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Abstract: The adaptive angle-Doppler compensation method adaptively extracts requisite information based on
the data itself, thereby avoiding the problem of performance degradation due to inertial system error. However,
this method requires the estimation and eigen decomposition of a sample covariance matrix, which has high
computational complexity and limits its real-time application. In this paper, we investigate an adaptive angle-
Doppler compensation method based on Projection Approximation Subspace Tracking (PAST). This method
uses cyclic iterative processing to quickly estimate the positions of the spectral center of the maximum
eigenvector in each range cell, thereby avoiding the computational burden of matrix estimation and eigen
decompositon. Then, the spectral centers of all range cells are overlapped by two-dimensional compensation.
Our simulation results demonstrate that the proposed method can effectively reduce the nonhomogeneity of
airborne bistatic radar, with a performance is similar to that of eigen-decomposition algorithms, but with a

reduced computational load and easy implementation.
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Fig. 1 Geometry of airborne bistatic radar
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Fig. 2 Typical cases of airborne bistatic radar geometry

0.8 1
0.6 !
04 !
0.2 |
0+
0.2 |
-0.4 |

2/l £

w06 | — 133w
_ t 253 km
0.8 v 353 km
1.0 . . . . . . . .
-1.0 -0.8 0.6 <04 -0.2 0 0.2 04 0.6 0.8 1.0
cos P
(a) iLE—
(a) Case I

1.0
0.8 |
0.6 !
04 |
02 |
o | L
02 '
04 |
-06 ©
08 [/ |

S e
-1.0 -0.8 -0.6 0.4 -0.2 0 02 0.4 06 08 1.0

cos ¢

(b) BCE —
(b) Case II

3 I JUATRCE T LB T IR A D il

Fig. 3 Clutter power spectrum of airborne bistatic radar geo-

2/l £

153 km |
253 km |
353 km |

metry in typical cases

W2, ABARE SR S BOT R A B e
TE7CH, 3 ST AP AL B 0 2 B A0 ) 1 RE SUR T
B, i v A3 B o AN AS I B e B diE ) AR,
FESE, Fa R B MR
3 BENAE-ZEIMEEE

AMER BRI B A B AR o A M b, A
AN [ B8 BT B T AT R A B RS — O 5
THERAEIZ R AR 5o B R T 1R LR R R 52
B LT N BT 1) R 2% B RE B AT AR F]
FEEWRTT A (W P Ab) RE R O R, XA
B TTHIR R R K o PRI 1 A B T R 3
XEFT . BXOMAE T AD CHIE G B 2 A A 82 7T
(2% 1 Pty AT B S (2 0 B A A 2 ) A
R)HBT RGIRAE, 1 A’DCHE U R I T
FRFAE ) B A 2 il vy, S Bl 7 T [ P
AR BERNM AL, ERSSHORERENT
SHCRFGFAF T BA RAFFIAMETERE

AR RE K T TR AR SO R 2 O NG 38 2] 46 P
B, MTFAEKECN K, 4 T IR R A i
PR X 7R AN x K 4E RO



%5 6 39 B A LT PASTACLH FIHLEONIE T ik B &N A -2 ik 550 597

X, =C+N
'Xl(lvl)

Xl(l,Q)‘ - Xi(1,K)

_ | |lxen xe2 o xer | @

X(N1) X(N.2) - X(NE)

HpC ok, NRREER, X(n k) RRHnN
B TCAE 28 kN Jikf 10 25 IR SR A o

FI4EBCN N, x K ANZS I 0 [l i 30 56 X
MEBUTEIFITER X (1, 1) BT, SRR
AEAEHRE X, i=1,2,--,D, D= (N— N,+1)
(K — K¢+ 1) A% P a5 2 I e A a5
FHIX DAV ZRFE AR 1) 438 W J7 22 SE RS T

