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Fig. 1. Three orthogonal dipoles and three orthogonal loops.
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sinf, = \/sinQHZsinqum + cos26,, (1)

cosf, = sinf, cos ¢, (2)
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Fig. 2. New designed bistatic EMVS-MIMO radar system with long dipoles and large loops.
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Fig. 3. The rotational invariance relationship for new designed bistatic EMVS-MIMO radar system.
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Table 1. Parameters of target signals.
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Fig. 4. Scatter plot of the angle parameters and polarization parameters by using the new designed bistatic EMVS-MIMO radar:

(a) Scatter plot of the transmit elevation angle and receive elevation angle ; (b) scatter plot of the transmit azimuth angle and re-

ceive azimuth angle; (c) scatter plot of the transmit elevation angle and azimuth angle ;

(d) scatter plot of the transmit polariza-

tion angle and polarization 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.

044302-11


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

) 32 3R Acta Phys. Sin. Vol. 70, No. 4 (2021)

044302

BeXS. I H, fEEAT PULER S S B e S 2
KA T B BB A TR R AT 2R T K
JFEFB R By e 5 B

4.2 K HB{B R F KR E IR A R 3
EMVS &5 SR LB T4L

FESR AT SRR, Bk HL AR T A g
[ FRZH IS BT R EMVS 51 (14 £ B R Ak S 8Ah
TEPEREBE (5 MR L 9 8 e . BT iR 22 B0 LR

1
MME=¢;§§HW—ﬁV,ﬁ$&%%ﬁMﬁﬁu

A s AL SR, O FOR B i e 28K,
TG R P HIL RO eI E T, 15
W BU Y A2 AR BB —10— 30 dB, ALY 22 K
5dB, FEREME MR LA T SRR 2 5 B SR AL
oA 200. [, o2 1A ARSI R AR R i £k
FEP R U AR E SO R ASHE IR Al 1A
JEE IR Ak 3 JEE 5 05 1) 8 B AR A £ 38 PR 22 (/N

RMSE/(°)

o - ; 5 5
-10 -5 0 5 10 15 20 25 30

SNR/dB
45
woh @ TS
A — -5y
W S2p
35 My == S3p
30 L “\\ CRB,s4
> ' - = CRBys2
= 25F - - . CRB,s3
®n [
= 20 oo
~ L T
I5F s
Y o
10 + (RN
NN
5 R
0 il R
—10 -5 0 5 10 15 20 25 30
SNR/dB

Bl 5 BRI 5 A AR AL 2 R T RE AR W LE i 2 Ak

F 1o AGHEIRNEC K BEIsEE N 3, AR &
SR DU A S BRI W Y 4 2 BRI 2 — A S5 R R =
A ASHAE PEAR TR . Al i i R e
L/N= 05, R TR0 J8 K 5 o 2n(R/N) = 1.
H i s d R MESE, Thr p Btz
B B s1a, s2a, s3a Ffl1CRBgsl, CRBgs2, CRBys3
A3 IR R T —AMFE IR L 5 AME IR AR = AME TR
AR B S A LA AR Y se i SE 2 5L, [l AE s, [
S1p, S2p, S3p, Ml CRBpsl, CRBps2, CRB,s3 434
XF T2 — M S ZAMF ISR = MR
WS H L B AR B sehi e 2 L. KL 5 thal L&
0, B IR B8 7 R 25 R R ARG I B DA R b
{508 L A B N4 Tt a7 BT AR B, X 52
B FH 21 ) L AR TR LA ZH 0 EMVS XL
Kol MIMO 535 RS0, 38 10 6] f AR AR - A 24 ]
KT AR BE, HARR B B S8R R g
B AEREAE— B X ] SR L, FEEMR KT
10dB ZJ5, Frg i iy E 5k A B iS4

1.0

0.8

0.6

PSD/%

0.4

0.2 F

0 . . . . .
—-10 -5 0 5 10 15 20 25 30

SNR/dB
1.0 —
(d) 7
] /I’
7 /
0.8 F , '/'
s II
/ /II
1
e 06F P
~ 1 1,
c% U 17
04t I
1 11 - = S1p
1 I
ron T
L % - - .
0.2 ;I /,l S3;
, 4
, 7
B mmimmn®”
-0 =5 0 5 10 15 20 25 30
SNR/dB

(a) FABEAL I 77 DR 22 B AR MR LE A 28 Ak 5 (b) A 8 AG I ABE 46 i 15 e 1L

MIAEAL; (o) B ARAl 145 T 1 2 AR MR L A A8 1 () AR PR 0 HEE 36 L1 e L 17 22 £
Fig. 5. The effect of the SNR for the proposed new bistatic EMVS-MIMO radar: (a) Curves of angle’s RMSE versus SNR; (b) curves
of angle’s PSD versus SNR; (c¢) curves of polarization’s RMSE versus SNR; (d) curves of polarization’s PSD versus SNR.
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Fig. 6. The effect of the snapshot for the proposed new bistatic EMVS-MIMO radar: (a) Curves of angle’s RMSE versus snapshot;

