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Parameters estimation based on QR—RPCA for bi-static MIMO radar

ZHAO Zhihao, LYU Pinpin, QIN Wenli

(School of Navigation and Aerospace Engineering, Information Engineering University, Zhengzhou Henan 450001, China)

Abstract: In view of the performance degradation in impulsive noise environment due to the non-
existence of the second-order moment, an estimation algorithm based on orthogonal trigonometric(QR)-
Robust Principal Component Analysis(QR—-RPCA) in bi-static ultiple-Input-Multiple-Output(MIMO) radar
is proposed. At first, the complex received signal is converted into real-value for the RPCA algorithm.
After that, according to the sparsity of impulsive noise and the low rank of signal matrix, the QR-RPCA
algorithm is utilized to extract the low-rank signal matrix from the received signal polluted by impulsive
noise and acquire the signal subspace directly. The QR-RPCA algorithm averts solving large-scale
Singular Value Decomposition(SVD) and reduces the complexity relative to other traditional algorithms.
Finally, Estimating Signal Parameters via Rotational Invariance Techniques(ESPRIT) are adopted to
obtain the target locations. The theory and the simulation show that the proposed method has better
estimation performance than the traditional ones in impulsive noise elimination while the characteristic
index of impulsive noise is low.

Keywords: bi-static Multiple-Input-Multiple—Output(MIMO) radar; parameters estimation; impulsive

noise; QR—Robust Principal Component Analysis; low-rank matrix recovery
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SCHR[7-91% F1) FH & T 43 BUIK By 4 (Fractional Lower Order Moment, FLOM)) J5 i 4 v di Me 75, iZ M B b
o MR P R E 5 VR R e 5045 8 SR 1 S A 9 B B s SCRR (10— 12145 32 83 2o X 422 WSO8 s 2R A7 05 — fb 7 Ak B R £
AR5 AW 2B R &0, BARAGE TR T I E R TS EAG T SR, LR Jr g e b o g s AR
B R e B A TR RE N RIS . B SaS B9 A R T AT, el R R R e Mo HLXT T R A R
M) 458 K ) P 74 3 0 A A B AR R o AR R AR K 2 O R B &, T AR P A 1 T B o0 T 9 (RPC A KR IR
R 945 5 PR DA A2 i i 199 o o MR g % () B WA 5 v B B o, DT 905 o3k o o M 7 % S i o A A AR R R PR R &2 7
HEH I —Fh, RPCA F 5 H B9S2 MR B ELA B A0 e 75 75 Y 1 110 10 20 15 A FEBCH b K & Hh (R B AR AE B U . H
K PRCA 1Y 3 55 1k 40 35 i 3 30T i 6 J& 1 (Accelerated Proximal Gradient, APG)!'™ . %A% [ (i ¥ (Iterative
Thresholding, IT)!* . 34 :7 4% B H 3 T %= (Augmented Lagrange Multiplier, ALM)!""%5  f£45 RPCA J5 ¥ 5 &}
KAL) BHE A7 25 R AH 53 % (SVD), B 7E 13 BN Bk A 5 5 B I 75 5 % He it — 20 A 3R A e 45 B AR B 1 15 5 25
[B), B[] 2% BE A i o AS SCARHE SR NG B 3 ) hi A% 1 H 3% (Inexact ALM, TALM)H 2 FL G A B2 0005 5 I ek
A —Fh QR-RPCA F LY, HEM 25 S 1 & ik BUAH R 89155 725 ), H A F A5 20 8945 5 745 [ A1 ESPRIT
RS H AR U R MR AR TE, BRAR T R B[R] A AR

1 BUESkMERERE

RN E M AEHRES N A EZBCRE R RAEEH MIMO 58 R4, HE M REBWOR N SIL M, &
SR FFEWCR L B FE 53 50 d F d,, HRRIA RSB REAS Y o R = b A7 PSR B ST 193 3 H
HP % p(p=12,--,P) > HAR 1 & T 1 (Direction-Of-Departure, DOD) . #U ffi (Direction-Of-Arrival, DOA)HI £
FIARN 0, 0, M f, o WL A Fkt T 4 W A9 DT FE 98 35 i oA

X, ~[X()X(2) X (1] m
X(1)=(A(0)® A(p))b(1)+N(1)=C(1)b(1)+ N(1) (2)
Ah: © F8 Khatri-Rao #; C(1) BB AL T %Kk A(0)=[a(6).a(6).a(0,)] LI T skE, Hip

at(gp):|:Le—j2nd‘sin(»9p)/l’...’e—jZT[(N—l)dtsiﬂ(gp)/lj|T : A(q))=[ar((01),ar((/’2)""’ar(¢1’)] KW S kR, Hp ar((pp):

—j2nd, sin| —j2n(N- sin B —i2nfa, (I- —i2m - —i2nfyp (I— T — Jepe —
[1,6 j2nd, (‘/’p)”’...’e j2(N-1)d; (%IW:I . b(l):[rf,e Prn(0 g o 2007 | g omiar( 1)TJ . &R p A BRI

