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An anti-jamming signal synchronization algorithm based on spatial filtering

YAO Yuanxiang', MA Wenfeng”, WANG Cong”, TIAN Hui*, ZHU Yi*, WU Xia’, ZHAO Jihang®

1.College of Communications Engineering, Army Engineering University of PLA, Nanjing 210007, China

2.College of Field Engineering, Army Engineering University of PLA, Nanjing 210007 , China

3.Unit 31131 of PLA, Nanjing 210007, China
4.Unit 31603 of PLA, Xuzhou 221000, China

Abstract; Signal synchronization is the most critical step in wireless communication. The quality of

synchronization determines whether the communication can be established. For the communication

environment with strong colored interference, a signal anti-interference synchronization algorithm based on

spatial filtering is proposed. This algorithm uses the Jacobi rotation method to realize singular value

decomposition. It can reduce the amount of calculation and has strong anti-interference performance.

Experiments are conducted in practical scenarios and the results demonstrate that this algorithm can

benefit the engineering implementation.

Keywords: anti-jamming; signal synchronization; singular value decomposition; Jacobi rotation method

BEE AR R AL U H 5 Bk B Ak,
LI IE O T O D ) B — 3R (HoR (5 5 5
WA AT REIE BIHOT T4, BB TP i frad
fr BT AUE Ay B2 TRl {5 P e 4 Y
HESPRAG S L, 55 R0 e mt R A
AR | R AE Y F A AR FAR S S i )
A H R IE BRI R | 815 RE A8 1E 1 i
P, (ERIEAAEBOR AN TR LT 5L )

s A7 .2022-06-21 ; 1& 5] H#A . 2022-08-30

AL IGRIE R TAR, fiAHE B0 E L
I, 75 BN TR A A5 5 BEAT BE B, SCHR[ 1] $2
T HE—A> OFDM £F -5 A A T P 4~ F1 52 14 1 40 2%
FH RS [ 20 90, I R4 T I 3580 7 0 0
773 /N T PR, {5 BRI ] 209 M B
FAUERA T4E, SCHR[ 2 ] 42 73T FFT Ay Ohhd
HATIARTT I AT 0> T3, i
S 1 e 0 5k X A 5 T PR 58

ZRFI ML : hitp: // nyzr.njupt.edu.cn

BEE&TH . HE ARREIE4 (62001515,61771486,62103441) FIVL IR 4 5 BHIFSE W31 (2019K090) %5 B3 H
YEE RN W, 5 B AR Socg GRFIER) , 59, 1, B2, 13913945193@ 139.com
SIS B M, D30, FIE 45 FE T2 Sk ik B T HAE 5 W AP SR [ 1] B a0l s R 2254 ( FARBIAAR) ,2023,43( 1) :38-43.



%14

WA A TR RERORTFHRIZS RS Bk 39

PALAEIEBRBCR A . SCHR[ 4] $2Hh T —Fh e T
BRI PL TP 5 . SCHR[S J 3 T T Q &
~JFIEEHL A Bl I HLERUT By JZ= 27 ~] rh gk e R
W EPEA Ak s T, SCEk[4-5]
AT IAT HABBL] A 30 8 57 B 40, 00 1 Ak B
MEE ,AMI T LB, 2B BRI T 25,
AT RAXA ) 40T R 5 T 1) b BB RR, BT T A RE
IR, SCHRL 6 148 T — R FHRF AL (R0 fiff iR 4T
2SR PERITT I DUEE X UK R 4, S HIPEAN IR
SCHRL7 ] 32 —Fh gt Xt 2 R P HI0ak, 5 T
A SEEME(SVD) RIEER TIUME S R EOR,
FEIH AN A5 A0 0 SE P A ER , HAH] T
TR, XA SR T — b T s Sk e 1) R
JHHE T LU A%k S B AT S i R 15 5 i TR A2
Tk, TEARINET T IEPERERY TR T, UAL T U8B
Sk D TR DRI TSR RIE,

