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Conformal Array Modeling Method Based on Euler
Rotation and Polarization Projection

SUN Shili  LIU Shuai JIN Ming
(School of Information Science and Engineering, Harbin Institute of Technology at Weihai, Weihai, Shandong 264209, China)

Abstract: Conformal array modeling was the basis of researches on conformal array pattern optimization and signal process-
ing. Unlike traditional polarization-sensitive arrays, conformal antenna elements exhibited multi-polarization characteristics
due to the curvature of the conformal carrier. In the process of conformal array modeling, not only the spatial steering vector
should be considered, but also the polarization vector of the incident signal should be considered at the pole of the array ele-
ment. This is the focus and difficulty of conformal array modeling. This paper presented three methods for polarization pro-
jecting the polarization vector of the incident signal to the polarization pattern of the array element in the global and local
coordinate systems by Euler rotation and the modeling theory of conformal array was improved. Then, the complexity of
different methods is analyzed, and the generalized signal subspace fitting algorithm is applied to conformal array by global
coordinate system polarization projection method. The simulation results show that the method in this paper is consistent
with the conformal array model obtained by the polarization projection method of the global polar coordinate system, which
verifies the effectiveness of the method, and different methods have their own applicability in different scenarios.
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TR, K AME S A5 A Br e A0 21 B AR AR ARl 2 1) S8
P RBCH 2K Y, i (10) AT, M AR5 TT i e e 4
W R it i35 16M I, 42 Jmy F Ry AL s 2 1 B
PLIERE TR R 9OKM IR, WEE(25) /I T (5%
P73t I 42 JRy A AR s 28 e AL 3 4 J) T A A s R
AITTER D 7K W, T R T AN [R) B ST A ) — T 1) Y
J5 1 AR A 23 s AN [] BRI 1o ] i 73 £ A S 78
W AR AR ZR LA ) Jry 5 A A B 2R ) 7 2 TRM IR
o XA J7 1] P 3 3k 2UA 6] HAS ] 2 4 7
Pl AT AR R A 1) AR, DR O s e AR A
ARIERIARXS KN 1 E AT, SOk 16 ] 742 Rtk
ARBR AT AT AR A B B O (2K+ 16M +
OKM+TKM+16M+9KM+3KM )= (28 KM+32M +2K) ;
AR 42 SRy AR AR bR RN IR B T B R
(2K+16M+9KM +7TKM +16M +9KM +7K ) = (25KM +
32M+9K) ; Jay &R B A AR & i 115 5 Oy (2K+16M
+9KM+TKM+TK+9KM ) = (25KM+16M+9K) ; Jayifti

MIRRITFEITE B N (2K+16M+9KM + 7K +9KM +
3KM)= (21KM+16M+9K) .
LUFIEECH K= 1, FEIo% M =8, 1UFy 5 2 fir
TitERENE 1 R,
R PR AR R A L (SRR D)
Tab.1 Comparison of modeling calculation amount of

four methods ( Real number addition times )

SCHRL16 1M R EMA  REEMA Rk

451 s Aeieikib  AedeiRib  FRiRfbIR
ER TS B BoessiR edsR
AT 2 [ 482 465 337 305

1 VASCHR[ 16 ] 42 i A A R i A 3 52 BT il
SRR B S, DU P AR 7 vk T T (R
JUREZ 0y 1.0:0.97:0.69:0.63, " LIB W, JAE
WA bR R A 52 H B f i, SCHR [ 16 ] B A o
AR M LT 2R A R TR L, R
ARBR RN 5% 1R AT LA B AT 5 T 1l R
T AR A 20 R R e 5% , PRI ] s 2 — YR R i
HORRE R WA, DI SRR Ak s 2R S AR AR 2 2
FEHEAR

5 HEEIRERGESLRE
R BUEAS SCT7 1% WA SO S 43 9l X HfE T R
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T K 1A S = UL B S B B0 A DU R AR AR AR T
PEAT W AL B 52, X 15 2 fY 0Y R g A g SRk A
X

