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FENG Di, YU Shu-juan,ZHANG Yun
(College of Electronic Science and Engineering, Nanjing
University of Posts and Telecommunications , Nanjing 210003 , China)

Abstract:It’s more effective to use continuous Hopfield neural network to blindly detect wireless communication signal, but its anti—jam-
ming performance is poor and the algorithm bit error rate is a little high in complex environments, such as in low SNR environment. To
conquer the above shortcoming,a new kind of activation function is put forward in this thesis, which can effectively reduce the algorithm
sensitivity to noise and greatly improve its anti-jamming capability. Simulation results demonstrate that the improved algorithm has better
anti~jamming capability and robustness in complex environments, like low SNR or massive date environment. The improved algorithm
shows strong anti-interference ability and robustness, performance has been improved significantly.

Key words:blind detection; Hopfield neural network ; anti-jamming

0 51 §

B ToLk 1815 DA R I B £ AR B9 K 3R R,
A5 {5 5 B E K ( Blind Detection) $#2 H T HHIE K,
VR B RO E AR R AR 7R R A E I E AR BT L A
MAERZESFSERERNE ZEEFES. HEME
HTFHRIFHEHA . B¥ET BENYE. B EHIEL
M HTAEE RS, BRTE T ZENATER
ARt BREXEFTEREFETEIL R ATH
RN ZFRE ., HAREEYRMEARNER, BF
IR H AR R, X ERERNE B R ARRAH
THEES

XHE PR T E T ELSE Hopfield ¥ 2 F £4%
( Continuous Hopfield Neural Network , fij#%8 CHNN) 4 H

3% B 7 :2012-04-09 ; # [5] B #§ :2012-07-13

E¢ME HE B AR EELSTTEITH (60772060)

EE®HMG  H(1988-), 5, LHRFMA, BEBFE, R F
BF-REREFESEFFESLR; THE, W8S, SLHwReS
Vi, B9 07 1 D BACE S PR ST ME R E R BB AR

REVUE W, B R 4R T —Fh T 4308 iR,
XHRA RO AT . (TR RRY, B K
MBI KRB RS E ARG T RIAL TEEN
VLT IRE S iR et

1 ET CHNN E#RNE X
1.1 Ry

RIEICHR(4,5],SIMO BFRFERGEHERES
HR B AN RS AT AR

((k)) ;(h,-)qxls(k - J) = [hy,,
hu](-"(k))(ml)x] . (H
X'=sr" (2)

Hi, ¢ BRAERBENT, M BEENE, L ZHH
TR, [ho, o hy ] RAZEH P BOBBL, (X)) rcrong
REWAE TR, (S) e B KBRS EHE,
(D) avyoxuomeny BB B (j=0,1,2, 0, M) MY FREGBR To-
eplitz [, i3 (2) AT A, 2 T oA 50 Bk AR e, —



- 208 - HEIWERSRRE

LR

EH Osy(k-d)=0(d=0,--- ,M+L) ,Q=UU.", Hp
UBMBERGESEETREIBTMRFERE X, =

[U,UC] [(?] V”,UC e RNx(N-(L+M+1)) .

H AT AR R A BR BSR4 R A

Jo=Sy(k-d) QS ,(k-d)=S"QS (3)

S=argmin{J,} (4)

HhS=8S"+§S' KA RMLHMERBTEE
{1,-1},

1.2 CHNN R 5REMHE

ETRERFSRKENTRUNEERFS 2
45y CHNN BRI A , 78 2) T —Rp3T 9 CHNN,
WA 1B, SRR MR SRR IE RIS R BT
KRB, 1558 LIMEBISH 5 WA BL, H4T
Rt E . I EHiTERESKE2MKRNE, EEK
Bk RPN LA B I T LR

s(k) x(k)

> w ﬁ>fR()+lf1(

s(k+1)

Vs

B 1  #4 CHNN & Maga
WIECHk[4], CHNN BB BE T UE R T
.
E(k) =—-—;—s (k) "Ws(k) +

(k) (k)