1 ZEHIREEAR

WA M AR RE, N AR AW
MIMO-OFDM # 4t , #0555 il 3Rom
y=hs+r+n
Kl y WEMUE S b IAGEAERE s N ESHE S
HTVAES o IMPER AT A B e CM, AR
T REESNRE A THEE,
MRS 1 A A SCHE AT 2R
R, =E |y*y}"
R, e C"™
FAHSAER S T MR I B 55
Z PR, TR S AR Bt Her,
T S ] LR S E MR A 5 ik
BT S I RAL PR 8 — Rl W70, el
VLK — A FUA SR R ) R P /N B g BB LA T
R A AH R OR 7R |, T 4 3 R [ 4 3 114 2 R e 1) o 2
R
(U X V] =svd(R,)
B SR ADRE AR R 2 O 3 D AERE A A, 3
X R R 0 2 L (R R AR A S, U O 2
PR, B [l O A S (A B A 37 S [ i, V R
AP
Ux3=V'=R,
XA X H g ar SRR iR RN HES Y X 2t
AT AL IR L B4 T S5 1 B A a8 1 AR AL D5 1) (A
FER AR B AL HES ) o ZE PR P G
— B A S [6] i SR A HLIEAZ Y BT LUK A [ s

— ) S ) ey ) A A R 2 T A Y
FRIEHAT TR, M2 m AR N XA
PRS2 fm A2 [B) A — et i, T DIAR S i
A R REA AR 22 1Y 28 1 7 [n] 38 5 57 S (L0 A
FAYRET N AT o, O T 3N P e
NAZEATT 1], FIHTXET N A2 477 18], 50 ) LA
MBI AN 0 0 A 4 BB I o e T B YRR
SV, AT S A T LIS R0 A R S AT R
A H R RIS RHIE BN S A 2 82 147 R )
RN NIRRT A, W] LUK R — a7 5 0] 2
fife I — AR F 23 ],

FRLLIE R, 25 5 (0 5MI 5 1580 10 25 5 (LA
T T WO IAE S 1 EEARE, R BiRE S,
WA T,

y,=U@() *y, 1 <i<N

U(i) =y SRS EUE S EH b —DNRIE DT
] 254 SFHARRHE 5 134T T UERR . U(i) T
FEREES @ 5 i

TR y, W LLEAE R A & A5 ]
HIEARE R EINE S, META y, ARl TR %
FRSCIRIAE | AT RLA O e fE f s i sl e H RS 5. 78
HiFF A B SVD IR R, Ak i AAT,ATA
)87 SFE S A S i, WAl 2R EEE WA o BT
N LL RIS n Br ey R dd A7 9 X G etk or i
A E R REHIE T o(n’) HH"

SRR R BEAE RZGE N R BE N, R I 4E
W23 Bl 2 18 R (A g S (L i e LA S B8R, O HL
T P55 B EEHEA T L ARDCIR] D A K XE L
17 TSI
2 ETHALREZNRTIRNES

"k

ASCHE TR TRERT L sk bt TR 2P A
i AEBRERL TR FERE BRI T 0> T ISR A
T TR,

A AT L SR e T B L T T SRR R i
fIEfH. N R,, 5% Hermitian % %, B DL #)
Hermitian & PG PE B 64 R, FEA0 i s pe ™

BR,=A+iB, %A BRIHEHILA" =
A.B"=-B,

# R, WESE o I A& S N u +
v, MR (A +iB) (u +iv) =o(u +iv), HILE

Au - Bv =ou
{Av + Bu = o-v}



40 BT E K FFIR(AARFFR)

2023 4

FHHERE AT 278

5 20l

SifFH A B AR o3 B [ R SR FRAE

T
A -Bl" [A -B
{B A}'{B A}
H AR N x N B9 A R AR 2N x 2N 152
SRR B, PO R W) LB 5 9 o i P A 40 i
R T BT 2 1o 2 R P 8 R I AS T o S X
TR AR A T 15 S AR B A 0 , 38 3o AR s 7 [ v BT Al
FXALICRETE L AR BUL = LT
TocJE A5 B 3T AL B X £ B R 30 AL DR [ Y A S
R
A A Q,(1 < i <j<2N),
1

cosf sinf

— sinf cost

1

BRI i 1T i 8, 47 51N cos, 55 i 4T 5N
sind, 55 j 17 i 5K - sinf, HAR TR S 5§47 5 4
A