TEXE 1 ARERIE

TEAT B 5H oR BB AL T, Ak — etk
R H 1, 45 B oo A o A, B oA B0k 8
Ao R FHE I ILIE B, 2 ThA I 207, AR b 5L
PN BPAAFE R H 0. 5 mi; X T AL L 51, [ 36
AR EC0. 2 my X T Bk P B B, Bk R AR
0.2 m, AR BR B 21 [ 35 A BB H 0. 1 mo BAICTT
i) [ i

1,0<6 <n/2
g; = -
0,m2<0 <nmn

RO 1A, BEREC0. 1 m, fF AR £
15 TR 0° AT KON 45 LAl AR AL A
(1220 0°, 75 PR o MR LA b0 &1, 7%
BRSO I X 1 B AR AL R & W HEA SO
BREIT IR ANTE 2 Ryl AL b 28 1 B0 B0 6 07 1 A
RUEASCOITIE AR BRE R I 2 K3 K4
7R o

M2 33 K4 4R LI ARSI E RS
WKL 16 ] 75365 2 B A R AR ], Bk 1A SO 2
=R AU T A A R

K2 HEE PR PRI ER R AR AR B py

Tab.2 Polarization vector p,; obtained by four methods

, 8;=0 (35)

of cone conformal array

ye SCHRLIGIN SRy RIBHS Jaib
g TR RERRME ARRA bRbICE
% AR BORSR MR
1 -0.7071 -0.7071 -0.7071 -0.7071
2 -0.9959 -0.9959 -0.9959 —-0.9959
3 -0.6377 -0.6377 -0.6377 -0.6377
4 0.0472 0.0472 0.0472 0.0472
5 0.7071 0.7071 0.7071 0.7071
6 0.9989 0.9989 0.9989 0.9989
7 0.7703 0.7703 0.7703 0.7703
8 0.0909 0. 0909 0. 0909 0. 0909

#* 3 RGBS R AR R R py,
Tab.3  Polarization vector p,; obtained by four methods

of cylindrical conformal array

gy SCHRIGIB A REGA R
O I TS
HR L RRER RRER B4
1 -0.7071 -0.7071 -0.7071 -0.7071
2 -0.9998 -0.9998 -0.9998 -0.9998
3 -0.7071 -0.7071 -0.7071 -0.7071
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
7 0.7071 0.7071 0.7071 0.7071
8 0.0173 0.0173 0.0173 0.0173

4 BT R AR R p
Tab.4  Polarization vector p,, obtained by four methods

of spherical conformal array

— SCERCL6 8 mEM FEEA Rk
o e Abatfe AedbRidl ARifedt
5 BUE A4S BURATR R4S
1 -0.7071  -0.7071  -0.7071  -0.7071
2 -0.9904  -0.9904  -0.9904  -0.9904
3 -0.5948  -0.5948  -0.5948  -0.5948
4 0.0811 0.0811 0.0811 0.0811
5 0.7071 0.7071 0.7071 0.7071
6 0.9967 0.9967 0.9967 0.9967
7 0.8038 0.8038 0.8038 0.8038
8 0.1385 0.1385 0.1385 0.1385

REXW2 2FREEREEIIEET UES
Fas TS B Y

S SR I S5 3 13 A, AR SO A
A RN ERY) AR 5 123 [0 A ik R T BRI,
]G ST UG FIESL B T DOA A fb {5 B
L] e A I s W R LTS R IV (e
[B4U5 0] BAEHEST DOA Al Joes 5 e AL 5 8.,
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do

$31 %

AR R, HE A A R IR (R B SCRROE R
X EES T B SUE S T A S A AT
o STHRI2L I PRI 4 T) UE S TR H
5 X BRI R TT o A 3SR R, 2R i SCHR
[21 [ AYRRIATE S, S0 BEORAE  11) R BB A 42
B AR T BEE  nl S RE S N -

A=[S, ,FG, .h, .S, FG, h

01,01 01,01 y1,m 2

SueFGo oty ] (36)

