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Multistage Wiener Filter Based Space and Time Adaptive Signal Processing
and Its Application in Wireless Communication Systems

HONG Xi WANG Wen-jie YIN Qin-ye
(Xi’ an Jiaotong University, Xi’ an, Shaanxi 710049, China)

Abstract: To deal with the effects of multipath and interference on long distance wireless communication receiver, we give
a space and time adaptive processing ( STAP) method. This method based on multistage wiener filter (MSWF) decompo-
sition, processes received signals in spatial and temporal domain together, then it can effectively improve receiving bit error
rate performance and suspend interference effort. Besides, the method has a good feature of low complexity, which makes
the processing much real-time. What’ s more, we also give an easy way to determine the number of stages of MSWF-STAP
in both Line-of-Sight and multipath environment, which makes it consuming calculation resource accuately. Compared with
know STAP algorithms, the method in this paper has a lower request on signal structure, but has advantages in complexity,
spectrum efficiency and transmitting power saving.

Key words: non-line-of-sight; space and time adaptive processing; multistage wiener filter; reduced-rank algorithm;

low complexity

Vol.33 No.3
Mar. 2017

1 3|8

FETRLE ST, 2 R AN R w] LUE IR
AU BT K ) 7 55 3 BB A O g P e SO R BB . 4y
FEAEZE P, 2338 A 38 U8 I R S A
SRR S i BT TS S R e () L
FBZ—. & A& {F 5 A2 (Space Adaptive
Processing, SAP) AJ DL 7E 23 38 P9 % 7 7 [n) JE WG 8

Wk F . 2016-10-31; {&[E A 8. 2017-01-22
HATH. H% 863 HiH (2015AA011306)

HOIET IG5 R B ik & F R, /T LA
AN T AT 5 s ma . % 80 MR 25 3l A5 iUk
TEHLR " Sz Sl 5 Il (Bimida) ” bk b $H Y , X
FiE 5 Ak B 25 44 187 5, B] 7€ 0 BE ( Line-of-Sight,
LOS) 254 F AR IEIE AR 19 sl A R AT A0 g 98
M, ZEAFALEE ( Non-Line-of-Sight, NLOS ) #1558 T , 4224
HLBR T B AR 25 77 AR B0 B 25 I 2 AU, i Al
Pt NMESTE 2 SIS N ER A B e, Tk Ak 2



FH3m

& AT 2R AN IS PR I 2 I & AR S A B A TO A {5 AR Ge B ] 431

Xof 2 SRSB4 A S <7 18, ISk R I X P E
HI BN IER BT, X UL 5 2 REHLE R 5
FICHA R W 8 I JCI AR A B R ISP RE o

N TR AR T 1 Z AR 800 I 4 TR L
FIBLTILRE ST, T 14 2 SCikE 2 Lk &
ZAH B XHE S R, AT S 78 43 R A T
fiE, MR B MR . 25 A 25 R IEAL
¥4 4% F ( Multiple Input Multiple Output Orthogonal
Frequency Division Multiplexing, MIMO-OFDM ) £ %
R P BEL k2 A {5 0 1 2 Sl R I R 4 Jre AR 4 Sy
WU 2 RETHT FHIE, & FEE AT
Ty B HAE A S A3 e, il ad B K5 9145 7
P s S 1, P BRT BEAT S0H A F S EK  BE
HAHLIERE . {H OFDM {5 5 5wy 19 e 82 Ll X 2 2
PLE IR AL BE 4 T A i R 25K, 2 R S 2
FRAZ BRI, e B e 2 LA 2R 0 5 0B L AR 2
AR A ], 33X T B0 A5 Y 8 B 55 90 HDR KR T
Wi 22 A\ 22t 1Y) B 2 A0 de 1 67 ( Multiple Tn-
put Multiple Output Single Carrier Frequency Domain
Equalization, MIMO-SC-FDE) % 4t 5 MIMO-OFDM
el o nT U RO A i AAE 525 AU A0 15
B [ RIS F A o (H 385 5 B ] fr 47
[&] B B AF7E , MIMO-SC-FDE #1 MIMO-OFDM 4% %%
FRIA —E BIBAR , K BR A T E AT 9832 BR 7 5t
TR o TRJI, CR A R] B Y 3 B I AR 1 —E 1Y)
BT 33 A5 78 K 5 Dl AR T 1 3 [a] FR
T ,MIMO-SC-FDE i i 3 Fil Jf A R ik 3 e . 1t
HhTEXSBU T AR 5 52 Wi i, MIMO-SC-FDE F1 MI-
MO-OFDM 7 %3 i) & HE B 5 B o 25 I B 38 h
AbFH (Space and Time Adaptive Processing, STAP) &
— PR TS S A B, AR W A
S N SR R L 0
LR A BRI B 5 0., XA 545 1 F1
JEENIR G AR, 52 fif 22 AR 800 I 52 0], i 8 % T
PeAe 5T LA . 37 R AL 5 1 S5 R 5K
HBER FEAESRAE S A A S TR ATZE
(R PRAP B] B, X FE — 8 R BE B AT DA T 15 B pE 2
it BRI A g 2K s oAb , X by e
PUAMERI AT HAE 5 2 A7 51 4 I S8l 5
MIHFATTZBEPI TIE TS ELE R LT
RGN LGB S5 2K

