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Fig. 1 Structure of adaptive nonlinear filter
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Fig. 2 Self-organizing network communication signal waveform
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Fig. 3 Self-organizing network communication signal spectrum
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Fig. 4 Communication signal of self-organized
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Fig. 5 Spectrum of self-organized network communication

signal after noise
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Fig. 6 Uses three methods to denoise the signal
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under single tone interference

2z AT T BTN, AR SCO7 Ik WSSOI BE AN ELAR
F Kalman JE% k5 FPGA JE k%, 1 HAL RS 945
Ir w22 WART 3 AW Fh 5 i, ) i B o 22 AR B )
Hhn, PE A A &, FBA A S i A G B AR A T
PO BB SR 5 A TR AT Ab B

(2) ZE T T WSERE T, FEZ 5 T HE5L
g eb R FH A 2SS T30 R it 2 M 450 5 1
ST T, Hoh — N T R AF,
0. 147 6 rad, 75— 5 TSR AF, 5 0.224 5
rad , SEAF {551 R C 152 15 0 m JP4 @15 (E
ST R R 1, B 8 HiRMEZE T T A
SCH7 i Kalman JEI 7 DL N FPGA JE I WS %)
Fbab .

1.0 -
DEE N ESSIP

‘\\ \\ ................................ Kalman‘lﬁ&&‘
06~ ™. mm———— FPGABEW I

0 l(I)O Z(I)O 360 460
IEARRBUIR

K8 Z & T T =My RIS xt b4 R

Fig. 8 Convergence results of three methods

under multi tone interference

3BT 8 WAL RTINS B TR XA SC
D7 NS R LTI 1 e, (B4 Kalman 38
W35S FPGA JEPE 8 B 1 — 2 52, ik W b 7 ik
WS AR AR R B AIG . 1 — 20 R IIA S A
M

P& 8 2R RN 45 I 2405 Bl TR AR R
2.2.3 fFeRoAT

TEAE TP AR U I 0, X5 21 AH
I {5 M LR AR S5 ik  Kalman 3§37 7 55 FPGA
BOEVEREIEAT 204, e 4 R AN ET 9 s



244

RGN A 4NN 2 b A & AR PRI I 103

P19 H Al hy i A M B s A Ry £ T i 5
HF o 43HrP 9 w2, Bl 2 A W L A3 in , AR ST
J5 % Kalman %5 FPGA 8 i 72 14 RE AR AH X %
I ARAR SO 2 BRI B A 5 AR P Ah 7 i, S AR
ST I BRSO 0 45 PR () A5 2 LA TR I o

25

W b i (R 7/dB

i
W

=20 -15 -10 = 0 5
Rk LL/dB
I N Kk S RN e N N ]
Fig. 9  Performance comparison of each method under

different narrowband frequencies

3 4Eig

AR —FB A T 41U 25 A
A IE R ARLN R BTTE . oT T AGE M AR DE
POITE MR, 4 T g B T fe . 2
B, BT B 7 1AM ] U RE 1 5 S RE LA 2
M1 SRR

2 % X W

U akEug, Farih, B 53, 45 ARtk 1 & NP O ARG B R R 2 g
POTENIE. R HLT AR 50 ,2016,;52(16) :36—40
Zhang Yufeng, Zhou Qixun, Zhou Yong,et al. Research on adaptive
square-root unsented Kalman filter for nonlinear system. Computer En-
gineering and Applications,2016;52(16) ;36—40

20 BRIRDG, B e MEROBLT AR P AR T4 R BRDTIE IR SE. T
BHLE ,2016;33(10) :166—169
Chen Changqing, Wei Bo. Research on method of removing noise in
network optical fiber communication. Computer Simulation, 2016 ;33
(10) :166—169

304 R, AR, WA, FETIESHEARAY TE B E DR g i
i PRI E SR, 20165 24(1) :246—248
Yu Xiao, Zhou Xinzhi, Lei Yinjie. Design of broad-stopband low-pass
filter based on separating specifications. Computer Measurement &
Control, 2016 24(1) :246—248

4 W gt BLRORHL AR B R TR T k.
HLF24 48 ,2015343 (1) :13—17
Wang Bo, Chen Ming, Liang Guangming, et al. Adaptive tri-thresh-
old narrowband interference suppression algorithm. Acta Electronica
Sinica, 2015343 (1) :13—17

S GHEE, BMA, B A, 5F. HE N CRBF 2R M8 & M o
62530 B0k HESTHURNE 2014,41(7) :266—269
Zeng Xiangping, Jin Weidong, Zhao Haiquan, et al. Adaptive CRBF