K AETRE,S Xt e sl S km , F b4
B RR R T T R, G, 4 A b
TR R b, 2 R AR T (3 S He
R, G, b, AR AR R T RS K
XN (25) o SCHRL 21 ] SR A & — % B9 XE 3
B 2H B 1 AR A SRR 4 31, 4% [ JC 48 w) A1 [6], AT
A 8Ty W E 2, 4 R B A AL bR R B ) P e g
Sl F B AL AL SURRSE B, R T M o B2 Oy
3, YR E 2, AL BUR A I F [ e AL, midtk
TERE5 i F K Ty n) B8 1) A 5], 6FFAS [5) 77 0] 1)
B, 7 K RN R FOAS TR, 5 FH MR e 4% A2
AT BaE 2 (22) (23) 315 F L, e 2R
HAMN R N ORI 55 W R &

k(21 148, ) 55 F 45 m LA eR
BOh

02,02

P =arg rralax( 1/w{P,EE}) (37)
Q:ggwaMG,,yw (38)
X E, LA FB KRR X N 552
6], L A RAF IR AR, Py AR Q IEZE Y
HERE
TEf FLEE 5 v 3k O T LR MR 51, R SRl Ak
Moo, B ECH R 1, & BE T 5100 A, oo 50l
124 AFEADECR 2 A, K H0. 1 m, 55BN
BIEZAGS  RMTAEIR, 54 L 20, P2
200, {55280 (0., @1, y1,m ) = (90°,20°,45°,
0°),(6,,0,,7,,m,) = (90°,40°,45°,0°) R IKIES
B DA TR —F- TR A SR, A 05 5 7 F 1 a4 R 25 1
WS fs.
MEIHRT LA A0 T 1545 2 2 B, 76 B
A7 PR 15 U8 7 67 A, AL 42 R B A AL bR &
THGEXT LT SRR UE S TS G
BEN AT IIE S, Bk TR F S A

20
6.) 00 2 440

K5 7S TS TR R R 4R

Fig.5 Generalized subspace fitting spectrum peak search results

AL TIIE SR 111

FESRW 3 mEE i

P FLZEAFIR) SEG 1, Xk PO Fh @485 7 125 53 ) kA5
100000 ¥k &2 S8, e it it S MLy 5o 273 47
(], 6T L PO 5 s A Tt a], 25 R AN 3R 5 iR .

FS PR VT FET R] CIRFIE] s
Tab.5 The average running time of the four

methods of modeling (time: ps)

HRL16 M 2REM R EM Rk
CHINE (7 s TN LN <L A 7N S A 7Y S 5'd

4 BRHLR  BoEs R4k
HETH 56. 684 53.915 44.241 42.243
HET 57.702 53.884 45.125 42.670
BRIA 55.652 53.348 44.578 42.182

PASCIR[ 16 ] o a2 i AR b SRR AL SR BTt is 17
I 5] g R , S TAT IR [ 21 DU Sy i e ot B4 R
I EEA 1.0:0.95:0. 78 :0. 74 s AL L RES ] DU Ff
BB BT AR f ] L 1.0:0. 93 :0. 78 :0. 745 Bk
AT TR [ 90 DU sl A 36 BT B RO IR ] Dy 1. 0 -
0.95:0.80:0.76, XL 1 FrPURhT5 vk B BLIEAH
XHIFTR) AN S Fp DU iy 3 B o ARG 5[] AT A0, 3608
W B AR A2 2% JEE RIS B B2 R E AR W) 4, BE
AB AT I ) 052 Bz A7 Bk ] 9 32 B 5% 22 5 U T 7 16
PR A i 17 183 S50 [8] , el AN [ B 007 1) [ 3Rk
AR, HLPURR T % 1 5 TS [R] 9 T 1o P AR A i
IO, PRI 1 v py B Ve 5 22 1 i Pl Al A i i
ip AUES
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PIMEAL 55+ JE T BRBLIERE AR AL B 1)

TE 51 A%y 1 1439

XTS5 HROR R 7 ik (938 47 ], A S
JRy BB A bR 2R T LR F N fe e, SRR [ 16 ] T ik
W, S5 HEIE AT S

