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' : Dl SABLI NG TONE DETECTOR

FOR NETWORK ECHO CANCELLER . The present invention rel ates
primarily to network echo cancellers used in t el ephony systens, and
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BACKGROUND OF THE INVENTION

Echo is a phenomena which arises in telephony systems when part of the
speech signal energy reflects back from the impedance mismatches in analog
parts of the telephone network. The typical example is a 4 to 2 wire conversion
in the public switch telephone network (PSTN) subscriber interface.

Every current land-based télephone is connected to a central office by a
two-wire line which suppons transmission in both directions. However, for calls
longer than about 35 miles, the two directions of transmission must be segregated
onto physically separate wires resulting in a four-wire line. The device that
interfaces the two-ﬁire and four-wire segm.ents is called a hybrid. A typical
long-distance telephone circuit can be described as being two-wire in ﬁhe
subscriber loop to the local hybrid, four-wire over the long haul network to the
distant hybrid, and then two-wire to the distance telephone.

Although the use of hybﬁds facilitates long distance speech transmission,
impedance mismatches at the hybrid may result in echoes. The speech of the
speaker A is reflected off the distant hybrid (the hybrid closest to the speaker B)
in the telephone network back toward the speaker A causing the speaker A to
hear an annoying echo of his/her own voice. Network echo cancellers are thus
used in the land-based telephone network to eliminate echoes caused by
impedance mismatches at the hybrids and are typically located in the central
office along with the hybrid. The echo canceller located closest to speaker A or
B is thus used to cancel the echo caused by the hybrid at the other end of the
call.

It is however, generally recommended that the echo canceller should be

‘switched off for connections carrying high-bit rate data traffic with V-series
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communication session. The echo canceller should be disabled if such a tone is
5 transmitted and the echo canceller should not be disabled if a 2100 hertz tone

without phase reversals is transmitted. The characteristics of the disable tone are

defined in the ITU-T recommendation G 165, some of which are as follows.

The tone detector must detect tones in the frequency range of 2079-2121 hertz

~ with periodic phase changes in the range of 155-205°. The tone detector should
10 not detect the tones outside the frequency range of 1900-2350 hertz. In addition,
the tone disabler should not detect phase changes in the tone which are less than

110°. The white noise energy needed to inhibit the detection should not be

gmter' than the energy of the tone. The tone detector should not detect tones

with levels of less than -35db.

15 Detection of a pure sine wave in noise is a classical signal processing

problem with many known solutions. On the other hand, there is not that much

known work on detection of sinewaves with peﬁodical phase reversals.

The

optimal solution for the problem would be to implement a matched filter for the

disabling signal. This would however lead to an algorithm with unacceptably

20  high computational complexity and long processing delay.

The known tone detectors, used in practice, include some form of a phase

locked loop operating on input signals. The output of phase locked loop is then

compared to possibly time-shifted input signals. If no phase reversal is present,

the output of the phase locked loop is close to the input signal. If a phase

25  reversal occurs, the output of the phase locked loop will diverge from the input

signal for a time determined by time constants involved in the phase locked loop.

This difference is then used to detect the phase reversal. A problem with this

solution is that the phase reversal detection is performed on signals which include

out of band noise signals which lowers the probability of a correct detection. If

30 band pass filtering were included in the scheme, it would remove, in addition to
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telephoning system is disclosed. First, a first power estimate is determined from

15  aninput signal. In addition, the input signal is divided into in-phase and
quadrature components. The in-phase and quadrature components are then sub-
sampled and used to determine a second power :stimaté. The first and second
power estimates are compared to determine whether a predetermined tone is
present. When the predetermined tone is detected, the present invention

20  determines whether a phase reversal in the predetermined tone is present by
using the in-phase and quadrature components. When the phase reversal is
detected, the echo cancellers are disabled.

