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Abstract This paper proposes an adaptive blind equalization algorithm for Minimum Mean Squared Error(MMSE). Like RLS algorithm, the
method recursively updates correlation matrix and its inversion according to the matrix inversion lemma, thus ensures convergence and is not
sensitive to initialization. Unlike many subspace methods, the algorithm does not require channel order estimation and it is robust to channel order
mismatch. Fast convergence and online property enable it to be used in real-time communication applications. Simulation results show that the
algorithm has good performance of online equalization.

Key words blind equalization; RLS algorithm; Inter Symbol Interference(IST)

1 2 MMSE
(Inter Symbol Interference,
ISI)
MMSE
(Higher T
- [1-2] ©
Order StatlStICS, HOS) x(n) — z skh(n 7kT)+v(n) (1)
(Second Order Statistics, SOS) k=
SOS Tong St h(n)
[3] SOS v(n) Si
v(n)
0_2
[4] (Minimum Mean Sk x(n) T
Squared Error, MMSE)
x,(n) = x(nT +1i)
h(n) = h(nT +1)
v,(n) =v(nT +1i)
[5] hi(n) i xi(n)  vi(n)
(1
(5] x(m)= 3 sh(n—k)+v,(n), i=01-T-1 )
RLS o
(U0635001)
20dB (60505005, 60674033, 60774094)
OO0 O (1979 )
X(:,n) Matlab
X n 2008-04-01 E-mail acaim@21cn.com

— 30—



N L

T
3Sun-ps1]

h(n) = [y (). 1y (n), -,y ()]

x(n) =[x (m), x, (), xp, (W]

s(n) =[s,,8,4,

3
xy () =[x"(n),x"(n=1),--,x"(n=N+1)]" ®
v(n) = [Vo (}’l),Vl (n)a "Vrfl(n)]T
vy(n) =" ),y (n=1),--,v" (n=N+D]"

Xy (n) = Hs(n)+vy(n) “4)
H e "V Toeplitz
h0) k(1) - h{L) O 0
H-= (,) HO) - h(L._l) (.) : (5)
: : : h(L) 0
0 - 0 A0 - h(L-1) h(L)
84 d
§”,d = g: XxN(n)
d [0, N+L-2] d
MMSE JummsE
Jvinse :E{‘g};xzv(n)*sn-d 2} (6)
8y Wiener-Hopf
E{xy(m)x} ()} g, = E {x,(n)xs(n—d)} 7
E{xy(n)x}j(n)}
E{xy(n)xs(n-d)}=H,
H, H  d+l
(5] H,
R, = E{xy(n+d)x}j(n)
AD =R,R,'R; ~R,,R,'R}., (®)
AD=H, xH! 0)
AD 1 AD
H, AD
H, H, 0 d MMSE
84
g, =R'xH, (10)
3
(10) (5] R
RLS g,(n)
/
R(n)=3A""x,(I+D)x(D), i=0,d,d+1 (11)
=0
R(m)=AR(n-1)+x,(n+i)xy(n), i=0,d,d+1 (12)
R(n), R(n-1) n n-1
W0==A<1)
(10) Ry (n)
P(n)=R;'(n)

[6]

P(n)=A"P(n-1)-1"K(n)xa(n)P(n-1) (13)
K(n) = zlf‘f(n—l)xfé(m (14)
1+ A7 xy (n)P(n—1)x,(n)
(13) (14) P(n)
(8) n AD

AD(n) = R,(n)P(n)R} (n)—R,,,(n)P(n)R.,(n) (15)
AD(n) = H,(n)x H} (n)

H/(n) AD(n)

Hn) AD(n)
H,(n) = AD(n)(;,1)
adap_1 adap 2 H,(n) P(n)
d
g,(n)=P(n)H ,(n)
A (5]
A [0.98, 1]
1
8,(0)=0
R (0)=01
P0)=5"T
1)
(6]
2 (12) (14) (15)
Ri(n), K(n)  P(n)
3 (adap_1)

[U,E,V]=svd(AD)
H,(n)=U(,1)
4 (adap_2) H,(n) = AD(n)(:,1)
5 n d
8,(m)=P(m)H ,(n)

Cramér-Rao

RLS RLS
H(n)

E{xN(n)xs(n—d)}

H,; (n) R;
4)

R =R -0’1

0= (16)
R =R -0J"

1 J 1

1 01 J R;

[4] n ISI

2 2
| £, —max; | £, ()

1SI(n) = 5
max ‘ S (n)‘

amn



f(n)=H"xg,(n) J fy)

E{‘x(n)‘ }
SNR = - (18)

Efvnf'}

16-QAM
(3]
1
d=4 1 adap_1 15 dB,
20 dB, 25 dB N 20

adap 1 IS/ 20 dB
ISI 0.01

1 JAY

2 adap 2 16-QAM

ceWS
P08 ®

° XXX
.| ®
| e ®
1 0 1 4 2 0 2 4
(2) (b)
2
2
adap_1, adap 2 [4]
25 dB 100  Monte Carlo
3 3 ISI
adap_1 adap_2
25dB adap 1  adap 2
200 0.01 ISI adap 2

adap 2
Adap 2
L5 — Adap 1
—&86—  Giannakis

181

3 3 181

25 dB 20
0.01

[1] Tan Hongzhou, Chow T W S. Blind Identification of Quadratic
Nonlinear Models Using Neural Networks with Higher Order
Cumulants[J]. IEEE Transactions on Industrial Electronics, 2000,
47(3): 687-696.

[2] Tan Hongzhou, Chow T W S. Blind and Total Identification of
ARMA Models in Higher Order Cumulants Domain[J]. IEEE
Transactions on Industrial Electronics, 1999, 46(6): 1233-1240.

[3] Tong Lang, Xu Guanghan, Kailath T. Blind Identification and
Equalization Based on Second-order Statistics: A Time Domain
Approach[J]. IEEE Transactions on Information Theory, 1994,
40(2): 340-349.

[4] Giannakis G B, Halford S D. Blind Fractionally Spaced Equalization
of Noisy FIR Channels: Direct and Adaptive Solutions[J]. IEEE
Transactions on Signal Processing, 1997, 45(9): 2277-2292.

[5] Shen Jungiang, Ding Zhi. Direct Blind MMSE Channel Equalization
Based on Second-order Statistics[J]. IEEE Trans. on Signal
Processing, 2000, 48(4): 1015-1022.

[6] Haykin S. Adaptive Filter Theory[M]. 4th Ed. Englewood Cliffs,
USA: Prentice Hall, 1996.



