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(7) ABSTRACT

An echo cancellation device relies on the known character-
istics of the sync frame to monitor, update in an off-line
fashion and determine the accuracy of an echo canceller in,
for example, a modem, such as an ADSL modem. Specifi-
cally, time domain samples are read from the transmit (Tx)
and receive (Rx) paths of the modem. These samples are
stored in memory. When the sync frame has received a
predetermined number of the same Tx samples and Rx
samples, the samples are stored. Running averages, over the
sync frames, of the TX and RX samples are maintained.
These averages are subtracted from a sync frame of samples,
to allow LMS updating of the echo canceller taps, free of
extraneous signals. Updating, i.e., tracking of changes in the
echo channel, is done for the echo canceller in an off-line
fashion. The coefficients for the in-line version are updated,
while the off-line version is updated over several sync
frames. Periodically, the performance of the off-line version
is compared with the in-line version. The coefficients of the
in-line version are replaced by those of the off-line version
only if it is determined the off-line version, which is tracking
echo channel changes, has better performance. After
replacement of the in-line coefficients, the off-line tracking

Int. CL7 oo HO04B 3/20 is continued in the off-line version.
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SYSTEM AND METHOD FOR THE APPLICATION
OF AN LMS METHOD TO UPDATING AN ECHO
CANCELLER IN AN ADSL. MODEM

FIELD OF THE INVENTION

[0001] This invention relates to a telecommunications
environment. In particular, this invention relates to reducing
echo in a telecommunications environment.

BACKGROUND OF THE INVENTION

[0002] In DSL technology, communications over the local
subscriber loop between the central office and the subscriber
premises is accomplished by modulating the data to be
transmitted into a multiplicity of discrete frequency carriers
which are summed together and then transmitted over the
subscriber loop. Individually, the carriers form discrete,
non-overlapping communication subchannels of limited
bandwidth; collectively, they form what is effectively a
broadband communications channel. At the receiver end, the
carriers are demodulated and the data recovered.

[0003] The data symbols that are transmitted over each
subchannel carry a number of bits that may vary from
subchannel to subchannel, depending on the signal-to-noise
ratio (SNR) of the subchannel. The number of bits that can
be accommodated under specified communication condi-
tions is known as the “bit allocation” of the subchannel, and
is determined for each subchannel in a known manner as a
function of the measured SNR of the subchannel and the bit
error rate associated with it.

[0004] The SNR of the respective subchannels is deter-
mined by transmitting a reference signal over the various
subchannels and measuring the SNR’s of the received
signals. The loading information is typically determined at
the receiver, or “local” end of the subscriber line, ¢.g., at the
subscriber premises, in the case of transmission from the
central office to the subscriber, and at the central office in the
case of transmission from the subscriber premises to the
central office, and is communicated to the other “transmit-
ting,” or remote end, so that each transmitter-receiver pair in
communication with each other uses the same information
for communication. The bit allocation information is stored
at both ends of the communication pair link for use in
defining the number of bits to be used on the respective
subchannels in transmitting data to a particular receiver.
Other subchannel parameters such as subchannel gains, time
and frequency domain equalizer coefficients and other char-
acteristics may also be stored to aid in defining the subchan-
nel.

[0005] Information may, of course, be transmitted in either
direction over the subscriber line. For many applications,
such as the delivery of video, Internet services, etc., to a
subscriber, the required bandwidth from the central office to
the subscriber is many times that of the required bandwidth
from the subscriber to the central office. One recently
developed service providing such a capability is based on
discrete multitone asymmetric digital subscriber line (DTM
ADSL) technology. In one form of this service, up to 256
subchannels, each of 4312.5 Hz bandwidth, are devoted to
downstream, from central office to subscriber premises,
communications, while up to 32 subchannels, each also of
4312.5 Hz bandwidth, provide upstream, from subscriber
premises to central office, communications. Communication
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is by way of frames of data and control information. In a
presently used form of ADSL communication, 68 data
frames and one syncronization frame form a superframe that
is repeated throughout the transmission. The data frames
carry the data that is to be transmitted and the syncronization
frame, or sync frame, provides a known bit sequence that is
used to syncronize the transmitting and receiving modems
and that also facilitates determination of transmission sub-
channel characteristics such as signal-to-noise ration (SNR),
and the like.