SHEREG T ORBKIhEE AW N (1) e CYY R wl M A R
K S BRSO R WY, s W 75 AT LR 28 0 2 57 [) 43 A
¥ % B o B2 (SaS) A ke Ko, HARME sk B
#(0)=exp(jor - 7|{") 3)
X o WERAEAEEL, HWRE O<a<2. FRFEIEE0RET SaS
SrAR R, B ehd MRS g ph i R, o /)N, SaS S
R, Ml R 5 M E S, M o<a<IBf, 5K
EAMRE; Bl<a<2B, 5§ HIESMEIME; y IoE
R, My 22260, M s=0,y=10, SaS 51ifk
MARHE SaS 43 o Bl 1 T AN FAFAEFEE o T 19 SaS 43 1 i 2%
2% J& bR #1 (Probability Density Function, PDF),

S

2 ETF QR-RPCA HJ Unitary-ESPRIT & i%x Fig.1 PDF of S distribution
1 SaS 44 I35 BE ek 4K
2.1 EF QR-RPCA ML #EBI 3T
H T SaS 204 B A BB A, LG 05 b AU B e AR B AR S B s R R B X — )
T HRT FLOM B3 kU S B0 — e g 3 U045 0 SR, 7 o B/NEE, RHENT 1R, XSk
PG T ERE ™ T B, SR SaS A3 AR RR R AT DL B, ook MR R R M S LR, LR R S A 43 A R B 1 R
P, H o ff#i/h, Mgt e, "k, W)~ LRI, 24 HARERNE S8R R L RPCA 2R



55 2 1] BEEZE . EF QR-RPCA W EH MIMO Fix S & fhitF % 261

45 I P i (Restricted Isometry Property, RIPYIFU 25 f5 5 X (1) 5k 7T LAk i AR BR A% 5 38 40 (At(é’)@ Ar((p))b(l) 5
i R P BB 4 N(7) 2R . PRI RPCA B BE K A R AR H AR 15 5 DA s M 75 35 T 19 H2 WSO8k 8 v 4
e, SRS R B HCHE Sk i AIRBR A5 5 R e AT H ARG 3 .

RPCA $75 18 1 T Ak A BOR TAT RN SR [, DRI, 8 2 7 20 52 B0 4 BOBONE % Ak ol S8 Sl X, %%
8 MN x 2L By o0 BT PR M . X, :[XL,JMNXZJL] ,HA gy, e RV E g e R RIF ML ETTEN 1,
HARTTER 0 ZHHERE . SR )5 R 2 A SEE B S350 MR X, B 1k o S 8500 B

Xp= QAHlNXHQZL (4)
K Q AT LARIR R
| 0 il
Qo == OIT( V2 J0f Q. =Ll )
hK+1 ﬁ S 0 i K ﬁ Jo -id,

TEAF RSB IS , B RPCA L0 FEHEAT AR 2, LA LA 0
{121&1rank(2)+1||N||0
st. Xp=Z+N
Krfr: Xp e R™ENFRAE B SEHOERE; Z e RY™ NIRRT S HIFE; N e RYE iy 2 it W 7 6 %
MR AR, PR O R O A B AR A A Sy ™ DA TR o Bk bR K rank (Z) B e R R |2 L 4
TERCER L 1R, 15

(6)

{rgiNnuzn*muNul o)

st. X,=Z+N
st ol AR, F SR A A R LR

AR ()T, FEAR BB SR Z 0, 3 e JUREAT 25 5 (8050 i A AR A 31 15 5 160 26 ik LA AT I 3
ST, ELAE G Y 3 TR M BRI 7 T B R O URE SVID BRI, BRI Ly v
JeBEBE RS . AR SO QR AR SCHR[131H 07 o, 4605 5 JE I Z 400 R — A IE A 360 53— A~ MBI TR L,
T 7T LR RPCA B3 B 415 BRI 0 5 725 1) T R R B £ B A6 MR . 4 Z = LR, L e R R e Rt | o1
P<r,, <min(MN.2L) S (S BAEHERR G 13, A UL=1 ., W% R, =|LR], =|z].. 7.

min R, + 2|N],
st. X,=LR+N, L'L=1

(®)

2.2 HEARIK#F

AR SCIR (1314 19 77 3% 5 AR RS Bl 38 ) HAs 1 H 3 73k (TALM), 32 7 OR A B8R (8)JF ELH 45 B{5 5 125 1A 1Y
ko MREIAL9), F AR S 3G T RIAS 9T H R AR

*+/1||N||l+tr(YT(XR—LR—N))+%||XR—LR—N||§ 9)

Ly Y BRI AT u>0NETHF, F LR
N :argminL(L,R,N,Y,,u)
N

L(LR,N.Y,u)=|R

L=argminL(L,R,N,Y, ), s.t. L'L=1
L

(10)
R=argminL(L,R,N,Y, x)
R
Y =Y + (X, LR—N)
B EK N
2
N:argmini||N||l+l N—(XR—LR+1J (11)
N U 2 )|

o = R 1



262 AMZBMFERFRERFER %16 %
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Fig.2 Estimation results of RPCA Unitary-ESPRIT, L2-ESPRIT, FLOM Unitary-ESPRIT
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