Costa HG5 G Mk RWG BRI
SEME T RELA S X I e R R T M R A L, T
AU THEERFEPEREAN ARG EX—RA



® o3 M

¥ EPCER MPLARERTMNERTOERENH 479

WL E L METIRE.
2 EXRE

B AGT IR E™ (r) BB SHERE S CREE
AT AR R &0, THB A R
(EFIE) ;

E™ (1),
HeprfES k.

BRI AL, RO & R SRR E R A = A
WA A TR RWG 25 R 48 F
FUL A Bk B SR AT B4R 5 SR R X 8 S BR
2l B bk ML R Costa B B £
PR 0 vk T A R

=[juE(r) + Y@(r) ], (1}

ZI=V (2
PSR
Zm g g
Z= ': A A ZWJ} (3)
zZH g gl

Jiqﬂ:ZBB,ZHW,ZM,ZWB,ZWW,ZWJ,ZM,ZJW,Z”ﬁEU?é/;,I—'\'
WM N, XN, N, XN, N, xN, N, x Ny N, xN, N, x
N,,N, %N, N, xN, #I N, x N, BIRFL R It N, =

Z Ny Ny = Z Ny N, =N, B N, N, M N, 5 51%

ARG H‘J:‘k%ﬂﬁ[ﬁ H 22 B R HI B H AR IR B
W ARHEEE Ny Ny TN, 53 B Z20R F4K § iR FO 8
BE . PR PRRDESEMEEIE N B Nw
R PR EMSREE. TUEL. 2" 2™ 275
FIRIE R SRRSO RTERRUHES
LR AR R 2 W A9 A ELAE A

3 HMTCOGN FE5ERIER

BT P AR FR M ALEL, T4 4 Conjugate
Gradient Norm ( CGN) BRI B IRNIhGH1r8
B, A, e A SR TR CON IRAUHEE.

3.1 CGNE%
CGN TR skt R — B8R A.
guess X ;r,=AX,-b;P = -A"r,;

iterate ;iterate  (p=1,2 ----e- )
. = (AP r ) AT, !|2'
’ | AP, || |ap, | *
X, =X, +a,dAP;
A |*

AT o _atr epp;
By Ay, it A

3.2 HARHSHHITEEREAR

H1 3. 1 W LA H CON FiE A UHEIT R EHAR A
HRA# « WEERFSE, m LR METER )R
HEREROCHAPE MR FILIEE. B TR,

TR LA A S R R R K AR R 1
BT RSO R R R T L B S EtR S i U
LA B &R, B D R8sl T EBLE A JERAR
2 Y S

[Bn G Gn [ Au Ae G| e Te G m dha dem|dm am [

921 %a %n |G Bu G| dm Gm @ 22 dba|den o o'm

9o, A %on |G G G| e s P Jaiz_don_dow|din dm o |Tus dwn d
Gy, Oy Gl Gay Gur B | e Gy G Doy d| ' de Ta o

Gy G S |Gy iy gt B Gm gyl b om dm

Ay o thp Gy Gy G| B S Sl 4z Aoy des des i 0w d
Hay dgy Gy [y Sy gy G Fn Sl Tm gz A dn g

Ug, N O |Gny G @n| &n Gy gy A dm vms| o A

Bor G A |t | e B ey dm S| Ay s A [ der de

(I FRE— P FRRTHELR)
W1 SRR [A] S5 [AT 1RSSR
3 TRE B A R, 8 4%, B MPL — ki 4h
BT S5 B A 00 5 A R ) S R 6 . HE A — M
BB O A [ F- DX, SR R M 5 JU A IX I e 17 R
[RIRyREER |-, by 36 78 7T L gl ] 2 SR, SbF 38 it Carte-
sian A6, ATHER 708 0 SR LR EA A A
RN B, TEIE &L RWG S 57 401, 48 e it
R TR B E M T T B R B R

Do g = 7, NumTriangfes

Do p = 1, NumTriangles — loap over Triangles

fag{pi=0

—»  loop over edges

Doe=13
m = edge_numqg.e) —— - reference from trismgle to edge
Him.NE.-1 .and. m>coords{1)*nx2 .and. m<=(coorda(1}+1)°nx2) then
» .aqnt.ﬂ_fm‘ focal Jmunbvrmg
in tHis processer’s sub-block

——  loup over cdger

m=m-ceerds(1)nxz2

‘Dof=13
n = edge_numip,1)

IFin.NE -1 .and. -coords(2)'nx2 _and. n<={coords{(2H1)Mx2) then

adjust for focal mumbering in
fius pracessar’s sub-block

——  reference from triamgic to edge

n=n-conrds(2)*mx2

A ==0} then
conpiite_edge mueractions@.p)
roeipi=1

endif
A{m.n) = Aimn} + delte

Endif
Enddo
Endif
Enddo
Endao
Enddo

2 FTHEBETEE

B, m2 Eob A RS, coords(1) coords(2) &
PR IR AR, DAL, A THAHEN Y AE
B, B XE G AT tag 358, SR Liss R g -1t
BhEmE SEEAARMTEAEE, AR ERE
I,