D
. 1 — =H
Rr:j5§:iYuX¢z (5)
i=1

2 X 3287 1 8 i I R 4 A B0 R R X 1)
FLE NN, x 1408 . RIER R, I gkt
AN B DROZH R : D > NKo

Xt %W 5 254 B RyIEAT R AR 0 i, 13 3 5%
RARFAEAE A, 1 PR N B AR AE [0 B q 0 FARFAE
I 2 P 0 O B S s b L A 3 T R K
E 24 R 0, mr a4t et i @l

anfsl = argmax Fi(fa, fs)

1
= arg}@l&ﬁ < o H 9 -1 )
sbldl \ G (Amaxﬁlqmax,l( qmax,l) +5DLI) o

(6)
HAF(f g, fo) TR 5 S 570 FRFAE [A) B 1) 4 0 Th 2
WE, fd,ﬁFﬂf&,ﬁ%ﬂi%%i%EPAMLFE‘JE#%%%EJ%J@
RN AR PG, 65 A A E ¥, SH
NK x 14wt 3 5] K&
S = Si(fa) ® S(fs) (7)
A
Si(fy) = [1 Va2 ..
S(f) =1 I2nfs i2m2fs ei%(er)fs]
Hrf = cosy N EIIFE,
W,
4 ETFPASTAERIADCE:

APDCHE AT DANR 5 55 08 [9] 3 B8 A & 5 3& W
AT &2 BT AMER 7, R TR T RRIR
ZEIE R AIAMEYERE N R, (EOASRTS FHHIER &
G, AZDCHLIRTLXS A W1 J7 2 40 e R HEAT i 1

ei2r(Ki=)fy)

“®R” FisKronecker

FIRFAE 7> i - FF(E{E 7 fi# (Eigen Decomposition,
ED)i%. & 7 {H 7% (Singular Value Decomposition,
SVD) LML o R T iEIsEEA N
O[(NK)| ERMIE SRR T I, 4
XX T, ASCH I T IA QAL P PAS T ALK 1
FINFEREREAG T, BRI, 1R
— PP T PASTACER 1y 28 F G RAME L PA’DC
%, EEREERMERERE . 15O AT AR AL
B, 44 T IEEE RS S AR .

X % BTG [F] e A HEAT T
ANFLEL, 13BUIZRREA

L

K ZRAEAFIFHPAST
SR E FAFIER R

1

P R S R o
2RI 2

1

FERGMER T, (BT
S R

l

4 PA’DCHEIETFE
Fig. 4 Flow chart of PA?DC method
4.1 ETPASTUEMEFEREMIT

P A ST i 3K fif T6 29 AR o8 251 A /N1 117
B, A BRI AT, RS TP T 2R A T
AVRFAE M WA o B 3 T-RRAE 20 A ) 1 M
LB HEER LR EZER R, RHPASTH
A RN B IR .

B (6) A1, 1O B A e U T
FEFIE, TR A SR A AR (] &, PRI AE
AR LT, A A BT, A
THRT R B FRHIE R &

fori=1,2,---,D do

w(i)=u"(i—1)X;, (8)
() = A(i = 1) + w(i)[* 9)
8(i) = X1 — u(i — Dw(i) (10)
w(i) = u(i— 1) + 8(d) ";((i? (11)

AP () AR R T, w (i) JIAR R
G, HARSAES: A0) = 0, u(0) =
[171’...71]T0

F 3 (8) ~ R (10) A KAIIAFAMRAR (11) R,
2 W1 5



HE

Ej 4 6L

598 £
Xi: w* (k) Xy,
u (i) = = (12)
> |w (k)
k=1

EREH, RETPASTANFE M & B AMER A
S b A 6 A% B B T R AR B AT I BT
%, BESRERERERMSTT, B TR
T HRVRRAE A FE, AT B 5 NS &, BRI
RGHIFEE
4.2 FHFEREESHOGHIT

TR R B @ MR G, 2 HSES) S
FT I 4 2% TC R HEFA NG x K HEIRRE

[qmax,l]l [qmax,l}Ns-‘rl [qma.x,l]Ns(thl)Jrl

Q = [qmax,l]Q [qmax,l}NerQ [qnlax,l]Nb(Kg—1)+2
max, . . .