Z( [Fi@de s [£(x)ds) (5)

He £7(x) AWBEER f(») WEEH T
CHNN 8B E 55 U KRB/ T A, o
[4]B4HTRIMIEH., CHNN 7EE1T 2B PR
REEBIH, BJG BB T ERPRE. LR EFE
TRAYRUBUR 58 2SR A Bt B BE B IR B B/ ME
Ro
1.3 BUERRR

T A CHNN L35 S E RN, BT 8t L
EEHN W=I-P,

Horh P [Z" _QQ’] 0, F1Q, A BN B ET

Q W AFB A, RYE CHNN Wi T B4k A
# S(k)=S(k+1),Bp S(k)=f(S(k)-QS(k)). B
BIHHIBUERERATI] S(B)=f(S(k)~0S(k)) , L
ATLIREI OS (k)= 0,32 X T (4) . BT LA, BUEREW
LBCE, ATLMRIE CHNN B E WA AT ENE
BES

2 HiE R BRY
2.1 Sigmoid #iE B

VBT, 7E AR 2 0 22 P 40 A pe 5 o 1) B B TR
r 71T g KRR S I o O R R G0 R Sigmoid B
B, R(6) Fim

12 = 51 + tanh(£)) (6)

Hep R—A L, R Sigmoid BUIE R EIHK
HF, FERATERRBMOBER, v 8/, RBOREE.
551 Sigmoid BIE RBA M T 15

(DX F x— of fi(x) =1,

2)XF x—~of f.(x) =0,

()X FxCR, A0 <f(x) <1,HHFEN,

(4) 4 x 7E O S MHERS £, (2) BBIHK,

B O 5 PRI R i A A SRR DX 3, O ) 3800 o 4
f.(x) SRMABR BN BB WRERMZTH
AEREIHER /D, f,(2) STRFEHBERERBR, &
AMSTZENBAR AEIRARLSTED  HF
H CHNN 2 —FBIF M4, Mk iR E S ETE
TR B i B, 35 1 A5 4~ R 4% 00 Pk B =
ERRBIEW, '

2.2 #HEY Sigmoid MiE R

H T FRIESE Sigmoid BIE RBFTH R A R
M, SCH AR T — R A O TS R A, R A
FR7R -

f(x) =
tanh(Z2) +0.5(1 + tanh(

M

x =~ %,

))

. e(x) +
1 + tanh(=>)
n

%+ %,

0.5(1 + tanh(

)

. e( - x) (7)
1 + tanh(=>)
n

Ho o 5455 Sigmoid F T BB ) w —HE 7 R
BHIBRE T, 5 B— M ELH, BRMETRAKI]
FRE, A LM TTHEAREXNERT » , 85 R
B f(x) KR BB A RBE, e(x) HHBREEL

RS RBAEUT EEMRA:

(1) Btk Ja B9 B8 IR BTE T4k BB R) Sigmoid
TG OB — B, FEA B TUH A B4 X {E B KA, REAS B
RIHER

(2)7E 0 PR, B0 G B BT R B B BT
INFAEGERY Sigmoid BTG RBHI B HUE. BHERTE
BRH S () TE O SBHEX H 2 Tui A E R BUR B B
AR, S WR A P T IERE N B 1R .