2R, = R, R, = Q,R,Q,

PR A BT LR R T8 E AR bR (L)), e
YRR TEVTHN LA 0 ft AT iER: il AR S
EE) O, BT LAEIR (i,)) AabRiy S AR K 0, 8 i
A b 3 A e D R A2 BSOS R L 3200 A B
R SRR R A A S BRI 2 R A e AR R Oy R
A2 S B

! 200
0= ?arctan W
U=0,0 0,

T W AN R S A SR TR
1 L 1 3 e B o

BAPIRIT

(1) SRR S  y 330 LG R,
4% Hermitian 20 (4 R, AL SE X FRAEFE R

(2) & XHFE U IR THME, U=11 ¢
C W

(3) WFFR A R - = Ao p 5 i &
B (AT LU, A5 K T B AE, AR R 1 A (B AR

¥efn JFREATE 4 2, HBCAEARTRER, W3k
Fez 6 4,

1 2rL”
0= ?arctan RUBENO) j ©
(4) MHREHERE f 0 RUMETHEE = A pR %, 5K Y i

R Q.

(5) TR BERE G R R, R U, K5
BREERIEE 3 4,

(6) fi & SEMME R, & S EHE U,

(7) WK 25 S E AR B R XMLk L AIE r,
5 EEHEAT IR, AR T, W75 8 b A
KT B, W B2 10 4,

(8) 47y S r, XN S0 1 U, H5#UE
TIE AT AR B S S EE S y .

(9) ¥y, SARHELPFN AT B A, TRk
fHp,. BEEERIZETH,

(10) HREA ST F25 (55 WEE p, K/, #RiH
KAE p,o A7 p, T BUE, WL BT X A 37 725 [1]
5, o BinfES KR E S N TGS . Bkt
)11 25, #FFBAERT A, WL e H b5 5
S T A RN 85T BN, i i R
PERE, ARIEIR, KO,

(11) % th HARME 5, ST 15 G A 5 2k i %
[F,

ZAL R E A SR T o(n) 5, 2%
FUE R | 38 3 15 B, T AR S i s B i) 2
IREE T TR TR,

3 FE

AICHSEAE MATLAB PR38 R AT 15 ELAIIE,
HinE S RHW A 16 NMEIZFFS (STS) ,2 K
YIFFS (LTS) () OFDM {55, 16 4~ STS HK &
BRI, 2 A4S LTS Rk EDARE 2, BIHLIR A 4
KR, REFED IS4G, TGS R 3 1

ZHBCE N HARME 5 5 M I (SNR) 24 20 dB,
fETH(SIR) }-20 dB,3 A T4 (55 5 1 43 3 K
20°.50°.80° {55 M)A 0°, i & 1 Al AR R BH
0 M AN 28 3 s B i R ) [ AP W 5 4 W I
FEMERE RS 5 b, Jo ik 8 B i R B I B bR s
SR, AEXTHL B 2 S (R A A R AR
16 ST E M [R5 19 STS WEAH W ., H.%A 553 |
FEAL, AT AR I sl 3 3 H AR5 5

ST R B A SCHRE A R R HE BT BL R S R
SVD Ffift 1) 28 SRt B[R] 25 O B8 1 A Rl 0



%18

W, F AT ERIERNRTFRETR T Bk 41

DR ETER T, LT P Re B B 2% A SCRI
JammingBirdm B T T X, P JammingBird
ST SVD 43 fig i i MATLAB A 9 SVD o
¥, 7E SNR=-16~0 dB X[H] &1 XS [ 25 ) He i A7
TXTH, WE 3 B,

