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Improved Method for Conformal Array Pattern Synthesis

Xia Huan, Zhang Xinggan, Bai Yechao

(School of Electronic Science and Engineering, Nanjing University, Nanjing, 210023, China)

Abstract: Conformal arrays, with more flexible placement than traditional array, are widely used in many
areas. However, pattern synthesis of conformal array is more complex and some traditional pattern syn-
thesis methods are not applicable. Applying virtual interference in the region of the side lobe is proved to
be feasible. Then the critical issue is to find effective methods to determine the power of virtual interfer-
ence in each azimuth through an iterative process. Generally, existing iterative methods have slow con-
vergence rate or heavy computation. An improved method for conformal array pattern synthesis is pro-
posed based on linearly constrained minimum variance (LCMYV) criterion and the method is applicable to
any array placement. Moreover, it can accelerate the convergence rate and reduce the dependence on the
iteration coefficient for adaptive beam-formers. Numerical examples are provided to demonstrate the ef-
fectiveness of the method.

Key words: conformal array; pattern synthesis; virtual interference; linearly constrained minimum vari-

ance (LCMV)

51

il

SSRGS SUE B RA 5B IOE R R LR LB R RS Mz SRRy

BB LI 77 2= UF A0 i PG BF 8 (BY 2012187 B g T H .
W7 B #:2014-07-17; 41T HH#A : 2014-10-10



762 HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 4, 2016

MEZGENEMNAETHILEERERIT—HAE MRS, fZ 2% LM 10 B R EZE R G E
IR 1) R TE B L 55 R ST KN DL R AR R Y ) BT B . G B T R RS MR Oy kR
AL PR . R N AR SR 0 0 Ak D ik BB A SR SR AR T B A A — M A B e T
Ho 7 55 0 DX I R 480 18 ) R B 8 S 0 5 1w V1 2 45 e 5 gk 22k A4 ) T 400 2 28 R i I 6
fk, Olen il Compton 48 H T8 R G MR AR k" AZ I ik ez Bl . 45667 B U0 10 505 A
WAL SR REAR A M ) T AR D R W R SR Ng . B TR R /I 2 (Linear con-
straint minimum variance, LCMV) #EN],Guo Z42 1 7 LCMV J7 [0 F 4 5 5. 1 (LCMV-pattern synthe-
sis, LCMV-PS)™ (H 32 507 36 19 4% 28 85000 6 £ A0 M 8, R AIK 77 0o i . AR SCA X LCMV-PS 1)
il S o o G 3 AR I AR R AT RO L S5 T A RO AN W i /D R AU I B R U D[R] R S AT
HENL T PRSI R AU T A B AR AR AL L B AR TR a2k AR R B B i R

1 BN S # A

[ 5IK P ) 2 2L 0% B i el L S 2 R B ATy 2 RO BE 2L & s . aniEl 1 Bios B IR H A M A
FEWC R T Can 22 52 RO 1 B R IR 51 5 2 B R 4 5 — A~ B BEAEU), HoAb T R — K1 b B2 B —
NIRRT W i U VA ST R VA R S 2. I B VA K == DIV S R T -9

al®) =[p,(De P e py(@e @]t (D
K p (O R FETT @ (B M R, X F A A RETC, FTIAR p () =1, ¢, () R FETT @ )25 [0 S 25 55 19
Xof B 32 5 43 SR PR 4+ B O B T 2R R S I G I A I DA R R L I T B 2 2 0 B SE B, B
7. () =7, (D) + 7., (D (2)
Ko, () =ricosd/cor, HELME FXTIFEICEN S % s I B (B 1 BSOS HE LD . (DT
Bl 1 HAR 48 JL AT 5¢ R ] 0

To; ((9) -

Arsing _ (R — VR — r* )sind (3)
¢ ¢

A RO IR IR A A2 Ar D B 1 F bR 35 H 8068 107 4 DG 1)

BT R SRR 5 A Y

Fig. 1 Circular arc array model

2 KMARZFMNAZEN(LCMV)FEBEEE
2.1 LCMV-PS & k45

SCHER[ 147458 9 3 F LCMV (17 1] [/l 45 4 8 vk (LCMV-PS) , 3 o) 78 32 3¢ X 30 n g 980 T-48 . 45 &
LCMV BB B 2 - 6 2 40 7 1) P18 3 W0 SR A0 5 1 1. B 00 40 B9 B 3R K /N 3 o a4 A7 1R 3%, 7
SERREFERE K TS % B (R EMYEZRE PO MM E N RED TN EE. /N TS E T