X =0.02 i, FTHBIE RIS LG Sigmoid



% 12 ) W5 —FREGR I R Hopfield B RXMIZL £ 209
% R B R A 2 R BFARBERESASNLRB T 5B
1 SR rormm B SN XK
08 ,/ I il M e, B R A
y Vi B = W O
7/ T FENMLE, £
07 VaRvi (L0 R B 2 4R
oo e 5 % 3% 15 % 1 5T R
s _ / e FREH LB
iy XF. XW[11]
04 e / Xt F % 1 305 B %K
03 A Bt 4 7 B X 3 o
o /,’ / H—E S8 L
iy — o % F QPSK {55, %
0.1 = / ------ Newsfgmofdxo=o.oz' ERB DL fE R
- et ~ — ~ Newsigmoid x0=0.03
-%.1 '-’-0.08‘ ------ -.0.06 ——‘;04 -0.02 0 0.02 0.04 O.IOS 0.l08 0.1 ﬁ?ﬁ gﬁ%gﬁﬂ‘t
B2 #4 Sigmoid # i & 55 4 48 BRG], B
Sigmoid Mt M b #1 2%, HBIMTRIR: f(x) = 2(») -
e oesESEM Lfu(8) = f(x) = f(x) , f(x) =
| el f(x) +ifi (%) o EABHEHIR,E
L T R e e R e N HESE B EWE RRET
____________________________________________________________________ JFUAT 1) B L MO O BB 0 5, TG
"""""""" ERLBER CHNN A 5 454 .

g AAAAAAAAA 3 ﬁﬁﬁﬁ

"""""""""""""""""""""""""""""""""""""""" DR O S 49 23

’ 2 4 3 8 10 12 14 16 )
SNR(dB)
B3 RRRESESHH kPR E g
0.2 QPSKTE % & ¥
0.18 N=300
------- N=500
C.16F% ] semesenene N=700
0.14}
0.12
o
w o1
(o]
o.08}
0.06}
0.04}
o0z}
0 1 1 1 I A 1 n 1 g
0 2 4 6 8 10 12 14 16 18 20
SNR(dB)

B4 AABBRKERF, ks FHRAEEL

T h(e) = Zl (wkj(hk(ast - TR,'))

+i° w,j(h,(a,t - 71;) )) BigRE
HFq=3 TREBIN_RER
MIBEVLE JEE, K he(a,t -
%) » ket - 7;) R REBFER
Fa=0.1,REF 7, , 7, U= EH
FRIEBK IR ; wy; , w, REE (0,1) 8]
BRI HHIFEVN R SHGE
HEHTERS , BT R R A 50 K
Monte Carlo 32578 %), .

L1 REESHEE N =300,
XA QPSK B, 724 [ {5 MR Lo A% B0
T, R A F S0 oR et Bk iR
BREML WA 3 Fin.

LRRY ERERLIRE S, KA
BOHERE R4 CHNN ER B LR
R BAR TR AL G0 801E R CHNN
Bk, RULBGRNBITINEE S, Bk
BE T —ENHE.

SEE 2 SRABEHTBOIE AR, PRI X

20



. 210 - HEVHEAS KR

22 %

3 QPSK i, ZEARFIEHR LG T, R & BAR K E AR
fif, Bk PSS IR S R R AN 4 BiR

LR R RIBEARR AR, R U S
¥ty CHNN HRIUE LIRS R KA, FEA 2
HRAE R H R R

4 HREF

CHNN B #3548 T 7 Hopfield #1 £
P48 B AT HE JBAR 2 SRR 5, BT SE B 1 1
BRERN, BA —E WA FRME. 3P BT R
BSOS R SO A T R X RS B T B
1, ER TR L RSO B S Je R s op, i —
SRS R TE R ) £ P 45 5 2 TR v 0 1 R
BT —EERY,

BE M :

[1] Ding Z,Li Y. Blind Equalization and Identification[ M ]. New
York ; Marcel Dekker,2002.

[2] Giannakis G B,Hua Y B, Stoica P, et al. Signal Processing
Advances in Wireless and Mobile Communications: Trends in
Channel Estimation and Equalization[ M ]. NJ, USA ; Prentice
Hall PTR Upper Saddle River,2000.

[3] Santamaria .I,Pantaleon C, Vielva L, et al. Blind equalization

of constant modulus signal using support vector machines{ J].