4.0

35

3.0
25

AASCAE/ 107

20 |
1.5
1.0

0.5

007500 T000 1500 2000 2500 3000 3500 2000
Al EEREY %N
B 1 EERSIEE

0 f 1
0 500 1000 1500 2000 2500 3000 3500 4000
BR A

2 ZETEHRKERTIEE

& JammingBird [F]25 757
S

0.2F
" //

O 1 1 1 1 1 1 1
-16 -14 -12 -10 -8 -6 -4 -2 0
SNR/dB

3 AXHES JammingBird BT FH R R L

1L RO PR I A T RN RO e s
B UBO PIASIR AT S R AT 1 X b, R 1
JI 7 o

£ 1 AXRHBEXRS JammingBird EixiTEE5TLE

Jridk AR SR JammingBird $3:
LR 1 24 84
RV 16 56

SRR B 5T 3 4

B E 3 MK 1ALV, A JammingBird
B B2 R LT A 25, Rk TR
T 4 B AT o0 2R M A 4 Bty BRAHSR A, T HL
3 2 LB (B 3, A T = A A KA g e
[i] A B et ik AR B, b e T K R R e 1 5
B R TR
4 SCIGTGIE

AR SCGEE 5 KA # A 2x2-MIMO FE WAL 5
BT T SEBRIGIE, SCIIAER A 4 Fin, [R5k
AR R TR, PR H XU 2638 15 Al R A R & S AL
WL, &SR E R BT LK BES R 2
JICE

B4 SSHINE

B HHLE TR, RSHIUTEMAE R 0°, 15
SRATER T, SIS o, ST R %
WSCATL R X B AS i R AN [ e £ 3 R0 ) 5k
N ES RS T IR T SRR E

SIS RN G255 = ol = o N £ 3111 7 e W
I, BEARER R AE T SIR, B0 N dB, H 4Lt
RF TR K%,

A LLE LR S 155 TR AR A B AR /N 4T
THARE S & N EMEE N 5.6° fF T 1L -25 dB
BT 80% (W [RIAE LT, Al BB, i TP Ak T ik



42

BT E K FFIR(AARFFR)

2023 4

i, AT LUMEENE T o -36 dB A $EIT 1009% 1Y [H)
LI, AE 90° B, PR 4 U 5 R 2k H2 Wk ) Ak
TR B R TR A B BT ARIE Jr 1), 41
THeRE A B R, 28R EMS T -25 dB
A AT AR F] 1009% A9 [R) 25 B K

. G BT

5

-40-39-38-37-36-35-30-25-20

{5 H/dB

B 5 mTFMESRIBHE

ZERIE
RSO R SRR 4 Hermitian K6 R A4 HE

Pt T — PP L T ] HBE R UL R % SVD b+ 1k
R oIk, BABRyTHIerERe, B 1
W, 5T TR, A B 2Eat 1, il 5
SCPRE S IR T SR ERE

Sk
(1] HAesi, % A0, % 222 242518 F #9 OFDM #i 1

(2]

(3]

(4]

P[] A5 540 ,2015,31(11) : 1461-1466.
GAN Huagiang, WANG Jun, ZHOU Peng, et al. An anti-
jaming OFDM synchronization algorithm under complicated
multipath channels [ J ].
Processing, 2015, 31(11); 1461-1466.(in Chinese)
3L, )N T [0 A 9 e K it ) 2 B vk
[J]. & fEHoR, 2017, 43(2) : 16-20.

HE Ji, ZHOU

synchronization algorithm for burst data in anti-interference

fading Journal of Signal

Jianren. Improvement of frame

network [ J ]. Radio Communications Technology, 2017,
43(2): 16-20.(in Chinese)

TAr R, KB, A BT REEAE S 4 2 B T s
BT ARHORDIFE[T]. AR T X HE, 2021, 44(5) .
72-74, 89.

DING Ke, KANG Bo, ZHANG Xinshuai, et al. Research
into the space-frequency anti-jamming technology of multi-
array element based on eigenvalue decomposition [ J ].
Shipboard Electronic Countermeasure, 2021, 44(5) . 72—
74, 89.(in Chinese)

JESCAS. T 5G BB AR R G R AL S P TLROR
BIWFFE S SR D] . iR R, 2021.

