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Online blind equalization algorithm with echo
state network based on prediction principle
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Abstract: In view of the nonlinear channel, the online blind equalization algorithm with echo state network was proposed
based on prediction principle. In the proposed algorithm, the traditional linear prediction error filter was replaced by the
ESN with good nonlinear mapping ability, and recursive least square (RLS) algorithm was used to calculate the output
weight of the network to minimize the network prediction error. Then, the amplitude and phase were adjusted. Simulation
results show that the proposed algorithm can effectively reduce the distortion caused by nonlinear channel to the trans-
mitted signal for Il6QAM signal, which has lower mean square error and faster convergence speed in comparison with
other blind equalization algorithms based on prediction principle.
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PR A, SCHR[8THE H T & TPt Ji B (1) 5 34 1ty
JAR, R =B ge v s 2 v T i 22 DR I A 45
IS, IFLUIE R R EAF 5 e ILR, A
7 FR A P 20 P T 13 2 0 U 4 A AE 1 B 45 A 1))
BRE, ARAERAFBAR MR . T RSt R4
Rer R m gt A5 S, SCER[9TH AR Ze M IR R D8
WAL Rt gity, B T HfriRig A, 3
HRL1OT T R Hh K o 28 DX 2 A by A 2 M YN 5% 22 i€
WA E MRk, BfE, AT R 4% A
LA %0 (RBF, radial basis function) "R%%. %
4% (MLP, muti-layer percetron) ", 2% >]
Ml (ELM, extreme learning machine) ", L3 )44
222 1] FE AR S 4% (ESN, echo state network )41
AHLE ] T A0 AR L P R 22 g8 s . dLrh, Wi
PREE IR 28 25 SR TC 2 [ T IRt ARER PRI fE
55 T M W 4%, R R4 1 A7 A 1) 3 1 R R
7o SCHR[14-1570 A A 75220 S5 Hh AU ¥ 8 B e
Y2 0 2% BSNU O g AR i T000 358 2 Dipl 2% »
TEARZEME R TE NS TR B AR M P e . SR,
SCHR[14-15] (PS5 ANEE X BPSK IS 5 1 E 1Y
5, WA RIS BE 75 HoaT 7840 A FH I8 A A 5
M EAS TR EE R ] (QAM, quadrature amplitude mod-
ulation) 5%, BbAk, SCHR[14-15]M95 753K H 4L
e By AT E M, T INAREE, AR
ZRCH S I R BT TE AR A

AR R AR A E Y QAM 15 5, R
T[] PR 25 10 0% LSV Oy =l b 0% 2 D 2
FH 3285 V1 g /) — e B v B 10 286 1 A R AL, SIS SR
PRAEEAR, sk B2 s (AGC, auto-
matic gain control) FJiE 4% K73 sl &A% 5 1)
ELFIARA T i, B2 H 7 5T Yol Ji B g ] 7 R 1
R IF 2 5 ¥ 1 1k (ESN-PEF, echo state net-
work-prediction error fitter).
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x(n)=x(n)+v(n)=
s(n)hy +s(n—=1h +---+
s(n—=L,+Dh, _, +v(n)
x(n=-)=x(m-D)+v(n-1)=
s(n=Dh, +s(n—=2)h +---+
s(n=L, +2)h, ,+v(n—-1)
x(n—-2)=x(n-2)+v(n-2)=
s(n=2)h, +s(n—=3)n +---+
s(n=L,+3)h, , +v(n-2)
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e(n) = x(n) — P(X (n—1)) 3)
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e(n)=s(m)h, +s(n—=Dh, +---+v(n) -
(x(n=Dp +x(n=2)p, +---+x(n-L,)p, )=
sy +s(n—=Dh +-+-+v(n) = ((s(n =1y, +
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A (5), WS
e(n)=s(n)h, +v(n)+s(n-1)(h - h,p,) -
v(n=1)p, +s(n=2)(h, = hp, —hp,) -
v(in=2)p, +--—s(n—L,+Dh,_p, —
vin—-L, + l)pr (6)
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J A S EOY BSN. 2% 18 2 SEBral 5 5 18
PR BiAE TAESRAF AR AR AL, Ak 21 SN BRI
fEEAAI H I, ASSCR A 1 % /b — 3 (RLS,
recursive least square) VAIEACTIA ESN )4 HAUE
FibEw,, , LS ESN Hl i SRy vk 5w (1)
773K, 38 T8 ESN A A Pl e 22 DD A (AR 26
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K 20) 1 P(n) n] LU X (14) R (17)453 31
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. Pn— Du(n)u" (n)P(n—1)
Pn=1) 14+ u" (n)P(n—u(n) @
2w, (0) F1 P0) CLANI, 1] LR 3 (20)7E £k

