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Background 1. ‘Field of the:Invention The invention relate g% &g%%% to
communi ca '§8S ens, and nore particulgrly to a variabl e-| gﬁﬁ
canceller for a nodem 10 2. Di scussion of Related Art In today's

I nformati on age, the nunber of personal conputers used in hones, schools,
and busi nesses continues t r arent | d in,sight.
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depl oyment of conputer net\yarks em»hniﬁmcaﬁomesystennet whi ch provide an
ever-increasing variety of on-line services. Wile conputer and

comuni cati on technol ogy has advanc d reatl ver tinme, it is still very
conmmo® for users to connect their éﬁgut ers to such conputer

net wor ks qQver tel [ mg a rmdem 20 Hi storically, the
nodem has o the personal conputer, either as an

external peri phgigl wmmt eg é(})ésa t@%@rﬁ"*%d f&ramm&alnoe\o@wemsorana an

i nt er nal perlpheral installe ire 0 an expansion slof in the
personal qaoratparticiiady twdzemarﬁamlleswdgthl echodeanmelueof farha modem.e and
software 25 conmponents required to provide nbdem functionality for the
personal conputer. Specifically, the mdemtypically included a

m croprocessor (and assom ._- ory circuits) for executing general
sof t Wi e féun s for data and control interfaces, a
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used in homes, schools, and businesses continues to proliferate with
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apparently no end in sight. This increasing use of personal computers
has prompted the widespread deployment of computer networks such

15 as the Internet which provide an ever-increaéing variety of on-line
services. While computer and communication technology has
advanced g'reatly over time, it is still very common for users to
connect their personal compdters to such computer networks over
telephone lines using a modem.

20 Historically, the modem has been an add-on feature to the
personal computer, either as an external peripheral connected by a
cable to the personal computer or as an internal peripheral installed
directly into an expansion slot in the personal computer. These
modems typically included all of the hardware and software

25 components required to provide modem functionality for the personal
computer. Specifical_ly, the modem typically included a
microprocessor (and associated mem_éry circuits) for executing
genéral software functions, input/output ports for data and control
interfaces, a signal processor for executing computationally

30 intensive signal processing functions, and many special-purpose



2 hardware conponents for interfacing with the tel ephone network and f{or
- providing additional signal processing functions. These dedi cated hardware
conponentwo pesiBss he nodem rel ativel y expensive. Today, a n®Cad/UR824365sen
for a | ess expensive nodemthat can be % built into the personal conputer
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the personal conputer, the software nodemis relatively inexpensive. One
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modem functional ity usi ngz as little processing_resources as possible. In a
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By eliminating most of the dedicated hardware components from the
15 modem and utilizing the processing and memory resources of the
personal computer, the software. modem is relatively inexpensive.
One issue with the software modem is that the modem software
must share the processing resources of the personal computer with
other application software such as a word processor, spreadsheet
20 program, or Internet browser. This “feature” of the sofiware modem,
while making the software modem inexpensive, consumes processing
resources that otherwise would be available to the other application
software. As a result, the software modem may noticeably affect the
performance of the other application software. Thus, one goal of the
25 software modem is to provide full modem functionality using as
little processing resources as possible.
In a software modem, the echo cancellers which are used to
compensate for signal reflections in the telephone network represent

a substantial proportion of the total amount of processing resources



a substantial proportion of the total anpbunt of processing resources 3
required by the nodem Two independent echo cancellers are typically

enpl oyed, one for cancelling a near-end echo and one for cancelling a
far-end eswm99/3isese echo cancellers are typically designed nodnisspbsesent ed
to conpensate for a worst-case (i.e., 5 maxi mum span) echo. Because the
amount of processing resources needed td3inpl ement an echo canceller in
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system devi ce, met hod for reducing the nunb of tapsin the echo

cancel | er deisignedt and eimpleméntetiniontonipansatesforna worst-case ¢icesuned by
the echo canceller. 15 Brief Description of the Drawing In the Draw ng,

FIG 5 shonaxianusnapap) techmal Bgcavse theoamountoaf processingwresourdes art ;
20 FIG 2 shows a digital-to-anal og nodem connectjon_ as |S known in

the art;: meedes dRoiEpPlaMeRt AN LGhe ccancelienin seitwase isditaglly end and

far-end eongadinbugt & M uABeF*SMABLY i TRATLERB' cBhcBidy ks, CWhiéH
in turn is directly proportional to the span over which the echo
canceller works, an echo canceller that is designed and implemented

10 to compensate for the worst-case echo necessarily consumes a

maximum amount of processing resources. Thus, a need remains for a
system, device, and method for reducing the number of taps in the
echo canceller filter to reduce the amount of processing resources
consumed by the echo canceller.

15
Brief Description of the Drawing
in the Drawing, _ ‘
FIG. 1 shows an analog-to-analog modem connection as is known
in the art;
20 FIG. 2 shows a digital-to-analog modem connection as is known
'in the art;

FIG. 3 shows an exemplary relationship between the near-end
and far-end echoes;
FIG. 4 shows an exemplary embodiment of a symbol-driven echo
25 canceller; '
FIG. 5 shows the relationship between the bulk-delay line, the
near-end echo canceller, and the far-end echo canceller;
FIG. 6A shows a conceptual view of an echo canceller filter

having X filter taps;



FIG 5 shows the relationship between the bul k-delay |ine, the near-end
-echo canceller, and the far-end echo canceller; FIG 6A shows a conceptual
vi ew of aW@ed88&fancel ler filter having X filter taps; 4 POTAISBBISAons a
preferred enbodi nent of a near-end or faj-end echo canceller inplenented
using three subfilters; FIG 7 shows generally the rel evant steps of the

posi L oni ng- of Ficic SRCHIANA 8, ors@rred, emboqfment of ¥ Hodiip RCEF 18F bnd

posi tioni ng of end echo cancel ers upon

nitiallzgehgncahicBlie?BipRimePRod! ugig dttbeasubtitersancel | er filter upon
initialization in nore detail; FIG 9 shows an exenplary positioning of the
near-end and f @G, 1P shews geheralhndhel relevant estepSnoMKehpme artr Vaidi
filter span overlaps the near-end filter span; FIG 10 shows an exenpl ary

" posi tioni startiipt Bequemdcesnd and far- end echo canceller filters in which
the far-end filter span is truncated;, and 15

exenpPary enbofiléerf i AAOWS A SXRMPlary (ﬂoi‘ﬁgﬂ‘pglmiﬂfgn%arélqrgeéaﬁﬂﬁai%’t he
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above, the ”eeﬁgﬁ”gB”?,hBﬁse Tsﬁﬂ?@rr@t F amtedhid athdeller” filgei Wgon he nunber

of taps in the eCho cance r~In order to reduce the anount of
pr ocessi Neghitiagigations ironaigred detdihe echo cancel l er. Enbodi nents of the

present 1 nvent IF??B.elsi&gg;ea;hgxemplary positioning of the near-end and far-
10 end echo canceller filters in which the far-end filter span overlaps
the near-end filter span;

FIG. 10 shows an exemplary positioning of the near-end and far-
end echo canceller filters in which the far-end filter span is
truncated; and

15 FIG. 11 shows an exemplary embodiment inciuding a number of
steps which are taken during the startup sequence in order to adapt

the echo canceller filters to the reflections in the network

Detailed Description

20 As discussed above, the need remains for an apparatus and
method for reducing the number of taps in the echo canceller filter in
order to reduce the amount of processing resources consumed by the
echo canceller. Embodiments of the present invention eliminate the
near-end or far-end echo canceller completely under certain

25 conditions, and also reduce the number of taps in the near-end and/or
far-end echo canceller filters under yet other conditions. As a
result, these embodiments satisfy the need for reducing the amount

of processing resources consumed by the echo cancellers.



near-end or far-end echo canceller conpletely under certain 25

. conditions, and al so reduce the nunber of taps in the near-end and/or
far-end echo canceller filters under yet other conditions. As a result,

t hese enb¥@i%EH6E satisfy the need for reducing the amount BFT{HSEEEE3 ng
resources consunmed by the echo cancell ers. 5 FIG 1 shows a

nodem t o- nodem connection as is known i the art in which nodens 102 and
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backbone rigtwerkk oVe? traditionak dredogaldcdlioloops otDFiamdl $02] interface 106 .
for transport over analog local |oop 107 to nodem 108. Li kew se, the anal og
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t he tel ephone network of a digital con sends

and receifgestrdhepbal ovegnahalogmibtal tosis M GPStes enddemd 0 celikeavigeq!the
signals. The digital signals sent by nodem 202 over di RI tal connection 203

ar e transanalpgdsignalsssent byi madembaOBboner Enaloge KHoepo18hdamnvert ed

to anal og.signals at, inteerfa 206 for transport ov anal.o oc | oop 207
to r;rg)jemg@ggt_zqql,ea faterface 1%6 (%or transport facross' the g?gltaﬁ Bac?( one "

network 110 and converted back to analog signals at interface 104
for transport over analog local loop 103 to modem 102.