B Ok F AR ERES B LSS kR 763

9 7 B /N HE DL 0 A 50 52, B A UOS . AT R A P BRI .
(D B2 W8 5 1 B/ A T 48 bR a0 AR o0, EORTEE A0 M E L. A, =
[0,—20/2,0,+20/2] 55T K/ P, EFGIEN 0,,j=1,2,-
DO BSEYIR TR £ 0=00 005 - N R 5 FMBEH 2 A BT I BE . 35 0€
AW fo (=080 £ (D=1,
GO S th Jr 225 B R, L B
R, =A -« diagl £,(0) s £,(0)] « A"+ o o8
Kb :A=1a0) a0 HFESIITT B R . & D9 HATE AR B . RIEAT AU k=0, o BL—4 1R
VN:OKG S F ISR R S
(O FI A LCMV 38 U8 2 3 AR 5w,
ML T I A ACA T SEER & UGEACUS 557 R X s A B 1 T 1 Do
| : P (D) =P,
Fo(® =max(fi (0 + Kf o (0~ 0)
K f (O N k=1 WS BT R KA — D8/ IEHO NER R Py () =
[ w'a(O) | 5 k—1 YCEARS B ATE &R 1 T7 1 P, 225 5P K.
C6) U SR Z54 I3 1) -5 J B2 Ty 1 T ) 22 0 2 WSSO 1 DU 20 S B AR, 70 DU 4% 1) (3D Pk 2, L A
SR B BEE 1 e KR AR A . LCMV-PS B9k 1 G B 78 58 (5) 40 v e IR 2k AR 20 20 3 32 323 )
RALbs;

(5

. . P,,(®—P, P (O
/k—1(€)+K/ﬁ—1(6)T_[ﬁ—l(g) . |:1+K<T 1):| (6)

M P, (O >P, B LR T I EITE 0 4b 0 55 R HL - R T 225 17 OGO AL 19 1 00T 48 2 23 R D
—NKTFT1IHEFP) . RZB/NZE BT RCEUL—AN/NTF 1 WEF), IFH.Po (05 P, i
I ) R UL T A 2y A R R 0 R AN L R UL TR D B A B TR 1

SR+ 12 7 1 %8 3 AR R 500 2 % H A AR o 9 RO 1 - K HOBEFEAR /NI [ W I . Py () <P, B
(LA TJ7 I B LE 0 4b 1) 25 3 f F /N T 228 HF i AROF R Z5 30 AR K BUE K 20 (6) 1 45 R 2 48 1 1
BORIEERARXG) EREN fLOFF 0, BB TR 0, 7 KL AR RTEL, K
B A58 /DN AT 3l B 3 20 00 ALK 2 i 3 G 0 5 o 14 0 U0 RIS S T R % 0 A R I — B g L AR S
XF AN AT T it
2.2 iR LCMV-PS &%

B ERIE TR G, —~H KBKHAE P, (O<P..f,(OWMBEES R0, Kl P, , () <P,
B 356 BH I %) R LT B T 3 O e R T A X s/ o G R R A i A 3 AR AR R R 4
THIHRE R EFBRCXED I BBOH A T 0 B REECE S, B R0k, B8UE 55 0 X 58
BT T %
P, . () — P,

() +Kf () ——————— 2. () =0
fk(e){ﬁ / 2 A

(3D + (D) /2 L) =1
AT AE H T A (0 A, () =1 F75 F fit I i) i 801 40 2 248 2 s i sl i — 40 ik AE X
] [ ¢ (O s (O JTNFEATIEACE R . HIHIE A (D W] FIR Ny
1 formula(6) < 0
2. (O :{ ®
At () formula(6) > 0
K formula(6) TRAK () . W LIFREEN, — HH IR O /NFHEF 0 B, B2 A B4k 3 e
781, IO e mmaEAREs SR el e I — BAE 1A A2 . B 5 1AL i a2 A0K 1
T E R AR XA BN RO E S 0 T D RIR N

7



764 HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 4, 2016

$e 1 (D formula(6) << 0
¢ (O :{ 9
Q) formula(6) > 0
[ (D formula(6) << 0
01 (D formula(6) > 0
K6 /NFEET 0 0, F B BUAT B LT P T 2 4 /0N » R B0 58 3 BB X (B A9 R PR ¢ (0D 5 22 B8 8 B
XK ER ¢ (.
St ik AN KA b A R A A T 3% ST AR R O O X R B TSR S W 4 D i LT
P T 2R ) AR X [R), BB X (B B A R e M s A R A 2878 IR AR T % K UM A o e mT LAAE Y
KK E RASSE A 3% AR R PR i s