W ESN W, (n), dEMHE ESN ¥ SERx it
y(n), MIELT BSN IR x(n) « R0, M
T x(n=1) TARAE n R RIEFIUE S s(n) »
I y(n) K TR B2 x(n) TP ER s(n)h, W2 ML

BRI, B e(n) = x(n) — y(n) TBREEILL s(n)h, -
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HHAE 5 IR A

b(n) = c(n)e(n) (22)

c(n+1)=c(n)+a[R—|c(n)e(n)|] (23)

o, b(n) & AGC HTHITH; c(n) /& AGC 3%

MG, HYAE®RE N 1; R EH B e HH
Py a<l SEMRAE IR T

T AGC HAEMFULIR(E B ) @, 15 TE 1)
AR PE SR ) QAM 155 IR A g HE ) U2
fi vk, DPUCASCAER 1 iR AGC & 5T T
ML EE, ¥ AGC W% 75 b(n) 5 e K1
exp(ja(n)) #H3, &4 2] R IEAE T s(n) AL T
§(n) o

$(n) = exp(ja(n))b(n) (24)

a(n+1) = a(n) — Plangle(b(n) exp(ja(n)))] (25)

Hp, a(n) R, HYIRERR 05 <1 £
IR IR F+5  angle(-) AT -

LA BT A A, EXARR G, A SO
HHR ESN AE A JE e E I 8 2 SR v 8%, SR H
i H B b ZRIEARIN LT K, FEATERIE T
s(n) MG OLR AR H ¥ 4 3 B0 51 x(n) , S
WT QAM 55 MEWR . NI ERUE, ¥ Lk
16285 Y 50 0 ) ESN-PEF, FL AR FE i 55
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B3%1 ESN-PEF Sikiife

1) s ILEi: BEYLER W, W, s VI
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b u(0), W, (), PO)=I, c(0)F a0)-.
2) forn=1,2,-"
3) HHa(7) B A IR
4) tHa0(®) 5 ESN M y(n) -
5) HXQDHEH P(n) -
6) Q0 H W, (n)
7) THEINRZE e(n) = x(n) — y(n) o
8) MR¥E(22)F1 0 (23) A5 T R E
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11) end for

4 FTEHE

NI RAEASCHEH ) ESN-PEF S04 2%
PERMPEREDLS AT T 3 AR, 24l



%33

WA T TN SR A ] PR W 2R AE 2 I A <149 -

SCIHRTUARF ESN S50 B 5L (10 5 M J )
WG R R S SR AR R R R N, AR
SIGEE . ¥ % (MSE, mean square error). 5.7k
8% = 7 LA T A SO A 3 T R
H)E Y Sk Y P RE s 2R = 41 50
ESN-PEF 505 18 PR ERVERE o

ST E W E NN, CPU A Intel(R) Core i7-7700
3.6 GHz, Windows10 64 bit, Matlab R2015b.

153 GLSEI b, RIEFEB s(n) 30 BEHLAE R L
WML 2 A 16QAM 55, Brinme sy o
BEImENT AL . ESN (W, . W RISk
BIFIUEAE w(0) BEWLAE B, i B 1 ) U 18
W, (0) &'E M4 0 m&E, AGC MIFEEIE S MWL
fHc(0) WHEHR 1, AWM a(0) WE R 0, HEE
YRR AL PR~ o FI1 B 435 0 0.001
F10.000 5. A THALRMZS IR, ATTRCE ESN
fiti S AN CIEBAUE W, 1012 p(W, ) = 0.9 .