BRIEF DESCRIPTION OF THE DRAWINGS
- These and other features and advantages of the invention will be readily
25  apparent to one of ordinary skill in the art from the following written description,
used in conjunction with the drawings, in which:
Figure 1 illustrates a tone present detector according to one embodiment

of the present invention;
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t he out of band noi se, the sharpness of the phase reversal and the phase

| ocked | oop woul d be able to track the resulting snooth phase change.
This woul d WO92868sult in | ess difference between the i npupCESEPTOMBPUL
signal s and hence worsen the detection. 5 Thus, there is a
need in the art for a tone detector which overcones the deficiencies
of the prior art cited above. SUMVARY OF THE
| NVENTI ON It is an object of the present invention to provide
a tone di sabl er wherein the deficiengies of the cited prior art are

overconme by using a feed forward 10 recelver structure with in-phase and

quadrature channel s F‘i@_ﬁr@%rillhgﬂi’esafr&ﬁ@ﬁ@ discriminktfnk?dnd A0 pPddnPiidRfor;

reversal detection. _
' Figure 3 illustrates a phase reversal detector according to one embodiment

of the present invention; _
Figure 4 illustrates a block diagram of the structure of a tone detector
5  according to one embodiment of the present invention;
' Figure 5 illustrates a flow chart describing the operation of the tone
detector according to one embodiment of the present invention; _
Figure 6 illustrates the amplitude characteristic of the low pass filter; and
Figures 7(a)-(d) illustrate input signals with phase change.

10 3 DETAILED DESCRIPTION
Unlike the prior art, the present invention does not use a phase locked
Ioop in phase reversal detection. Instead, a feed forward receiver structure with
in-phase and quadrature phase channels is used for tone detection. The same low
pass filtered and sub-sampled in-phase and quadrature components are then used
15 to compute a phase estimate of the received tone.
The tone detector can be divided into three main sections: a section for
detecting whether a tone is present; a second section for detecting silence; and a
third section for detecting phase reversals. The section for detecting a tone is
illustrated in Figure 1. The detector 10 detects the sﬁeciﬁed tone while not
20  reacting on speech signals which contain power at 2100 Hz. The input signal S
is sent through two patﬁs. The first path is subjected to a wideband power
calculation in calculator 12 and lowpass filtered which results in a wideband
power P, and the second path is subjected to a narrowband power calculation in
calculator 14 and a lowpass filtered which results in a narrowband power P,. |
25  The narrowband power P, is compared in a comparator 16 with the wideband
power P,. When it is determined that P, > P,, the 2100 Hz tone is considered 10
be present.
If the input signal is a pure tone which is swept in frequency, then the
levels of P, and P, will vary with frequency as is illustrated in Figure 2. The
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If the signal contains tone + noise, then the narrowband P, curve will
only be slightly affected but the P, curve will move upwards significantly. Ata
certain noise level, the detector will cease to detect the tone. This effect will
protect from false detections caused by speech or data signals which may contain

10 2100 Hz, but also contain significant power at other frequencies.

For the silence detector, the wideband power P, is used to detect the
energy in the holding band. When the wideband power P, falls below a
threshold, for example, 34dBmO, the tone detector is released.

The operation of the phase reversal detector is illustrated in Figure 3.

15 Since the input signal frequency may deviate from the nominal frequency of 2100
Hz, the phase angle will vary linearly with time. In order to get an easily
detected signal, the second derivative of the phase angle is used, as will be
further described below. The input signal is quadrature demodulated with a 2100
Hz reference signal to produce a sine and cosine component of the input signal

20 and.the phase angle is calculated in phase angle calculator 18.

A tone detector according to one embodiment of the present invention is
illustrated in Figure 4 and the operation of the tone detector will now be
described with reference to Figure 5. The input signals is split into several
branches when it enters the detector. In one branch, the input signal is applied

25  to a power estimator 22 which computes a power estimate of the incoming signﬁ

s using a recursive formula

P(rn+1D=(-a)Pm +as’(n +1),
were O<a <],



4 ‘ Frgure 2 illustrates frequency discrimnation of the tone

present detector; Figure 3 illustrates a phase reversal
detector according to one enbodi nent of the present invention;
Figure 4 illustrates a bl ock diagramof the structure of a tone g ector 5
accordi ng tWOfi@8ddhodi nent of the present invention; PCT/SES7/001 i gure
5illustrates a flow chart describing the operation of the tone

detector according to one enbodi nent of the present invention;

Figure 6 illustrates the anplitude characteristic of the |ow pass filter;
and Figures 7(a)-(d) illustrate input signals with phase
change. 10 DETAI LED DESCRI PTI ON

Unlike the prior art, the present inventi ol does not use a phase | ocked
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three main sections, a section f.or ) etect.in ether.a tpne is
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not 20  react %@ %ﬁaﬁﬁ{a@%m%ﬁsdﬁ"ﬁm?%dnwﬂb%m@tmﬂw fz. The
| nput si gnal Scomg%%g%dgﬁzweﬁmwm VR sl vald for i iSt6, it Bines

subjected to a w ower _
values satisfy the Nyquist sampling theorem after low pass filtering and are thus

also possible. o
10 The low pass filtering can be easily implemented via summation over
forty-eight sequential samples. The impulse response of such a filter is given by:

Los<st<a7
h() = {O otherwise}

The frequency response of the filter can be found by calculating the Fourier
transform of the impulse response.