6 it

AR SRR S HfE 1T AT 1D B 1A A R Y R
BB LK, Rof 2 RRCHE e % 1) ST B 97 S A 75 36
A7 7 HNIE , B M A 4 SR B A AR AR AR LR AR A
A JRE AR R T AT A B R A B A R
WL, FE TP SRR I N )
LERFW ARSI =R 7 15 5 A T ik
AAE SR — 2, UEW] T 05 i A B s Hovh, Ry A AR
F IARACBRE IO M 5 T 5 B TR ) UAE
A A Y 2 B A A L T IO 481,

HA B S E, SRl A bn & N AL 0 3P
Kiﬁﬂi@%ﬁ/i%ﬁﬁﬁﬁﬁf I, 7E 52 b H AT
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S 30k

[1] ZHANG Xiaowen, LIAO Guisheng, YANG Zhiwei, et al.
Parameter estimation based on Hough transform for air-
borne radar with conformal array[J]. Digital Signal Pro-
cessing, 2020, 107.

[2] LIU Dali, LI Lei, CHEN Xinhong. Pattern synthesis of a
practical conformal hydrophone array via second-order
cone programming [ J . Cluster Computing, 2019, 22.
8379-8386.

[3] YU Xiaomeng, ZHANG Yan, DONG Tao, et al. A novel
and efficient synthesis approach on antenna radiation pat-

C] //2016 IEEE International

tern for conformal array [

Conference on Communication Systems (ICCS), 2016.
1-4.
[4] LU Yiling, XIANG Yin, ZHAO Yikun, et al. Fast digit-

C]//2019 IEEE In-

Information and Data

al beamforming for conformal array[
ternational Conference on Signal,
Processing (ICSIDP) , 2019 1-4.
[5] WANG Zhanze, SUN Yuze, LI Shuai,

ning method for conformal array based on covariance ma-

et al. Null wide-

trix enhancement[ J|. The Journal of Engineering, 2019,
2019(60) : 6390-6393.
(6] Xub, FutaE, 44, 5. w38 M50 R4 m ik fk-

DOA fliiF[J]. RLE TS THA,2012,34(2) .
253-257.

[11]

[14]

LIU Shuai, ZHOU Hongjuan, JIN Ming, et al. Polariza-
tion-DOA estimation for conical conformal array antennas
[J]. Systems Engineering and Electronics, 2012, 34
(2):253-257. (in Chinese)

S, BATR SF T AR, AR AEIIHUR SR WSF
B DOA fTHPEREM T[], A FE LRI EH (A
IRBHERR) 2008 (4) :74-78.

ZHOU Yijian, WANG Buhong, QI Zisen, et al. Perform-
ance analysis of WSF algorithm DOA estimation of cylin-
drical confomal array antenna[ J]. Journal of Air Force
Engineering University ( Natural Science Edtion), 2008
(4) . 74-78. (in Chinese)

XU 5 55, VRN, 2. HE TR RS AL -DOA it
fRELE MUSIC 9L [T ]. /R Tl R2Aa2 4R, 2017,
49(5) :36-41.

LIU Shuai, HAN Yong, YAN Fenggang, et al. Polariza-
tion-DOA estimation for conical conformal array based on
dimension reduced MUSIC[ J].
te of Technology, 2017, 49(5) : 36-41. (in Chinese)
LAN Xiaoyu, WANG Lening, WANG Yupeng, et al. Ten-

Journal of Harbin Institu-

sor 2-D DOA estimation for a cylindrical conformal antenna
array in a massive MIMO system under unknown mutual
coupling[ J]. TEEE Access, 2018, 6. 7864-7871.
SR, TR, ARG 5. HE IR (51 E B 7 5 2D-DOA
] RE TR H TR, 2018,40(5) :989-996.
ZHANG Ling, GUO Ying, ZOU Feng, et al. 2D-DOA
estimation on conical conformal array antennas for non-
circular signals [ J ]. Systems Engineering and Electron-
cs, 2018, 40(5) : 989-996. (in Chinese)

FERRARA E, PARKS T, Direction finding with an array of
antennas having diverse polarizations[ J]. IEEE Transactions
on Antennas and Propagation, 1983, 31(2) . 231-236.
FERISC ARARIE, MW, 45, iR AL SRS 5
(M. bt B Tll i ik, 2005 :200-226.
ZHUANG Zhaowen, XU Zhenhai, XIAO Shunping, et

4k 2

al. Signal processing of polarization sensitive Array[ M].
Beijing: National Defense Industry Press, 2005 200-226.
(in Chinese)

YANG Peng, YANG Feng, NIE Zaiping. DOA estimation
with sub-array divided technique and interporlated ES-
PRIT algorithm on a cylindrical conformal array antenna
[J]. Progress in Electromagnetics Research, 2010, 103 .
201-216.