SRENIVERARHE N 2 587, Ay

MSE = Lilz (s(n)—§(n)) (26)
Hrp, Ly RsEdR KR
4.1 ESN SHIEENE LR
AL S0 TE sk R HAN ] ()i AT AsE N, R
JCTIE MR () A e B f L ) SR B TE AN [F] (1)
ESN ¥ B4t ESN-PEF SEVEREI SN . 25
B Qo) IR AR AR 1E A
nn)= d]y(l)(n) + d2y3(|) (n) (27)
Hrb, o y,,(n)=0.7625+40.1538z"" +0.076 9z,
FHd, ~ d, e T BHEEG ARG R TR
1A THEAFEEEL SNR T, fifig il
1E N X5 MSE B IF#m. hE 1 v LUEH, 1F

AFIFERELL T, B & sE N gk, S0k
(1) MSE {HIEAANA, 4 N #KF] 50 1, MSE {H
B BN &S, X Ui N KA Re A 2 %
i MSE {1 H 16

2 25 T 24 SNR=30 dB I}, /N [alfif £yt A
N W EFRSGE L IR 2 N 4338 5. 104 20
i, SVEBIELEAR 2 000 IRAAWE: 2 N A 50
I, SIEEEAR S 500 WAAWER, WSIGHE I i
AN, PRIk, BRSO N AR RERE SR IO PE RS TT

#F 2 SNR=30dB B, FEfiE &R N X ESN-PEF
B LW SR E BRI

i it RS AU IR
N=5 2.000~2 050
N=10 2.000~2 050
N=20 2.000~2 050
N=50 5 500~5 600

BRI NESH KRR E I,
HIEAREA BTk i e fe, MELL R
S, ST AT R N=5,

P 3G T i A HORE N=5 I, ANFRE LR,
AN T R £ () XL MSE (HIGEm. h#E 3
ATLLE Y, FEANFEMELL R, {4 tanh(-) F1 sinh(-)
VE R Bers e B0, W5 1) MSE EAHZEAS K, {HAf
FH tribas() 15 A 3 a2y, L MSE {EAEF LK
T 15 dB 2 5 WS v T304t 2 R s 4.

T 4G T g &M N=5, SNR=30 dB I/,
ANFIECE R AL f () W EERSIOR B . R 4
A LLE Y, 48 tanh() AT sinh() 4 24 B0 B8 A
FAEIBAE 2 000 R AAWEL, ML tribas() 124
WomE R A, FEWSIOR RS, KZ1E48 5000
USSR, BT L ARAIE SV M e LA, e %
B 38 IR O PR

1 FRERILT, FREMEEEHE N 3 ESN-PEF 8% MSE {E 31
MSE/dB
fits 25 Tt AR
SNR=0 dB SNR=5 dB SNR=10 dB SNR=15 dB SNR=20 dB SNR=25 dB SNR=30 dB SNR=35 dB
N=5 9.58 481 —0.34 -18.92 —27.71 —29.12 —29.42
N=10 9.24 4.58 -0.32 -19.23 -27.72 -29.20 —29.45
N=20 9.05 4.72 -0.36 —19.48 —27.31 -29.15 -29.41
N=50 9.61 4.46 -0.41 -19.15 —25.37 —28.01 —28.35
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Wi
SNR=0 dB SNR=5 dB SNR=10 dB SNR=15 dB SNR=20 dB SNR=25 dB SNR=30 dB SNR=35 dB
tanh(-) 9.58 4.81 —0.34 —8.31 —18.92 -27.71 —29.12 —29.42
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s " IR EL 42 5 S S ke A R TR N
%4 N=5, SNR=30dB ff, FEEEER A 3(d)se & AR A HE 5 X A AL s ], W BUF
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PEARLR MRS s BT () MSE {f FEe e it gy
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42 SHMEFRNEEEHEE LML
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SCHEH Y ESN-PEF 535 5 26 M 7 58 22 08 vk 2%
( Linear-PEF ) L & MLP 1 Jy ¥l I % 2 9% I 2%
(MLP-PEF) [FTE ¥ LT e b . sese ik
AEfE1E 1 QTR LI 2 X8R,

MHERRR S MSE A BRI, % 6 407 =S hsn-0+5 S S, -

T4 SNR=30 dB I, i52H 2 R sk
R e . AR 6 WLLEH, oI s i ik
b e AR Ltk ek A, FERIFE 2 000 A AR,
DRIt Tsz HH 2 B BRI 0T 850022 AR WA IO B I i)
K3 25 T4 N=5, BaE % £() b tanh() ,
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B, T] DL H S 28 e AR 5 A e A ) R ey
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BT AN A SR 2 N EILE NG
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B2 R A
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etz s pR %L 9.58 4.81 -0.34 -8.31 -18.92 -27.71 -29.12 -29.42




