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Abstract ; In the traditional Space—Time Adaptive Processing ( STAP) of satellite smart antenna terminals ,
adaptive algorithms require signal information so that they have poor real—time performance and the array
processing techniques are not only of high complexity but also suffer from inadequate anti—jammer capabili-
ty. In order to solve these problems, a sub—band blind adaptive array processing algorithm is proposed in
this paper, which applies the space—time interference suppression technology to Direct Sequence Spread
Spectrum ( DSSS) system. Compared with the pure space—domain processing, sub-band adaptive array
(SBAA) greatly increases the freedoms of degree. It also simplifies algorithm complexity relative to Tapped
—delay-line adaptive array (TDLAA) structure of traditional STAP. The proposed sub—band blind adap-
tive array algorithm using Exponential Linearly Constrained constant Modulus Algorithm ( EXP-LC-CMA)
can provide higher convergence speed and better convergence accuracy with low algorithm complexity. Fur-
thermore, the novel algorithm doesn’ t need training sequences, increasing the ability of tracing signal
changes in real time. Simulation results show that the novel space—time interference suppression scheme
exhibits a better anti—jamming performance.
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Fig. 2 The convergence curves of sub—band

CMA with K=1 (no sub—band)

10 e ST

W RE/IB
8 s

L Wi O
T Mgt U
bl ORIy
0 100 200 300 400 500 600 700 800 9001000
LA/
K3 il K=4 i i ks 2
Fig.3 The convergence curves of sub—band CMA with K=4

10 R [——LSCMA
SDCMA
ol {——ExpP-LC-CcMA|
[
g -10 lk
]
2K 20 b
S
& -30 E

I N e
o TR

0 100 2(;0 360 460 560 600 760 860 9601000
KRR
K4 Fai% K=8 i Faif s st £
Fig.4 The convergence curves of sub—band CMA with K=8

H L 2 ~ 4 Sl 0, Bl - B s, ¥ 07
BRI, WS FE B ey, 3 R T A 3 AT DA S
PIFATAE S (H3E 7 BN BE PR (% MSE, 5
T-4¥ SDCMA SEAH L, F7i EXP-LC-CMA H9L7E
L 2R B INAR /NG O WSk R A T

- 1120 -

i SDCMA ik, 5 T4 LSCMA B LM H, 7ol
EXP-LC-CMA 53k DI PEAR /N B S e B e B 1T
IR R R RIRREAL, 5156, FHF EXP-LC-CMA
R T IR ZE A LA P BSOS B EL TP SDC-
MA T LSCMA 224085 i
4.2 EEMTIMIMHIERE

Shih L SCHFGRES R  AE T 905 M (DSSS) &
i B EET T EXP—LC—CMA [ 51) b FR A 3 1 23
AR ERH A (T 3CFRZ 0 SBAA) T Heim il

TS BB S TR ok m R A LG SR
SBAA Bt Tt fE , F LS B0 &R . MR E0R
4,SNR=10 dB,—A~7E47 T4 SJR=-10 dB, Filf H
T N B A BER B 8 HHER (S5 F PN A XS
TGSy iUt k., WK s Al LLE W BEE
FHFA MRS, 550 hY 42 d8 3 I B 51 b B
FITDLAA AR BM5 T e SIR ik R, 764 1) 5
I, 2R Fe s SRR BE 1 5 M7 A a8 R 51 b B
R ok ) 82 & B, 41398 LA 38 dB Iy T4 40 il &
J7, 3R] AR AR R e e A R aE Y LUR
T A N B A B A T — AR T AT R A

20

15} T Ve

] e e o )

5

SJR/dB

0

-5

A0f e e T o

SB |
———-- Sl 2 R 5 b P
——TDLAA

-1-5100 -80 -60 -40 -20 0 20 40 60 80 100

Fahk 1/ ()
KI5 AR S35 T & R A

Fig. 5 Interference null in the direction of signal sources

FE TR B A S 5 07 1 B, 5 B 3 N R
TEAA TS AP, FIm e 2 ik T HA K
ANBRE L TT M ASBETTIIBES] , 25 B [ 38 A B T 4t
FIREL T (M-1)K-1, Heas Wl R T4
KA, X IR —A 4 BEIC 8 FHF g8 51 4%
Wi, B2 PS5 R W5 19 QPSK {55, Ik ak f ok
0°,SNR=-10 dB ¥ 8T 51K K 31 FATAT 3155
BFN P | SBAA A1 TDLAA BE R4 23 4T
P, alizs WS A B BRI 3 ST, SR L
B3 BB AR 3 A5 T Bl T sy T4k
Az T4, Pk A b -35° . 25° Fl160°, SJR # 4



