; €3ezPSWIJK\ N2ORGRTPS #y r WD 991 59320 PCT/ US99110023 A NETHOCDJ%?IE{)WSZNM
FOR SCALEABLE NEAR- END SPEECH CANCELLATION FOR TIP AND RING T SI GNAL
DETECTORS 2 WOOZ$R2002 Field of the Invention 5 The present iPGBEHE9016023
relates to nmethods and systens that provide suppression of near-end speech
energy for applications including. but not limted to, inproving the

tal kof f andAtFIECHOD RENDPSYSTEM FORMSCAISEABILE WEARIEND! SPEEQGH €NS.

In particular, the RN [ j m'clg
providing inter conngﬁctl on %‘mgénm? eG'R;’féIP Qgﬁ‘ug 1 q&%ﬁ%ﬁ?@ne
interface and subsequent communicatio _ _ for the purposes of

calibrating a selectable |ine b ddi ciycuit. and extracting a single,
uni di recti onal pﬂ%h cont ai hi ng. i 2 end energy, wherein)

nti
near - en@ speech S8 MARSLIH NANERle thedsnand sstanas dhay eravide

i nherently i t - l i C | party
15 dont i 1SRRI T ehe Spo80H SRl 18 HeNBatons it dRe FBu! b8P
cancel | at i dimites tegnisnproeingi thel talkefe dndntatkdowre pedbonancee bivintkarahgignal
station set equipnment. The traditional role of echo cancellation systens in

the tel ephdABE RIREHRN HYStafBeNn 11 RAPFYAE e PHRRANT IPVBRLQD Hpsogbes a

Lr ansn Ssi GoRANARY BYstEATNLURIN ARESNABA! pERIdSFUhangy L ARE dgpur at

poi nts of inpedance m Int comuni cation circuit. ho cancel |l ers
have alifo Helephenpllmegcimtémface ahdssubsenueqticpmaminicdtinst bquiposnt gar the t o
enabl e hi gh speed, full.duplex data,transm ssion. Wth the introduction of
new t o ephdWEPSEes, ot csalloraiing 2 SEIRanIE) BEE MicRiian Cirapt AL SXTBEING et ho
cancel | ers gfglacanioiBetiGRa §eith COREAhINY pRIHoMIRARIBII IR ERERY Whebsinome of
significant inportance in subscriber Station sets to iInprove the

per f or manc enealr-englb apeectv reignalg naved deect oasceledbaitiet ovethad gnal systeschenes
usi ng conbi.nat i (f)}ﬂs of discrete 30 freguencies have Ion% been Hsed ér{] t he
Lel ephone 49aerAllY -ATaviTe; derarsaia, aRiNagk SFIG Q0310 7Ch; 2 4AITRG PRt hat
the safg SRESAHHERIOA Hatd FaRBidkiGY.ri es custoner speech can be used to
altemately transmt signal and control information. Sharing the voi ceband
is essential in situations where bandwdth is limted and dedi cated control
channel s are either too cost Backaroundxf thelnyentiomd 99| 59310 r

PCTI US99/ 10023 pwi® esanegjiatioat systems aver widely uSeddn dhe ttalephose ratwodn

| f inb i gnal i in the tel eph twork tod
Phel e caiand o aale el Rt Jheedchforial. OB G efe Sncelaish
audi bl e ri ngkf@ns HHSthe (REPHGHe HAWbINAdsS BBen efoCimpave Mealquifieof a

Mul ti-Frequéncy (DTMF) signals 5 used predom nantly for dialing.” In recent
year s, 2Aewttasisgpsrine chanvet by, resuamingsined@ntec gigned mefiections| thak ogcwnatcal |

Waiting (C ~Gal | Lt e a e ee e ony

pl at f or ns, p% Oég’%ﬁgxﬁ%%|"@8"B?‘§ﬁfﬁa§}‘%%$)’bﬂ%g‘§°ﬂ%%gﬁﬁ%§ﬁeS“?&Bs%'g"a‘#'g%]he

| nt ernet omhalébalbobgen heniployeanindsttiovic et BuipatBtit forlthd ehogibpart Giust oner
Prem ses Equi pment (CPE) tone signal detection for signals sent by a Stored
Pr ogr am Corﬁ"iagle bigh spead. B duplex Statgsiragsmigsiony: - Mith $be vietrodagtioge of
services a I : r n hpol. ogi.cal S, A

e conduct 55, elepAbE: s GHIERN, At M IR Snbfel REGEER sbStPBER oot |
sophi sk catcadcellers egrrgardndospesticedncaiatior systeas havd esgantly bedompiotl
crystal display and keyboard that under m croprocessor, if not digital

signal proSiYlFantdgioriance 4R subserbenstalipatsety o mmprgve HiripedaEpance

net wor k angt rgpﬁ i Al'l inband tone signaling systens are
prem sed og)fi'rﬁ{ea e in%f haat&g@%téﬁsé signal can be reliably detected. For