ERE] Wie 4

I S5 B I P DR I 2% A A S

° 151 -

! F=
. . . . # *
2 2 i %‘ ‘ﬁ‘ ol
ﬁ . . 3 . ‘Hmr:[ . B "‘x‘ t
#° ' % -
_2 [ ] L ] [ ] [ ] _2 . *‘: . :t
[ ] [ ] . [ ] ;‘“ -#
Ei sl
-4 -2 0 2 4 -6 -4 -2 0 2 4 6 -4 -2 0 2 4
() KL (b) Bt (c) MAGEIHEERT (Zabbisettt B0
4 4
o e - e
2 . 2
R T T Y ' . .
- - .- .
-4 =2 0 2 4 -4 =2 0 2 4
(d) MRS (Sebkikit %0 (o) JeL bt %

K13 16QAM 155 1T if fm i) 2 e ]

H, JEICESIIBN B L, =20, MLP-PEF Sk, M4k
AN JZT O 1, BRET S Nye=20, FiTh
JE SO 1, MLP W& 2 AR EiR AR
PR R %

4 FE 5 3 piIEARSe A5 1 AAEZ (514 2
N, W% T Linear-PEF. MLP-PEF 1 ESN-PEF iX
3 ML IGTERE . I 4T SR T EAIFT)
fEMELE R, 3 FhAVE MSE fH#hgk, WTLLEH,
ESN-PEF %3 ¥ i J5 () MSE fH ¥ & /N T
Linear-PEF £ 1 MLP-PEF 5% MSE {8, 4
SNR=30 dB I}, ESN-PEF 5.y 5 (K] MSE 1t kb
Linear-PEF 57k T 20 dB /A4, & MLP-PEF
HVEBFAKR T 8 dB Aifh, X Ui 5 Linear-PEF 52
F1 MLP-PEF HiEAHLL, ASCHEH 1) ESN-PEF &
EAEBRAR MSE B J7 1 H AR KL 4(b)
ME 5ok T 3 MEERskihg, Hrh,
Linear-PEF 82375 2 MYE1E T 4I7E 14 000 R AEAT SR,
MLP-PEF 53243 HILE 4 000 YXF1 5 000 Y% 22 A7 L8
ESN-PEF 5734 4F 2 000 R ACA W8, X ]
ESN-PEF 5% B A7 s R e SIOs s

TEARLMETE F, AR EA RIFARZ
WL BE 711 ESN-PEF SVAAN T E 5 Mg it s
JG, AEAIERAF AR MSE {EUF SE B (K S 1
AR TR FH e 1 45 M RO A 42 I 2%, MILP AE g 1l

TR ZZDE W (0 H ML, BAT R0 5040
HE AN PR R 5 S

10pss
\}“l\ ------- Linear-PEF
\\, ----- MLP-PEF
o \\\\ . - ——-ESN-PEF
\\
\\
ST
gg -10f \‘\\’ Ee-
Z s
(L}JJ \\ ~.
= N S
=20 . ~S.
N -~
\\
=30 S
0 5 10 15 20 25 30 35
SNR/dB
(a) REMEMELL T, 3PGEIEMMSE( 2
20
—————— Linear-PEF
ok MLP-PEF
- - --.ESN-PEF
Wi Ao .
8 Vi RS MA o
=5 -10} || Wy
wv A
2 -20 l‘ ‘N‘"\‘ A A
L AL e b
30l S ea [ARY -, ,'\.‘./‘,\'\\ N ‘I__,,'\ ,‘\\l.,\_“‘-'\ Ny BUNIREN
-40 1 1 1 x10*
0 0.5 1.0 1.5 2.0
EARIRE IR
(b) 3PS

B4 ARZebEfEE 1R PR



© 152 w A ¥ W o041 %
10— _ % 7 Linear-PEF 3%, MLP-PEF ®;%5 ESN-PEF
e bl L 5
ol \"‘i‘s;\.&\ ———.ESN-PEF ik SR
\\\\¢\\ ___________________________________ Linear-PEF OGL, +5)
§ ~10¢ \\\\\ _____ MLP-PEF OQN3yp + 6Ny, +6)
g ol \\\ \\.\_\\ ESN-PEF O(N* +6N? +11N+5)
R ESN-PEF Sk fF BRI MERE , A4 R ARt (53
—30 o 2 BB FPASER: 1) =K Volterra Z%iiit
0o 5 10 15 20 25 30 35 PEAFE, EARECEF] 10 000 X5 i Volterra
(o) R R T SIS 2 AR D b, o SEBUSHERIYH 2) 548
20 —— i Volterra ZScHIRE(IE, 3%ARUEGAT] 10 000
10, :j%ﬁﬁr W, VIS T Volterra 205k (11514
oo 6 /& ESN-PEF ST7LI S BRER M2k AP 6(a)
5 [V IR g R A . ESN-PEF SEUAAEISAR 2 000 2415
2 107 : 5 UL, 4= Volterra 20 B (5 18 (1) R 5L
20f L I Mgt Wt SRR, STESARRL 1000 YUR FUOKEE, X
ol e e s ) W] ESN-PEF $532: R A7 U R R (5l AL PR fE
AIEH TR EE. B 6T LA H, =k
40, 0s 10 1 20 7 Volterra ¢ £ A5 T V) 4 TLBY Volterra 204U AR
SR