[0006] In providing upstream and downstream channels,
ADSL modems divide the available bandwidth of the sub-
scriber loop in one of two ways, frequency-division multi-
plexing (FDM) or echo cancellation. Frequency division
multiplexing assigns one set of subcarriers for upstream data
and a different set of subcarriers for downstream data. The
downstream path is then divided by time-division multiplex-
ing into one or more high-speed channels and one or more
low-speed channels. The upstream path is also multiplexed
into corresponding low-speed channels.

[0007] Echo cancellation assigns the upstream band to
overlap the downstream, and separates the two by means of
local echo cancellation, a technique well known in V.32 and
V.34 modems. With either technique, ADSL splits off a 4
kHz region for basic telephone service at the DC end of the
band.

SUMMARY OF THE INVENTION

[0008] The systems and methods of this invention rely on
the known characteristics of the sync frame to monitor,
update in an off-line fashion and determine the accuracy of
an echo canceller in, for example, a modem, such as an
ADSL modem. Specifically, time domain samples are read
from the transmit (Tx) and receive (Rx) paths of the modem.
These samples are stored in memory, such as registers.
When the sync frame has received a predetermined number
of the same Tx samples and Rx samples, the samples are
stored into an array. Running averages, over the sync frames,
of the TX and RX samples are maintained. These averages
are subtracted from a sync frame of samples, to allow LMS
updating of the echo canceller taps, free of extraneous
signals.

[0009] Updating, i.c., tracking of changes in the echo
channel, is done for the echo canceller in an off-line fashion.
The coefficients for the in-line version are updated, while the
off-line version is updated over several sync frames. Peri-
odically, the performance of the off-line version is compared
with the in-line version. The coefficients of the in-line
version are replaced by those of the off-line version only if
it is determined the off-line version, which is tracking echo
channel changes, has better performance. After replacement
of the in-line coefficients, the off-line tracking is continued
in the off-line version.

[0010] These and other features and advantages of this
invention are described in or are apparent from the following
detailed description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The embodiments of the invention will be
described in detail, with reference to the following figures
wherein:
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[0012] FIG. 1is a functional block diagram illustrating an
exemplary echo canceller according to this invention;

[0013] FIG. 2 is a flowchart outlining an exemplary
method for monitoring and updating an echo canceller
according to this invention, and

[0014] FIG. 3 is a flowchart outlining an exemplary
method for determining the accuracy of an echo canceller
according to this invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The exemplary embodiments of this invention will
be described in relation to the application of the invention to
an ADSL transceiver environment. However, it should be
appreciated that in general the systems and methods of this
invention will work equally well for any telecommunica-
tions environment having a known extraneous signal.

[0016] An exemplary digital echo canceller is realized as
a 192 tap long finite impulse response (FIR) filter. However,
it is to be appreciated that the system and methods of this
invention will work equally well with any echo cancellation
type filter or device.

[0017] The echo canceller serves to remove echo from the
received sequence by subtracting an estimate of the trans-
mitter signal (Tx) from the received signal (Rx). This results
in a received signal without echo (Rx") in accordance with:

Rx, = Rx — Echogimare = Rxn, — Z Taps, - T,
X

[0018] Where Rx, is the nth received sample, Tx, is the
nth transmitted sample, and Taps, is the kth digital echo
canceller (DEC) tap. The echo free sequence Rx', is then
passed along for further non-DEC related processing.

[0019] The initial settings for the taps are obtained during
an initialization stage of the modem by using an impulse.
For example, a single unity sample can be transmitted, and
the echo directly measured therefrom.

[0020] During showtime, the taps can be trained and/or
updated based on a least mean squares (LMS) algorithm. For
LMS, in general, if w; are the coefficients of an N-taps
adaptive FIR filter, x; is the ith input signal sample and y; is
the ith filter output sample, these are related as:

Yi= ij'xi—j

[0021] The LMS algorithm for updating (adapting) the
coefficients of the adaptive filter can be represented as:

i+ D)= (m)+p-g,-Xpyk=0...Ne, =a, -y,

[0022] Where ., is the desired filter output for sample n,
wy(n) are the filter coefficients used to produce the filter
output sample n and w,(n+1) are the updated coefficients to
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be used to produce the (n+1)th output sample. This formula
can be rewritten in vector form as:

Wil = W+ & Ty

w1 w1 Xn

w2 w2 Xn-1
= F gy

TN Ips1 TN Iy An-N

[0023] Now applying this to the case of an adaptive digital
echo canceller, the input signal x is the transmitted signal Tx,
o 1s the taps of the filter and y is an estimate of the echo.

