g

ogoon

goooobood
O0000O0oONLMSOOOODODOooo

[\

00 00000 002000 o0

0000000000 000000 20000000

Block Implementation of a Joint Lattice Predictor and NLMS Algorithm
with a Synchronized Learning Algorithm
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Abstract In order to achieve fast convergence and less computation for adaptive filters, a joint
method combining a whitening process and the NLMS algorithm is a hopeful approach. When
a lattice predictor is used for the whitening process, the reflection coefficients change sample by
sample following the input signal. However, updating the filter coefficients is not synchronized
with the reflection coefficient updating resulting in unstable behavior. We analyzed effects of
this, and proposed the “Synchronized Learning Algorithm” to solve this problem. Asynchronous
error between them is removed, and fast convergence and small residual error were obtained.
This algorithm, however, requires O(M L) computations, where M is an adaptive filter length,
and L is a lattice predictor length. It is still large compared with the NLMS algorithm. In order
to achieve less computation while the fast convergence is maintained, a block implementation
method is proposed. The reflection coefficients are updated at some period, and are fixed during
this interval. Simulation using speech signal shows that a learning curve of the proposed block
implementation a little slower than the our original algorithm, but can save the computational

complexity.
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Table 1  Comparison of computational complex-
ity required within a sampling period
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Modification part of filter coefficients
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rection of filter coeflicients

0000000000000 ¢00000000400
000000000000000000000000
0000000 K(r)0OODOOODOO0O0O0000
w(n)0000000000000000000000
00000000 ¢00000 K(r)DOOODOO
000000 wr)0OOOO0O00000 50000
2300000000000 K(n)OO L+2000
00 MOOOOOOOODOOO0O0O0O0000000
00000000000000 K(r)OOOOOOOO
00000000 LO000000000000000
000 L+10000000000000000000
000000 w(p)0000 K(r)OOOODODOOO
000000000000000000000000
00000000000000000 M+1000
000000 K(r)OODOOODOOOOO000000
000000000000000000000000
0Ooooooo

000000 SO000000000000000
000000S<LOS<MOOOODOD 40000
K(n)0O w(n)00000000000000000
00000000S>MO00000000000
000000000000000000000000

02 0000000O0O00O0O0OO0O0 K(g)OO
oo
Computational complexity of matrix
K (q) with block updating

Table 2

q oo oo

0 L? L?
1,...,L | L?—¢* | L? — ¢?
L+1,... 0 0

03 000O0obOooboobooboooobodg
w(g)0000
Computational complexity of correc-
tion of filter coefficients w(q) with block

Table 3

updating
q 0o 0o
0 L? L?
1,...,L L? +2qL — ¢%/2 | L? +2qL
L+1,...,M—-L-1 3L%/2+¢qL L? +2qL
M~-L,....M—1 |2ML— L?/2 —qL|2ML — L?
M,... 0 0

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000004.00
000000000000000000000
000000000000 ¢00000000 K(g)
000000000000000000000000
002000000000000000000000
00 ¢O000000000000 w(g)000000
000000000000003000002003
00S>MO00000000000000000
00000 K(p)0DOOOO L20000000 w(n)
00000 2ML—-L*000000 (9003000
00000 wr)0O0O0000000 ML+L200
000000000000000000000000
000000000000000000

32 00OO0O0O0OO0ODOOOO

2.000000000000000m0O00DO0O
00 kn(n)Dm—-100000000000000



g6 0OO0O0OO0OOOOOO0O

Fig.6  Double lattice-based structure
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