WG TR R R4 AL R A, S R R
B AR, (R EE I T E N TR EE, S
P A= (R T R R T S S
HEEEFRRIER TR, W 3 B, B Rt



480 wm ¥

2006 4£

HAHTT AR AT

il i £

B 3 TR A RIS A A

3.3 HTCGN FERMERAE

BEERANT e S SR 7 s B0 54T CON R
BT, BRTAT A, CON iU e M B R R 1
ERFKzA, XFERESTRF T EAMERIN. AT
AR CON B, MR AE S T UMM Bk,
R, B5h Ax, A" x, HEH Ax, A" x K%, [
ERahfR YL 1. BB it i ey Y AT R Mg Ax At x. 3
F Ax, LUERES R =47 =50 F, mE 4(a).

Qo Zon oy (G G A | Y D Fn|| Fes
T Qo P | Fim B O | 9w A I Poa

Cm Y Yo (Y Y Ym | o Y Onf| Fes
@ By |Gy dgg By | Dy Asy | P

@ Ty O |Gy A Q| Ty B o Frum

G T By |G T G | G P T Pun
s Hen Qe { B Gz Do | Fen e Dyl s

T Tsn Fn | T G Gm | Ty Fen Ty || Xosm

T T Fom [T T Gop | e e G|

(@) HIF 5 A R
o ®| | W00y
(" o =t~ (=t A 7R B 51
L] -
> Por | i t“
Zou Gn Gy |Gm Gu G| dn S ) :’, 5::
Y 4 fmr |Ym Ym x| fm 4 A o @ Wk
T G Ty (G Fm G| Ym Qw O oy [ (b
e [t
) Tl RO F R B RAHR

# 4
Ba(a)T,a FEEFIH R AER,x THRAT=
U RRMBERAEA TERFERIN MR 4 Ax
=b, M AR E R TR N

r4, 4, A, X, b,
x, b,

4, A, 4,
H RS E BT R AR A .
01

—Aal A32 Asa

2Y0,3,6% (0,1,2
3 4 5[1,4,7|=|3,45
6 7 82,58/ \6,7,8

HEE A SR TR, BHE N BT
B mR o R e o, AR, 2, FEEEER 0,3,6
W x, TR 1,4,7 e, x, PR 2,5,8 1A, 4,
ARl =, x,, %, A3, W HER 0,1,2 4514 RS,

EARRBRY b, MG RITEBIRIKE b SR
R, KT RN 4(b) Ak, [FI38, 3448 3 18 B ik
b, #2 6 BEBER b, KP o, b TIRtE 5 ABRF RS
EHAGBTRRGER PR B b, b, £SO
R BT BIFTR B Ax R, IC AR b FMTTLOR
A" x, WALA TR

HTHEFEREHR R0 HREG T 4 0 R AR
HER b ML, RS IR E AR LU
AT CG BRERMRMEEmMETR. MR, NERS

FER.
4 MPI T/ERIEE

AW A PC B R4k, BRI 5 i, BT
EHHON 10 ;7§ A 2. 8GHz CPU, 1. 0G Bites 14
77 :100/1000Mb/s 5K M- ; 1000Mb/s ZZH#L.

Pem—— o N
| — | = ]1:1 wr_-q
: A el ] ] |
l________! QA = =
= e
5 MPI T{ER#
5 1T FDTD NS5 A
5.1 HEEWIF

BERIEASGHTER LR F OERE Wl 6, f.l
BRHCR 300MHz B9 Ui R4k 1.2 ARl SR &Rm
HE, HEMREREE.

B G R TRE R 2 4 %, RIS 66 3%,
P 4.0 N B KER 1 b Fin s A 4R (0,1.8482,
2.1376) . (0,1.53,2) 38,0 0020] ¢, A K& 2 F T
VAR A AR (1.8482,0,2.1376), (1.53,0,2), P&,
0. 00281 X

z

R

X

e ATERBRREEERENE
P 7 S5t T A SCIFAT MoM H-J B R B B A SR AR 4L



B3 M

f  E.PCHER MPI H{TERESNERT A ERENIE 481

AR, o L5k #F FEKO W4 R4

&0

FEKO # 4

o
a

o 4XAT

Isalation/dB

. L |
250 200 350 400 450
Frequency/MHz

M7 EEERSEEhs

5.2 HfrieeedEt

BEREVTHRERETEBRE CARET /10 $E
RIS AT (RRERA M) IR 4 100MHe i 5
BT LA MoM HE(RANEE) BA LT AR ME,
HBFX 7E4%38 PC Hl_E MR S BA. o T B 6, ibat
W T 12150 MRARMHASER EHGEREEST
bR PC EF RS, WA 8 B HE AT B B IEE
F AT, M R EERF (dB {5 ) 4345 P 8 .

