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Introduction

echo cancellation
—> anadaptive filter identifies the echo path
=>» system identification problem

specific problems

-> the echo path can be extremely long

-> the double-talk situation

requirements

- fast convergence® theaffine projection algorithm (APA)

-> robustness to double-ta#® variable step-size (VSS) versions
hints

-> the echo paths agparse in nature=» proportionate APAS

(a small percentage of the impulse response (adjust the adaptation step-size in
components have a significant magnitude  proportion to the magnitude of the
while the rest are zero or small) estimated filter coefficient)




Echo Cancellation
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e Goals

- to recover thenear-enasignal from theerrorof the adaptive filter
=» to cancel theecho

=>» toidentify theecho patiwith the



Proportionate-type APAs (PAPAS)
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Proportionate-type APAs (PAPAS)

e (Classical PAPA
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« “Memory” PAPA (MPAPA) M(n)
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Proportionate-type APAs (PAPAS)
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Fig. 1.(a) Number of multiplications of the classical PABAd MPAPA, as a function
of the projection order. (b) Number of additionglud classical PAPA and MPAPA, as
a function of the projection order. The lengthlof aadaptive filter i = 512.



Variable Step-Size MPAPA
« MPAPA update

~ ~ -1
A (n) = (n-1) 4@ (n) [ XT (n)P'(n) | " e(n)

e Step-size parameter

< - large values=>» fast convergence rate and tracking

@ \9 small values=» low misadjustment and double-talk robustness

conflicting requirements® Variable Step-Size MPAPA/SS-MPAPA)

o

h(n):ﬁ(n—1)+P'(n)[XT(n)P'(n)] e(n)

()= diag{ o () 1 (1) .. p-s(1)}

Ho (n) = ,Ul(n) — .= ,Up—l(n) = U => Fixed step-size MPAPA




Variable Step-Size MPAPA
: a(n) :d(n)

_xT
_e(n)=d(n)-XT

o(n) =[1 5 - () Je(n

e(nN)=0pa 2 n(n)=1, > MPAPAwithy=1

(n)ﬁ (n) —> aposteriori error vector
NP

( )h n—1) -> apriori error vector

5I+1(n) :[l_,ul (n):|Q+1(n) :V(n_l) | =0,1...,p—1

E{vz(n—l)}

E{ e (n)} =E{v2(n-1)} > /J'(n):l_\/ E{ s ()}

@ e(n) =v(n) | wherev(n) = [v(n), v(n—1), ....v(n—p +1)




Variable Step-Size MPAPA
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near-end signal = background noise + near-end Bpeec
v(n) =w(n) + u(n) (double-talk scenario)

_ 2D n) / near-end speech power estimate

Problem: non-stationary character of the speech signal
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Variable Step-Size MPAPA

NIk
IUI() 1@+1(®\/ Q+1 /]UQZ+1( _1)+(1_/])q%rl(n)

J=1-1/KL), with K> 1
I

near-end signal = background noise + near-end Bpeec
v(n) =w(n) + u(n) (double-talk scenario)

_ 2D n) / near-end speech power estimate

Problem: non-stationary character of the speech signal

— ﬂ(n):l_ﬁ(” 1)-62(n-1)

Tq,, ()




Simulation Results

e conditions
-> network echo cancellatioh,= 512
- X(n) = white Gaussian noise or a speech seguence
- w(n) = iIndependent white Gaussian noise sigaiR = 30dB)
= normalized misalignment (dB) 20logq (J|h ~h )|/ ||
—> echo-return loss enhancement (ERLE)

« algorithms for comparisons(p = 4)
- memory improved PAPA (MIPAPA)

A (n-1)

gk(n‘l)zlz_—l_a+(1+ﬂ) T k=0,1,..,L-1
-1za<1 2_2;3“(”‘1)‘+5
|=
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 single-talk scenario
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Fig. 2. Misalignment of the MIPAPA/( = 1 andu = 0.02) and VSS-MIPAPAP = 4 and
white Gaussian input signal.



 single-talk scenario + echo path changes
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Fig. 3. Misalignment of the VSS-APA and VSS-MIPAPR;= 4 and speech input
signal. The impulse response changes at time 2dnds.



e double-talk scenario
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Fig. 4. ERLE of the MIPAPA (= 0.2), VSS-APA, and VSS-MIPAPA? = 4 and speech
iInput signal. Double talk appears between timeS aritl 2.5 seconds; a Geigel DTD is used.




Conclusions

a VSS-MPAPA was developed in the context of ecnacellation

It Is more computationally efficient as comparedhe classical
PAPAS.

the VSS formula does not require any additionahpeeters
from the environment (i.e., non-parametric)

It IS more robust to near-end signal variatioke lllouble-talk

Thank you!