FIG. 2 shows a modem-to-modem connection as is known in the
art in which modem 208 is connected to the telephone network over a

15 traditional analog local ioop 207 and modem 202 is connected to the
telephone network by way of a digital connection 203. Modem 202
sends and receives digital signals, while modem 208 sends and
recéives analog signals. The digital signals sent by modem 202 over
digital connection 203 are transported across the digital backbone

20 network 210 and converted to analog signals at interface 206 for
transport over analog local loop 207 to modem 208. The analog
signals sent by modem 208 over analog ocal loop 207 are digitized at
interface 206 for transport across the digital backbone network 210
and the digital connection 203 to modem 202.

25 Communications over the telephone network are affected by
various types of distortions in both the analog and digital portions of
the network. Of particular relevance to the present invention are
signal reflections which echo the transmitted signal back to the'

transmitting modem. These signal reflections are induced at various



signal s sent by npdem 208 over anal og | ocal |oop 207 are digitized at .
.interface 206 for transport across the digital backbone network 210 and the
digital connection 203 to nodem 202. 25 Conmuni cati o 84456
tel ephonevﬁfét"% Sare affected by varioug types of distortions in both the
anal og and digital portions of the network. O particular relevance to the
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and refle generated at ar end the network are referred to

as "far-e?r{gﬁt@@tépmé far ehdrokntecnbbwork. ARoexcomvenience, areftectians
bet ween the near-end and far-end echoes is shown in FIG 3. As discussed
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An exemplary relationship between the near-end and far-end
echoes is shown in FIG. 3. As discussed previously, the near-end
echoes generéted within the local loop are received sooner, and with

15 greater signal power, than the far-end echoes generated at the far
end of the network. The peak of the near-end echo is substantially
synchronized with the receipt of the echo produced from the hybrid in
the transmitting modem, and therefore the peak of the near-end echo
occurs after a fixed, internal delay (referred to as “sys_delay”). The

20 sys_delay is typically a constant value, and can be determined by
placing the transmitting modem in a local analog loopback and
measuring the loopback delay. Likewise, the peak of the far-end echo
is substantially synchronized with the receipt of the echo produced
from the hybrid in the remote modem, and therefore the peak of the

25 far-end echo is based on the round-trip delay between the
transmitting modem and ihe remote modem. The round-trip delay is
fypically measured during an initial startup sequence, and is

described in more detail below.



occurs after a fixed, internal delay (referred to as sys_delay"). The 20
- sys delay is typically a constant val ue, and can be determ ned by placing
t he transwaawangsenodem in a | ocal anal og | oopback and neasurCTgUSYs24365

| oopback del ay. Likew se, the peak of the far-end echo is substantially

synchroni zed with the receipt of the ech® produced fromthe hybrid in the
renote nodem and therefore the peak of the 25 far-end echo is based on
t he round-trip The Sparofeach IRcho dasialatively sbosinemdhenordermfe! Qottem

The round-trin,delay is typical negsur.ed .dur,i ap,initial startup
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the far-end echo. However, if the round-trip delay is relatively short,
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of the network and at the renmote nodem s hybrid
analog-to-analog connection as shown in FIG. 1, each modem receives
both near-end and far-end reflections. The near-end reflections are
produced at the transmitting modem's hybrid interface and at the
central office equipment on the local side of the network, while the

15 far-end reflections are produced at the central office equipment on
the remote'side of the network and at the remote modem’s hybrid
interface. In a digital-to-analog connection as shown in FIG. 2,
however, the digital side modem receives only far-end reflections,
while the analog side modem receives only near-end reflections.

20 With respect to a particular modem, reflections of the modem's
transmitted signals have the effect of distorting the signals received
by the modem. Specifically, the signals received by the modem
include signals from a remote modem combined with the reflected
signals from the modem’s own transmissions. Unless the refiected

25 signals are removed from the received signal or are otherwise
compensated for by the modem, incorrect information may be
extracted from the received signals resulting in corrupted data.

Accordingly, the modem includes logic for cancelling the near-
end and far-end reflections, typically in the form of a symbol-driven



interface. In a digital-to-anal og connection as shown in FIG 2, however,
-the digital side nodemreceives only far-end reflections, while the anal-og

si de nodem.recejyes only near-end reflections. 20 W t 0 a
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effect of distorting the signals received by the nodem Specifically, the
signals received by the nodeminclude signhals froma renote nodem conbi ned
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complexity. Therefore, the symbol-driven echo canceller typically
includes two séparate fiters for constructing the near-end and far-
end echo channels, respectively, each capable of emulating the span
of its respective echo channel. For convenience, the filter for
15 constructing the near-end echo channel is referred to as the “near-
end echo canceller” and the filter for constructing the far-end echo
channel is referred to as the “far-end echo canceller.”
An exemplary embodiment of a symbol-driven echo canceiler is
shown in FIG. 4. Specifically, the symbol-driven echo canceller
20 includes a symbol modulator 402, a bulk-delay line 404, and two
complex-valued adaptive transversal filters 406 and 408 for
constructing the near-end and far-end echo channels, respectively.
Each symbo! from the symbol modulator 402, representing a
transmitted symbol, is placed in the bulk-delay line 404 where it is
25  held until needed by the near-end echo canceller 406 and the far-end
echo cancéller 408. Each symbol is delayed by a first delay time
before being processed by the near-end echo canceller 406 and by a
second delay time before being processed by the far-end echo

canceller 408. The outputs of the near-end echo canceller 406 and



of its respective echo channel. For convenience, the filter for 15

» constructi'ng the near-end echo channel is referred to as the "near- end
echo canceo ®disesnd the filter for constructing the far-endrethsshagnel is
referred to as the "far-end echo canceller.” An exenplary enbodi nent of a
synbol -driven echo canceller is showm im FIG 4. Specifically, the

synbol -dri ven echo canceller 20 includes a synbol nodul ator 402, a
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number of symbol times. The echo canceller filters can be"
‘conceptualized as being projected onto the bulk-delay line such that
each filter begins at a particular symbol offset from the insertion
point and spans a predetermined number of symbols, where the -

15 number of symbols spanned by each filter is determined by the
number of taps in the filter. A particular syf‘nbol is inserted at the
insertion point, is operated upon by the near-end echo canceller after

the first delay time, and is operated upon by the far-end echo
canceller again after the second delay time.