nonlinear filter and its improved learning algorithm. Computer Sci-

10

12

13

ence,2014;41(7) :266—269
L IR XU, AF. Ak 18 5 0 B AR AR AR 2k 1 g
Was. Aab2:4R ,2014;40(6) :1249—1264
Xu Song, Sun XiuXia, Liu Shuguang,et al. Dimension-wise adaptive
spare grid quadrature nonlinear filter. Acta Automatica Sinica,2014 ;
40(6) :1249—1264
Helmle S,Dehm M,Kuhn M, et al. Feedback interval for link adapta-
tion in TDMA-based single-carrier VHF narrowband mobile Ad-Hoc
networks. Electronics Letters,2014;50(3) :221—223
2 O 2 LU BN, 4. SR T AR LM B I I R TS 1
L8 R Gk E AR JRsh 5 ik 2017536 (6) :181—187
Li Zigiang, Li Yinong, Zhong Yinhui,et al. Nonlinear adaptive filte-
ring algorithm for the active vibration control of gear transmission.
Journal of Vibration and Shock,2017;36(6) :181—187
TR, 2 5L, B, 5. RS SR A% 2 A B ) 3 I DB i
5T, 25 (a2 2A4, 2016537 (3) :322—331
Ning Xiaolin, Li Zhuo, Huang Panpan,et al. Comparison of adaptive
filter for celestial navigation during approach phase. Chinese Journal of
Space Science,2016;37(3) :322—331
Fiitge. — /DX S T T B85 B D ae MR 4 i k. B
i ,2016;332(3) :136—139
Chen Haiyan. A small area overlap interference communication filter
noise suppression algorithm. Bulletin of Science and Technology,
2016;32(3) :136—139
Song X. Adaptive filter-based narrowband interference detection, esti-
mation and cancellation. Bulletin of Mathematical Biology,2015 ;68
(6):1355—1381
JEO, R B AN, A TR R R TR Y GPS B
BRI TG TR ,2017,525(5) :70—73
Zhou Hang, Ba Xiaohui,Chen Jie,et al. An algorithm with constant
false alarm rate threshold for GPS narrowband interference suppres-
sion. Electronic Design Engineering,2017;25(5) :70—73
B0 AR PR AR A N RDE S SR P T ALE S A T
YA IE . AR ,2016,;43(10) :120—124
Hu Jing, Bian Dongming, Xie Zhidong, et al. New approach for nar-
row band interference detection in satellite communication using mor-
phological filter. Computer Science ,2016;43(10) :120—124
INTHT A T A TR A LB TR R AE LM U B A B IS
PP e 5 N ,2016,333(3) :304—310
Sun Yuxin, Yang Yuwei. Adaptive inverse control for levitation sys-
tem of bearingless induction motors based on nonlinear filters. Con-
trol Theory & Applications,2016;33(3) :304—310
Xiong H. An efficient narrowband interference suppression approach
in ultra-wideband receiver. IEEE Sensors Journal, 2017317 (9) .
2741—2748
ERIpeE , ERAE . FET FE N IEACIE B 1) MIMO-OFDM 7847 14
AL e IR TR R A2 40, 2015336 (9) :1287—1291
Bi Xiaojun, Xia Xiaolei. Narrow band interference detection for MI-
MO-OFDM systems based on sparsity adaptive matching pursuit.
Journal of Harbin Engineering University ,2015;36(9) :1287—1291
XKD, % BT R, 45 A5 T UMD R AR AL 4 {E Y
S ST, SE T4, 2016337 (2) :293—298
Liu Yongqging, Jiang Shuo, Yu Dong,et al. Effect of narrowband in-
terference suppression on pseudorandom code zero value. Acta Arma-

mentarii, 2016 ;37 (2) :293—298



104

B AR5 TR

18 %

18

Liu S, Yang F, Ding W, et al. Double kill: compressive-sensing-
based narrow-band interference and impulsive noise mitigation for

vehicular communications. TEEE Transactions on Vehicular Technol-

Chen Ying, Hu Yue. Interference suppression algorithm based on
signal blind source separation. Science Technology and Engineering,
2016;16(21) :255—260

Kryszkiewicz P, Bogucka H. Low complex, narrowband-interference
robust synchronization for NC-OFDM cognitive radio. IEEE Transac-
tions on Communications,2016;64(9) :3644—3654

Akho-Zahieh M M, Abdellatif N. Narrow-band interference suppres-
sion in wavelet packets based multicarrier multicode CDMA overlay
system. Wireless Communications & Mobile Computing, 2015; 15
(2):203—214

ogy, 2016; 65(7) :5099—5109 21
19 TS, B, THHE. A< LMS Sk i 2 4 T L BOoR T
5. AR N ,2015341(2) :89—92
Wang Wenting, Ge Haibo, Wang Yanyan. The research of narrow- 22
band interference suppression on variable step size LMS algorithm.
Application of Electronic Technique,2015;41(2) :89—92
20 Bro W P EETESE SR EE T Ak B
AL TR ,2016;16(21) :255—260
Adaptive Nonlinear Filtering Method in Ad Hoc Networks
Communication with Narrowband Interference
WU Jun-ying', WANG Xin-ying’, CHANG Yong-juan', SUN Si-si'
(Stat Grid Hebei Information & Telecommunication Branch' ,Shijiazhuang 050000 , China;;
North China Electric Power University? , Baoding 071000, China)
[ Abstract |

In view of the drawbacks of the traditional filtering methods, such as poor anti-interference ability

and low convergence, a new adaptive nonlinear filtering method in ad hoc network communication with narrowband

interference is proposed. The MLMS method is introduced and the filter structure is given. The nonlinear error

function is used to process the estimated error signal, and the tap factor is updated by MLMS method. In order to

reduce the interference of the signal interference sample, the nonlinear function is used to correct it, and a new up-

dating equation of the tap factor is given. According to sinusoidal interference, the Gauss noise signal is described,

and the optimum tap factor is obtained. The performance of the proposed method against narrowband interference is

evaluated by means of the ratio of the output signal-to-noise ratio to the input signal-to-noise ratio. The proposed

method is applied to narrowband interference communication in Ad Hoc networks, and the results show that the pro-

posed method has strong anti-interference ability, high convergence performance and good signal effect.
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