Anal og Di spl ay 3Iebamdetonentsighalirey schemes using combinations of discrete

frequencies have long been used in the telephone system. The primary
30 advantage of inband tone signaling is that the same spectrum that normally
carries customer speech can be used to altemately transmit signal and
contro! information. Sharing the voiceband is essential in situations where

bandwidth is limited and dedicated control channels are either too costly or
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20 (ADSI} Custoner Premises Equi pment (CPE}, reliable detectior?df 083t ek
call progre | s is necessary for 'the CPE to properly track the state
»of the call ﬁ‘ﬁ%@éﬁirate internal events that are to be proc (10023
downl oadabl e service script resident in the CPE. For ClIDCWand CWD CPEs,
rel i abl e deoset aotegradatien GPEsgtvieet | 1&prse gfathe( OB} dasnmene examplaso 0P 5
engage the CPE s off-hook, data transm ssion node for the reception of a
data bur st "g?ﬂcgitﬁpﬁgs'gﬂél'%qu "b:\tp?yf eﬂ?ﬂﬂ%r’bet‘ﬁa%,toq,%df‘&b’ﬂeopaﬁ
personal i i Ja j . | SRRENBiAANSNE" LG i
voi cemai | gﬁ@é?ﬁ%cﬁégﬂgagpgﬁg éc't g@??%éléo?QDgNF' Si gﬁg’l énﬁg’gmra\g@gg@;ry b0 allow
t he subscr irberdero calperaifiyg.edtd.j agd abdalc done diubtickiequence (ETME) isignald ayback
of 30 voice massags& Vrmylfe relflse of an inband channel provides an

r

ef ficiedt MSRAPrEAPMinantly iRl iR

UIBgat i on set or server-to-station set

si gnal i ng, St aniyh fignt Rg2hb.CHbw? toleBROAD! 5420 23ucr 25 288RnETeiRP110023

related to signal recogrition may be encountered by station séts attenpting
to detect tRalveni gndlall Whaiting (GIGWarGall Py aiting Melue (CWihaand adwancadinal
detection are detector talkoff and tal kdown. Tal.kgf f Occurs whenever a
Lone s gnarcRATLiTEphEnY Dlrfums) Seha v Ard Hlisdlay i SFoiss e Sy
speech, MUSADSY anel fHe fReMtt] 6 W@m&@'@vesbééh%pléwrddﬁ% iten, and
field experience have all decisively confirned that humanh speech can

i m t at @0 soneliatile t Gastomeen Rremises tkqiipment fCéior tons signab detedtipmalfer The

cocur i n am<Oil SRy et synlkth FedorolY Cefitsh Syufthing SRR P CSn gy B Y
det ect or t gaf@hdOkérvekverTReSS esdriigeli bR phAiovnsi NBACSLIEGEE giggfi'ﬁéw‘g in .

the tel ephone network, it has been a challenge designing reliable tone )
si gnal det deehnniogigal adnancestin seaiernducirsoats ransferminghtie canventionak .

Sonar det SEEBRRNETsE J0lR, N T labi B8l S RiEicalichs. c8PRPAT s ¢ o
recognige dewdhgth quie chyaardispiag ansickdybosrstha tkaer Alicrdprocsssod!if Aat i on as

a tone signal because of extraneous energy present on the line. In some
i nst ances, digited signalaPrCrEO. L oant Hackdbe istatgeuel @ gall anchéeadlattkgr ound

noi se. The ﬁ;ﬂﬁﬁl _ C X signals distorts valid tone 20 signals
and can irrpn%li‘gat el rfgée%'*ebg?)?‘gnsf?&%{gkoff and tal kdown are two critical

per formance nmeasAlr @bhahar tonet sigaaling Babteties aeé Premiskrly onetheebeéiisfelnat descri be
the detector's ability to resist si ?n‘il d! mitations and to reco%g(i?ze valid