Burger H A. Use of euler rotation angles for generating

antenna patterns [ J |. TEEE Antennas and Propagation



1440 5 % & H 5§37 %
Magazine, 1995, 37(2) : 56-63. tion of manifold separation to parametric localization for

[15] MILIGAN T. More applications of euler rotation angles incoherently distributed sources [ J]. IEEE Transactions
[J]. IEEE Antennas and Propagation Magazine, 1999, on Signal Processing, 2018, 66(11) ; 2849-2860.
41(4): 78-83. (20 ] BRACHR, XIESC. 7 U5 128 MG f - AR &

[16] EATE,#h3, FoR R, 5. HIB KL M IIE i g flFFLI]. AEsRTE TR A4z, 2010,30(7) :835-839.
FE[T]. HF2HR,2009,37(3) :481-484. XU Yougen, LIU Zhiwen. Joint angle-polarization estima-
WANG Buhong, GUO Ying, WANG Yongliang, et al. tion via generalized signal-subspace fitting[ J|. Transac-
Array manifold modeling for conformal array antennalJ]. tions of Beijing Institute of Technology, 2010, 30(7) :
Acta Electronica Sinica, 2009, 37 (3): 481-484. (in 835-839. (iin Chinese)
Chinese)

[17] FF72%, 9008 JEfh 0, 55, HE UL MRS R L H ik EEE T

(18]

[19]

[20]

DOA {1 u:[T]. HF24R,2009,37(9) :1919-1925.
QI Zisen, GUO Ying, JI Weifeng. et al. Blind DOA esti-
mation algorithm for conical conformal array antenna with
respect to polarization diversity[ J]. Acta Electronica Sin-
ica, 2009, 37(9) : 1919-1925. (in Chinese)
ETFEE AR AR, XS0 IR FESI AR B{F 5 i35 Jr 6]
ML LT]. (55403 ,2015,31(5) :551-558.
KUANG Kaifeng, XU Yougen, LIU Zhiwen. Direction of
arrival estimation for noncircular signals using conformal
array[ J]. Journal of Signal Processing, 2015, 31(5):
551-558. (in Chinese)

RFTR F0E, EAR 45 OB BRI REIR S & MF T
Tty DOA fili it Je i B iR 2R [T]. 155 b3,
2010,26(11) :1756-1760.

HOU Qingsong, GUO Ying, WANG Buhong, et al. Ro-
bust direction finding and position errors calibration for
conformal array antenna in the presence of vibration[ J].
Journal of Signal Processing, 2010, 26 (11). 1756-
1760. (in Chinese)

ZHUANG Jie, XIONG Hao, WANG Wei, et al. Applica-

FMEFL 55,1998 4R BARIVLIE /K
BN, W8 AR Tl K2 (i) 15 B
TRt Y e | A S o2 | S R I
RN ERER LS
E-mail; sunshilil2345678@ 163. com

XU 55,1980 ARAE, RIETIIG R
BN W 7R ol R OBl ) £5 BB
5 TR e Rl 2082, 11, 255 1)
IES AN ot O Y R et R R
1E-DOA ZHUAh T T5 1%, i ML 51 Kt Ak
TR 45 R P AR TR
E-mail ; liu_shuai_boy@ 163. com

& 8 J,1968 AEA R ITIGR
BEN WG 7R ol Ry ORIt ) f5 BBk
HITRER A, L, R Ir 1 N
TIERGEBI B HIE 5 AL P L5 X 5T
SR
E-mail ; jinming0987@ 163. com





