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Overview of Space-Time Adaptive Processing for Airborne MIMO Radar

Wang Ting Zhao Yong-jun Hu Tao

(Institute of Navigation and Aerospace Target Engineering, Information Engineering University, Zhengzhou 450001, China)

Abstract: Multiple-Input Multiple-Output (MIMO) radar is an emerging radar system that is of great interest to
military and academic organizations due to its advantages and extensive applications. The main purpose of
Space-Time Adaptive Processing (STAP) is to suppress ground clutter and realize Ground Moving Target
Indication (GMTI). Nowadays, STAP technology has been extended to MIMO radar systems, and MIMO radar
STAP has quickly become a hot research topic in international radar fields. This paper provides a detailed
description of the extension and significant meaning of MIMO-STAP, and gives an overview of the current research
status of clutter modeling, analysis of clutter Degree Of Freedom (DOF), reduced-dimension (reduced-rank)
processing, simultaneous suppression of clutter plus jamming, non-homogeneous environment processing, and so on.
The future perspective for the development of MIMO-STAP technology is also discussed.
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(a) Aircraft layout of airborne MIMO radar
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(b) Airborne MIMO radar signal processing procedure in Ref. [14]
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Fig. 1 Conception of airborne MIMO radar in Ref. [14]
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Fig. 2 Conception of Shadow-200 UAV equipped with MIMO radar
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Fig. 3 Flight experiment of airborne MIMO radar (Twin Otter aircraft)

23t 40 REMIRE, ST YA FE AT
Ty STAP HRCE T . W4, XA
e 3] MIMO B RGH, S5
FETR A A L A B et %, MIMO #Hik
STAP TIH ik B 7 18 A — NS AT

AR E e AL MIMO 15 STAP Hiiy
(1) BTG DT T VRN 25, IR A%l g e
ZeU AT BRYE (RO EE . IR T 4%
(P TRI I ARSA5) 24 AT AR R UL R S H A vt
WA IR HE R MIMO-STAP 25751 . ARJEH
i MIMO-STAP J5 I FIFFEIR, &5 A AH Ak
B LR, X4 G MIMO-STAP (KBS 7 IH)
AT e,
3 MIMO-STAP #; AR HLIA
3.1 ZEEESRKERE DT

Chen %5 N\ USIFIFH e 8 LA €544, A% FH KAV
ER ¥ bR 2L (Prolate Spheroidal Wave Function,
PSWF)fli 5 AL 2 72 (8], JF45 7 MIMO
A4 B B A F Y R Brennan #E] . Wu 25

NOURIE 5T S5 AR A Gt i 1E AL A5 5 (c-MIMO) Al
Z HUE 5 (EMIMO) B ) MIMO 515 STAP 15
R R A o PR AR N PO A BT T AR A
FRPGEAR . WIERZE . BTG AR BEARE B0 F )
HRWHFE, 1R ZE 5 R ) 250w R BLE A ARk A
FERE I o Li A5 N PURRax e 352 72 PR 35 A 45 D I [ A
Ko AN BAH RN, HFHHEAH [ % (Covariance
Matrix Taper, CMT)X} 4% ¥ 77 2= 51 BE JEAT &
1E . Mecca %5 N P22 57 T 18 i [A] (slow-time)
MIMO kXS ZAR AP E], TR FHE ) W ) 2
PR (Over The Horizon, OTH) A,

WEAL, A7 57 0 RSB & ot T 2% A Hi RS
M HEAT 79T . Wang 28 A P30 L 0 72 32 WA ML
B MIMO FIAZ%WE A 52 RS 5 AR SRR
(Waveform Covariance Matrix, WCM)Fk [ 5%,
HARZ 15 5 TR S5 A I MIMO ik
WG — KR Kkii)IIENPINE TS
Wl e % ) A 45 BR800 BE R T OB T 5 A
R, JRESEERGE b, SR T AR RS BT & RS R



o2 M T oA,

HLE MIMO 525 N 38 B A BEH AR 7T it 139

P EPLE MIMO HIAZRME LM, o T4
REAY N RSB TG A IEAS « AH G A AH T (135 AR 1ok
R e o A RE e o 8 SCHR[26]) T EE H IR UE I T
MR H PO A T HE N T LA T
MIMO 75 3% R BT U B2 AT ke 2 5 2
P BB 8 AR o WP A NPT H T
T MIMO-AH$5 B R 1k (1) 2 B EH Al THEI)
Feng 5 NP2 WAN[F] A BE #8781 BEA i MIMO
THIE M2 A 1 . Chong 25 A PUXHE IR A] MIMO
KRB AT T b
3.2 PR4E(RR)ALEAE

HI T RSB 4 3 B MIMO #HiX R4
F) 225 I 24 BB 478 B T 38 K 2 i » MIMO-STAP
KAL) 25 -6 2 YERL IR JE B - I 3 4
], ] 4 fro o DRI AR08 S50 0 el jJE A S
[F) I 7 SIZ o 2% 98¢ P 455 v M LU A2 4% 1R i ST [] 53
i (Independent Identical Distribution, IID)FEAR,
AT SR = 24 TR 4k (B ) MIMO-STAP &
ERESUT I

(1) HET IR 1% ) 1 4 oy 3k 1) PR 7 ¥

Chen &5 NS i KA BRI o £ (PSWF) i
AR L ) BEAR i - T, T e R O e R R SR 3
g | A R A A A9 B OB 1) B 4E 5V (Zero-
Forcing, ZF), UEW] 75005 BAT RAFIAE T-ME b
(Signal-to-Interference-plus-Noise Ratio, SINR)
PERE, JFREW BRI AR, #EZ) T MIMO-
STAP IR, BWESE NSRS J i fr a5 2 4
ST PR S 38 20 A 2 S b e B s e, AR R
T 10 1R 2 % R AiEAH Y 2% (Bigen Canceller, EC), I
Tk TG BC J7 vk & 2R 5 26 BEAG
TEVRFAEAE 20 as 5, BEWS B T BRI B 7 22 e B Ak

e

2K

H3E B b B
l Hth

N

(a) HUERAZPE R IASTAP R &

(a) Schematic diagram of airborne phased-array radar STAP
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Fig. 4 Schematic diagram of space-time-waveform three-dimensional processing for airborne MIMO radar
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