3 fhEX®

3.1 (FE%H%

I MATLAB -6 #4705 B3 B iR AR SC 5 vk A A0t . IR 3 A A T AR SO i SC k[ 14 ]
TP RO E R A R K BRI B 25 57 o TR A X L 8 A 4R B 1 [ OB B B T R 160, %
B 51 £ B 1) W ST ] B O f 4, 32 4 ) 90°, 2 B B Ol 30°, 7E 30° 1 1507 0, 55 3 H T 48 F MR
—40 dB,
3.2 ELWHER

BN R D) | Po(@® — P () | <eye BUMR /N IE 50, 3 HLEC 0. 001, f 5 3% AR OB 200

W BEFRASCER M W I A AT RN ARG AR R i T 1 [ A AT 2 B W BSOS 45 B TR RE UL T I S R A
K3 B . WesUs - BRI 90° 5 1] » A 9 BE K B 30 55 i DX I Y L F- R B — 40 dBL7E 3071 150°
RPN E R o LT PRI A B UEAE DR 0L FE S5 XA T A BRIX I [0,3. 2], BLHIA SO %
REAT R0 B IR B B 0 1) PR £ o 16 4 AL 5 235l 2t 1 SCRIR L 14 107 35 AR SCT5 i W 88U 19 77 1) 14
WA AR R K A2 s Ol o dr [ 4l DL, SCHRL 14 107 1 3 a5 AR R B0 K A B0 i (RO Ik K R BEFEAR /)
PO BN IR 25 K=3 I 05 ) R 2R WOR @R AL . 15 B AR SO I On 70 AR B K ik
ik, 2 K=1 000 ol 8 i o AR al LG K45 19 5 1) B 25 B 380k

0 4.0
-10 ¢ 35 L
20y 30 |
m 30+
3 _40 L % 2-5 o
M B 1, \} ﬁ
= 50} wWhooun 220t
B -60 i il 15
AEY ' s g = 0T
e S EAbe-Siv B 10l
-80 | - SEAUEAR :
-90 | - _%315’\1‘%{_% 0.5
-100 L L I—Hﬁl@l)ﬁ T -1 0.0
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
R/ (%) FRE /(%)
Bl 2 RSOy ks A A2 o i O 1 [ K3 ARSI RIS & A BE T 40 U R E
Fig. 2 Pattern synthesis for the method proposed Fig. 3 Power of virtual interference in each azimuth
in this paper for the method proposed in this paper

6 25 1 SCRRL 14 105 36 AR SCO7 ik AR WS89 22 5 o % T SCHR 14 107 3 - B BOAR [ /9 K



E RF. AR EBEITaBASEESS & 765
0r . 0 - -
-10} !/ ’1‘: -10 ; /\ -ﬁi(l)ol
20+ N \ —20} L x=
. ANV BN AN | -~ k=100
g Ll RANRRARY \ g [ K=1000
R SRR HHTA e N | Pl @ 40'/"\ S Vaniy "
E S0y o £8 oM E S50 W VWV .
B 60y 3 Bl —60H o[
0 K=0.01 \ E
= 70 r 70
-80 o' -80
=90 | T K=3 S -90
-100 L L L ; -100 i i i
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
HAL /() FAL/ ()
B4 ekl 14105 3607 1) B RS A R 80 1k (IS a7l N 1 B AV G
Fig.4 Pattern synthesis varing with K for the Fig.5 Pattern synthesis varing with K for the
method in Ref. [14] method proposed in this paper

B A 519 WA BB A SO IR AR KO3 e K =150 . U5 10 Yk AUt RE M8k #2711k
S

-48 1 -o-LCMV-PS
o : A A7

LR IR /dB
5 g

-53 Mo 2o

0 5 10 15 20 25 30
AR
Bl 6 T 1 P 25 iR 22 R A QU RS AL

Fig. 6 Composition error of pattern synthesis varing with iterations
N
£
4 HRIE

FEXS LCMV-PS B 0 1 AR 2R BOHORTTE 35 DL S e S50ig iy e e » A SCHR 7 — b ook i 208 [ 5 1)
BIZRGE Tk o AT ZAE 2 A e/ J5 22 e D 58 g — UKk AR SIS R 42t s b — 25 45 21 52 P U 1) 18145 B
W7 1) VR AE 4% A BE 00 22 M0 . ARG 26 (0 10 XE 9705 B 0 TR 1 et 0 PR ke s e e 40 30 2 R 1
IRC{EL HHE AT A P T o A R AN W7 /DN B UL T I S R RO IXC T . AR PRIE A A )
filh b RORRREAR Tk AU 2 g T W B B IR AR 1 AR IO 7 16 [T 25 ROR BRI L 3 5 T % 2
LW IE N .