tone si gnallNQEING €anRe spliably, de ior fipalag Display uaprvicese

det ect H@n 3 ' t r I cades,
only r%@en?lﬁg %?&ts ﬁoerﬂélgsgé?fé#es?ggﬂfgfn %rgle(lg}g%)' g%wg{t%égﬁﬁn%g‘rf fr{oérivr‘{gﬂge been
si mul t aneowall yprogmssrsignals iamexppsarydor dme GRE to lproperdy tnacktthepstater ofr t

t one signaling plications, such as DIMF dialing, have benefited from
envir onms_nt“%e \Aﬁ%t)@’lﬂit%?tet d’l‘tﬁfﬂﬁime]é%'?tﬁpﬂ??énéée dBulbg prosessad ikyed i n
favor of i geixoddhtié! delibe PSér fit iNVth8 gbé. a%“ﬁ:né@v@faﬂb% oD

r
and ADSI, sinultaneous robust tal koff and tal kdown perfornmnce becane a
necessi ty. (fiEs, cmliableadetgotionf ofetheOBPEO Alesting i Signale {CAB) tie rmecessafyetd cor e

Conpat Pbi 1 Fhgage he 5PEs Sthaeal s YR0eTs o THRs 4o B TOCEPUINSf 4 | ons

for the Voi i ] SSHi y e =Yyl 2) and
SR.3004) NPTt AU CRIRaINEn B SENAG oyt e, AGREE lopatigh G REtsofdt
Descri bed idergificatish qoanibét., Bandelepha®® Sansweainga duhckises rend adologimaibnd

t al kdown performance, tone si gnal ctors, for the CAS and cal |
progress sPYNEMmS, ﬁ@ﬁ%c@ﬁ@“ﬂgtqﬁoﬁénfﬂpﬁgd'ﬁ Maaessanydevnliewsten | for
hi ghly reli N i i anml <

recom‘rendslsta Egﬁlgacﬁ)s%gggg}ctégﬁk'%gggn%dmﬁgﬂ n%eflgnﬂ?’e%%lﬁﬁrﬁhdl_%ﬁgna a(E:ikmg){ ation
in 45 BQur yoske eepsagase to equal anounts of average |evel near-end and

farend tel ephon eech. The tal kdo criteria that nusi .be sinultagneously
10 achi eved by SHILE GRuse loat; pRERY CRnnes rogRos 1an Atei8Gh Theans dnk

tal ker on ABHAYRLBURalOP R JdiferlBCAHOR isBp s@naﬂ%&) Qfgnﬁfdan‘fj%rbgleﬁﬁs- The
conbi nati on of these performance criteria nmakes CAS torie sign detectors
that are conpliant with SR-TSV-002476 arguably the nost robust inband tone

signal detectors ever deployed in the tel ephone network. 15 For tone signal

detection systens used at a subscriber's |ocation)
2




signal imtations can cone fromboth the near-end subscriber's oigq 902

well as the voice of a far-end party. The near-end subscri ber’ :?r oPee |s

. usual ly the d¥Ri%RaM®source of tal koff because the el ectrical R PRI

of the near-end subscriber is significantly stronger than that of the

far-end. Thdekedinsignghwecogoition nakbe gnceuatesed by statioresetsaltampiing:ia oss

on two | oops,_.i..e. far-end party's |l oop and the near-end subscriber's
Hptpeiiops kvl

Loop, and a _ network | oss before it appears at the near-end
subscriber's st atTé raeitionahgrobfshs Wie iBbASE tdrResighal abieetibh aré eetaabt
cause of tal kdown since signals |like the CAS and Call progress signals are
typi cal | y t rtalkeffiandetalddowm. t he central office 25 SPCSS while the far-end
party is_either t or._not yet conpnected.. |1t Is characteristic of tone
Crgnal | d8tect or s TIRGhges WEShefidep obF anrloSeEled, b FOEL adsnls
signal im t &g SnitatiossipfoductRiobf epebch, "iMuBIc ¥r heiskadk ¥kfid 18HE sigralect or s
validate a tone signal only if a certain signal-to-guard ratio is_ satisfied
for each torfdudiegngxperimgntation, apdighdgxperignrces hgvelall dedsivglyagenfiraiad i s

bower pr eserbef B SneReh3ER miald ik, GRE SHeAtal At SEHRA PRSIk, T .
portion of tdietonei eigpald tTwg dontbihatih Df gtsHsohahest eswaisesyllablest ratwt