20 L
150 200

40 30

B3 CTREREA—{LRRS
1 REWARtTEREEELY

F R BFE R BgTH)
4 3 4} 33 £k 153 43 27 # 9420 Fb
9 1449 % 68 43 & 4193 #b

HHRE CPU A~$ibt, M B 3R 45 By 3 76 5ok i

Hi (6] Bl i) L5 0 B A 3, M K B A O 0. 05) RO A
REXR L. K CPUATEM 4 B 9 B, HiMEIE sk 7
1954 4%, FESRMMNE T 2.25 1% RELR X HTHEEE
BMBER— M PR EEMEEN . OEAHT
HARR O B AR AR AR R S P AR RE B R A
WEeH P RWEEISE, B Ak 21 S A 2. 25

5 TR NS R O EEEE, BT Rk 2. 25
5. BAAT S TR RS EIET 2,246 48, R HE
F 225, 0] W, P AT B R AR E S RAE R, A

S FRTR AT BUAS M M0 20 I T8 H B .

5.3 MHEXH

HEVMLLER | HE R0 —HRKARHEEK
K,HERENE 9 fR. 330 ERIF R BT
ST 161 A 10 .

By XEeMEkL=#HTIAMRRRe
% 0.0

]
i 100

Bl 10 #L3 £ KL 4 i E

6 LRiF

AR R R E P E R XS T —
TEYEE, - M Costa B R¥LE 8w R b TR, 6
—ERH T RS NE R TR AR S
HAT OGN ZRACE R SRR T A 30 Bk B9H B
=Y PCEHATEHBEABRKERERHERTEREH
BEFEE TR M T IEA BRI g 2.
$E XA
1] M F Costa, R F Harrington. Elecwomagnetic Radiation
and Scattering From A System of Conducting Bodies
Interconnected By Wires [ D ]. Diploma, Instituto Su-
perit Tecnico, Lisbon, Portugal. 1976. M, §. E. E. |, Syr-
acuse University , Syracuse, New York,1979.
TRk, 1k E RSB IR S T AR AR R I R Y
MoM AHi[ ], Bl 4] 2003 ,18(5) 523 -528.
WAN Ji-xiang, ZHANG Yu, LIANG Chang-hong.
Method of moment analysis of connect between wire an-
tennas and arbitrary shape conducrtors [ ], CHINESE
JOURNAL OF RADIO SICENCE. 2003,18(5) :523 -
528, (in Chinese)
Shen Xianneng. Application of massively parallel archi-

(2]

(3]
tecture (0 computational electromagnetics [ M |. Tech
Report of Syracuse University ,1994.

b mERl g TRESAR M) B FEX
2 I A, 2001.

Zhihui Du. Programming technique for high perform-

[4]



182

BT

# 2006 4F

[5]

[6]

[a]

(9]

ance computation [ M ]. Betjing; Tsinghua University
Press,2001. (in Chinese )

KE,REYU. 47 UTD R R AN TS P
REFLT]. F54R. 2003,31(3) :332 - 334,

ZHANG Yu, LIANG Chang-hong. Parailel UTD algo-
rithmand its application to the analysis of airborne an-
tennas[ J]. ACTA ELECTRONICA SINICA. 2003, 31
(3):332 ~334. { in Chinese)

*E R, BN REBE. PCHERKDITHE
HEEELT]. d 424, 2003,31(9) :1368 — 1371.
ZHANG Yu, SU Tao,ZHAI Hui-qing. Study on applica-
tions of paraliel MoM on PC clusters[ J]. ACTA ELEC-
TRONICA SINICA. 2003, 31 (9): 1368 — 1371. (in
Chinese ) ]

X e, A HTIE FOTD JE R H A PRG
SRR M A [T]. TR 2003,31(124) .
2142 - 2144,

ZHANG Yu,SONG Jian,LIANG Chang-hong. Study on
the parallel modified locally conformal FDTD algorithm
on cluster of PCs for PBG structures | J |. 2003, 31
(12A) :2142 —2144. (in Chinese)

ZHANG Yu,SONG Jian, and LIANG Changhong. MPI
based parallelized locally conformal FDTD for model-
ling slot antennas and new periodic structures in micros-
trip[ 1]. Journal of Electromagnetic Waves and Applica-
tions,2004 ,18( 10) ;1321 —1335.

ZHANG Yu, LIANG Changhong, WANG Meng, CUI
Bin, TAN Yuanvang. MPI based parallel UTD} with ana-

lytical methods to determine reflection points on cylin-
ders and cones[J]. Joumal of Electromagnetic Waves
and Applications,2005,19(3) ;355 -371.

EE#T:

¥ EF B, 1078 A TFEdEEdl, TEM
HOBBEHEHE, TR, ERREREH
FLBEHE R 2T ST T LA
E-mail ; zhangyn_xidian@ 163. com

F oM OBIWETUTER ANOE
AFHE RS SR A S L
£, LENRQBB AT

REH BB ETLHE HE HLT
[ SR o A SR i, o 22 LR et
£=4 [EEE Senior member, 5t m L 3FHiE
T RO R S LR R LR
FESHE



LI A, R AA TR
[44ik:  http://www.edatop.com

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com