0y o = Jjotr . Sin 24 W ~(f470)2
H(e/?) 2.:. h(De ol -e

Thus, the filter has a linear phase characteristic and a lowpass amplitude |

15  characteristic which is illustrated in Figure 6. As illustrated in Figure 6, the
zeros of the amplitude characteristic are placed at multiples of /48 Hz, where f,
is the sample frequency. This corresponds to rectangular window FIR filter
design, which gives a narrow main lobe with relatively high side lobe levels.
Note however that the side lobe level is not a primary concern in the present

20 invention. Since just every sixteenth output sample of the low pass filtered

output signal is required, the summation can naturally be performed using three



calculation«n caleulator 12 and | owpass filtered which results in a

w deband power P[err] and the second path is subjected to a

narr owband power cal culation in calculator 14 and a | owpass filtered
which results in a narrowband power Plerr] 25 The narro 86

Plerr] is cHQEF¥E™ n a conparator 16 with the wi deband mﬂéﬁg%ﬁmer-
Plerr]. Wien it is determned that P[err] > P[err], the 2100 Hz tone is
considered to be present. 1f the i nput signal is a
pure tone which is swept in frequency, then the | evel s of P[err] and
Plerr] will vary with frequency as is illustrated in Figure 2. The
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det ect or bandwisib¥suins edelf ¢caverngy6 mem sanpland The Fefefeneenigng gan h%"%séy ative
gai n of t he “33 aths. If the signal level is increased, both the
Plerr] and P[erge]ne Bwi | | nove upwards in Figure 2 but t he

det ector bandw dt h vdosf(nstiqy= icbsfneastsin/isinf | ow | evel s, the P[err]
value is saturated at threshodc“r_ ing to Plerr] =- 5 33dBnmO.
If the signal contai #Y B&AE =St ggo ‘E%E? he narrowband P[err] curve will

5 The detector then estimates. the power inside a small frequency band

around 2100 Hz using

P 1)=(1-BP () B(Sn  1)+5me1)

where S; and S, are the sub-sampled in-phase and quadrature components,
respectively and 0.> § > 1. The estimated tone power P, has to be compared
10 to the estimated input signal power P,, to determine whether 2 tone is present or
not. The 2100 Hz tone is decided to be present if the following two conditions
are 'simultanedusly met for a predetermined period of time, for example, 260 ms:
1). “Tone power, P, is larger than -33 dBmO; and
2). P, > 0.5P,.
15  The first condition is used to detérniine whether the tone has high enough power
_ to be significant according to the ITU-T G. 165 specification. The second
condition makes sure that the tone has a large enough power compared to the
total signal power to be detected as a pure tone.
If it is determined that a tone is presem, the detector must now determine
20  whether a 180° phase reversal has also occurred. For this purpose, the detector
computes the phase angle of the down sampled signal. In a fixed point
implementation, the arctangent can be easily computed using a Pade

approximation given by

atanx=——5——,—l<X<1
1+0.28x?

25  The phase angle is consequently obtained by



only be slightly affected but the P[err] curve will nove upwards
significantly. At a certain noise level, the detector will cease to
detect the tone. This effect wll protect fromfal se detections
caused by speech or data signals which may contain 10 2100 Hz, but also
cont ai n si gWOX97@8618 power at ot her frequencies. PCT/SERI0130 o
silence detector, the w deband power P[err] is used to detect the

energy in the holding band. Wien the wi deband power P[err] falls below a
threshol d, for exanple, 34dBnO the tone detector is rel eased.