[qmaxJ]Ns [Qmax,ths [qmax,l]NsKt

(13)
KA [ Q)i RN FFAE ) B g S DN TR
1=1,2,--, NJK; »
ERFAE (A T O A R UA A 2 A B AR A A
RLBR Ay 4B 1

N, K,

- B 1 Qmax,l(n7 k)
fai= m ;;arg <m>
(14)
Ky Ny
S Ny _ Quai(m k)
fSJ - Qﬂ(NS — ].)Kt ; nz:; ue < Qmax,l(n -1 k))
(15)

farg(-) RonREH I
4.3 *MEATE
fili T 2% B B BT R RRIE R RS O AL B
Je s VHE SIS R IR AR 32 5 Btk ot
[ 7E 7K~ 7 1) (22 35 3 A0 2R ) R0 3 B 7 9] (25 [A] 430
R)ZF, SRR U SRR IT I J I KT R 2R B
HITR, HEHFRERE RS O 5 R TR
AREEFOE S, ATEBRTEZ S 2RS4 .
B e R R BA T A S0 B TG, AL 22 A5 T 0 4%
LA PR 5 BT I IR 3 SRV E N G A, B4 B
JCIAMER TR

Tppopey= Toi® Ty (16)
BV AR
1 0
IRELIN IR
Ttal = 0 : (17)
0 0 e]'QT‘(Kfl)Afid.z

10 0

i2vAf L

0 0 SR DAL,
Kb, Afgy= Fai— Fao AL = fo— foo 80
FUNHILE ORI I IH — 4k 2 X S AR AN S (8] A
Ky ¥, |=—L,---,—1,1,---, L,

ZAMEAL T S 58 N2 25 oI BUE ] RoR N

H
Xparpe = TpazpeiXi (19)

5 {AEMR

PiBSHILFEL, P TE RIS 3077 R W 2
R E —, MBUIERE BRI R=153 km /2 A7 5 ] 5% HX
100N P 25 570 B B AR AEA

®1BRMESH

Tab. 1 Simulation parameters for radar

SHATR ZHHUE
UG o N=10
A A FE ik 4 K=10
ik i = B2 AR (Hz) f£=2234
FLLRPE RS (km) L=100
XU B R (ko) R=153
R G w0 (km) Hp=8
BT & 5% (km) Hyp=6
RITHUESE (m/s) vp=140
P E (m/s) vp=140
FIE AR K (m) A=0.23
[ d=\/2
HTH N ZMEEL (dB) CNR=50

5.1 SEETHERMED

ARAE IR (5) o 44 B 7 22 R0 B R vk, R L
IV I A R S 4E 5 <6, IS T
1~ 505 B B8 570 T R AE R B A S 16 )0 — 1L 2 3%
S N (AR Ak TE, Bl64h T AN ) 2 g b
T, SEAST RIS T IRIRZE .

HEISFIE6 R LUE H,  Fooii A L CNR=
50 dBHf, & TPASTANH PADCHILRER #fli
THERHIE SR B 1) 2 5 A A0 A (Rl A e, 47 fi i
ZEHIN-46.8 ABFI-40.1 dB, 53T HE R
THEATERE BE A 2 AT MR 6 R B, AR AW Lh
A FPASTHIE TR ZER K, JRIFTET HE
A FHEEAEZEA K, ToEAR YRR IR R /N 2 0%