(b) 3T St 22
K5 ARAMERIE 2 FRPERELLA

TG T IFEVE I P i 2 e
g, Horh, ESN-PEF ik — Uit it 5i R 0
ATNEE 1R8], S5 1 PR 3R 6)is i T
BZ MRS, M IE 1 O(N? +6N) |
O(N). O(N* +3N* +2N) » OQ2N’ +2N); LB 7)~
R O KT R EE O E AL, RO EAC
O(l) , N33 ESN-PEF LM THEE I8N
O(N’ +6N*> +1IN+5) . MK 7 #1143, ESN-PEF
¥ykY Linear-PEF HEAHLL, 1 T8 WA
%, FTUATERSAE MSE fH. It BRI, A
AR M G T U % B . ESN-PEF Hik H
MLP-PEF H3AHLE, BARHTH SR s KT
Jad&, (HlT MLP &S 29 mEH Mae KT
ESN [fif 2t B N, Kk, ESN-PEF Sk
JRIEA%T MLP-PEF Skt 5i 244
43 [FiERERTERE

SCHR[14-1514 ESN A4 000 0 72 g ds AT
E AT T B A A, ARSI IR R E 1A
b o ASCHEH ) ESN-PEF £532: ] 38 ) 3 /s — ik i)l
Graf A/ NIONR S, PTLAATRATRARN FIRAE o« HEIE

H-/H

PN

FIE A, SRR 500 On PRI, b
WY BIAE A8 A A ORI 42, ESN-PEF SA {5 HAT
R R ERER TR RE o

R Y

MSE/dB

-40 * * x10*
0 0.5 1.0 1.5 2.0
EARIKE K
(a) =P VolterraZl %
oy
z
[
w2
=
-40 . . . <10¢
0 0.5 1.0 1.5 2.0
JEARIKEL K
(b) HPfr VolterraZk %

[ 6 ESN-PEF S [{r it B h 2%



%33

WA T TN SR A ] PR W 2R AE 2 I A <153«

5 ZRiE

ASCEE R AR S E I QAM {55, KRR
HO o] AR WA O AL TR R 22 0k 2, ]
3 Y e/ IR FIE AT S W 2% (i AR, S
PREMFIEAR, I [ 23 25 5 TR e 43
TV HEA S IR AR 7 e e, 4t 17 3 T30 Jd
B I PR A P 2% AE 2 H I S0k . TSR R
WY, SRR 22 B AR A L& MLP A1 T
DR ZEDEWE & I H W AL, AR IS
T efE MSE fH, R AEWSICEE F3 AT —
MPEREILS,  HAEWS PRI ER (5 IEAZ 1L o

S K

[1] SATO Y. A method of self-recovering equalization for multilevel
amplitude-modulation systems[J]. IEEE Transactions on Communica-
tions, 1975, 23(6): 679-682.

[2] DING Z, KENNEDY R A. On the (non)existence of undesirable equi-
libria of Godard blind equalizers[J]. IEEE Transactions on Signal
Processing, 1992, 40(10): 2425-2432.

[3] LEE W, CHEUN K. Convergence analysis of the stop-and-go blind
equalization algorithm[J]. IEEE Transactions on Communications,
1999, 47(2): 177-180.

[4] SHARMA V, RAJ V N. Convergence and performance analysis of
Godard family and multimodulus algorithms for blind equalization[J].
IEEE Transactions on Signal Processing, 2005, 53(4): 1520-1533.

[5] XUE W, YANG X N, ZHANG Z Y. A stop and go blind equalization
algorithm for QAM signals[C]//2010 6th International Conference on
Wireless Communications Networking and Mobile Computing (Wi-
COM). Piscataway: IEEE Press, 2010: 1-4.

(6] S84, w4, T, TR ARG ARG 15 3G N A 1
BSLVET]. A5 %4, 2017, 38(1): 149-157.