The operation of the phase reversal detector is illustrated in Figure 3. 15
Since the input signal frequency may deviate fromthe nom nal frequency of
2100 Hz, the phase angle will vary8inearly with tine. In order to
get an easily detected signal, the second derivative of the phase
angle is used, as will be furg her agescrl bed bel ow. The input signal
I's quadrature denpdul ated with a ti#f er ence signal to produce
a sine and cosi ne conponent of the i pﬁ%‘oésgnal 20  and the phase angl e
is calculated in phase angle cal guatd_ 180" Ja A tone detector
according to one enbodi nent of the {arésénozsa’\’/en! lon is il lustrated
in Figure 4 and the operation of the tone detector will now be

described with reference to Figure 5. The input signals is split into

sever al branches when it enters the detector. In one branch, the

i nput si gnal Iﬁhaeralmob&!émb@n&tw@‘ﬁme&mmtﬂﬁse?&n%h&hm%ss a power
estimate of the incomng. s a recursive formul a

ng
Plerr](n + 1) Theresult gymppg%y]tbﬁyWeefg{@plaq canpeifuther shifted intathe O<[err] < 1.
interval -180, 180° by adding or subtracting 180° in accordance with the signs of
5 a and b.

For a pure tone, the phase estimate is -a linear function of time given by
d@) = 2m(D -2100)

where 3 is the frequency of the input tone. If a phase reversal is present, the
phase function includes discontinuity which can be detected by differentiating the
10 phase estimate and comparing the result with a threshold. The discontinuity
~ appears as an impulse in the derivative. The first derivative of the phase,
however, includes an unknown constant compbnent 2 =(9-2100) which should be
taken into account in the threshold value. This component is not present in
derivatives of order 2 and higher and thus the second derivative has been chosen
15 for detection purposes but is not limited thereto. The second order derivative
includes two consecutive impulses with opposite polarities when the phase
reversal occurs and is close to O otherwise. If one approximates the
differentiation by the corresponding difference, the height of the impulses relates
directly to the phase change present. The second order difference can be
20 computed as '
d(t) = ¢(t)-24(t-7) + ¢(1-27)
where 7 is the integer base value of the difference operator.
To detect the phase reversal, the detector thus computes a second order
difference of the phase and converts the result into the interval (-180,180)

25  degrees and compares the absolute value of the result with a threshold in
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e nultipliers 24 and 30, are then | ow pass filtered in
| ow pass filters 26 and 32. Finally, the low pass filtered signals 5
sub-sanpled with a factor of min sub-sanplers 28-34. Sub-sanpling of the
i n- phase and quadrature conponents is introduced with the aimto obtain a
conputationally efficient algorithm A suitable value for mis 16, but

ues satisfy the Nyquist sanm®ing theoremafter |ow pass
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the output has two consecutive peaks, separated in time by the base value of the
difference operator. . | ' }

" If the phase of the tone changes by 180 degrees, as illustrated in Figures
7(a)-(b), the first difference, ¢(t) - é(t—f), consists of a constant determined by
the frequency of the tone and a peak with a height of 180 degrees. The second
difference consists of two 180 degree peaks. The constant component is
removed. The second order difference is then compared to a threshold. To
simplify the comparison the second derivative is first converted into the interval
of main values of arc functions, i.e., into (-180, 180) degrees, by adding or
subtracting 360 degrees if required. A further simplification is gained by taking
the absolute value of the second derivative. Thus, only one positive threshold is
required. Note, however, that this is just a simplification of the implementation.
If the value of the second derivative exceeds the threshold at two time instants,
separated by 7, then the phase reversal is decided to be present.

Low pass filtering effects the signal in such a way that the phase jump in
the output of the demodulator is smoothed over severél consecutive samples even
in subsampled signals. To decrease the negative effect of the spread, the second
order difference has to be compared with a large enough base . According to
one embodiment of the present invention,'a base value equal to eight samples can
be used. It will be appreciated by those of ordinary skill in the art that the
present invention can be embodied in othef specific forms without departing from
the spirit or essential character thereof. The presently disclosed embodiments are
therefore considered in all respects to be illustrative and not restrictive. The
scope of the invention is indicated by the appended claims rather than the
foregoing description and all changes which come within the medium range of

equivalence thereof are intended to be embraced therein.

are
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1. A tone detector for controllmg the operanon of echo cancellers in
a telephoning system, comprising:
means for determining a first power estimate of an input signal;
5 means for dividing said input signal into phase and quadrature
components;
means for subsampling said in;phase and quadrature components;
means for determining a second power estimate using said subsampled in-
phase and quadrature components; | |
10 means for comparing said first and second power estimates to determine
whether a predetermined tone is ﬁresent;
means for detecting a phase reversal in said predetermined tone using said
in-phase and quadrature components.