6 1

B A LT PASTACLH FIHLEONIE T ik B &N A -2 ik 550 599

0 10 20 30 40 50
HEE T
(a) ZEHBFA T
(a) Doppler frequency estimation of PA’2DC

0.38 -

0.36

0.34

= 032

0 10 20 30 40 50
IR ATV
(b) 2 AG T
(b) Spatial frequency estimation of PA’DC

5 PAPDCHE T HRHESR B AP oAl i
Fig. 5 Clutter spectrum peak estimation of PA?DC method

0
—a— PA’DC
—o— A’DC
-10
=
= -0 |
g
oK
mX
= -30
=
ﬂ
-40 |
50 . . . \
0 10 20 30 40 50

JMELE (dB)
(a) ZEHEHFEA T
(a) RMS of Doppler frequency estimation

0

-10 F

PIriRiR % (dB)
SR~

|
e
=]

|
ot
o

0 10 20 30 40 50
JMELE (dB)
(b) ZE[AHEAL T
(b) RMS of spatial frequency estimation

Kl 6 PA’DCEZEE doLAl vh 33 7 ik 2=
Fig. 6 RMS of clutter spectrum peak estimation based on PA?’DC method

2 1 B AR ALE SR R AT MR 5 2 [ R AR I O A [X
SR, PASTHEIETGEA MG TF FRHER &, i
RS EAGTHRZER R RIS R T, T
PASTHEILEMZE AN VHER I W& e m, ST
AIE 53 A SR P B R AR AH 2 o
5.2 FMEMERED AT

BITHTEISZE Y 1 A AT A A SR A R B SR 1300
(Sample Matrix Inverse, SMI). PA?DCHIZ & P}
J7 2256 B TR B L AR 3 2% (Optimum Fully Ad-
aptive, OPT) 3RV I 2% U T 48 3 A 5 35 R 1 Eb
8o WMEET(a)MESH, HTHLENFEEEIEXE
HHRIURPIEANE S, SMUABEZHITRI-FE
PSR T F P E, R R ST AP Y U 45 111 11
CHRTR T, IR B . HUEET (b) Al
T(c) A EISEH, ZPA’DCIEAMEG & HItA
FRAERERE S OES, Rk ML FERR
L RO R IR GV R E, STAPAEES
DA T AR AR R, H B R EE SMIE
B FL4.21 dB. (HPA?DC R AE T i A7 [ dEAT

AME, ARSI A AEAEE AR A), R
Al L AL AL FE 2%~ I FH £ 492.16 dB.
5.3 EEESW

PAPDCHEH, (8). K (10)M=(11) 7 7 F 2
DN.K., DN,K, DN,K X ZHFiF:, TFH FRAE
IF1) 6 1K) % 90 Th Rt Fp A B T B2 N, K — N, — K,
WEH T, Wik, PA2DCE ST — T E
FRIER BRSO B TR E3DNK, + 2N K — Ny—
KIREHD, 1 ADCEEAG T 5 25 50 B AR AE
SHRIIE SRS WA D (NK ) FI3 (NK)?, iz
58 N D(NKy)” +3(N.Ky)” + 2NK, — N, — K,
IR HTRVE . HEUS B E 4R N, =5F1 K, =6
N, PA’DCHEIEN T E27T49 R B HIRE, N
A’DCHEFHEHE1)2.56%, M ARMIEE 7 isH .
6 g

Bl HiEMADCHZKEE B K, g
SRE N, FRH T —FPE T PASTAEE M H &M
AMETT o % RIE IR AR R PR IEAR, PR
i HAMES R, B TR IR TEER



600 CEAND VN S 645

1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
Z 0 Z 0
5] <
-0.2 -0.2
-0.4 -0.4
-0.6 -0.6
-0.8 -0.8
-1.0 -1.0
-1.0 08 0.6 -04 -0.2 0 02 04 06 08 1.0 -1.0 -0.8 0.6 <04 02 0 02 04 06 08 1.0
2fu/ 1 2u/ 1
(a) SMIi%: (b) PA?DC:
(a) SMI (b) PA’DC
1.0 1.0 [l
0.8 0.8
0.6 0.6
0.4 0.4
02 02
g o g 0
-0.2 -0.2
-0.4 -0.4
-0.6 -0.6
-0.8 -0.8
il
1.0 -1.0
-1.0 -0.8 -0.6 0.4 0.2 0 02 04 06 08 10 -1.0 -0.8 -0.6 -0.4 02 0 02 04 06 08 1.0
2fu/1; 21/t
(¢) A2DCIE (d) OPT#:
(c) A°DC (d) OPT

