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(2019 4 12 A 15 HY&H); 2020 4F 2 A 2 AUEIEHR)
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Fig. 1. EMVS-MIMO radar system with sparse linear array.
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Hodr, By (00, 00) R Fyy (0, 6, )R 8 4E
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£ 1 AFSERI IR I

Table 1.  Computational complexity comparison of different methods.

Rk A TR 2 P /s
2 2 3 3 2 _ 3
ESPRIT Like#3% [19] o((6M)2(6N)2L + (6M)3(6N)? + 2K26(N + M — 2) + 6K 08 33
+7(M 4+ N)K? + 12K + 36 MN (36 MN — K) + (36 MN — K)K?)
2 2 2 2 _ 3
P LikeB3% [20] o((6M)2(6N)?L + T2MNK? + 2K?6(N + M — 2) + 6K 5 0608
+7(M 4+ N)K? 4+ 12K + 36 MN(36 MN — K) + (36 M N — K)K?)
. M)2(6N)2L + 4(6 M)3(6N)2 + 2K26(N + M — 2 K3
Tensor T2 ]84 [21] o((6M)Z(6N)"L + 4(6M)(6N)” + 2K76(N + )+6 109.880
+7(M 4+ N)K? + 12K + 36 MN (36 MN — K) + (36 MN — K)K?)
; K2 +108MNKL + 3K? K?(36MN + 6NL + 6ML
PR o(k(3K3 + 108 +3K?) 4+ k(3K2(36 +6NL+6ML)) 05684

+2K2%6(N + M —2) + 6K3 4+ 7(M + N)K? + 12K)

1011

—6— ESPRIT-Like
PM-Like
—&— Tensor

1010 £

109

Complexity

108 L L L L L L L L
100 300 500 700 900
L

2 ARG T A2 2% B B HRen By A2 1k
Fig. 2. Comparison of computational complexity versus dif-

ferent snapshots number.
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Table 2.  Parameters of target signals.

Hif I ff A £ WAk S WAAR 22
6/(°) 8/(°) v/ /(%)
1 40/24 15/21 10/42 38/17
2 20/38 25/32 22/33 48/27
3 30/16 35/55 45/60 56/39

4.1 EBEEHRESHBNEITFFYE

T4, T I A R SR I TR SR Y £ B SR
B S A . e B DA Lk E N
200, {ZME 1155 4 10 dB. FIFH 100 YR 524 R & 15
P ZE R RN 3 BT R RE R A 3(a)
K 3(b) FTLAE H, g i) PARAFAC-TALS
B RENS SLEE 2D-DOD Fl 2D-DOA 9 A 3h 5 5
i X MR 3(c) B & 3(f) /T LA W, B4
PARAFAC-TALS 5t 68 % 5C 30 & 4 BF 5] U
Y SRR B 5 DU 2 S 500 H Bh f B R,
U, FrdRSAE Y B B S BN R AR B T A SN
IS IE.

4.2 SRtk E R

T E— A IR MR L X S MR RE RS2,
AFHE SN BARAAEC S 5 — A L0 (5
BRI —10 dB 3] 30 dB, 2L KN 5 dB.
TEREAE e L 251 T S5 R0 B2 i I B

)

I

200. $PEIAE CHRMSE = || - 3™ [[7 -0
i=1

St § B TR SO ISR, 0 FR I

'2

074302-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 074302

sofb ® o Estimated
* True
60
<
40 + [
(]
20 F [
0 . . . .
0 20 40 60 80
0
80 () o Estimated
* True
60
<
40 +
(]
(]
20 F
(4]
0 .
0 20 40 60 80
0
sof (© o Estimated
* True
60
(4]
<
40 +
(]
20 ®
0 . . . .
0 20 40 60 80
0

80 (b) o Estimated
* True
60
<
40 +
@
®
20
L]
0 .
0 20 40 60 80
fon
80 (d) o Estimated
* True
60
(]
s 40 N
L]
20
0 .
0 20 40 60 80
Yt
80 (£) o Estimated
* True
60
&
40 + )
(]
20 ®
0 . . . .
0 20 40 60 80

Tr

3 FRSEAES RS BT R IER () ST IRAD A AR M (b) A5 05 A M AR LA () R STHIREAD £
RS TTOLA; (d) SR AL A AR 225 (e) SRMCARHI A ANSROTT 2 A 5 (F) 32 MSOR Ak ffy AN AR A 132 22

Fig. 3. Scatter plot of the angle parameters and polarization parameters by using the proposed method: (a) Scatter plot of the

transmit elevation angle and receive elevation angle; (b) scatter plot of the transmit azimuth angle and receive azimuth angle;

(c) scatter plot of the transmit elevation angle and azimuth angle; (d) scatter plot of the transmit polarization angle and polariza-

tion phase difference; (e) scatter plot of the receive elevation angle and azimuth angle; (f) scatter plot of the receive polarization

angle and polarization phase difference.
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Fig. 4. The effect of the SNR for different methods: (a) Curves of RMSE versus SNR; (b) curves of PSD versus SNR.
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Fig. 5. The effect of the snapshot for different methods: (a) Curves of RMSE versus snapshot; (b) curves of PSD versus snapshot.
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Fig. 6. Comparison of target resolution ability of different methods: (a) curves of RMSE versus angular separation; (b) curves of

PSD versus angular separation.
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Efficient angle and polarization parameter estimaiton for
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multiple-output radar by using sparse array”

Xie Qian-Peng  Pan Xiao-Yi! Chen Ji-Yuan  Xiao Shun-Ping

(State Key Laboratory of Complex Electromagnetic Environment Effects on Electronics and Information System,

National University of Defense Technology, Changsha 410073, China)

( Received 15 December 2019; revised manuscript received 2 February 2020 )

Abstract

In this paper, a new sparse transmitting and receiving array is designed to improve the joint angle and
polarization parameter estimation performance for bistatic electromagnetic vector sensors Multiple-Input
Multiple-Output radar. Firstly, large array aperture can be obtained with the aid of the sparse transmitting and
receiving array. Then, an effective third-order tensor model is constructed in order to make full use of the
multidimensional space-time characteristics of output data after matching filtering. And, the Parallel Factor
trilinear alternating least square algorithm is proposed to deal with the constructed third-order tensor model,
which can yield closed-form automatically paired two dimensional Direction of Departure and two dimensional
Direction of Departure estimation without additional angle pair matching process. Furthermore, two sets of
high accuracy rotation invariance relationships corresponding to transmit elevation angle and receive elevation
angle can be achieved by using the estimated transmit steering vector matrix and receive steering vector matrix.
After the accuracy transmit elevation angle and receive angle are obtained, the corresponding transmitting and
receiving azimuth angle, polarization angle and polarization phase difference can be accurately estimated by
using the vector-cross-product algorithm. Compared with existing algorithms, the proposed algorithm can avoid
high dimensional eigenvalue decomposition and additional parameter matching process. Moreover, the high
estimation performance of the proposed can be further guaranteed by using the designed sparse array. Finally,
simulation results demonstrate the effectiveness and superiority of the proposed method in terms of estimation
accuracy and angle resolution.

Keywords: sparse array, bistatic electromagnetic vector sensors multiple-input multiple-output radar, parallel

factor trilinear alternating least square, joint parameter estimation
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