20 In a preferred embodiment, the symbol-driven echo canceller is
implémented in software. The bulk-delay line is implemented as a
circular buffer, and three pointers are used to indicate the point
where a symbol is inserted (put_ptr) and the two points where
symbols are read for processing by the near-end echo cancelier

25 (ne_get) and the far-end echo canceller (fe_get). The near-end echo
canceller and the far-end echo canceller each process one symbol per
symbol time according to the get pointer for the respective echo

canceller. Each time a symbol is inserted at the put_ptr, all three



nunber of synbol tinmes. The echo canceller filters can be conceptualized as
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pref er r egdnerfodieacht of tthee® consecutiver reesiver rs:amrtes iRs,,(chrBe(ﬁ%i rgred t he

transmtter synbol rate. Therefore, for each nodul ated synbo [err]
r ecei ved Ry(@)naaireespondingl oy symko! Bhe echo cancel ler produces three echo
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three echo canceller oﬁtput signals, the echo canceller filter
interpolates the three echo canceller output signals from the single
input symbol. Specifically, the echo canceller filter is updated three
times for each input symbol, where each update is based on the input
15 symbol and one of three consecutive feedback samples é,,(O), e,(1),
and e, (2) which are the three echo cancelled receiver samples |
immediately preceding receiver samples R,(0), R (1), and R,(2).
As shown in FIG. 6A, the echo canceller filter can be
conceptualized as a shift register havihg X filter taps which is
20 shifted and updated three times for each input symbol S,. For the
first update, symbol S, is effectively placed in filter tap 0, and the
fiter is updated using feedback sample e, (0). At that time, there is
effectively no symbol available for updating filter taps 1 and 2.
Therefore, the filter update affects only filter tap 0 and every third
25 filter tap therefrom (corresponding to previously received symbols),
while the rest of the filter taps remain unchanged (indicated by the
value “0”). For the second update, symbo! S_ is effectively shifted to
filter tap 1, and the filter is updated using feedback sample e,(1). At

that time, there is effectively no symbol available for updating filter



R, (2) corresponding to synbol S[err]. '10 Because only one i nput
synbol" is available for generating the three echo cancell er output signals,
the echo cCWRO8BI’6 filter interpolates the three echo cancel PET/USHR/PAIES
signals fromthe single input synbol. Spdcifically, ‘the echo canceller

filter is updated three tines for each,input synbo], where each update is
based on ttARS §p@nd 2. &bﬁﬁﬁforﬁmdﬁ'@]gltﬁr R calieets,nly filleydapk 1
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canceller filter can be conceptualized as a shift register having
“taps whi chfeietibdtk sdmpledeald). upitkat timeg theredsf effectivélyl mpusymbdiol

[[err]n. For the first update, synbol S. is effectively placed in filter
tap 0,5 ancavailablel fer updating:tilletustaps Ocanshck sdmarefeqesr thg djlterat t hat
time, there iis effectively ng synbol available for . u ting filter taps 1
and 2. TheiR@gte affsets Qi NItgHAtAP o4 1abels SyRry thifd dilteradap teres

third 25 filjer t erefro cprrespondi.ng. .k [ V] l v _recepved
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At that ticanceélied eréceieéf sdmpldy RJ0sy F01),camd RIS, frespeetivelyg fil ter
1l taps O and 2. Therefore, the filter u date affects only filter tap 1 and

everylOthird filndhet greferseds eorbodionent,etheni echaipcanesliay fitter H aot] is
Feedback SIRRIEREd AR St MaiSteTBavitG X FLSTLaBs: | BN @8 synbol 5
avai | abl e if ok SRR TWolfd BEPRaSt8A ¢ PiiEeesMg rddBurkes! Because
only one-third of the filter taps actually change during each filter
update. Instead, it is preferable to implement the echo canceller
15 filter using three subfilters, as shown in FIG. 6B. In this
embodiment, each subfilter is a complex-valued adaptive transversal
filter supporting X/3 filter taps which is updated using the Least
Mean Squared algorithm using feedback 606 from the receiver. For
each symbol 602 received from thé bulk-delay line, for example,
20 symbol S,, each subfilter is updated and produces one echo canceller
output signal 604. Specifically, subfilter 608 (corresponding to
filter tap 0 and every third filter tap therefrom) is updated using
symbol S, and feedback sample e,(0) and pi'oduces echo canceller
output signal Y,{0), subfilter 610 (corresponding to filter tap 1 and
25  every third filter tap therefrom) is updated using symbol S, and
feedback sample ¢,(1) and produces echo canceller output signal 'Y,,(1),
and subfilter 612 (corresponding to filter tap 2'and every third filter
tap therefrom) is updated using symbol S, and feedback sample e,(2)
and produces echo canceller output signal Y,(2). The echo canceller



update affects only filter tap 2 and every third filter tap therefrom ,The
filter update cycle then begins again with the next synmbol S[err] using

f eedback WSSl err](0), [err] (1), and [err](2) which arBCTASR2A36S
cancel | ed receiver sanples Rerr](0), ngrr](l), and Rerr](2),
respectively. 10 In the preferr enbodi ment, the echo canceller
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tap 1 and 25 Ineaetypitaii mbdem ethet meariend farmifar-end oy diriduliery nbol
S[err] and feedback sanple e[err] (1) and produces echo cancel |l er out put
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the receilythesemedernse the(&noUnitetf IdrdteséMy resources consumed by
the echo canceller filters is not an issue, since the echo canceller
fiters are typically implemented using hardware which dedicates a

15  sufficient amount l-of processing resources to the echo canceller
filters. Theréfore, even if the span of signal reflections encountered
in the telephone network are of shorter duration than the
predetermined maximum span, there is no compelling reason to
eliminate or reduce the number of taps in the echo canceller filters

20 in order to save proces'sing resources.

in an embodiment of the present invention, the echo canceller
filters are designed and implemented so that the number of taps is
variable and adaptable to the actual span of the reflections. For
convenience, these filters are referred to as “variable-length”

25 filters. Each variable-length filter is designed and implemented to
support the same number of taps as the corresponding fixed-length
filter, and therefore each variable-length filter remains capable of
~compensating for reflections having a predetermined maximum span.

However, the number of taps actually used for echo cancellation is



Rlerr](2), respectively, thereby substantially renoving the reflected
S|gnals fromthe receiver sanples Rerr](O, Rerr](1), and Rerr](2). The

resul t cancel | ed receiver sanples are then used f
sarrpl es [ewzgﬁég&[ err] (1), and [err](2), respectively, for ??fg/lﬁ%&?ﬁ%l ter
updat e using the next input synbol S[errj.3In a typical nodem the near-end
and far-end echo canceller filters have a fixed nunber of filter taps

suffi ci entadQpfRIMbRitERf @n!the fpowerfleoel Iawassbaw ﬁﬂtﬁepé&@ﬁ‘l dghaled maxi mum
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resources. n an he present invention, e ecC cancel

filters argofsamthyrtel shoreanedileor filters.t he nunber of taps is varl bl e
and adaptable to the actual span of the reflections. For convenience, these

filters are ref inranotheraembediment of cingt ipregent inventies, eitherhone or
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used for efH&h BERIpSddie dverhead for conditional execution of software).
Referring to FIG. 2, modem. 202 receives only a far-end echo, while
modem 208 receives only a near-end echo. Therefore, in a preferred
embodiment, the near-end echo canceller of a modem such as modem
15 202 is disabled completely, while the far-end echo cancelier of a
modem such as modem 208 is disabled completely. Furthermore, an
alternate embodiment completely disables the far-end echo canceller
if the delay between the near-end echo and the far-end echo is either
zero or is so small that any far-end echo can b.e.satisfactorily
20 handled by the near-end echo canceller alone.
Programming of the echo cancellers is typically performed
dbring a startup sequence in which the modem characterizes the
. communication link and exchanges operating parameters with the
remote modem. In a preferred embodiment, the modem supports a
25 startup seq'uence such as the ITU V.34 startup sequence which
includes, among other things, a Phase 2 for measur'i'ng round-trip
delay and for exchanging certain operating parameters, and a Phase 3

for training the echo cancellers.



13 adapted based on the power |evel and span of the actual signal . .
“reflections as neasured by the nodem Because the span of signal

refl ecti owno9entssant ered i n nodern tel ephone networks is typpCekys2aies
shorter duration than the predeterm ned maxi numspan, it is 5 generally
possible to elimnate at |east some of lthe echo canceller filter taps and
to thereby reduce the anount of Eroce55|ng resources consuned by the echo

cancel l er fil fdEs. 71 shows: gen dhecsteps afhtherprienant V.34 s up| t her
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enbodi nent e modem supports a 25 startup sequence such as t I TU V. 34

st al Qup seeasurieg vihiec RTDE| tHesmodemgsetshep itsi egso cantellers 2foraa
measuring round-trip delay and for exchanging certain operating paraneters,
and a PhXrst-case eﬁapmrh@teme?@@r@ndapeéorraSSthe Phase 3 sequence

which includes training the echo cancellers in step 710. The modem
then continues on with remaining phases of the startup sequence (not
shown), ultimately terminating in step 799.

