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Research on Airspace Anti-jamming Technology Based on Variable Step Size
LMS Algorithm
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(Beijing Research Institute of Telemetry, Beijing 100076, China)

Abstract: The reliability, security, and real-time of information transmission are crucial in defence application. Aiming at the
problems that the useful information required cannot be accurately received in the battlefield environment with complex and strong
electromagne-tic interference as well as multi-module integration, this paper creates a function, calculates the optimal value of the
parameters through Monte Carlo experiments, and proposes a variable step size LMS adaptive beam forming algorithm based on el-
liptic function. Compared with other algorithms, the results show that the proposed algorithm is superior to the existing variable step
size LMS algorithm in convergence speed under the premise of ensuring steady-state error, and the computational complexity is
small. By simulating the interference signals of different incoming wave directions to draw the beam direction map, the simulation
results show that this paper’s algorithm pointing strong, high interference suppression system, can achieve the effective reception of
useful signals, effective suppression of interfering signals and equipment integration and miniaturization of the demand.

Keywords: Monte Carlo; Elliptic function; Adaptive digital beamforming; Convergence speed; Integration

Citation: ZHENG Bowen, LIU Hao, ZHAI Gaowei, et al. Research on Airspace Anti-jamming Technology Based on Variable

Step Size LMS Algorithm[J]. Journal of Telemetry, Tracking and Command, 2024, 45(4): 75-80.

0 2= PR R MBS T A I B i LA Xt 5 3R B R
- ARG T T4 A HUE BB S bt T4
WA R R, FEMIRE AR, [FER SARBEEEZE, S HEARR R R NI N

B A B IR TR . R RS G ML MR R LIRS

SN, N — A ar iRz ml, etz md, TEAF BArh, A5 T 7 BUARDIRAS N AT LS 4

%ﬂfﬁ TBRZMHE, #MTERMERSG, M s HLERY, B eldfind, Bsi

G AR AL (F B R R R AIER RSO, (5T S gt R AR Y R S S B AL

I EE: 2024-02-28; 1&EIHER: 2024-05-17



- 76 - BEE, ETTLSKLMS EENTIIMFIHEARHR

5 45 B 4 )

S5, DL RWER A BT A R R It sl . Br &R
NRATHAN, WERFERETEZRANN T, Y
HIERGATEHEUTImM A, T2
2352 B He i) =T A e 0 O T P PR R T .
il 2 4 A 7 i il o =X P A s B 2E =K1
Yo, Hohpyzaag i ES Tk TR AR B S
B3N N E 15 WS KA OB R S5 B o N 7
J5 =P

WA BT T BOHEA AT LS SRy B Bt 48
G 718 11 /NS 1110 N B0 7 N Y ST B
PrT R EEEOR, IFRIE 24 EEHCE 0 m &
JEW, AE B R T R AT I T BOR R T
PFGEAT BB RS, R R A A T
FHEEHLT ST 5 o0 A0 B s 4 58, (15 g 47 it
THAG S ARG S BN, BT 5B
BT AT REYE . X TR RS, Bk ks
TR, YT PP 1) e T B

HHET, V258803 T3 0E s bt T4
AR VEATWFZE . W SCHR[6]45 A Hadamard %5 (4 A1 04
W F ), R T o XAE AR 7 S T vk
SCHR[7TEESE T — A2 A JC4 FL Y Link-16 k0
ARG, CHR[8]4E I T —Fh I T Link-16 Y 841 =5 1
(N e S T S = N T S N
TP BRI ER R T U B R . SCHR9]
et FH PR b AR $ S SR R 08 15 R i TR,
1 BLG0UF W R AL T DU Z2 B A T A B
Pl SCER[10]I T T —Fh e ks i Bk A3 O A WL A
H M L, SCHRINZIR SRS ERE . YIFE
. BARAEL A BT B0l AR bt TR
BT FENERE, Ol T —1ERNER,
R A A 38 7 SR B OHL S v i B, T
PG 5 A AT 5 19 2R W7 n A Al 2 bt T 44
ARFERE S, ETOAMPTTRIER, FEEIL
ML R Zeum b AT de TR 1T, & REMPr Tk
TERE

R, KEBo 5 25 I 4 ISOHIL R 2k o (i H )
O R, AR R DR A2 AT
K, WTLL A b R B B S A, TR T
) 2 A — MR ERG . SRR T —E/EH
F X % B 1) SHF(Super High Frequency, ## =4 )
ME ST RS, (1 T Howells-Applebaum -
o SCHER[12]E3T 7 —Fi BT THEOS ~F- 5 #Y A 4%
PERZE . SCHRI3TBCT Y GAS 1 HLAI-E FEITY A

MO AP R R o SCHR[14] 7P o i 1 I R
T AE 5 17 7= A B

{5 BAL 18 5 25 B A 8l 24> B A 22 8] ) 3
i, HE@®HEa syt Hisor, Wik fs 5
GeompLAY AL S/ R A R AT R S
LM AT G S 7 1] o AR 3C T 52 Bl
15 2 Gt om HILAE A LA K4 i R GE ot T4 AE
Pt —Rh A /N O RE A BT PR SR A Hol s
JEPR A K LMS 3L, BRG] A IS R H a8
TR A i DR A B 2 R 2k i xoF 3] B 5 3R HORN
TAUAF S M S, IR AR R AT, B
B S AT RS2 A7 O B SE S, ik 1T A
SCRER AT

1 BHiEMBEREEEAR

F 325 0 AR e AR S BT TR — R
oo BT — M rT Lhar Ry [ 3 Wk HO8 il
RMZPWHRIBERHA, B T2 R ERHEAREE
WRKHBEARNBRZYC TGS, B 8T
Yo BEHT TR RE T3 AY S I O AR .