7 PACDCH LA Th &l i

Fig. 7 Clutter power spectrum comparison

Zhang Liang and Xu Yan-guo. Prospect for technology of

airborne early warning radar[J]. Modern Radar, 2015, 37(1):
1-7.

(2] SRAKG, ST, RS, S I AR A B AR T Ak A s
HE R AR B [J]. s RHE 2R, 2015, 30(1): 194-200. DOI:
10.13443/j.cjors.2014040701.

IF (dB)

—aOPT Zhang Yong-shun, Feng Wei-ke, Zhao Jie, et al.. A

—0—PADC

—2—ADC

0 . —v—SMI ) based on time-varying weighting techniques[J]. Chinese

-1 0 1 Journal of Radio Science, 2015, 30(1): 194-200. DOI:
20i/4, 10.13443/j.cjors. 2014040701

B 8 PADCHIENE R T LL [3] Greve S, Ries P, Lapierre F, et al.. Framework and

dimension-reduced STAP method for airborne bistatic radar

Fig. 8 Improve factor comparison taxonomy for radar space-time adaptive processing (STAP)
methods[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2007, 43(3): 1084-1099. DOI: 10.1109/
TAES.2007.4383596.

R, IR RPN, R IA A0 1 H E
Rz, SIRAIEMLI, BEEFERIS%ELE,

(| N
RATRERLMA - 4] PHAR, BN, TR, BT I R G A A I S
& £ X wk AR T R[] BT, 2014, 42(6): 1194-1204.
[1] %&7 i [ ﬂﬁﬁi%%ﬁiﬁ*ﬁ@@%[ﬂ. I)'M’ﬁ%’?iii, DOI: 10.3969/j.issn.0372—2112.2014.06.024‘

2015, 37(1): 1-7. Yang Zhao-cheng, Li Xiang, and Wang Hong-qiang. An


http://dx.doi.org/10.13443/j.cjors.2014040701
http://dx.doi.org/10.13443/j.cjors.2014040701
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4383596
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4383596
http://dx.doi.org/10.3969/j.issn.0372-2112.2014.06.024
http://dx.doi.org/10.13443/j.cjors.2014040701
http://dx.doi.org/10.13443/j.cjors.2014040701
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4383596
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4383596
http://dx.doi.org/10.3969/j.issn.0372-2112.2014.06.024

6 1

B S JETPASTANEEIHLE UL T IA B IE RN A -2 5 MR A 601

5]

(6]

[7]

(8]

(9]

overview of space-time adaptive processing technology based
on sparsity of space time power spectrum[J]. Acta
Electronica Sinica, 2014, 42(6): 1194-1204. DOI:
10.3969/j.issn.0372-2112.2014.06.024.

Borsari G K. Mitigating effects on STAP processing caused
by an inclined array[C]. Proceedings of the 1998 IEEE
National Radar Conference, Dallas, TX, USA, 1998:
135-140.

g, EEM, BUEW, 4. HLEXEMSTAPFOP-DW
Sb R AR RERE FE[T]. H 2R, 2011, 39(3): 700-704
Feng Kun-ju, Wang Chun-yang, Duan Yuan-li, et al..
Research on the OP-DW algorithm of bistatic radar and its
performance[J]. Acta Electronica Sinica, 2011, 39(3):
700-704.

Himed B, Zhang Y, and Hajjari A. STAP with angle-
Doppler compensation for bistatic airborne radars[C].
Proceedings of the IEEE National Radar Conference, Long
Beach, CA, USA, 2002: 311-317.