SR, STAP 7125 AN I 481 I5¢& i b AR K1Y

BT AL R A B AR A BE e ) v MoK s B
i, STAP (AL BRSEEHPRIEMELIORIE . HET, C A2
BF 5% ST T SAP I STAP H{If 57 2% J&F Y [ Bk B30 %
FERMSIICHES A R s e R 4 Dy
2SR DIRRAIR 25 ) — AR BOTH IR i S 24
R ZITH AME T B R AR 0%, JF R B 2 B AK
TR . ZHEEIEDE (Multistage Wiener
Filter, MSWF) "' AR 2% BE (0 R0 L AE TR 5 9
PS5 4TIk A )32 T IR AR SR R AN
SRATERAEA 3% 55 S At B4R T T A E
VERYSEIPE . [14 ] MSWF R HF- PRk 25 8] 14
e AT RATERA 2 125 ) 48 52 114 [m] i B S PR AR G0
SR W T 2 REFWAL, (9] 18 T —Fh BT
MSWF (%28 I Sk 5 07 vk, n] LAAT 80 i35 4 oL
15 T LUPERE  (H A 45 il € MSWE J3 i 205K
M7 (12 ]9 41 17 —Fh R s e i th 48 05 i 22
(Mean Square Error, MSE) fR# i & SAP-MSWF 43
AR 7 ABAUAR 3% MSE i i MSWF-STAP /3
R BRI R 22

A SCAERMCAIL I i A4 45 5 AL BB 53 ] STAP,
H A ORI ) A R EE AT RO T 248300 F T
LA TR, I A MSWF 5  Bi] 2 i [ 1% STAP
TESCE I B 4 i T — R E LR Rl 2 AR iU
ISP AT AR MSWE S8 e Uy 12 , fiff MSWF
FEEIBCE AT H Pk, i T AR IR IR 9%

2 BRLGHER

fR] 25, PO R Ry Vv, R
)k 3451 2% 14 ( Uniform Linear Array, ULA), R4 T[]
PEOh do FERCEE RS GO0 REAE R G, th TR AL
REpsAR EAT YA SR RGP, (04515 5 1 AN ) i
TN MOR ZR [ 5, A (8] B B SiE R /)N B AS A
], U FAE B — 2R B AR T 5, FoAE R RS L)
M 7 A LA 0

1
2
j%aingl
e

8t -7) (D)

2nf
]T( N-1)sin#;
(5]

Hrp, CONEA R, £, M550 RMR, a; |
0, Flz, 73BN H @ A5 BRAR I BRAR TEIRLIA 1 A I
B BERNI SE /I e PR A JHE 4 ) 1 30 4R P T 4%



fi

432

%

b H $33 %

WHILRRE AT, JU) AT G ARL A DA AN ] e A L ) 22325 8l 3t
AU 25 o UL R AR B 51 it 220 T A8
{55 A, 3 I8 25 3l BE K, ml DR £ 3 i 7 1
[ Ry e S B

H =
1
oo, URR
K JT&]I’I k L-1
e h. -k
z . z a,é(n—l) _ 2.1 2L
k=0 : =0 Do
j%(.’\"—])sinﬁk by, = hy,
e
(2)

o K R G5 10 28 SN A BE B, L g I e 37
JESEHIE . H K=1 Wt [l — Gk i1,
FTFAE LOS BRI L4 s BEE K B3, T8O B
(atieesp ) ININEE QI (Pl CiE R E NN
A RAA R S S A

DD
B 1 23 4 )

Fig.1 Spatial and temporal receiving array
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