15 In a preferred embodiment of the present invention, a number of
echo canceller adjustments are made during the startup sequence' in
order to adapt the echo canceller filters to the reflections in the
network.

In one embodiment, the modem completely disables its near-end

20 echo canceller if it is operating on the digital side of a digital-to-
analog connection. As discussed previously, a modem operating on
the digital side of a digital-to-analog connection does not require a
near-end echo canceller, since only far-end reflections are present.
By completely eliminating the near-end echo canceller, the amount of

25  processing resources required by the symbol-driven echo canceller is
substantially reduced. |

In another embodiment, the modem completely disables its far-
end echo canceller following Phase 2 if the remote modem indicates

that the remote modem is operating on the digital side of a digital-



14 FIG 7 shows generally the steps of the prior art V.34 startup sequence
“that -are relevant to the present discussion. After beginning in step 7102

and goin at least a first startup phase (not shown m
RIS, kersiRais

performnms 2 sequence which includes 5 measuri ng Strep
delay (RTDE) and exchanging certain opeéﬁti ng paraneters in step 704. O
particul ar rel evance to the present inveftion is the exchange of
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canceller. When the round-trip delay is very small, there is
significant overlap between the near-end echo and the far-end echo.
“In this case, utilization of the near-end echo canceller alone is
sufficient to compensate for both near-end and far-end echoes. By

15 completely eliminating the far-end echo canceller, the amount of
processing resources required by the symbol-driven echo canceller is
substantially reduced. |

After any adjustments are made following Phase 2, the

remaining near-end and far-end echo canceller filters are initialized

20 (step 706 in FIG. 7). The step of setting up the echo canceller for a
worst-case echo involves projecting the remaining near-end and far-
end echo canceller filters onto the b'ulk-delay line at appropriate
offsets from the insertion point. Each echo cancellier filter is
initialized for its maximum span (48 symbols for the near-end filter

25 and 35 symbols for the far-end filter in the preferred embodiment)
and is projected onto the bulk-delay line such that the peak of each
echo response falls roughly at a predetermined point within the span
of the respective filter (2/5 of the filter span for the near-end filter

and 1/3 of the filter span for the far end filter in the preferred



end echo cancel | er fol | owi ng Phase 2 if the renote nodemindicates that the
. renote nodemis operating on the digital side of a digital- 15 to-anal og
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cancel ler, since only near-end refl ectijogs are present. By conpletely
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echo canceller filter is positioned onto the bulk-delay line such that
the ne_get pointer precedes the first symbol boundary by 19 symbols
(+0.4*48%), while the far-end echo canceller filter is positioned onto
the bulk-delay line such that the fe_get pointer precedes the second
15 symbol boundary by 11 synibols (-0.333*352). This positioning of the
filters, shown generally in FIG. 8A and in more detail in FIG. 8B,
places the peak of each echo response at an appropriate point within
each filtef in order to more 'effectively emulate the echo channels.
For convenience, the symbol boundary for a filter is referred to as the
20 “center” of the filter, and the taps on either side of the center are
referred to as a “tail” of the filter. |
After initializing the remaining filter(s), and before training
the filter(s), a determination is made whether or not the far-end echo
canceller filter can be eliminated or truncated. This adjustment is
25 only possible if both the near-end and far-end echo cancelier filters
remain (i.e., neither was previously eliminated) and span of the far-
end echo canceller filter overlaps the span of the near-end echo

canceller filter.



25 and 35 synbols for the far-end filter in the preferred enbodi nent) and
“is projected onto the bul k-delay |Iine such that the peak of each echo

response ughly at a predeterm ned point within the
respectivgﬁ##??g% (2/5 of the filter span for the near-end ???5§$&%%%51/3

of the filter span for the far end filtgryin the preferred 16
enbodi nent). In a preferred enbodi nent, positioning the echo canceller

filters invol verhe darssnd nechbecaneelide! filterrid BliRfinatedsifi the entiret egr al
nunber of synbols for determning a first synbol boundary and a second
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([err]0.4*48[err]), while the far-end echo canceller filter is positioned
onto t he kofl theldamyend nechxactantellet Hitdre §iee., pthientfer getepeider) He tessond 15
synbol boundary by 11 synbols (.0.333*351). This pasitioning of the
filters, $hamnogesmiall 1o, 13, symbolgabahind thavstariedf sthe inearrend s8che| aces
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"tail" of rb@ided tyy -the symbol-driven echo canceller is substantially
reduced.
Even if the entire span of the far-end echo canceller filter is
not within the span of the near-end echo canceller filter, the far-end
15 echo canceller filter may be truncated if its span partially overiaps
the span of the near-end echo canceller filter (i.e., at least one
symbol is within the span of both filters). In the preferred
embodiment where the near-end 'echo canceller filter span is 48
symbols and the far-end echo canceller filter span is 35 symbols,
20 this situation occurs if the start of the far-end echo canceller filter
(i.e., the fe_get pointer) is less fhan 48 symbols behind the start of
~ the near-end echo canceller filter (i.e., the ne_get pointer). An
example of overlapping filter spans is shown in FIG. 9. In this case,
the far-end echo canceller filter is shortened by moving the fe_get
25 pointer to the symbol following the end of the near-end echo
canceller filter as shown in FIG. 10. Truncating the far-end echo
cancellef filter reduces the span of the filter and thus reduces the
number of filter taps. By truncating the far-end echo canceller

filter, the amount of processing resources required by the symbol-



After initializing the remaining filter(s), and before training the. -
filter(s), a determnation is mde whether or not the far-end echo

cancel | er fwptoeB1ssan be elimnated or truncated. This adj ust PETIUSIS 24365
only possible if both the near-end and fhB-end echo canceller filters

remain (i.e., neither was preyiously elimnated) and span of the far- end
echo cancedirivens echecaneslien s rrausgan by an ramesuit- pirpastinsat dacthe er
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near - end eﬁrleepancel ler filter. This can happen, for exanple, when the RTDE
is very small> 1n the preferred enbodi nent where the near- 5 end echo
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span is 35 synbols, this situation occurs if the start of the far-end echo
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partially guefr! witf AN tRe tdif SMAWNCBA B8EOrigATMRINE side! berthe - €., at
| east one synbol is wthin the span of both filters). In the preferred

enbodi @ent filteerand hmaye alimindte cdumeanceall of the ttapsspanthe 68-bantosideand

the far_engfet%go fﬁ?enrc?glllegf ftihlet %r-se%%n fiiltsersir)ap;ssy rTrR(i?tlysbe eliminated, for
example, if the RTDE is zero). Thus, in a preferred embodiment, the
step of eliminating the far-end echo canceller filter if the RTDE is
below a predetermined threshold (described above) is not employed,

15 and instead this step of fruncating the far-end echo canceller filter
is used and will have the effect of completely eliminating the fa.r-
end echo canceller filter if the RTDE is indeed below the
predetermined threshold.

After making any echo canceller filter adjustments prior to

20 training the echo canceller filters, the remaining echo canceller
filter(s) are trained as part of Phase 3 of the startup sequence (step
710 in FIG. 7). This step of training the echo canceller filters allows
each fiter to adapt to its respective echo channel and to thereby
produce an appropriate echo canceller output signal.