[0024] w=Taps
[0025] x=Tx
[0026] y=Echo

estimated

191

Echoestimared = Z TaPSk Tty
k=0

[0027] In order to determine the error, €, the estimated
echo is subtracted from the measured echo in accordance
with:

e=Echo —Echo,

‘measured estimated>

[0028] where it is seen that Echo, ., ..q 1 the desired
response, a, from above. The reception Rx, however will
contain not only the echo, but also a strong far end signal
component, and so unmodified, it is not a good choice for
Echo,,., ueq- The far end component should be removed
from Rx, before using it as Echo,, . ..q> 1O give best
performance of LMS. It is removed by exploiting the fact
that for ADSL, the far end signal will be known for each
sync frame. An estimate of its contribution in Rx, is thus
obtained via an average, over sync frames, (Rx, ) of the
reception. Therefore, the desired DEC output is formed
according to:

Echomeasurean = Rxn — (Rx)

[0029] The resulting equation for the updating of the
coefficients of echo canceller is:

= T+
Tapsay Tapsy
—— (Echo. - Echog; = —— +
w Tx ( 'measured estl.mated) TapsnT

no (R T

[0030] where u is the LMS step size, which governs
convergence speed, excess coefficient error. The LMS coef-
ficient u is implemented as a right shift of the Tx*error.
Thus, the algorithm for updating the digital echo canceller
taps is:
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Tapsnsq = Taps, * Tx (RXH_ (R - TaPSnT ) Tx )
[0031] If the Tx signal is random, averaging of the recep-

tion <Rx> over several sync frames will leave only the
contribution of the far-end (periodic) sync frame signal, as
intended. However, the Tx signal may contain a pilot tone
component which would then also have contribution in
<Rx>. Therefore, when <Rx> is subtracted from Rx, the
pilot component of the echo is removed. If not modified, the
update algorithm above takes the form in the presence of a
Tx pilot as:

Tapsy; | Tapsy + [ Tx -Pilot ]

({Rxn + Pilot_echo} (Rx + ) - m [W] )zmu_shiﬂ(*)

[0032] If Tx contains a pilot tone component, it is best to
subtract it from Tx before applying the update algorithm
above. The algorithm then becomes:

_— - —— 4
Tapsn+1 TaPSn

i . o~mu_shift
[?-Pﬂot](Rxn-(RX)-m [W])Zmus )

[0033] In an exemplary embodiment based on the 918
chipset, the 918 chipset provides the capability of reading
current time domain samples from the Tx and the Rx path
with the use of ‘shadow registers.” Registers F4 and F5 in
this exemplary embodiment are updated with arriving Tx
samples and registers F6 and F7 with Rx samples. When the
sync frame is being received, e.g., frame 67 in ADI code,
200 consecutive Tx samples and then 8 consecutive Rx
samples are collected in an array [Txy, . . . , TX500, RXg, - -
.» Rx,]. Thus, the collected Rx samples are the same samples
of the received reference DTM frame, n through n+7.

[0034] In particular, the last eight Tx samples can be used
to extract the pilot tone from the transmitted signal. These
samples are averaged over a large number of frames. The
averaged samples of one pilot period <TxX,q,, . . ., TX500>
are subtracted from the entire Tx array. For each of the eight
Rx samples the echo is determined and subtracted from the
signal. These ‘echoless’ samples are then used to update the
average of the Rx signal —<Rx,-Rx,>.

