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Decision of Double-Talk and Time-Variant Echo
Path for Acoustic Echo Cancelation

J. C. Jeng and S. F. Hsieh

Abstract—A new double-talk detection (DTD) method is pro- 0 x(n)
posed for acoustic echo cancelation (AEC) using the iterative max- (1)
imal-length-correlation (IMLC) algorithm. Based on the assump- Gp(n)
tion of uniformly distributed time-variant echo-path-change, we A
develop a simplified likelihood ratio test and plot the detection per- .
formance by a receiver operating characteristic. Computer simula- IMLC haec
tion shows the proposed DTD method is effective in discriminating Method v

double-talk from time-variant echo-path-change. PR - A A

Index Terms—Acoustic echo cancelation, double-talk detection. h

I. INTRODUCTION

DTD
ANDS-FREE conversation is popular in various fields o _;\/(n)
communication such as teleconferencing, video confe

encing, and mobile radiotelephone. However, in those applic e(n) i y(n) ‘/z(”)

tions, the presence of coupling from the far-end signal (lou ® ®<~\v(n)
speaker) to the microphone would result in undesired acoustc

echo and significantly degrade the speech quality. Therefore, Fig. 1. IMLC-DTD AEC structure.

an effective acoustic echo canceler (AEC) is required. AEC

is usually implemented by an adaptive finite-impulse response

filter, and various adaptation algorithms have been suggeste
by many researchers [1]. However, all existing adaptive AE%a

filters share serious problems during “double-talk” when simul; : - .

changing random echo path, because the decision margins are
taneous speech occurs for both near-end and far-end spealﬂers

In this situation, the microphone signal includes the near—enE{“:j_Variant and generally unknown in practice.
. . P P . 9 . . . In this letter, we aim to obtain a new double-talk detection
signal, which acts like a large disturbing noise to the resid

: L . : . f?iﬁ ethod based on the IMLC structure. By the assumption of uni-
ec ho S|g.nal. If the ada.ptlve filter contmue§ t(.) adjust, its coe fbrmly distributed time-variant echo-path-change, we develop
cients will be greatly disturbed and result in intolerable echo.

To overcome the double-talk problem. almost all currenttecﬁ-Simp"ﬁed likelihood ratio test by setting a decision threshold
P ! and plot the detection performance by a receiver operating char-

g:‘?l;zz;tsa%odnogzlﬁ:glrhiie;iztgtrizrfDl\T/lgr?; Zr;?ezgg?ﬁ:;&éﬁgteristic (ROC). Computer simulations confirm that our pro-
[2]-[4] are accomplished by observing the far-end signal, tf?eo sed algorithm outperforms previous DTD methods.
microphone signal, and the residue error, but a critical question Il IMLC-DTD AEC S

is that merely measuring these signals cannot discriminate be- : ) TRUCTURE

tween double-talk and echo-path-change. If echo path change ié typical IMLC-DTD AEC structure is shown in Fig. 1,

mislabeled as double-talk, AEC performance degrades. Thefgere the AEC filter's coefficienth s pc(n), estimated from an
fore, we have proposed the iterative maximal-length correlgy| ¢ method [5], are used to model the room impulse response
tion (IMLC) DTD method. In our previous paper [5], the IMLC ;) petween the microphone and the loudspeaker. The basic
AEC structure is introduced, and the probability density fungy_c method is done by adding a periodic maximal-length
tions (pdfs) of the filter coefficient squared errors are deriveghquence (MLS) [8b(n) with period I and magnitudes to
under double-talk and path-change. This DTD method hasif far-end speech(n), so that the far-end signal becomes
z(n) = s(n) + Gp(n) which is then fed into the loudspeaker.
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I-separated detection margin between double-talk and echo-
h-change if the change is assumed to be large and determin-
tic. However, this assumption is not valid in the case of slowly
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Fig. 2. (a) PDFs ofle||*. (b) ROC curves with different sizesand MLS lengthd..

to z(n) can be avoided. If no double-talk is detectggEc(n) ((02 4+ 02)/G*L)Insxn = <2211¥XM, Wr;ere the room impulse
A : _ . P
is set equal tdh(n). responses are normalized|tf||” = ||h||” = 1 and the differ

. . - 2
Next, based on this structure, we develop a new double-taﬁﬂgiqf |m[|)ul_se ;es?r:)nszf (Dflﬁ]) |st)Fief|nt=,;]d§a.=LtA|f —hll", it
detection that is a simplified likelihood ratio test and is valid in,. viously, in (2), the baIs o the binary hypotheses are quite
the case of random echo-path-change. different. In general, the likelihood ratio decision rule [7] can be

used for DTD as follows:

[ll. SIMPLIFIED LIKELIHOOD TEST AND ROC pi(e) g
Suppose the IMLC algorithm begins from single-talk and has p2(e) 15)

A
converged; then we have\rc(n) ~ h(n). DenoteH; andH> where A denotes some decision threshold. Therefore, in our
as echo-path-change and double-talk hypotheses, respectivglyse, the DTD can be written as