25 After training the remaining echo cancelier filter(s), a final
adjustment is made to eliminate any unessential filter taps from
each remaining filter. In a preferred embodiment, the filter taps are
examined in groups of three (where each group of three filter taps

corresponds to one symbol) beginning at the end of each tail and



20 this situation occurs if the start of the far-end echo canceller
filter (i.e., the feget pointer) is less than 48 synbols behind the start
of the neamw@pasxedo canceller filter (i.e., the neget point @CT/USAs24365Np| e
of overlapping filter spans is shown in FIG 9. In this case, the far-end
echo canceller filter is shortened by noti%hg the fe-get 25 poi nter to the
synbol follow ng the end of the near-end echo canceller filter as shown in
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end echo canceller filter such that the center of the far-end filter is
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(all of th e | . may be-elimnated, for exanple, if the RTDE
IS zero). $ﬂ%ﬁc'§ﬁqa%r{e er‘rdg ‘enbodi nent, the step of elimnating the

far-end echo cancel |l qq &Rt qrjli,f the RTDE i s bel ow a predeterm ned
t hreshol d (described above} is"not enployed, 15 and instead this step of

t runcapi ngthdeedtes -pomeedevet dhder | threéi taps is sdeterrhined actordingeta five
effect of conpletely.elimnating the far-
formula:
P=2R?*+I|?
for n = 1 to 3. Paring of a particular tail is stopped once an essential
group of three filter taps is found or if the entire tail is eliminated.
15 By reducing the number of filter taps in the remaining filter(s), the
amount of processing resources required by the symbol-driven echo
canceller is re.duc.ed by an amount proportional to the number of filter
taps eliminated.
It is important to note that this final adjustment may be used
20 as the default mechanism for elfminating an echo canceller under
certain circumstances. This is particularly important for a modem
operating on the ahalog side of a digital-to-analog connection
because the information exchanged during Phase 2 may be
insufficient to identify the connection as a digital-to-analog
25 connection when the connection rafe is less than 56 kilobits/second.
Therefore, the modem may initially leave its far-end echo canceller
enabled, but subsequently eliminate its far-end echo canceller when
all of the filter taps are found to be unessential due to the absence of
a far-end echo. |



end echo canceller filter if the RTDE is indeed bel ow the predeterm ned
-threshol d. After nmaking any echo canceller filter adjustnents prior to 20
traini ng WOPIBE66 canceller filters, the remaining echo can@I/USIS/ 365t er (s)
are trained as part .of Phase 3 of the startup sequence (step 710 in FIG
7). This step of training the echo can2d)ler filters allows each filter to
adapt to its respective echo channel and to thereby produce an appropriate

echo cancel | e hais, Jot a8 @¥RMplary embodimentias shawmiiaghiGe 1le@inumbetcho
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cancel | er I'te I's deemed tO be“unesséntial if the echo power [evel

for she phasesfnotishown)ybile nsodenvdisablesdits eneanedd: echehchdcelied ins
ot herwi se deened to be essential. In the preferred enbodi nent, the 5
- predet er stepd! 1B4eifhthel medemdsneperating cendtheakligitabside af @ -digitahd t he

D b el Sonekcubar The. et SEh0eBERr SR bdedsi S ey S L
e of nngab e, el R e REMATIRIF ark, i | B8alr® SHENAGTS,
tail is ParaRRtePSCHs Pereaned M step 1106. Subsequent to performing the
10 Phase 2 sequence, the modem disables its fér—end echo canceller in
step 1108 if the modem is operating on the analog side of a digital-
to-analog connection as determined by the information exchanged
during Phase 2. Optionally, the modem may also disable its far-end
echo canceller in step 1110 if the RTDE is less than a predetermihed
15 thréshold, although this step is not used in the preferred embodiment.
In preparation for Phase 3, the modem then sets up the remaining
echo canceller(s) for a worst-case echo in step 1112. After setting
up the echo canceller(s), the modem eliminates the far-end echo
canceller in step 1114 if the span of the far-end echo canceller is
20 entirely within the span of the near-end echo canceller, and truncates
the far-end echo canceller in step 1116 if the span of the far-end
echo canceller only partially overlaps the span of the near-end echo
canceller. Steps 1114 and 1116 are not applicable if either of the
echo canceller filters had been eliminated prior to step 1.112. The
25 modem then performs the Phase 3 sequence which includes training
the echo canceller(s) in step 1118. After training the echo
canceller(s), the modem adapts the echo canceller(s) in step 1120 by
eliminating any unessential filter taps. The modem then continues on

with remaining phases of the startup sequence (not shown),



group of three filter taps is found or if the entire tail is elimnated. 15
- By reducing the nunber of filter taps in the remaining filter(s), the
anmount of worsesesssi ng resources required by the synbol -dri veprcaaisysgessel | er
IS reduced by an anount proportional to the nunber of filter taps
elimnated. It is inportant to note th&1this final adjustnent may be used
20 as the default nechanismfor elimnating an echo canceller under
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its far-%eégehca ler enabl ed, but subsequently elimnate its far-end
echo canceller when all of the filter taps are found to be unessential ‘due

to tise absenceTind wedhatiqaes fohwsliminainghdruncating, exndidraadaptingli thent as

shown in FIG 11, a nunber of stegse are taken during the startup sequence
in order echoaaancelless eotay bencmbedied| inehardwareg firrhware; cors software.

network. After beginning.n step, 1102 and going i hrough at | east first
startup An %@@??Wotmgﬂ@mﬁm tian rﬁfd(?m‘fﬁrb%&lee?ﬂgtg é’rﬁ:l"fiﬁl%
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canceller by eliminating any unessential filter taps. Again, it will be
apparent to a skilled artisan that the logic or computer readable
program code means for eliminating, truncating, and/or adapting the
echo cancellers may be applied individually or in combination with

.15  each other. |

While the techniques of the presenf invention have been.
described in relation to a software modem for the purpose of
reducing the amount of processing resources required by the software
modem, it will be apparent to a skilled artisan that the same

20 techniques are applicable to echo cancellers generally. For instance,
it is well known that filters are typically less than perfect, and that
a filter which is too long can actually amplify noise. Therefore, the
techniques for eliminating, truncating, and/or adapting the echo

, canceller filters are useful for adapting each filter to an appropriate

25 length so that the filter does not genefate excessive noise.

Finally, it will be apparent to a skilled artisan that, by
eliminating or reducing the number of echo canceller filter taps when
an echo is present, any reduction in the consumption of processing
resources may be realized at a cost in echo canceller performance.



step 1108 if the nodemis operating on the analog side of a digital-

t o- anal og connection as determ ned by the information exchanged duri ng
Phase 2. OWO 831866/, t he nodem nay al so disable its far-end RITUVEREIES| er
in step 1110 if the RTDE is | ess than ag edeterm ned 15 threshold,

al though this step is not used in the pre&flerred enbodi nent. In preparation

f or Phase I Qg I for a
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nmodem el i ng@hrsd Unedsontiztdardhis efininbted if thet eehbl bbwér 1évelsaarthel the
far-end echo canceller is 20 entirely within the span of the near-end

echo cancesyrabpol acarresponding tohdheafiltendtapshds cheloaw | ar predatermineds i f
the span of the far-end echo canceller gnly rgarti ally overlaps the, span of
the near - ciidesbpld.cariignelere.sit s possibigg thatc by, €litpinating i eerain | filter
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remai ni ng phases of the startup sequence (not shown), 21 ultimately

t er m nat i npetweehethel fiter length lama thppdiltert pesfarnsancésdrad tihean that the
techni ques for elimnating, truncating, and adaptipng the echo cancellers

my be apppledetesmineduthriesheldiis seieriest son that theasehe: k@nceller The
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I mplementation ¢hea pY@EbAPiIFVLATIGH nif b HHiBOLERID in other specific forms
without departing'from the essence or essential characteristics. The
described embodiments are to be considered in all respects only as
illustrative and not restrictive. |
15



such as a software nodem or other nodemincludes |ogic or conputer readable
“program code neans for disabling an echo canceller, 10 truncating a
far-end esvo9owsnseel | er, and/or adapting an echo cancel | er byalnsssrasédsng
any unessential filter taps. Again, it will be apparent_to_a skilled
artisan that the logic or conmputer read@®8 e program code neans for

elimnating, truncating, and/or adapting the echoummmmﬂ He applied
i ndi vi duaN&bat)rlSi alaimad istion with .15 each ot vnR! bl lﬂmm chni ques
of the present invention have been described inirefation td a’software
nodem for the purpose of reducing the anmobunt of processing resources

that e dhre 3 SoVER) e RESRayoh et 2naRPliAERubA. Audtirn, MGTHEVY,

For inst ageim 'i'itsih'Q:VVe" known that filters are typically less than
perfect, and Phat a filter which is too long can actually anplify noise. -