2. A tone detector according to claim 1, wherein a phase inversion of
15 about 155 to 205 degrees occurs in the disable tone signal at intervals of about
420 to 480 ms.

3. A tone detector according to claim 1, wherein said predetermined tone
is approximately 2100 Hz. |

4. A tone detector according to claim 1, wherein said predetermined tone
20  is in a range of 2079 to 2121 Hz.

5. A tone detector according to claim 1, wherein said means for
detecting a phase reversal comprises:
means for determining a higher order derivative of said phase estimate;
means for converting said derivative into a first value in an interval
25  between -180, 180 degrees; |

. This Sheet Has Been Replaced




7 sub-suns each covering 16 sequential sanples. The reference tone

can be easily gener ated using cosf(n+l) =

cosf ncosf - si nf nsi nf qu (n+1) = sinfncosf+cosfnsinf 5

The detector_then estimates power inside a small frequ ,wgo
around 2100 Y9 %2881y “","Lumu"" ,H Efifes?

2 P[err]( mi mrr](n) +[err](n+
D+s[err](n + 1)) where .S[err] d‘nd "S[érr] are the sub-sanpled

I n-phase and quadrat ure conponents,. respectively and 0 > [err] > 1.
The estinmated tone power Plerr] has to be conpared 10 to the estinmated

I nput signal power P, to determ ne whether,a tone is present or not .
The 2100 Hz tone is decided to be present 'llf the followi ng two conditions
are simultaneously g vafile! dtdaidf firki vHRue Wit a SRR, 260
ns: 1). or?g&bgov\'gé, [ag‘rd'sfalﬁ{sé Iareger thém - ?? dBnG, and

2). Pl[err] > 0. %alt¥ er ddterhiine thElpresencesof tho phidseireversat used to determni ne

whet her the tone has hi gh enough power to be significant according to
the ITU-T G 165 specification. The second - condi tion nmakes sure that
the tone has a | argegenousi defisrr acevmding esiclaim Sheherein said kighdr csdegnal power
to be detected as_a pure tone. If it is determned that a tone
i s present, thed%‘taé‘t{?b"ra sesopd Qulfr def¥Ai¥ene 20  whether a 180 phase
reversal has also occurred. For this purpose, the detector conput es
t he phase angle of the down sanpled signal. In_a fixed poin
i npl enent at iSon, the @r ch dongaietectonacensding 4o clpire §npherein Mﬁgeshdﬂ’a‘(ajé'e Is
132.5 degrees.
8. A method for the detection of a disabling tone in an echo canceller

in a telephoning system, comprising the steps of:
determining a first power estimate of an input signal;
10 dividing said input signal into in-phase and quadrature components;
sub-sampling said in-phase and quadraiure components;
determining a second power estimate using said sub-sampled in-phase and
quadrature components;
comparing said first and second power estimates to determine whether a
15 .predetermmed tone is present; -
detecting a phase reversal in said predetermmed tone using said m—phase

and quadrature components.

9. A method according to claim 8, wherein a phase inversion of about
155 to 205 degrees occurs in the disable tone signal at intervals of about 420 to
20 480 ms. '

10. A method according to claim 8, wherein said predetermined tone is

approximately 2100 Hz.

11. A method according to claim 8, wherein said predetermined tone is
in a range of 2079 to 2121 Hz.



approxi mati on gi ven by [err]

( 25 The phase angl e_Ls_c.o.n.saq-ue-nH-g—
obt ai ned by WO 97/ THIG SHEET HAS BEEN |
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12. A method according to claim 8, wherein said step of detecting a
phase reversal comprises the steps of: ,
determining a higher order derivative of said phase estimate;
- converting said derivative into a first value in an interval between -180,
5 180 degrees;
corhparing an absolute value of said first value with a threshold value to
determine the presence of the phase reversal.