The filter coefficent erroe(n) = }Al(n) — h(n) =~ }Al(n) — 1;1 22
A
haec(n) can be expressed as [5] ||e||2 <V = 2 1_2<2
1 2
1 H:
Hy: = — I —
12 e(n) =[f(n) = h(n)] + L P(R)Ov(n) | <2 . <<_1A> Lty 3m> @
1 G2 1 1
— —h
+ GLp(n)©8(n)*[‘f(n) ()] However, in (3), we find thatn; = f — h cannot be known
1 [ ice. Thus, we are still unable to determine the decision
H, - _L (1) + 1) in practice. , : e the
2:e(n) GLp(n)©[7( )+ o)) ) regions from the observed test statistjied|” to discriminate

wherel < n < M, M is the filter order, andC) and« denote echo-path-changeg/() from double-talk {i5). Next, we will

linear correlation and convolution, respectively. examine the pdfg(|le||”) and find a practical decision rule.
The room impulse response is assumed to change frédhen the ordefV is large, by the central limit theorem, the

h(n) to f(n). Assumeu(n), z(n), and s(n) are Gaussian sufficient statistics|e||* can be approximated as a Gaussian

distributed and mutually independent, with zero means arahdom variable

variancess2, o2, ando?, respectively. The filter error vector ) 1 1 ) )

e = [e(1),e(2),...,e(M)]t under each hypothesis can be Hi:pi(llel”) ~ @)1 770, &P —5galel” =)™ @)

shown to be Gaussian with pdf as ‘ !

1 where 1y = A + M((Ac?+02)/G?’L), o2 =
H;:pi(e)= ————7 2M [(Ao? +02)/G2L]%, = M((c? +02)/G?L),
(27[-)]\,[/2 |K1|1/2 [(2 Og + Uu)/2 ]2 'u; 9 ((Uz + Uu)/ )
1 ando3 = 2M [(02 + 02)/G*L]".
cexp |—=(e' —m)K; (e —my)|, i=1,2 (2 We observe that, ands? can be determined from its pa-
2 rameters@, L, andM, etc.), butu; ando? are functions of the
where mean vectors at@; = f —h = [f(1) — h(1),..., DIR A = ||f — h||*, which is unknown. Fig. 2(a) shows an ex-

f(M) — h(M)] andm,; = 0 and covariance matrices areample of pdfg; (||e||*) andp,(|le||*) with G = 0.15, L = 512,
Ki = ((Ac2+02)/G?L)Iyxm = iluxn andKy = M = 100, 02 = 02 = 1, ando> = 0.0001. Measured room
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responses with reverberation time150 ms are used in our sim-

ulations. We notice that when DIR = 1.3 or 0.3, i.e., in the 0.9

case of significant or slight echo-path-changeando? will be IMLC&DTD (A =0) /
0.8

large or small. Thusp, (||e||2’ A) may be located to the left

or right of py(|le||*) as seen in this plot.

In our previous work [5], we assumed that= 2, and there-
fore p1(||e||*) was always located to the far right-hand side P,
of pa(||e]|*). We now assumgf — h|| is uniformly distributed
over [0, 2]. Thus, the pdf o = ||f — h||” becomesf(A) =
1/(4VA) over [0,4].

Our strategy is to decidél, when|le||® € Ry = [uz —
xo9, 1o + xo2] Wherez is the size controlling the decision in-
terval. Define the probability of detectign, = prob(|le||* €
R, |H,) (if double-talk is true and double-talk is decided) and
the false alarm probabilityr = proh(|le||® € Rq|H)) (if
echo-path-change is true but double-talk is decided). We have

pa2txor 9 9
o = / po(llell”)d el

H2—2x02

Fig. 3. Comparison of the ROC curves with other decision methods.

-4 cpo+To2 9 9
pr = / p(A) / p(lel?)d|le]? da

J U2 —XO02

(3)  forms other methods because the ppifs( ||e||2‘ A= 0) and

p2(|le]]?) will be well separated as seen in Fig. 2(a). The reason
from which the receiver operating characteristic curve (RO the perfect performance of the IMLC method is that IMLC
relating pp and pr can be obtained by choosing differeninethod takes advantage of an auxiliary MLS signal in order to
Sizesw. measure the room response.

IV. COMPUTER SIMULATIONS V. CONCLUSION

Fig. 2(b) shows the curves of versuspp in (5) with dif-  We have presented a new DTD method for the IMLC AEC
ferent sizes:. The pdf of A is f(A) = 1/(4V/A) over [0, 4].  structure. Following a likelihood ratio test of the coefficient
Signalss(n), z(n), andv(n) are white Gaussian, and their paerror and the assumption of uniformly distributed echo-path-
rameters used are as the same as in Fig. 2(a). The MLS magRiange, an ROC curve is plotted and shows the tradeoff of
tudeG = 0.15 (—16 dB) is fixed as a constant, and its lengtkjouble-talk detection probability and false-alarm probability.
Lis Changed from 512 to 4096. Notice that when the deCiSi(PTilom this ROC curve, a decision rule can be used to find a

interval [us — zo2, u2 + zo2] is enlarged by increasing, pp  proper sizer for DTD. Computer simulations show the DTD
andpr increase too. From this ROC curve, the decision probgethod is very effective.

bility pp is readily available by specifying a toleralle. For
example, ifL = 4096, andpr = 0.1 is permitted, then the
sizex = 2, andpp can be assured to be 0.95. It is seen that
o ; . 1]

asl isincreased, i.e., more data are used, the detection perfor[rz]
mance also improves. To simplify our simulations, all signals
are white. The detection algorithm will still work well with real 3]
speech signals. The observed test statiﬂéqjé to discriminate
echo-path-changedi() from double-talk {,) are still quite [4]
different, as discussed in [5].

Now we compare our ROC curve with other methods: the g,
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