[0035] After the Tx and the Rx data is collected and
averages determined, all the necessary digital echo canceller
tap update information is available. The difference in propa-
gation delays between the echo and echo estimate leaves the
first eight taps of the exemplary echo canceller unused
(equal to zero). This makes possible for multiple updates of
the echo canceller taps with a single set of data from one
sync frame. More updates could be realized if the collection
of Tx and Rx samples was performed in parallel.
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[0036] The error signal is determined in accordance with:

192
[Rxn —(Rx) — Z Taps,, - Txn
k=0

[0037] This signal is useful to monitor the quality of
current digital echo canceller taps. Ideally, this error con-
tains only channel noise. An exemplary embodiment of the
invention monitors the average of the error, the average of
the absolute value of the error and the minimum and the
maximum errors.

[0038] The exemplary digital adaptive echo canceller can
then be coded as a background task in showtime. This
exemplary task is active for, for example, 200 superframes,
unless interrupted by, for example, frequency domain equa-
tion updates. Specifically, the code for the adaptive digital
echo canceller algorithm is placed in Swap B. Hardware
read functions also reside in Swap B although they are called
from code placed in Swap A. This allowed some memory
savings. As a result only about 50 words of memory from
Swap A are used in this exemplary embodiment.

[0039] FIG. 1 illustrates an exemplary echo cancellation
device 100 according to an embodiment of this invention. In
particular, the echo cancellation device 100 comprises an
I/O interface 110, a controller 120, memory 130, a sync
frame detection device 140, an accuracy determination
device 150, a comparison device 160, an echo canceller 170
and a tracking echo canceller 170, all interconnected by link
5. The echo cancellation device 100 is also connected to a
modem 200, such as a CO modem, CPE modem, DSL
modem, ADSL modem, or the like, or into one or more
additional modems via link 5.

[0040] The memory 130 can be any memory device, such
as a register, a shadow register, or the like. Furthermore, the
links 5 can be a wired or a wireless link or any other known
or later developed element(s) that is capable of supplying
electronic data to and from the connected elements.

[0041] While the exemplary embodiment illustrated in
FIG. 1 shows components of the echo cancellation device
collocated, it is to be appreciated that the various compo-
nents of the echo cancellation device 100 can be located at
distant portions of a distributed network, such as a local area
network, a wide area network, an intranet and/or the Inter-
net, or within a dedicated echo cancellation device. Thus, it
should be appreciated that the components of the echo
cancellation device 100 can be combined into one device,
such as a modem, or collocated on a particular node of a
distributed network. As will be appreciated from the fol-
lowing description, and for reasons of computational effi-
ciency, the components of the echo cancellation device 100
can be arranged at any location, such as within a general
purpose computer, within a distributed network, integrated
into a modem, or linked to a modem, without affecting the
operation of the system.

[0042] In operation, the modem 200 receives and/or trans-
mits data in the form of frames including a sync frame. As
previously discussed, the characteristics of the sync frame
are known. The receipt of this sync frame is detected by,
with the cooperation of the I/O interface and the controller
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120, the sync frame detection device 140. Upon detection of
a received sync frame, the echo cancellation device 100
begins path sampling of data within the sync frame. These
samples are then stored, with the cooperation of the con-
troller 120 and the I/O interface, in the memory 130. Next,
with the aid of the controller 120, the samples stored in the
memory 130 are read and a determination is made whether
to enter a measurement mode.

[0043] If the echo cancellation device 100 is not to enter
a measurement mode, the tracking echo canceller 180 is
updated with a modified set of coefficients that allow the
echo canceling filter to reduce the echo in the signal.

[0044] Alternatively, if the echo cancellation device 100 is
to enter the measurement mode, the accuracy of the echo
canceling filter in both the tracking echo canceller 180 and
the echo canceller 170 are determined. Specifically, an
extraneous signal is subtracted from the received sample
signal. Furthermore, an estimate of the echo is subtracted
from this extraneous signal. This results in an estimate of the
error. The error of the echo canceller 170 and the tracking
echo canceller 180 are then compared. If the accuracy of the
tracking echo canceller 180 is more accurate than that of the
echo canceller 170, the echo canceller 170 is updated by
downloading, for example from memory 130, new coeffi-
cients for the echo cancellation filter.

[0045] However, if the echo canceller 170 is more accu-
rate than the tracking echo canceller 180, the coefficients of
the echo cancellation filter are unchanged and monitoring of
the echo and the received signal continues.