%554 4% HOF-, BB, B AR 45 JE Tl MES ) H AL B AY 2s B T4 Am i 958 1
-45 dB, I3—{LAFS3 518 0.05 . 0. 125 F10.33, 0 B
El 6 251 T SBAA AbFH TDLAA Ab 3 A 4f 55 f, Sl It el
-10 4
WEg b B G RAS 77 11 ) TR 5 TDLAA Zb B A2 P PN
WV AL fE 22 K £ T SBAA 7 T4 9 T 4077 sl P
AT T S TR, e TDLAA AbFRAISE2S By 0 T // ....................................
I PR 3E 1720 dBAEA -30
-35 i ——TDLAA
0 gl -~K XSBAA
60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10
5 ( ] 1 A\SJR/dB
:Z/\ j 8 I A SIR FESI
a 20 H Fig. 8 Output SJR curves for different input SJR
-30
35 5 &
-40
280 -60 -40 - 40 60 80 o
@ﬁﬁ?ﬁﬁ%mT ﬁ? ﬁﬁf@ﬂiﬂ

6 AT DOA JF T % th SIR Jr 1 [ Fe 4k
Fig. 6 Output SJR directivity curves for different DOAs

of strong interferences

K7 25 T BEFIAL B A5 S A e Re . 3B —1>
BN BRI 55 A | 26 A T B 90 i A5
S AT L SBAA AR B F AT DL ]
BT, AT EE T 0 Pk
AT A A fg A M5 T HE SIR K Hessti i SIR, &
8 4 T ORIEI A SIR B LT 14 5 271 Ak # s HH s
SIR. M 8 mval LIZE th, 4 1 b o i, AH L
TDLAA $K ,SBAA P54 il 44 BE A 4t A5 BT
TN, X BB P ik, SBAA 764 )y 1) LB
W BB, S AE T ik ) -60 dB AT,
SBAA #ARAEN 5 T L i M ] -15 dB,

5 WWMW e Mmm WLWWMWWM memw
-0.4 03 02 0}31 Oﬁg)ﬁ(g 02 03 014 0.5
() EEFI BN A= 5 30

B 12/ 4B
4
E
=
=
S

Ed
=
=
=
=
=
=

13504 03 020100 01 02 03 04 05
H—4k 5%
(b) B F % H 5 5 0
K7 BREIMES A

Fig. 7 The frequency spectrogram of array signal

RS AR B F O R A T M S A BT
Bz seaPE A AL B B 2R BT RE AN 2
IR, B B IS N R A B e R AR
SR 2R T AL i OSSR B I SO B O
TGS AT AEAT S5 B, 5 T SE 9 SE i R
LR T2 . A HY 24, T il EXP-LC-
CMA [0 4b B () 25 H+%W%%%TWT+%%
] 555 5 TR B sk TP i il 58 77, i Rg
BHm R 2 270 T4, A L gl ﬁ?%%%ﬁﬁﬂ
TDLAA £ AR BA B4 P TPitkae, ASCE T A
WAE RS TS B A —E 2% fn N
(B, (FUXGF A3 20 B 3 e R 0 1) TR S 0 ) A
W AR N — AT IR A RIS, 95 R
FHAE RE ST 41 TE A2 548 QMEF 118 I8¢ 45 2 52 B 77 B
JIILISEIN

SE Lk

[1] Lightfoot L,Li Tongtong. Jamming mitigation using space
—time coded collision—free frequency hopping [ C ] //Pro-
ceedings of IEEE ICASSP 2009. Taipei, Taiwan:IEEE,
2009 ; 2717-2720.