Therefore, the d qwar-gndsetho ehnceliet iavingr anfirdt predeterminettiapting the
echo canceller filters are useful for adapting each filter to an

appr opr i afeaxzgmnum énynbes oot Hiter: taps i forcemidatingoa fieste ectho channeh e
noise. Finally, jt wll, be arent to skilled grtisan that,, by

el imnati 5306?(' @Ic?n&rﬁmgaeﬁ&ﬁbtém%@ Kiavagcal ﬂé’it predetermipgdinen an
echo is prgﬁ@@ﬁ“ ar%) eduction in the consunption of processing resources
may be re T dst in echo canceller perfornmance. 22 As descri bed
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and is elimnated if the eCho power |eve the synbolT corresponding to
t he 10l t epredpterimined anarimunadaiwnbencdf tfiiters taps. forhenmmilatiag ia setond

possible that, by elimnating certain filter
echo channel received at a second delay time and having a second
predetermined maximum span;
logic for determining whether the span of the far-end echo
canceller overlaps the span of the near-end echo canceller; and
15 logic for truncating the far-end echo canceller if the span of
the far-end echo canceller overlaps the span of the near-end echo

canceller.

2. The device of claim 1 wherein the logic for determining
20  whether the span of the far-end echo canceller overlaps the span of
the near-end echo canceller comprises:
logic for determining whether the span of the far-end echo

canceller is entirely within the span of the near-end echo cancelier.

25 3. The device of claim 2 wherein the logic for truncating the far-
end echo canceller comprises: |
logic for eliminating the far-end echo canceller if the span of
the far-end echo canceller is entirely within the span of the near-end
echo canceller.



5 taps, echo signal - energy which would have been cancell ed by those taps
‘is left in the receiv l i || Il i F whi ch nust then be overcone by the
receiver. nggm*@erei Eﬁ%ﬂg im Ilgm adeof f between the fi L:ltl‘ﬁf h and
the filter performance,. enpredeterm ned threshold is g’e ecs[svke/gﬁg% t hat
the echo canceller 10 performance rempifns at all tines within acceptable
operating limts. The present invention nmay be enbodied in other specific
forms witigout dRpwmrdavieef oprelaim ¢swéirprthésnsqlblﬁir gedrasinig stics. The
described enbodi nents are to be considered in all respects only as

i1l ustrat whethed the spa of cthiev éar-efid ech6 ¢ancelletd eveckapsothespari iofn over

a communi cati on system the device conprising: 5 a near-end echo
cancel | er thewvnegr-end eghg, cancellesi GRMRMBESium nunber of filter taps for

| ati fi . ech . i ved fi del iy N .hayi
First pradet or IoHiea 1R, Aenanier “Ehifard ot leaish onet syihbin & R Hee D or

havi 03 ﬁg%g‘é?lnﬁf th e ﬁ%&%ﬁ@ﬂwlﬂi@ﬁ& t?:% géﬂ-éﬁﬂ éés for

enul a second echo channel "recelved at a Secon el ay t1ne and havi ng
a second pgfediggm ned nmaxi num span; logic for determ ning whether the span
of the far-end echo canceller overlaps the span of the near-end echo
cancel ler; and 15 | ogic for truncating the far-end echo canceller if
t he span of the far-end echo cancell.er overlaps the span of the near-end
echo canc&.l er . The device of claim 4 wherein the logic for truncating the far-
end echo canceller comprises:
10 logic for shortening the far-end echo canceller -such that the
span of the far-end echo canceller begins at a symbol immediately
following a last symbol within the span of the near-end echo
canceller if at least one symbol is. within the span of both the near-

end echo canceller and the far-end echo canceller.



2. The device of claim 1 wherai ‘m gic for determining 20  whet her
t he span of the far-end m “\\“ erlaps the span of the near-end
echo cancel ri ses y Tor det & mining whether the_span of the
far-end e&%s%ﬁﬁg‘g‘lpl er is“enfirely within the span of the nggg%sﬁﬁf’@%o
canceller. 25 3 The devi ce of cl ai? wherein the logic for truncating
the far- end echo cancell er conprises: gic for elimnating the far-end

echo cancgl!er A didiaraliid) mbRRirdila @Gl 846R1 rbgiuin SRaving ¥ Wi thin

the span of the ne ancel l'er. evice of ~claim1

wher ei n tgmiputee reridablecprograny cddsé htieainse embbodiet! tiereimr fornddagtin

cancel l er overl aps the span of the near-end echo canceller conprises: logic
for det er ai farrgndheche rcanceltars tthencompiiter teadeahlei pragran® codeaneansbot h
t he near-end echo canceller and the far-end echo canceller. 5. The devi ce
of cl ai m @OMRMEING: he | ogic for truncating the far- end echo cancell er
conprises: 10

comPrees: 10 compyter haBsTE SUART g Wiabfl 0% 30 SRA°ekheT, Suoh
[o') oo MogRnbBnky MR 4 104, piobcterfln FltmegdaRtle concel Lot 1T
and the far-engopgh@teraresdaisie program code means for a variable-length
far-end echo canceller having a second predetermined maximum span;
computer readable program code means for determining whether
10 the span of the fér—end echo canceller overlaps the span of the near-
end echo canceller; and
computer readable program code means for truncating the far-
end echo canceller if the sban of the far-end echo canceller .overlaps

the span of the near-end echo canceller.

15
7. The apparatus of claim 6 wherein the computer readable
program code means for determining whether the span of the far-end
echo canceller overlaps the span of the near-end echo canceller
comprises:

20 computer readable program'code means for determining whether

the span of the far-end echo canceller is entirely within the span of

the near-end echo canceller.

8. The apparatus of claim 7 wherein the computer readable
25 program code means for truncating the far-end echo.canceller
comprises: _ _ |
computer readable program code means for eliminating the far-
end echo canceller if the span of the far-end echo canceller is

entirely within the span of the near-end echo canceller.



25 6. An appar atus conpri si abl e medi um havi ng conputer
.readabl e program code neans iﬂﬂ!ﬂgﬂ@!ﬂﬂ mzngﬂf or adapting a far-end echo
cancel l er, the conputer read c MsCOGe neans conpri sigg.

conput er r W26 program code nmeans for a near-end echo can‘f:}'g{ ggrmﬁ'g\?i ng a
first predeterm ned maxi mum span; conpu2&6 readabl e program code neans for
a variable-length far-end echo cancell er having a second predeterm ned

NBxi mﬁm si@an; fcﬂn?m;?aanaiuga@i ﬁﬂ@im)gﬁ drhetﬁié t@mmaﬁteretreaﬁafhle]g whet her
10 - -
enc :ecﬁosﬁggggaﬂépﬁdsﬁb%ffﬁé?dé nﬁﬁﬂ%lﬁ{mfﬁ i Brienat ?'a?tﬁ?- it § ng
over | aps RN sAnERer avéiiaps e sBRR" of 1ok figrP ek peHI SaiRRY O,

claim®6 V\ﬂﬁ{r@ Bid conput er readabl e program code nmeans for determ ning
whet her the Pan oi" the far-end echo canceller overlaps the span of the

near - end echo cggmputér réadable gsrog?m code meanst for detdmhirdngr whedivecode
means for determ ning whether the span of the far-end echo canceller is

entirely vatt leastt bressymbol is hwithimithenspanhof bath chee neag-end T@@hQippar at us

of claim7 wherein the conputer rea}g’?bl e 2% program code means for
t runcat i ngcaneelterr apadthe Harand LR cangplleles: conputer readabl e program

code neans for elimnating the far- end echo canceller if the span of the
far-end echo canceller is entirely within the span of the near-end echo

canceller.qg.  The apparatus of claim 9 wherein the computer readable
10 program code means for truncating the far-end echo canceller
comprisés:
computer readable program code means for shortening the far-
end echo canceller such that the span of the far-end echo canceller
begins at a symbol immediately follow@ng a last symbol within the
15 span of the near-end echo canceller if at least one symbol is within
the span of both the near-end echo canceller and the far-end echo

cancelier.