[0046] FIG. 2 illustrates an exemplary method for deter-
mining and updating an echo canceller in accordance with
one embodiment of the invention. In particular, control
begins in step S100 and continues to step S110. In step S110,
a transmitted and/or received sync frame is detected. Next,
in step S120, path sampling is initiated. Then, in step S130,
the samples are stored in memory. Control then continues to
step S140.

[0047] In step S140, the samples are read into memory.
Next, in step S150, a determination is made whether to enter
a measurement mode. If a measurement mode is to be
entered, control continues to step S170, otherwise, control
jumps to step S160.

[0048] Instep S160, the tracking echo canceller is updated
and control returns to step S110.

[0049] In step S170, the accuracy of the tracking echo
canceller is determined. Next, in step S180, the accuracy of
the current echo canceller is determined. Then, in step S190
the accuracy of the current echo canceller is compared to the
tracking echo canceller. Control then continues to step S200.

[0050] In step S200, a determination is made whether the
tracking echo canceller is more accurate than the current
echo canceller. If the tracking echo canceller is more accu-
rate, control continues to step S210. Otherwise, control
jumps to step S220.

[0051] In step S210, the current echo canceller is updated
with the echo canceller filter coefficients of the tracking echo
canceller. Control then continues to step S220.

[0052] In step S220, a determination is made whether to
continue monitoring the performance of the echo canceller.
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If continued monitoring is desired, control returns to step
S110. Otherwise control continues to step S230 where the
control sequence ends.

[0053] FIG. 3 illustrates an exemplary method of deter-
mining the accuracy of an echo canceller in accordance with
one embodiment of the present invention. In particular,
control begins instep S300 and continues to step S310. In
step S310 the extraneous signal is extracted from the
received sample signal. Next, in step S320, an estimate of
the echo is subtracted from the extraneous signal resulting in
an estimate of the error. Then, in step S330, an echo
canceller update is determined based on the product of a step
size, an error and a vector of samples across the echo
canceller for which the echo estimate was determined.
Control then continues to step S340 where the control
sequence ends.

[0054] As shown in FIG. 1, the echo cancellation system
can be implemented either on a single program general
purpose computer, a modem, such as a DSL modem, or a
separate program general purpose computer having a com-
munications device. However, the echo cancellation system
can also be implemented on a special purpose computer, a
programmed microprocessor or microcontroller and periph-
eral integrated circuit element, an ASIC or other integrated
circuit, a digital signal processor, a hardwired electronic or
logic circuit such as a discrete element circuit, a pro-
grammed logic device such as a PLD, PLA, FPGA, PAL, or
the like, and associated communications equipment. In
general, any device capable of implementing a finite state
machine that is capable of implementing the flowchart
illustrated in FIGS. 2-3 can be used to implement an echo
cancellation system according to this invention.

[0055] Furthermore, the disclosed method may be readily
implemented in software using object or object-oriented
software development environments that provide portable
source code that can be used on a variety of computer,
workstation, or modem hardware platforms. Alternatively,
the disclosed echo cancellation system may be implemented
partially or fully in hardware using standard logic circuits or
a VLSI design. Other software or hardware can be used to
implement the systems in accordance with this invention
depending on the speed and/or efficiency requirements of the
systems, the particular function, and a particular software or
hardware systems or microprocessor or microcomputer sys-
tems being utilized. The echo cancellation system and
methods illustrated herein however, can be readily imple-
mented in hardware and/or software using any known or
later developed systems or structures, devices and/or soft-
ware by those of ordinary skill in the applicable art from the
functional description provided herein and with a general
basic knowledge of the computer and telecommunications
arts.

[0056] Moreover, the disclosed methods can be readily
implemented as software executed on a programmed general
purpose computer, a special purpose computer, a micropro-
cessor, or the like. In these instances, the methods and
systems of this invention can be implemented as a program
embedded in a modem, such a DSL modem, as a resource
residing on a personal computer, as a routine embedded in
a dedicated echo cancellation system, a central office, the
CPE, or the like. The echo cancellation system can also be
implemented by physically incorporating the system and
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method into a software and/or hardware system, such as a
hardware and software systems of a modem, a general
purpose computer, an ADSL line testing device, or the like.