13. A method according to claim 12, wherein said higher order
derivative is a second order derivative.

10 14. A method accofding -tn-: claim 12, wherein said threshold value is
132.5 degrees. ' '
Illsiiifltfiii|fem|ieilaced




where a and b are the current quadrature and in-phase conponent
respectively. The result obtained by the above formul as can be
further shifted into the interval -180, 180[err] by adding or
subtracting Is¥lsapgdisi N accordance with the signs of 5 a £97/00130
For a pure tone, the phase estimate is a linear function of time given by
[err] where [err] is the frequeniys of the input tone. If a phase
reversal is present, the phase function includes discontinuity which
can be detected by differentiating the 10 phase estimte and conparing
the result with a threshold. The discontinuity appears as an i npul se
in the derivative. The first derivativelgi.the phase, however ,

i ncl udes an unknown constant conp onent /Kﬁfr{([err]-Z 1 00) which should
be . taken into account in the threshold value. This conponent is not
present in derivatives of order 2 and higher and thus the second
derivative has been chosen 15 j ONn pur pose Obut is not linited
t hereto. The second order deri nésudes consecutive

i mpul ses wi th opposite pol gt reversal occurs and
is close to O otherw se. | differentiation by

the correspondi ng differenge, g at es

directly to the phase, change present{2 The secon j 2l ence {@#F be 20
comput ed as s ' - et JARESERTT])
+ [err](t-2r) where Jerr] is the inte the difference
oper ator. To et ef , the detector thus

phase alfl converts the
défyrees and conpares the
1 d In

conputes a second order
result into the interval (- 18
absol ute value of the result

4
Fig 2
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conparator 46. In one enbodinent, the threshold value is set to 132.5[err],
i.e., wo¥r8e3n val ue of 110 and 155[err]. The phase &ﬁ*ﬁ&@ﬁtngp
decided to be present if t he output has two consecutive peaks
separated in tinme by the base val ue of 244he di fference operator. 5
| f the phase of the tone changes by 180 degrees, as illustrated in Figures

7(a)-(b), the first difference, [errhﬁg&z ‘;Frr](t-[err]), consists of a
y

constant determ ned by the fre the tone and a peak with a

- hei ght of 180 degrees. .The second di fference consists of two 180
degree peaks. The kBt conmponent is renoved. The second order
difference is then coppared to a threshold To 10 S|an|fy the conparison
the second derivativeis first T I mai n

UTTV c U

val ues of arc f yhsg : lﬂPQﬂ&ﬂﬂBO Dr
subtracting 360 degr-' ui 1 eg ned by
t aki ng d / one
positive threst required. Note, howey - j st a
sinplification ¢f t he |nplener nd

kf the
| dzRtpowER t |

cosft
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separated by [err]y then the phase reversal is decided to be present.

Low pass filtering effects the signal in such a way that the phase junp in
t he out put of the denodul ator is snoothed over several consecutive sanples
even i.n_subsanpl ed signals. To decrease the negative effgﬁﬁgeﬁ t he
spread, the¥RIHE20 order difference has to be conpar ed™&F 2r ge
enough base [err]. According to ' gzg enbodi nent of the present
invention, a base value equal to eight npl es can be used. I t
wi |l be appreciated by those of ordinary skill in the art that the

present invention can be enbodied in o r sppeific forms wthout departing
from the spirit or essential ch atgr ﬁereof. The presently

di scl osed enbodi nents are 25 therefore considered in all respects to be

illustrative and not restrictive. The scope of the invention is
i ndi cated by the appended clains ra erwﬁ@ﬁ? th f or egoi ng
description and all- changes which cRoe n t medi um r ange of

equi val ence thereof are intended to be entraced therein.

10 CLAI V5 5 1. A tlone detector for controlling the
operation of echo cancellefs 1n a tel ephoning
DETERMINE A
FIRST POWER ESTIHATE

OIVIDE SIGNAL INTO
IN-PHASE AND
OUADRATURE COMPONENTS

SUB-SAMPLE THE
| IN-PHASE AND
QUADRATURE COMPONENTS

DETERMINE A
SECOND POWER ESTIMATE
YSING SAMPLED CONPONENTS

COMFPARING THE
FIRST AND SECOND
POWER ESTIMATES

DETECTING A
PHASE REVERSAL

( o )



system conpri'sing: ° means for determining a first power
estimate of an .i nput signal; nmeans for dividing said in-phase
signal into phase and quadrature conponents; means for
subsanpling said in-phase and quadrature conponents; 10 means
for determ ning a second power estimate using said subsanpled in-phase and
guadr at ure CcoWoBEIEE means for conparing said E&sﬁin@gﬂ
second power estimtes to determ ne whet kg a predeternlneJ' eis
present; means for detecting.a phase reversal in said
predeterm ned tone using said in-phase 15 and quadrature conponents.