L o e e B S e e S

(L4&% 206 W)

S HERR SRR U , B IR BIE BB 15 B o Bt
PERERN b, SE BRI E SR BB/, SR P B
PER AR A M B EE B R UM B REIEER, &
RRY NS HER S ZNGEL IS H TS
B¢ BERTE R T 3£ P — S R 7 A B4 3O
{5 BT IE TR M b — B BEOR A48 B (S
B, AT R T4 M b R O 7 B R SR R AR B

B2k

(1] Bk B BER. mitE . RALHSHRIRT]. &b
1%,2009,20(5) :1337-1348.

[2] Dean J,Ghemawat S. MapReduce: A Flexible Data Processing
Tool{ J]. Communications of the ACM,2010,53(1):72-77.

[3] Alessandro R, Renato L C. Delay — awareness in Push/Pull
Streaming Protocols[ R]. [s. 1. ]:[s. n. },2010.

(4] #HEE.BEEE.R2 A FENERGHREAEERS
H01]. RN, 2011,37(9) :284-287.

(5] % B, 0000 &84 TR AEEAERLR
RS 1), SHEHLTAZ,2010,36(4) :166-168.

(7]

(8]

(9]

(10]

[11]

(6]

(7]

(8]

(9]

(10]

(1]

(12]

IEEE Transactions on Signal Processing,2004,52(6):1773~
1782.
K&, K B9 M Hopfield EMR ZH/* QPSK (55
[J]. Z g K 2224R ,2008 ,38 (Sup) :18-22.
THHA, ER. &% S SIMO {518 QPSK /751 B H i
[J]. KK ,2005,35(6) :867~ 871. ‘
Bai Erwei, Li Qingyu,Zhang Zhiyong. Blind source separation/
channel equalization of nonlinear channels with binary inputs
[J]. IEEE Transactions on Signal Processing,2005,53(7):
2315-2323.
Hopfield J J. Neurons with graded response have collective
computational properties like those of two - state neurons
[ €1//Proceedings of the National Academy of Sciences of the
UnitedStates of America. [s.1. ]:[s.n. ],1984:3088-3092.
Sengupta D, Iltis R A. Neural Solution to the Multitarget
Tracking Data Association Problem{ J]. [EEE Trans. on Aero-
space and Electronic Systems,1989,25’(‘l) .96-108.
Zaveri M, Merchant S N, Desai U B. Robust Neural - network
Based Data Association and Multiple Model~based Tracking of
Multiple Point Targets[J]. IEEE Transactions on Systems,
2007,37(3) :337-351.
BUER,KEMG, AR MK PSEIE £ HiRIRER
R[], AL 2540 ,1994,15(7) :812-818.
Zurada J M. Neural Networks; Binary Monotonic and Multiple~
valued{ C]//Proc. of the 30th IEEE International Symposium
on Multiple-valued Logic. Portland, Oregon; [ s. n. ],2000.

B e e T s e e T LSRR SR S SR S

Chakinala R. C,Kumarasubramanian A, Laing K A, et al. Pla-
ying Push vs Pull: Models and Algorithms for Disseminating
Dynamic Data in Networks [ C ]//SPAA 2006. Cambridge,
Massachusetts, USA ;[ s. n. ],2006.

Meng Z,luo J G,Zhao L,et al. A Peer—to—Peer Network for
Live Media Streaming - Using a Push—Pull Approach[C]//
MM’ 05. Singapore: [ s. n. ],2005.

O BRMGE, XA BT PIBETH P2P FEHAHESL
FEPARFE F i customR2 [ J]. T E YA H, 2010, 30
(2):285-288.

AR, 8RR S P2P R RS S
AT HHEPLT R 2008 ,34(8) :240-242.

gt H R, ERE,E BTN EARNEREE
FESBAPRI]. HEVLTE,2006,32(5) :178-180.
FH: O, @Y. T REARENERNEFE AT
SRR (] A ,2007(2) :65-67.

Lopez—Neri E,Ramirez-Trevifio A,Lopez—Mellado E. Hierar-
chical Modeling of Urban Traffic Systems for Multi — Agent
Based Simulation{ C]//WCECS 2008. San Francisco, USA .
[s.n. ],2008.