i nformati on about the purity of the tone signal. A single quard band 4 23
n~~ 20040\0agpgeabie fiegue iy 06auwgn ancerdinasy delepbere cpprersialion an eaKsssi gnal

fequency companeiGhA"ddle GO NAORN_ BleP SRR ing YR8 B8NS PR fortis e
ectors using thel'guard principle usually requite a l'afrge positive

si gnal - t o- gusigrehlingtin ¢hé telephonhetwork oithag bieenea shgheige Hesighitignieliable

tal koff. A large.si (‘gnal -to-guard ratio demands that the energy within the
si gnal i ng f teResignal gaiegtion Sysiems thal grenpnsregransiuesioetignaldmitalioBser gy i n
the guard band(s)p.pS :SP b Siddds n%jrxfee Lo E b t ¢€ y at
frequenci es out si)Tdae!@ﬂg‘?s'?gna F%g%ﬁé{h@dtéﬁ&gon I ticzllr?géruetj&g%t?é; Oéa%{eg
potenti ab ersigriyl qedectersisTalkddwmiagburs ahkoétenadienecsignabdeiediemn tails to

i nproves tone signal 10 detector,K tal koff performance. Although this

Sty ategy mayeRaiirae EdoNS Fledt bkaieRAE etk o AR B
likely to sybhers; leﬁécaiﬁéeéhexﬁﬁﬁé&]éﬂénﬁﬂj %rééb’ﬁt &Rh8 ineM Tl dohfene
signal is successTully attenuated or cancel®d. Two basi c approaches have
been ](carrpl oyémstbyce&_etthmqr ozignylsmmagemcafzmwa/ vOlD )ﬁmab_fADlﬁlwsiPEand Iﬁ?}@l[] ovi de
sati sfactory _tone signa ector per mance, e Si S ro as
been the di PacRouEEdey. SR RuStelE orhERe Pt sfinale GBtorB SR feha'n" and
ring inerf agghaiPahlitanampandrsiedbfochane pl aced the tone signal detector
behi nd a speech path separation device that inherently attenuates the |evel
of near-end speechalkaibpad dalkgown ase twe gatieal perfermanae measdresiaratangd 2o

or or art TSGR ebne Tt Fesndorbh bR el s Rty BEus L
thei r advantsiges infilatiofly andage secajifizd halidanaéi signalt shiscuredsisnispeeerNt i on.
Met hod 1 In the sinplest approach,. the tone signal detector is bridged

directly 25 MésieHs Nojse. Althodaly tonesignak deteglien bas beensa prevalerdart isthe
e 3 . j AL
of its an AeRefbfE netwdtk for UeeABIETEH rbooi) RS RIS AKBAMCY Table il o°

passi vel y | igidetatkdowm perfolvaahce deeht simhilighconpigdatiretni aarappiidatibhne
connection nean that it does not interfere with other station sets on the
same |ine of % dhenmest £areRrighad done signaling pprlicationspsugh astDpMEsdialiag, | ¢
further proy.des 0 - i Lg S i entity
Del i very (C}(-if‘)l)%.8 P?égﬁﬁgeﬁggn%gg?%ﬂgﬁét fgl\g](?$lé s&%@toorvtaéﬁ@@n% a '{f%ﬁ'?%rk%dj unct
comuni cat i @oufd be 33ccediAdavodIIRIPPOIRE 1A Peddrhanes. dwith ek advent do

not i ncar por at ny type of line termnation circuit that may nornmally be
used i n39P\ i téﬁgi?\gdyq[(@peméog, simultaneous robust talkoff ar%/d talkdowny
performance became a necessity.
Belicore has specified CPE or station set criteria in Bellcore documents

SR-TSV-002476, entitied “Customer Premises Equipment Compatibility



The primary di sadvantage of the bridged tip and ring arrangeney i(}fjt R&‘ﬁ it
presents the worst case tone signal detection environnment. The 'tone 5

. signal det e®Y®59%2% hi s arrangenent is exposed to the full pobeFU§79/10023
near -end speech. This creates significant difficulties for achieving robust
t al kof f andCorgidetationpaof aheavoiceblnguDaty Dfansptissibn| lewer¥ace” adssisd g and
converted to obtain | evels at the station set, indicates that near-end

t el ephone HRsERPaiaPR. AKhSR3PVE eplitiach” [esfng Gaklelings for dnglgg JvPe a