5% 30k

[1] Josefsson L, Persson P. Conformal array antenna theory and design[ M]. Hoboken: John wiley & Sons, 2006.

[2] Haupt R L. Antenna arrays: A computational approach[ M]. Hoboken: John Wiley &. Sons. 2010.

[3] Zghk, L, #fh, 5. BT MOPSO [k LREIVEM IR Z Ay i) ], i RE S, 2014, 29(3): 415-
420.

Li Hailin, Zhou Jianjiang, Tan Jing, et al. Multi-beam forming of satellite conformal array antenna based on multi-objective



766 HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 4, 2016

particle swarm optimization[ J]. Data Journal of Acquisition and Processing, 2014, 29(3) . 415-420.

(4] RE. FBot. 2, 5. PLETTR XDV E RN R FISPTERI ] SR 4 S48, 2014, 29(4) : 496-507.
Wu Renbiao, Lu Xiaoguang, Li Hai, et al. Overview on airborne forward-looking weather radar with windshear detection ca-
pability[J]. Journal of Data Acquisition and Processing, 2014, 29(4): 496-507.

[5] Dolph C L. A current distribution for broadside arrays which optimizes the relationship between beam width and side-lobe
level[J]. Proceedings of the IRE, 1946, 34(6): 335-348.

[6] Taylor T T. Design of line-source antennas for narrow beamwidth and low side lobes[J]. Antennas and Propagation Transac-
tions of the IRE Professional Group on, 1955, 3(1): 16-28.

[7] Tsui K M, Chan S C. Pattern synthesis of narrowband conformal arrays using iterative second-order cone programming[J].
Antennas and Propagation IEEE Transactions on, 2010, 58(6): 1959-1970.

[8] Nai SE, Ser W, YuZL, et al. Beampattern synthesis for linear and planar arrays with antenna selection by convex optimi-
zation[J]. Antennas and Propagation IEEE Transactions on, 2010, 58(12): 3923-3930.

[9] Olen C A, Compton Jr R T. A numerical pattern synthesis algorithm for arrays[]J]. Antennas and Propagation IEEE Trans-
actions on, 1990, 38(10): 1666-1676.

[10] Li W, Hei Y, Shi X, et al. An extended particle swarm optimization algorithm for pattern synthesis of conformal phased ar-
rays[J]. International Journal of RF and Microwave Computer—Aided Engineering, 2010, 20(2): 190-199.

[11] Jayaprakasam S, Rahim SK A, Yen L C, et al. Genetic algorithm based weight optimization for minimizing sidelobes in dis-
tributed random array beamforming[ C] // Parallel and Distributed Systems (ICPADS), 2013 International Conference on.
[S. L. J:.1IEEE, 2013: 623-627.

[12] Wang W B, Feng Q, Liu D. Application of chaotic particle swarm optimization algorithm to pattern synthesis of antenna ar-
rays[]J]. Progress in Electromagnetics Research, 2011, 115: 173-189.

[13] A, HRB, FHEH]. HTFEEREME R RN MIMO HFik RE&MEEMALI]. By RES LI, 2011, 26(4): 413-
419.
He Jie, Feng Dazheng, Li Xiaoming. Optimization of antenna array of MIMO radar based on genetic algorithm and tabu
search[J]. Journal of Data Acquisition and Processing, 2011, 26(4) . 413-419.

[14] Guo Q, Liao G, Wu Y, et al. Pattern synthesis method for arbitrary arrays based on LCMV criterion[ J]. Electronics Let-
ters, 2003, 39(23): 1628-1630.

fEER AN :

B (1989-) . B, A -+ BF 5%
AR T ES S5ER
AbFR, E-mail :nju_xh@126.

com,

BB (1956, B, H B,
BEoE 5w M5 T 5 4E B A
.

ol #B (19849, F, @l #
BT ESS5ER
JbE,




E R F . —AREHNEVEFT B EAS 767