[0057] 1t is, therefore, apparent that there is provided in
accordance with the present invention, systems and methods
for echo cancellation. While this invention has been
described in conjunction with a number of embodiments, it
is evident that many alternatives, modifications and varia-
tions would be or are apparent to those of ordinary skill in
the applicable arts. Accordingly, applicants intend to
embrace all such alternatives, modifications, equivalents and
variations that are within the spirit and the scope of this
invention.

What is claimed is:
1. An echo canceling system comprising:

a tracking echo canceller;
a current echo canceller; and

an echo cancellation accuracy determination device that
compares the accuracy of the tracking echo canceller
and the current echo canceller.

2. The system of claim 1, further comprising an echo
canceller updating device that updates the current echo
canceller based on the comparison.

3. The system of claim 1, wherein the accuracy is deter-
mined based on a sync frame.

4. The system of claim 1, wherein the tracking echo
canceller monitors the echo in a signal.

5. The system of claim 4, wherein the signal is informa-
tion within a digital communications environment.

6. The system of claim 1, wherein the accuracy is based
on the subtraction of an extraneous signal and an estimation
of an echo from a received sampled signal.

7. The system of claim 1, wherein the tracking echo
canceller adjusts one or more off-line echo canceller taps
based on a known, received sync frame.

8. The system of claim 1, wherein a running average of a
plurality of transmit and receive signals are maintained and
subtracted from a sync frame of samples.

9. The system of claim 1, wherein one or more coefficients
for the current echo canceller are updated, while the tracking
echo canceller is updated one or more times.

10. A method for updating an echo canceller comprising:

determining the accuracy of a tracking echo canceller;
determining the accuracy of a current echo canceller;
comparing the accuracy of the echo cancellers; and

updating the current echo canceller with the tracking echo
canceller if the tracking echo canceller is more accu-
rate.
11. The method of claim 10, further comprising sampling
an input signal.
12. The method of claim 10, further comprising reading
input samples into a memory device.
13. The method of claim 10, further comprising updating
the tracking echo canceller.
14. The method of claim 10, further comprising sampling
a portion of a sync frame.
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15. The method of claim 14, wherein the sync frame is a
portion of a communication in a digital communication
environment.

16. The method of claim 10, further comprising subtract-
ing an extraneous signal from a received sampled signal.

17. The method of claim 10, further comprising subtract-
ing an estimate of the echo from a received sampled signal.

18. The method of claim 10, further comprising adjusting
one or more off-line echo canceller taps based on a known,
received sync frame.

19. The method of claim 10, wherein a running average of
a plurality of transmit and receive signals are maintained and
subtracted from a sync frame of samples.

20. The method of claim 10, wherein one or more
coefficients for the current echo canceller are updated, while
the tracking echo canceller is updated one or more times.

21. An information storage media comprising information
that updates an echo canceller comprising:

information that determines the accuracy of a tracking
echo canceller;

information that determines the accuracy of a current echo
canceller;

information that compares the accuracy of the echo can-
cellers; and

information that updates the current echo canceller with
the tracking echo canceller if the tracking echo cancel-
ler is more accurate.

22. The information storage media of claim 21, further
comprising information that samples an input signal.

23. The information storage media of claim 21, further
comprising information that reads input samples into a
memory device.

24. The information storage media of claim 21, further
comprising information that updates the tracking echo can-
celler.

25. The information storage media of claim 21, further
comprising information that samples a portion of a sync
frame.

26. The information storage media of claim 25, wherein
the sync frame is a portion of a communication in a digital
communication environment.

27. The information storage media of claim 21, further
comprising information that subtracts an extraneous signal
from a received sampled signal.

28. The information storage media of claim 21, further
comprising information that subtracts an estimate of the
echo from a received sampled signal.

29. The information storage media of claim 21, further
comprising information that adjusts one or more off-line
echo canceller taps based on a known, received sync frame.

30. The information storage media of claim 21, wherein
a running average of a plurality of transmit and receive
signals are maintained and subtracted from a sync frame of
samples.

31. The information storage media of claim 21, wherein
one or more coefficients for the current echo canceller are
updated, while the tracking echo canceller is updated one or
more times.