26 9. The apparatus of clai Ii I conput er readabl e program code
=means for_determ ni ng whet he;”]! H Elﬂ! B!Ll E'l far-end echo [
over | aps Yvﬂe”@b%?ﬁ of the near - | er conpri ses: $%q~ﬁ?§9kﬁ4355

conput er readabl e program code nmeans fon% determ ni ng whet her at | east one
synbol is within the span of both the Zr-end. echo canceller and the

far-end o] nge . rr%td‘.s_ ' rra e er
r eadabl eeﬁg‘ qgr %gbé%cceo#%mnéﬂﬁlsr@o? run%géi%%ﬁ?%g?ar-eﬁghg%@gnce | er
COWpri.Sesl'ePPWPfénd sl candeligrantheothedreend échostantelenhavingfar- end
echo cancelTer such that the span of the far-end echo canceller begins at a

symbol i rfireti ptedeterniihedi maximamt rymber of t tilter t tapsi Forsemulatingha.
near-end echo canceller jf at |east one synbol is within the span_of both
the near -finst echo chareel secaived rat Aafirshdelayotimamand daving 27 first |1 n a
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time and §gaomd predetermined maximum span, a method for adapting the far-
end echo canceller comprising the steps of:
10 determining-whether the span of the far-end echo canceller
overlaps the span of the near-end echo canceller; and
truncating the far-end echo canceller if the span of the far-end

echo canceller overlaps the span of the near-end echo canceller.

15 12. The method of claim 11 wherein the step of determining
whether the span of the far-e_nd echo canceller overlaps the span of
the near-end echo canceller comprises:

determining whether the span of the far-end echo canceller is
entirely within the sban of the near-end echo canceller.

20 _

13. The method of claim 12 wherein the step of truncating the far-
end echo canceller comprises:

eliminating the far-end echo canceller if the span of the far-
end echo canceller is entirely within the span of the near-end echo

25 canceller.



second predeterm ned maxi nu Em““‘)m“\gr adapting the far- end echo
< cancel l er conprising the st%ﬂ‘\“‘“\‘a I e et er m ni ng- whet her the span
of the fgy.- ho cancel | er =ovérl aps t he span of the near; C
cancel | e%;cog%lstgguncati ng the far-end echo canceller if theptg-gg#%@agf%e
far-end echo canceller overlaps the sp@gof the near-end echo canceller. 15
12. The nmethod of claim 11 wherein the step of determ ning whether the span
of the fdd.endhexraethodcof elaiovel1 awberéin thanstep tdfedetemmining echo
cancel | er conprises: determnni Egrwhet her the span of the far-end echg

cancel | ewhethertthe:span ©f; the dar-ansh egho gangelier Averaps WenspaAneof 20
13. The t ho f im 1 neil n e ste f ncgting the far- end echo
cancel | elriﬁgoﬂg???@a %&Wom%%rll@rtﬁéﬁ‘%ﬁeéﬁaﬁﬁc#{? éﬁéel Iger i f the span of
the far- end TR IS reR} i A & hd : - end
echo 25 cance Pgr. ﬁl g@‘eﬂér agébﬁeYh%“dércﬁmpgﬁmégwmér{eﬁ %s@p of
det esni nipeghwies irgart-érd seeho cdanseéliéraant dhe clar-end Ceche rcanddlierps the
span of the near-end echo canceller conprises the step of: determ ning

whet her at | east one synbol is within the span of 5 both the near-end

echo canceller_and the far-end echo canceller. 15. The nmethod of claim 14
wherei n t st ohethedcat iclgimnd4r whereiny thenstennek truncating itheedaf-he

Far Cend S0Kb o SAneBIgE SFoFPrsE L G HBP Pnvediately Tol loving a
shortening the far-end echo canceller such that the span of the
10 far-end echo canceller begins at a symbol immediately following a
last symbol within the span of the near-end echo canceller if at least
one symbol is within the span of both the near-end echo canceller and
the far-end echo canceller. |

15 16. A device for operation over a communication system, the device
comprising: |
a variable-length echo canceller having a predetermined
maximum number of filter taps; |
logic for training the variable-length echo cancelier based on
20 echo characteristics of the communication system; and
logic for eliminating unessential filter taps from the trained
variable-length echo canceller.

25



| ast synbol within the span-of the near-end echo canceller if at |east one

- synbol i
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comuni cati on syst
cancel |l er having a predbternined maxi munm nunber of filter taps; logic for
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2 9 17. The device of claim 16 wherein the logic for elininating
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I'ng e echo power |ev

m ned synbol tinme. . .
predetermined symbol time if the echo power level is less than the

predetermined threshold.
18. The device of claim 17 wherein the logic for computing the echo
power level comprises: |

logic for computing the sum of the squares of the magnitudes of
each filter tap corresponding to the predetermined symbol time.

19. The device of claim 17 wherein the logic for eliminating the
filter taps comprises:

logic for shortening the span of the echo canceller by one
symbol | |

20." An apparatus corﬁprising a computer usable mediu.m having
computer readable program code means embodied therein for adapting
an echo canceller, the computer readable program code means
comprising:

computer readable program code means for a variable-length
echo canceller having a predetermined maximum number of filter
taps;

”E[Hé‘ﬁj% redBfefnintdy Jtﬁresﬂ“&d?'edﬁae of claim 17 wherein the logic
e

_ conprises: logic for conputing the sum
"of the squares|ogfict for Bligninatites thle dHtdr tapsetotrmspondingpreodihg to the

25



15 19. The device of clai.m 17 wherein the logic for elimnating the filter

+taps conprises: logic for i the span of the echo canceller by one
synbol 20 WO.99ARSapp ﬁﬁmﬁ a conput er usabl e nediR{E/VSPR4ES
conput er readabl e pra! msan$ enbodi ed therein for adapting an echo
cancel l er, the conputéer readabl e progra®d@®ode nmeans conprising: 25
conput er readabl e program code neans for a variable-length echo canceller
havi ng a predetcomputer readable pregrmocodel meansfor trainingpther readabl e
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wherein the CO%ﬁﬂtéﬁ?ﬁ%&éS%{%@W%%@én@fe 'eiiiPﬁiHﬁftih

unessential filter taps i'ses: conputer readable progpgm code
means 5f or unessgntial #itteectappofrom | theel traimed: svariableglénygth wottet er m ned

synbol time; conputer readabl e program code neans for determ ning whet her
sai d echocpneellevel is |ess than a predeternined threshold; and 15
conput er readabl e program code neans for elimnating the
21. The apparatus of claim 20 wherein the computer readable'.
program code means for eliminating unessential filter taps |
10 comprises:
computer readable program code means for computing an echo
power level corresponding to a predetermined symbol timé;
computer readable program code means for determining whether
said echo power level is less than a predetermined threshold; and
15 computer readable program code means for eliminating the
filter taps corresponding -to the predetermined symbol time if the

echo power level is less than the predetermined threshold.

22. The apparatus of claim 21 wherein the computer readable
20 program code means for computing the echo power level comprises:
computer readable program code means for computing the sum
of the squares of the magnitudes of each filter tap corresponding to
the predetermined symbol time. |



filter taps corresponding to the predeterm ned synbol tinme if the echo
~power level .is less than the predeterm ned threshold. 22. The apparatus
of claim 21 wherein the co umi]\ !ﬁadabl e 20 program code mneans for

s ﬁ

conput i ng wae9/a1800 mm‘\L ri ses: conputer readabl e poTagsvenIwsde
means for conputi nu squares of the magnitudes of each filter
tap corresponding td the bredeterm’ ned syqbol tine. 3 1 23. The
apparatus of-claim 21 wherein the conputer readabl e program code neans for

el i m nati 28.t heTHe | appatatps obralainie®1 whepsincthe ecsinputePregiable ode neans
for shortening the span of the echo canceller by one synbol 5 24. In a

devi ce coipsogsamy codearmabns- fengliminating dheclfilter taps epmppisedet er ni ned
maxi mum nunber of filter té&psh a nmethod faqor adapting the echo canceller

a g !
conpri si ng t he CAMBRYteYs rea REograRmy gedep,means, don shorteningcthe spasased
on echo 10, ..characteristi f the co ni cation systenm and elimnating
unessenti zﬂf tfr\q 95?1%[ §§§§?p€§1t&h8nﬁ éymr%‘vari abl e- length echo canceller.
25. Thke nmethod of claim24 wherein the step of elimnating 15 unessenti al
filtel taps conprises the steps of: conputing an echo power | evel

correspongiqig tip a Hevity SompASing W VarldbiB-lefgiie dBHY tarMiidiehadmigl a£Cho
power level is less than a predeterm ned thresh0ld; and 20
el i m nat i pyedeterfmined mapinum rmaspbedi of filtert tapsr edeethodddr adapting
the echo canceller comprising the steps of: | |
training the- variable-length echo canceller based on echo
10 characteristics of the communication system; and |
eliminating unessential filter taps from the trained variable-

length echo canceller.