(b) curves of angle’s PSD versus snapshot; (¢) curves of polarization’s RMSE versus snapshot; (d) curves of polarization’s PSD

versus snapshot.
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L . L . .
{cos (EX sin 6y, cos ¢tk> — cos (TEX>:| 2sin ¢y, cos ¢y, sin®6y,

B 7 sin n£
A

A )
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\ n% sin <n§ sin 0, sin ¢rk) sin 0;, sin ¢y,
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Jyr = 2Tgg" &R { (B'R'B,) & (B"R 'Bur) +(B'R'B,) e (B"R ' Bor)
+ (B;RR‘IBM) @ (B“R_lB)T + (B;RR*BA,‘) ® (BHR_lB)T} , (A96)

Jom = 2Tgg" ® R { B"R'B,, (A97)

)
Jne. = 2Tgg" R { (B"R 1B,,l) o (A98)
)

oo = 2Tgg" &R

(BR"Bn) o ( ) +( Jo (5'nB)'|
{(5'r78,) o ( ) +( Jo (5'n"B)'|
{(BHR_IBm o(B'RB,) + (BLR B, )@ (BHR_lB)T} , (A99)
Jn[wrZQTQQT@ER{(BHR_le ( )+ ( JEX )} (A100)
{(s'n° ) Jo (p'r'8)"}

Jom = 2Tgg" @R 4 (B"R IB,,l) ® (BHR_IB,,, + (BEYR_IB,% @ (B"R'B (A101)

Jnr = 2Tgg" @éR{(B”R Bn) o (B"R™' By, L) T (B“R‘lﬂm) @ (B”R—lfagrL)T 102
+ (BY,R'B,) @ (B"R'B)' + (B},R'B,) @ (B"R'B)'},
Jor = 2Tgg" @%{(B R_lB B R_léglR>T i (BHR_ll_:'l’m) @ (B”R‘IBQYR)T
+ (BinR™'By) o (B 1-2‘13)T + (BinR ™ By,) & (BHR_IB)T} (A103)

Jo.o, =2Tgg" ® R (A104)

Jo.s, =2Tgg" &R (A105)

Jon, = 2Tgg" ® R (A107)

T

Jo.L = 2Tgg" & R (B“R_1B9r> o (B“R*BM) T (B“R—lée,) o

{ (BirBa) o (55 ')}
{ )+ (BirBa) o ('R ')}
Jom, = 2Tgg" & R { B'RB,) + (BiR'Bs) e (BHR’lB)T} , (A106)
{ )+ (ByrBa) o (8'r'5))
{ ( )

+ (BiLR 'Bo) © (B“R_lB)T + (Bi.RBo,) & (B“R_lB)T} : (A108)

+ (BioR " Bo) o (B'R'B) + (BlaR By o (BHR_1B>T} , (A109)
Jos = 2Tgg" & R { (B'R'B,.) @ (BHR’13¢,)T +(BLR'B,) @ (BHR’1B>T} , (A110)
Jon=Tog" 52| (B'R7B,) & (B'RB,) ¢ (B4RB.) o (B'R )} o
Tom=2Tag" 0% { (B'RBy) 0 (B'RB,) + (ByRBu) o (B'RVB) ). (a2
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Jor =2Tgg" ©R { (BHR_IBo;r) ® (BHR_1B0,L)T + (B”R‘ll%r) @ (BHR_lBBrL)T
n (B;LR_1B¢r> o (B“R_lB)T T (B;LR*BQ,,) @ (BHR_IB)T} :
Tor=2Teg" o % { (B"R B, ) o (B'RBox) + (B'RB..) o (B"RBus)’

+ (BgRR—1B¢,) @ (BHR‘IB)T + (BERR—1B¢r) @ (BHR‘lB)T},
Jyy, = 2Tgg" ® R { (BHR_IB%) ® (BHR_IB%)T + (BSTR*B.,,) ® (BHR_lB)T} ,
Jom = 2Tgg" & R { (BHR*B%) o (BHR’lB,,,)T T (B?,YR*BM) o (BHR’lB)T} ,
Jo1 =2Tgg" &R { (BHR’IB.,,) & (BHR*IBM)T + (BHR*B%) @ (BHR*BQ,L)T

+ (BiLRB,,) @ (BHR*B)T + (BiLR By ) @ (BHR*B)T} ,

Jyr =2Tgg" &R { (B"R'B,,) @ (BHR_IBQ‘)(R)T +(B"R B, @ (BHR_IBGrR)T
+ (BE"RR*BW,) ® (BHR_IB)T + (B};{RR”BM) ® (B”R‘lB)T},
o = 2Tgg" &R { (B'R'Bn) & (B"R'B,,) + (BLR'B,) o (BHR’lB)T} :

~ ~ T ~ - T
Jnr = 2Tgg" ® R { (B'R™'B,,) @ (B'"R™'Bu.) + (B"R™'By,) @ (B"R™'Bu.)