Himed B. Effects of bistatic clutter dispersion on STAP
systems|[J]. IEE Proceedings-Radar, Sonar and Navigation,
2003, 150(1): 28-32. DOI: 10.1049/ip-rsn:20030100.

Fallah A and Bakhshi H. Extension of adaptive angle-
Doppler compensation (AADC) in STAP to increase
homogeneity of data in airborne bistatic radar[C].

Proceedings of the 2012 6th International Symposium on
EE &N

B E(1974-), B, WEHEN, N

RN SRR LG, B8R, =

TR FL T ) 9 B S B AR

E-mail: happyzj112@163.com

B #t(1983-), 5. BREEHZEAN, BN
P2 T TR AT LRI, F2
W7 MR IS BB .

E-mail: tianbin218@163.com

[10]

[11]

[12]

[13]

[14]

Telecommunications (IST), Tehran, Iran, 2012: 367-372.
Melvin M L and Davis M E. Adaptive cancellation method
for geometry-induced nonstationary bistatic clutter
environments[J|. IEEE Transactions on Aerospace and
Electronic Systems, 2007, 43(2): 651-672. DOIL: 10.1109/
TAES.2007.4285360.

A, VLB, R, & BT PR R v AL AR IE
MBEEIASTAPHIER 7T [J]. k24K, 2014, 3(2): 235-240.
DOL: 10.3724/SP.J.1300.2014.13122.

Wang Jie, Shen Ming-wei, Wu Di, et al.. An efficient STAP
algorithm for nonsidelooking airborne radar based on
mainlobe clutter compensation[J]. Journal of Radars, 2014,
3(2): 235-240. DOI: 10.3724/SP.J.1300.2014.13122.

g, B, xR, & T REIKE RN Yk E S8
A EREARBEFBUR[T]. Bk IR, 2014, 3(2): 217-228. DOI:
10.3724/SP.J.1300.2014.14002.

Ma Ze-qiang, Wang Xi-qin, Liu Yi-min, et al.. An overview
on sparse recovery-based STAP[J]. Journal of Radars, 2014,
3(2): 217-228. DOI: 10.3724/SP.J.1300.2014.14002.

Yang Bin. Projection approximation subspace tracking[J].
IEEE Transactions on Signal Processing, 1995, 43(1):
95-107. DOI: 10.1109/78.365290.

Belkacemi H and Marcos S. Fast iterative subspace
algorithms for airborne STAP radar[J]. EURASIP Journal
on Applied Signal Processing, 2006, 2006: 037296.

KESFA9ITA), B, THELEHBN, TN
MM R R 5 R TR B
%, WS, IEEES R, TER
J7 1810 T IS AR RS 5 AL

E-mail: zhudy@nuaa.edu.cn


http://dx.doi.org/10.3969/j.issn.0372-2112.2014.06.024
http://dx.doi.org/10.1049/ip-rsn:20030100
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4285360
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4285360
http://dx.doi.org/10.3724/SP.J.1300.2014.13122
http://dx.doi.org/10.3724/SP.J.1300.2014.13122
http://dx.doi.org/10.3724/SP.J.1300.2014.14002
http://dx.doi.org/10.3724/SP.J.1300.2014.14002
http://dx.doi.org/10.1109/78.365290
http://dx.doi.org/10.3969/j.issn.0372-2112.2014.06.024
http://dx.doi.org/10.1049/ip-rsn:20030100
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4285360
http://dx.doi.org/10.1109/%3Clinebreak/%3ETAES.2007.4285360
http://dx.doi.org/10.3724/SP.J.1300.2014.13122
http://dx.doi.org/10.3724/SP.J.1300.2014.13122
http://dx.doi.org/10.3724/SP.J.1300.2014.14002
http://dx.doi.org/10.3724/SP.J.1300.2014.14002
http://dx.doi.org/10.1109/78.365290