325 17 I AR B AR B FR Sy 25 B i B R
AL DL R R MRS R R PR RE R BRI
SHALZE S, BERIN R A (8] AL R AR S, R
ARG ST A SR, AR [ Ak
e R R A PR ST RUE Lk B R L, DT 2l 2% [ 571
077 1) ], A S g ) B RS S B R B T I, AE
THAF TR YTy ) by A — AR

PR B A 38 I % HOE i i A iR 208k
H5 Ay 22 B 1) SR 1 35 07 0 T Il A 1 /N
J7 1% 2 (Least Mean Square, LMS)®& 15, o TH
faj o Bt /s, Haie AT e & 4

LMS k5L T BERREEVL , W iR 257
B —WERENT L — R WiHEAE, &s— k%
UG/, R S B R

i n B 2RSS R d(n), MG TR x(n),
BUE R w, WSZbRE 550

y(n)=w"x(n) (1)

B NG S M bR thE S AN
e(n)y=d(n)—y(n)o nBFZIKUER wn), EE YA
w(n+ 1) 5 w(n) Z A F 26— Aw 7 iR 22 T B Y
M PRE: Aw=—uVE[e*(n)], 153 — B} Z] )L
(EESES: WP

u(ll




2024 47 A E N E B - 77 -
w(n+ 1)=w(n)+ 2ux(n)e(n) (2)  EER A T GVSLMS Bk, R

Horb e s K, p EBOR, LMS 5 i sk
B, AR AT -

1
0<ﬂ</1 3)

A —A 24 BEoL I 5] HER I Rk, KB
] A OB H 5 [y R AN 1 s, al AR 8 — 250
FEAE 7OM-7°, b A S A T
0°, FHAZ S5 m Ky 7oM-7°, di Ffl LMS 54 i kb 2
THeAFS, AT LAAR 23 57 ) B A & 2 s .

0 T
Xi-1 X:7
-lor V:=13.25)u | Y:—l3.25| 1
g 20t 1
]
%—30 r 1
Z -40f 1
:
< —50F E
S g0} 1
R
2 -70F E
2
-80} ]
-90 1 L i
-100 =50 0 50 100
azimuth/(°)

Bl 24MaHa&%Eral

Fig. 1 24 element uniform linear array pattern

LoL
S o O
- <

|
(%)
S
T T

normalized array gain/dB
I
(=}

2100 -50 0 50 100
azimuth/(°)

B2 LMS ik ks @A
Fig.2 LMS algorithms beam pattern

ZIEAE T AR5 R ) b= AR W
SRR TRAE N T B AL, ETE S
Jri FARE T 30 dB ]

2y LMS Bk AP KO E B, Rl
NS, AREEIEEE T LIAE N, fEIRZEE KT,
VERERE AR T LU PR lie st i, (R KRR
SRETERRNRE, FE2FEAN S RKIITT
e, A TR A R SRR B S B T
— 3L F Sigmoid pR Y A A K LMS B ik ——
SVSLMS 53k, K> T sk ARk 8, 1
SVSLMS 25 A5 KBk iy a1, AR g 3 TR 2211

B RBUR IR () M e(n) Z IR E R, IZPRERAN T
Sigmoid PRETEE wi Ab A8 AL R 3 K ) T, 3 A
TR 2 1 i 20 A5 K XUl IE D) R ST AR 2B K
LMS & i rh, 48 TVSLMS 2 3, 2 & Uk 8L
S,

A SCAERT A28 45 K LM S 2 B 0P 5% i JL il
i — 35 0 15 R 50 B B AR B K LMS BRI
FEOSC S B AR S R 22, HITRE s/, X
e KA W R E RGRHE AL . N

2 EFHERRHBMNTSKLMSE X

ARSI A R bR VR R 20 K AR S R R, A
4 A B e E R IR, A SCHEAG I3 R 0 S5 Al I
HATIER, WESE o B, 155 w(n) 5 e(n) I
PRI A5 5 Fi .

ER

@ B

wm)=p1 - /1 -alex)]) (5)

Horr, 8o HI b g B R, S8 p 8

M HBUEEF, R xEkmb P K S5REZ
[ PR 22, HIZIE AR AN 3 T .

“<

+ 2 (4)

1

09+F 1
0.8} 1
0.7F ]
0.6F 1
0.5F 1
04} 1
03r 1
02F 1
0.1F 1
0 205 0 05

-1
e(n)
B3 A &R 2k

Fig. 3 Elliptic function curves
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Table 1 The number of iterations of the five algorithms

Ak AR EK
LMS 409
SVSLMS 267
GVSLMS 225
TVSLMS 176
ELLIPTIC-LMS 159
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Table2 The operation time of the five algorithms

ik IR 000K E]/s  IRFIRRASIIN /s
LMS 0.007 982 0.003 265
SVSLMS 0.008 010 0.002 139
GVSLMS 0.008 843 0.001 990
TVSLMS 0.009 377 0.001 650
ELLIPTIC-LMS 0.008 134 0.001 293
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