2. A tone detector according to clalgkl whegei n a phase inversion of about
155 to 205 degrees occurs in dgm:s | e tone signal at intervals of
aboyt 420 to 480 ns. 20 A tone detector according to claim
1, wherein said predeternlned tone is apprOX|nater 2100 Hz.

4. A tone det ect o xpeeoretReg—io +—rwire aopredetern ned tone i s
in a range px 2079 to 2121 FE. 25 - 5. A tope detector
according to cl &i’ArA, wherein said means for detecting a phase

reversal conprisgst means for determ ning a highgr order
derivative of a gﬁas- P ¢ B means for conver{ing said

hi gher orderggleriggat} vie if 1 sakuye in an interval 30 -4 between

- 180, 180 degrees

'40 5 : ! |
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11 fi'ﬁi aring an absolute value of said first val ue
Ly e

eterm ne the presence of the phase

e det ect or accordi ng _ |m5 wher ein

said hi gher order der| vative is a second order }
7. A tone detector according to claimb5, wht®ein sai : Va:uy S
132. 5 degrees. 8. A nethod for the¢ & $eg" of a
di sabl i ng toneQLAIMS:echo cancel | er in a tel epfohi % M
conprising the steps of determining a §il power estifmfe of
an i nput signal; - , -
v
5 : 1. A tone detector for control]mg the operauon of echo cancellers matclephomng

system, compnsmg _ _
‘means for determining a first power estimate of an input signal;
means for dividing said in-phase signal into phase and quadrature com_ponenis;
means for subsampling said in-phase and quadrature components;
10 means for determining a second power estimate using said subsampled in-phase and
quadrature components; '
means for comparing sa1d first and second power estimates to determine whether a -
predetermined tone is prcscmt, '
means for detecting a phase reversal in said predetermined tone using said in-phase
15  and quadramire components.

2. A tone detector awordmg to claim 1, whcrem a phase inversion of about 155 to
205 degrees occurs in the disable Tone signal at intervals of about 420 to 480 ms.

20 3. A tone detector according to claim 1, wherein said predetermined tone is
approximately 2100 Hz.

4. A tone detector according to claim 1, wherein said predetermined tone is in a
range of 2079 to 2121 Hz.
25 '.
S. A tone detector according to claim 1, wherein said means for detecting a phase
reversal compﬁses: '
means for determining a higher order derivative of a phase estimare;
means for converting said higher order derivative into a first value in an interval
30 between -180, 180 degrees;



10 dividing said input signal into in-phase and quadrature
conpopents; ———stub--safpt i ng said i n-phase and quadrature

conmponent s; Lning a second power estimate using said
sub-sanpl ed | np“’ﬁ“lmml H E(Lﬂyagr ature conponents;
conparing said fiRSte «power estimates to determ ne whether a 15

predeterm ned tone is present; detecting a phase reversal in
said predeterm ned tone using said i n--phasé2 and quadrature

conponents. ., 9. A nethod according to claim8, wherein a
phase inversion of labdgacthod according tp ¢lajnre; whersin saidstepcef fetecting 3 phaseireversile
tone signal alcomplitds\id geglofabout 420 to 20.. 480. ns.. -10. A
met hod according to claim@8, wherein said predetermned tone is

appr oxi mat el y 2100d¢termining a higher order derivative.ofia phash estimsate;or di ng to cl ai m 8,

wherein sai d predepgiutiiGda Wifhe! Grder derivative T a TR VGO bn £ 5D bétwaen 1o,
5 180 degrees; I . ' -
' comparing an absolute value of said first value with a threshold value to determine

the presence of the phase reversal.

13. A method according to claim 12, wherein said higher order derivative is a
10 - second order derivative.

14. A method according to claim 12, whetein said-threshold value is 132.5 degrees.
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{57) Abstract

A method and apparatus for determining when an echo canceller should be disabled in a telephoning system is disclosed. First, a
first power estimate is determined from an input signal. In addition, the input signal is divided into in-phase and quadramre components.
The in-phase and quadrature coniponents mthmwb—wnpleda:dusedmdewnnmeasecondpowerunmﬂz. The first and second
power estimates are compared (o determine whether a predetermined tone is present. When the predetermined tone is detected, the present
invention determines whether a phase reversal in the predatermined tone is present by using the in-phase and quadrature components. When

the phase reversal is detected, the echo cancellers are disabled.
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