MA S J, PENG H, WANG B. Sparse adaptive normal mode blind
equalization algorithm for sparse multipath channels[J]. Journal on
Communications, 2017, 38(1): 149-157.

(7] BOKK, XEK, Fdh EZEIDCRUEAE bl CMA-FSE
HHEALD]. WAE2R, 2019, 40(3): 102-108.

ZHAO TF, LIU L F, WANG J. An improved CMA-FSE blind equali-
zation algorithm in wireless ultraviolet light scattering communica-
tion[J]. Journal on Communications, 2019, 40(3): 102-108.

[8] SLOCK D T M. Blind fractionally-spaced equalization, per-
fect-reconstruction filter banks and multichannel linear prediction[C]//
IEEE International Conference on Acoustics, Speech, & Signal
Processing. Piscataway: IEEE Press, 1994: 585.

[91 FERRARI R, PANAZIO C M, ATTUX R R F, et al. Unsupervised
channel equalization using fuzzy prediction-error filters[C]/ IEEE
Workshop on Neural Networks for Signal Processing. Piscataway:
IEEE Press, 2003: 869-878.

[10] CAVALCANTE C C, MONTALVAO F J R, DORIZZI B, et al. A
neural predictor for blind equalization of digital communication sys-
tems[C]//Proceedings of the IEEE 2000 Adaptive Systems for Signal
Processing, Communications, and Control Symposium. Piscataway:
IEEE Press, 2000:347-351.

[11] XIE N, LEUNG H. Blind equalization using a predictive radial basis

function neural network[J]. IEEE Transactions on Neural Networks,
2005, 16(3): 709-720.

[12] WADA C, CONSOLARO D M, FERRARI R, et al. Nonlinear blind
source deconvolution using recurrent prediction-error filters and an ar-
tificial immune system[C]//Proceedings of the 8th International Con-
ference on Independent Component Analysis and Signal Separation.
Berlin: DBLP, 2009: 371-378.

[13] CHEN L, YANG L, DU J, et al. An extreme learning machine archi-
tecture based on volterra filtering and PCA[J]. IEICE Transactions on
Information and Systems, 2017, E100-D(11): 2690-2701.

[14] BOCCATO L, LOPES A, ATTUX R, et al. An extended echo state
network using Volterra filtering and principal component analysis[J].
Neural Networks: the Official Journal of the International Neural
Network Society, 2012, 32(2): 292-302.

[15] Thk. dp il 4 v [ AR S W 4 S 0N RS [D]. =200 22 0K
%,2013.

MA T. Minimum reserve pool ESN and its application [D]. Lanzhou:
Lanzhou University, 2013.

[16] MAASS W, NATSCHLAGER T, MARKRAM H. Real-time compu-
ting without stable states: a new framework for neural computation
based on perturbations[J]. Neural Computation, 2002, 14(11):
2531-2560.

[17] JAEGER H, HAAS H. Harnessing nonlinearity: predicting chaotic
systems and saving energy in wireless communication[J]. Science,
2004, 304(5667): 78-80.

[18] SETH S, OZTURK M C, PRINCIPE J C. Signal processing with echo
state networks in the complex domain[C]//2007 IEEE Workshop on
Machine Learning for Signal Processing. Piscataway: IEEE Press,
2007: 408-412.

[19] WG4H, ER, ZEmR4, 45 ik A v S A IR S AR B
FTN BHHL[T]. 15474, 2017, 38(4): 190-198.

ZENG J, WANG Y, LI X N, et al. Low-complexity FTN receivers
based on frequency domain iterative decision feedback equalization[J].
Journal on Communications, 2017, 38(4): 190-198.

[ME& &I
Wik (1966— ) , Lo, HIlGKmA, 2HMK
R AT, EEEUT AL
e A S HIAE RS RS A

B (1996 ), A, gyt NN, 2 MR e A, R
WFFTTT ) Do il it v S 20 2 LA T S v (S

2 (1996- O, Ao, M TN, EIREEAE, EE
WEST 7 1) g B PR 2 ST R R e AE 5 S b (K B

RS (1995- O, B, WMEEAON, ZMREmAAE,
BEWFST T 1) g Feh e P9 2% T A0 K AR T S0 v (g 1

g (1979- ), Zr, [, EMREIIE. WA S,
TG TT 18] R AR L B R R 4 DL TR I 2 4T A



	16-190497-hÌ.pdf