[2] Bojan D, Nenad M, Zorica N, et al. Performance analy-
sis of reconfigurable receiver in DSSS system in the pres-
ence of interference [ C ] //Proceedings of TELSIKS
2009. Nis, Serbia:IEEE,2009:133-136.

[3] Vera B,Christo K, Vladimir K. STAP approach for DOA
estimation using microphone arrays [ C |//Proceedings of
2010 Photonics Applications in Astronomy, Communica-
tions, Industry, and High—Energy Physics Experiments.
Wilga, Poland:IEEE,2010.1488-1493.

1121 -



www. teleonline. cn

HLIREAR

2014 4F

(4]

(5]

(6]

(7]

(8]

(9]

Zhang Xianyi, Wang Xiaohong, Fan Guozhong. Research
on knowledge — based STAP technology [ R ].
China Institute of Electronics Technology, 2009 :1-4.
B, Bk, IR R GPS S I T T T R
(1], MRJREE TR E244R, 2011,32(3) :322-327.
ZHAO Xing,ZHAO Lin, WEN Ming. A novel GPS space—
time anti—jamming scheme[ J]. Journal of Harhin Engineer-
ing University,2011,32(3) :322-327. (in Chinese)
Hirofumi T, Kousuke T, Takuya S,et al. High range reso-

Nanjing,

lution medical acoustic vascular imaging with frequency
domain interferometry[ C]//Proceedings of Annual Inter-
national Conference of the IEEE Engineering in Medicine
and Biology Society. Buenos Aires, Argentina: IEEE,
2010:5298-5301.

WREDE, FA), BHEL. TR S Ab PR A ST
TV SB[ T]. K SREE, 2012,37
(3):617-622.

YAO Hong-chao, WANG Hua-li, HU Kun. Design and
Implementation of Navigation Anti—jam Terminal Based
on Subband Array Processing Technology[ J]. Fire Con-
trol & Command Control, 2012, 37 (3. 617 — 622).
(in Chinese)

Dehghan F A, Reza A H. Combination of nested micro-
phone array and subband processing for multiple simulta-
neous speaker localization[ C]//Proceedings of 2012 In-
ternational Symposium on Telecommunications. Yazd, I-
ran: IEEE,2012.907-912.

LR, MK H. BT RGP TR RNE
rake FEWCHLLJ ], VALK 224 ( A RBHEMD) | 2011,
41(6) :985-989.

KANG Xiao—fei, YANG Jia—wei. The blind rake receiver
based on CMA for UWB systems[ J]. Journal of North-
west University ( Natural Science Edition) , 2011,41(6) :
985-989. (in Chinese)

- 1122 -

[10] Medina C A,Raimundo S N. Channel estimation for RLS
—based linearly constrained minimum variance receivers
[ C]//Proceedings of 2008 IEEE Vehicular Technology.
Calgary , Canada ; IEEE ,2008 ; 1550-2250.

[11] Hirofumi T, Kousuke T, Takuya S, et al. High range
resolution medical acoustic vascular imaging with fre-
quency domain interferometry| C]//Proceedings of 2010
IEEE Engineering in Medicine and Biology Society.

Buenos Aires, Argentina:IEEE,2010.5298-5301.

EEE T

B F(1989—) B L TEN, Wi
WAl E B 7 o AL AR Y E

D

F s

LAI Ping was born in Yudu, Jiangxi Prov-
Since, in 1989. He is now a graduate student. His
research concerns satellite communication and
spread spectrum communication.

Email ;laiping0713 @ gmail. com

PhEEEL(1963—) 55 VLI TCH N BFSE B, FEEWFST T
[ Jhy 1L A 5

LU Rui-min was born in Wuxi, Jiangsu Province, in 1963.
He is now a senior engineer of professor. His research direction
is satellite communication.

SHEEE(1989—) , 53 it g B RIS AR AT
FET7 ) R TEAE

MA Shi — wang was born in Yixian, Hebei Province, in
1989. He is now a graduate student. His research direction is sat-
ellite communication.

o R(1986—) , T WL N, 2013 AEFRA -2 £,
FERFGE Iy 10y TRIEF B

SHEN Jun was born in Chun’ an, Zhejiang Province, in
1986. He received the M. S. degree in 2013. His research con-

cerns satellite communication and frequency hopping.