~ ~ T ~ ~ T
+ (Bi.R'By) @ (B"R'B) + (Bi.R 'By,) o (B"R'B) }

Jor=2Tgg" &R { (BHR’1BU,> o (BHR*B@[R)T T (BHR’lﬁn,) S (BHR*IB’grR)T

- (BhartB,) o (8''5) + (Blan Bu) o (2"n”m)'),

Jip =2Tgg" &R { (B"R 'Bor) @ (B'R 'Bor) + (B"R™Bos) & (B"R 'Bus)’

+ (B(I;‘LRilBSg(L) ® (BHRle)T + (BGH,LR’IB’M) o (BHRle)T
+ (BHRiléerL) (&) (BHRfl‘BGtL)T + (BHR7139|_L) @ (BHR?lBG,L)T

~ ~ T ~ - T
+(BiLR 'Bor) @ (B'"R'B) + (Bi.R 'Bus) e (B'R'B)
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(A113)

(A114)

(A115)

(A116)

(A117)

(A118)

(A119)

(A120)

(A121)

(A122)
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Jrr =2Tgg &R { (BHR_IBQ[R) &) (BHR_lBo,R)T + (BHR_IBG‘R) ® (BHR_lBG,R)T

+ (BE*.RR*BM) o (B”R‘lB)T + (BS,RR”BQR) & (BHR_IB)T

+ (BHR_l-BGrR) &) (BHR_léelR)T + (BHR_lBG,R) &) (BHR_lBe,R)T

+ (Bg‘RRilBga,R) ® (BHRle)T + (BIG{,RRAB@R) ® (BHRle)T,

(A123)

Jir = 2Tgg" &R { (BHR*BG‘L) @ (BHR’IBQ‘R)T + (BHR”BM) o (BHR*BG,R)T

- (BERR”BG(L) @ (B“R*B)T + (B?,RR*BG.L) @ (BHR’lB)T

~ ~ T ~ ~ T
n (BHR”BQ,L) @ (BHR*IBglR) n (BHR’lBgrL) o (BHR’lBgrR)

~ ~ T . - T
+ (B;RR‘lBgrL) ® (BHR_lB) + (BQRR‘lBg,L) ® (B“R‘lB) .

(A124)
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Joint angle and polarization parameter estimation for the new
designed bistatic multiple-input multiple-output radar with
long dipoles and large loops®
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National University of Defense Technology, Changsha 410073, China)
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Abstract

In this paper, a new designed bistatic electromagnetic vector sensors multiple-input multiple-output radar
with long dipoles and large loops is proposed to avoid the low inefficient electromagnetically radiation efficiency
of original bistatic electromagnetic vector sensors multiple-input multiple-output radar with short dipoles
((L/X) < 0.1) and small loops (2n(R/A) < 0.1). The new transmitting and receiving sensors are designed based
on the effective length of the electromagnetic vector sensor in practical engineering application. Firstly, the
Parallel Factor trilinear alternating least square algorithm is proposed to make full use of the spatial-temporal
tensor model for received data after matching filtering. And, the closed-form automatically paired two
dimensional Direction of Departure and two dimensional Direction of Arrival can be obtained with the aid of
the Parallel Factor trilinear alternating least square algorithm. Furthermore, due to the vector-cross-product
Poynting-vector algorithm is failed in the condition of the new designed electromagnetic vector sensors with
long dipoles and large loops, an efficient blind estimation method without requiring the prior knowledge of the
dipoles’ electric length L/ and loops’ electric radius R/\ is detailed derived to deal with the estimation of the
transmitting azimuth angle, transmitting polarization angle, transmitting polarization phase difference, receiving
azimuth angle, receiving polarization angle and receiving polarization phase difference. And, the estimated
transmitting azimuth angle, transmitting polarization angle, transmitting polarization phase difference, receiving
azimuth angle, receiving polarization angle and receiving polarization phase difference are also automatically
paired without additional angle parameter pair matching process. Finally, the expression of the Cramer Rao
Bound is detailed derived for the designed new bistatic electromagnetic vector sensors multiple-input multiple-
output radar. The detailed derived Cramer Rao Bound can provide a benchmark for angle parameter and
polarization parameter estimation performance. Additionally, simulation results are conducted to verify the
better angle parameter and polarization parameter estimation accuracy of the proposed method for the new
designed bistatic electromagnetic vector sensors multiple-input multiple-output radar with long dipoles and
large loops. Through theoretical analysis and simulation results, it is can be founded that the length of the
electric dipole and the circumference of the loops should be suitable selected to guarantee a better estimation
accuracy. Thus, the interesting work in this paper can further promote the engineering application of

electromagnetic vector sensor in bistatic multiple-input multiple-output radar.

Keywords: long dipoles, large loops, bistatic multiple-input multiple-output radar, parallel factor method,

blind estimation method, joint angle and polarization estimation

PACS: 43.60.Jn, 43.60.Cg, 84.40.Xb DOI: 10.7498/aps.70.20201111

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61701507, 61890542, 61890540).
1 Corresponding author. E-mail: 13721038905@163.com

044302-29


http://doi.org/10.7498/aps.70.20201111
http://doi.org/10.7498/aps.70.20201111
mailto:13721038905@163.com
mailto:13721038905@163.com
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