(5]

[6]

[7]

(8]

(9]

[10]

(11]

(12]

ZHOU Wenjie. Research and implementation of synchroni-
zation and anti-interference technology in 5G-oriented
broadband trunking system[ D]. Chengdu: University of E-
lectronic Science and Technology of China, 2021. (in Chi-
nese )
ke, Eif, SR, 55 BT 3 HLE Y gk
EAFEREPTT T [)]. Rt R 2225 0 ( AR R
SRR, 2021, 41(5); 15-22.
ZHANG Xiaobo, WANG Hai, FENG Zhibin, et al. Intelli-
gent anti-jamming relay communication method based on
active induction mechanism[ J]. Journal of Nanjing Univer-
sity of Posts and Telecommunications ( Natural Science E-
dition) , 2021, 41(5): 15-22.(in Chinese)
PIRAYESH H, SANGDEH P K, ZHANG S C, et al. Jam-
mingBird : jamming-resilient communications for vehicular
ad hoc networks [ C] // 18th Annual IEEE International
Conference on Sensing, Communication, and Networking
(SECON). 2021: 1-9.
ZENG H C, CAO C, LI H X, et al. Enabling jamming-re-
sistant communications in wireless MIMO networks[ C] //
IEEE Conference on Communications and Network Security
(CNS). 2017 1-9.
EZRI D, TSODIK G. The impact of synchronization on re-
ceive beamforming with null steering in OFDM MIMO sys-
tems[ C] /IEEE 27th Convention of Electrical and Elec-
tronics Engineers in Israel. 2012. 1-4.
LLAVIGE. T FPGA AR [ 25 S5 (EL 70 A st 7 28 9 i
HEEHD]. dbat: Jestssm Ry, 2017.
MA Yafeng. Design and implementation of singular value
decomposition acceleration scheme [ D ]. Beijing: Beijing
Jiaotong University, 2017. (in Chinese)
BifR , R .5 T CORDIC 4 B 7 5% {H 3 (1) FPGA
SCBRL ], T PRHR L R A2 4 (A AR BRE D) 2020,
32(3) : 434-440.
YING Jun, ZHU Yunpeng. FPGA implementation of
matrix singular value decomposition based on CORDIC
[J]. Journal of Chongqging University of Posts and Tele-
( Natural Science Edition ), 2020,
32(3): 434-440.(in Chinese)
VY, PLEAR, SEH. 2T FPGA R RE 7 5+ {H
SRR SCELLT]. BT IR SR, 2014, 37(6):
68-72.
XU Qiao, GONG Yuzhen, CAI Huizhi. Implementation to

communications

solve singular value decomposition of large matrix size in
FPGAs[ J]. Electronic Measurement Technology, 2014,
37(6) : 68—72.(in Chinese)

FEER. Massive MIMO 1 5 [ SVD 73 fiff 55 3 AF 52
[D]. Wik HFRHEIRS:, 2016.



%14 WM, F R TEBERNRTHRIET AT L% 43
HAN Ke. Reseach on matrix SVD in massive MIMO (14] ER®B, TAH. EEBTEHESIMOEETRS
system[ D]. Chengdu: University of Electronic Science FPGA SZ8E [J]. HF ¥ T2, 2021, 29 (16):
and Technology of China, 2016. (in Chinese) 50-54.

[13] 5k Z JL. LTE-A T 17 Bl 4 18 1 i 58 J2 FPGA SE 1 HUANG Jiajun, WANG Jianxin. Algorithm research and

[D]. W#: R FRHER Y, 2015.

ZHANG Yifan. Research and implementation of the pre-
coding technology of downlink LTE-advanced systems
[D]. Chengdu: University of Electronic Science and
Technology of China, 2015. (in Chinese)

FPGA implementation of matrixeigenvalue decomposition
[J]. Electronic Design Engineering, 2021, 29 (16):
50-54.(in Chinese)

(FAEh I, R