25. The method of claim 24 wherein the step of eliminating
15 unessential filter taps comprises the steps of:
‘computing an echo power level-corresponding to a
predetermined symbol time;
determining whether said echo power level is less than a
predetermined threshold; and )
20 eliminating the filter taps corresponding to the predetermined

symbol time if the echo power level is less than the predetermined
threshold.

26. The method of claim 25 wherein the step of computing the echo
25 power level comprises the step of: '
computing the sum of the squares of the magnitudes of each
filter tap corresponding to the predetermined symbol time.



synbol tine if the echo power level is |ess than the predeterm ned
“threshold. 26. The nethod of claim25 wherein the step of conputing the

echo 25 WQ)?%éF‘WL mm“tmn)lmﬂtu he step of: conputing thPEHHSBR43Ke
squares of the ml eaq filter tap corresponding to the
predet er ni ned symol ti fe." 227. TR2nethod of claim 25 wherein the step
of elimpagting, the filter taps c ri,ses.t St of . lLoaqic,.for shortening
t he spanggf t kB %th@ﬁeélagfmbgggm?%r?%gﬁ%s% of &L‘Fﬁ@@t'f@r eration
over a c ' ticgﬂn eviece conprising: an echo canceller
capabl e ﬁﬁa}’ﬂa@%ﬂ g Qﬁéég%hél nr}’q?g’ewbmmni cation system 10 | ogi c
for deferm ni pgidhRirNEhoRtBRINC iRe CapKredfethe ecHY tumtefleY bytithe 09i C for

di sabl i ng theﬂg% o} canceIIeF@ff the echo canceller 1s deter%%ned to be
unnecessgymbdis 29. The device of claim28 conprising: logic for

di sabling the echo canceller if the echo canceller is a far-end echo
cancB®l ler and the device is deternmined to be operating on the anal og side

o 5 B | BoBNRS of BATN vedno S et S e v r |
a near-eggrﬁgngir&?pcel | er and the device is determned to be operating
an echo canceller capable of filtering an echo in the
communication system;
10 logic for defermining whether the echo canceller is
unnecessary; and
logic for disabling the echo canceller if the echo canceller is
determined to be unnecessary.

15 29. The device of claim 28 comprising:
logic for disabling the echo canceller if the echo canceller is a
far-end echo canceller and the device is determined to be operating
on the analog side of a digital-to-analog connection.

20 30. The device of claim 28 comprising:
logic for disabling the echo canceller if the echo canceller is a
near-end echo canceller and the device is determined to be operating

on the digital side of a digital-to-analog connection.

25



on the digital side of a digital-to-anal og connection. 25 31. The device
-of claim28 conprising: logic for determning a round trip delay over the
comuni cation system and 5. .- “lTogic for disabling the echo canceller

i f the echgowepeR! 1 er is a famﬁmecho cancel l er and the roi‘%‘?ﬂs@%a%' ay

Is determned to b M‘m eterm ned threshold. 32. An apparatus
conprising a corrpu'§ “ I um havigg 10 conputer readabl e program
code nmeans enbodi e

t herein For elimnating echo canceller logic, the
conput er readabl e program code means conpri sing: conputer readabl e program
code neans for an echo canceller capable of filtering an echo in the
comuni cat3bn sTkeedevice of claimc @8 womprisingtbl e program code means for
determ ni ng whet her the echo canceller is upnecessary; and conputer

readabl e progr 4RI JOT BRI TRIGING 3aFURE WiR: dalay eXeEchescammunicating

cancel | erS#'ys gﬁ%e l;ned to be unnecessary. 20 33. The apparatus of claim
32 conpri rﬁs oh‘ﬁ er readabl e program code neans for disabling the echo
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for disabling the echo canceller if the echo cance near - end echo
cancel | er lesg then a predetermined threshold.

| 32. An apparatus comprising a computer usable medium having
10 computer readable program code means embodied therein for
eliminating echo cancelier Ibgic, the computer readable program code
means comprising:
computer readable program code means for an echo canceller
capable of filtering an echo in the communication system;
15 computer readable program code means for determining whether
the echo canceller is unnecessary; and
computer readable program code means for disabling the echo

canceller if the echo canceller is determined to be unnecessary.

20 33. The apparatus of claim 32 comprisi.ng:
computer readable program code means for disabling the echo
canceller if the echo canceller is a far-end echo canceller and the
device is operating on the analog side of a digital-to-analog
connection.
25
34. The apparatus of claim 32 comprising:
computer readable progrém code means for disabling the echo
canceller if the echo canceller is a near-end echo canceller and the



3 4 deVice is operating-on the dl@lta| side of a digital-to-analog -

.connection. 35. The a “\x’ aim32 conprising: 5 conput er
readabl e pWEY?SRTBC g% m\ rmning a round trip del RCTAS824368
comuni cati on syst

Lcotput er reada:;) e program code neans for
di sabling the echo canceller if the echo éancel ler is a far-end echo

cancel | er he.r t d t I
predetermqgkgcko?s ﬁﬂg%&ﬁjpmge{wl n étggesipége avi ﬁgﬁgan' tgcszﬁo ca ceI | er
capabl e ofgdhheetibRd an echo in the conmunication system a nethod for
el iminating echo canceller logic conprising the steps of: 15

determ ni ng whet her the echo canceller is unnecessary; and disabling the

echo canceller if "'the echo ca ce l.er |s deternj ned to be unnecessary. 37.

The met hod3®i clBPnAPRasaWs iof; al@imp@2 comprigingip| i ng the echo cancel | er
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connect i ogqp%%el?ghﬁvg]ettﬁgdcghﬂ@'géﬁgn érﬁl Rehd 25 di sabling the

echo canc e echo cance I'S a ear - end echo cancel l er.and the
device is det eré‘bﬁﬁfbté?’ readabs %ﬂd@aﬁﬁ‘ ddtie dheahs! for disatiliry the echo
digital -to-anal og connecti on.
canceller if the echo canceller is a far-end echo canceller and the
round-trip delay is determined to be less than a predetermined

10 threshold. N

36. In a device having an echo canceller capable of filtering an echo
in the communication system, a method for eliminating echo
canceller logic comprising the steps of:
15 determin_ing whether the echo canceller is unnecessary; and
disabling the echo canceller if the echo canceller is determined

to be unnecessary.

37. The method of claim 36 comprising:
20 disabling the echo canceller if the echo canceller is a far-end
| echo canceller and the device is determined to be operating on the

analog side of a digital-to-analog connection.

38. The method of claim 36 comprising:
25 disabling the echo canceller if the echo canceller is a near-end -
echo canceller and the device is determined to be operating on the

digital side of a digital-to-analog connection.



3 5 39. The nethod of claim 36 conprising: determning a round trip del ay
- over the communication system 5 and disabling the echo canceller if the
echo canceller is a far-end echo canceller and the round-trip delay is
det er m neslotagy3ings | ess than a predeterm ned threshol d. PCT/US98/24365

L

-39. The method of claim 36 comprising:
determining a round trip delay over the communication system;
5 and _ , .
disabling the echo canceller if the echo canceller is a far-end
echo canceller and the round-trip delay is determined to be less than
a predetermined threshold.
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