Ui ng e thrednt] S ERATR SFINSTIR7e8", BinBhp (805 A dadfee .,
t he subscr itfefalikoft ARd 3IHdOWA peritiraianee i idhe ISR deRittdrs fastid CASand 7 dBm
ASL. Experinmentation and experience have decisively shown that the tal koff

and t al adowall peegresaemanalef the serommendations candained gn dheselslpcamentss t he

| evel of s LDk T t - 1 al f u ffs
per hour, {&gﬁg@ b@’?\lbl?Z%%Eepi??%%??gdrhqy&\}mg%th&?ncl?fg era%)?ar%gp Ig pe@eﬁc} Eﬁqfégg?#@peech
level s at +dcothimendt thakta ©AS eisréotol seshaititaiabanbie fresel signdlsinkation
threat for talkoff and tal kdown. Al though possessing |ow interconnection

conpl exi t y,n dhdasrs @ eapesiyedreqyal arapvntsinavirage fevel nearengdeand fam

reduci ng t I f 3Een 0 - € n

ar eat er t neng: Bl Spdear TIRERARDown ok FRF (ARSGD AAERENSORIT ] o

| evel ﬁlpouiipﬂielued tﬂyetgidﬁcm toyfehsighhbgétebaorLfUr uﬂi?;avemg;@nm-@i@mlhm owar - end
speech is likely to, be pre-enphasize the subscriber' s tel ephone

handset . Ha8tayerage lapp aTRdhe TRrRGRIfioR P%&@@ﬁ@ﬁ vahd GAS-ndhecambpalionies
gainin th i U e f ‘
At hough mobers (HIGRRERE bRl AR IGARSIde, Sinal Mt obfoMnaf3Me a (2
1000 Hz)) peypiahbyithaBRsESMI0O2478vargdably thienatbst halbustrinbayd itone lsegnabper

voi ceband i s, necessary apd critical to maintain the intelligibility of
speech. As dﬁt‘?cé%rﬁlqv,ertdgpg’p)’ﬁgda t’f‘?éﬂ?ﬁﬁ??@f@“ﬁﬁ&% been historically designed
to SUPRFY an enf:bgytohe%a nal dbt&tmpggs%% at A SUb4EHb&s GacatRIC! al Iy
30 avail abl e tel ephone edui pnent 1 ndicCates that an average transmtter

char act er i signal oaitatimnsagaoy oemeafrech bgthathet neagand Isubscribedrts paise tasvwel| ope

f | 0g- le) with [
e down 5 @8 'hENARAR 2 B RSEPREY ol Bod SR SOPSHDRB0 RS & GWAN gher
rel ati ve 6 gonff AUGEAB2E! foiforPLoA B2 1RCTIGERRY 4088 6ol 8P Rearbge CAS

frequenci es, 2130 and 2750 Hz, are in the upper Vvoiceband, transmtter
pr e- enphasissbsgritier g aignifieantly spepgar thas that iof theéarsinghal he gpeeal signad

jal . | kof f,that i it d by .Lhe bridged
Cr 2L o352y TS SaPRRAT) if bt B4, el Bl A ol el 920
for the bripdagd ibop ahrine Mearsn@8uBSBerieraps anteny PRSHVEARREReIOAK 0Y

will often overwhel mthe tone signal energy the case of CI'DCW for

i nstance) 1955 lefere & apperesAl thes Bear-end mubserisersstation-set. Jiba pear-eade.

Attenuatio .10, I ns [ duc . sin .
D Byt s BB QRGARNR 2850 BRI Bt ARG B GBS 1T,
and ring CARdt 4lE progreat sighaset ars qbibhllybﬁr@ﬁ?ﬂi&éd fréma tN® ' entfa Sétfice
signal -to-speech ratiro of -23 dB (-15 -15 - (-7) dB). Reliable detection of
t one s?@na@@% whiledhe daead partyria eithenaiued ogmobyekcenngatedl t, even for

| i beral detectogs;.t Jo0 Lt al. j £C L,Qn i mtatfors.
Wth a tone si g!lta'P %éﬁ.rgg@éﬁhlén%l l([)oyl n%)'tgﬁ ﬁgtdfg&e{{)%'lr gonéﬁrﬁ'g%ghegép&c%ﬂ o
princi pl e, gubrl attisrato kesigtuand sigialdmitatibhé izrl ain £ dehrsd of imfitped be
met in ITB.I’]%Q!I nstances of legitimate tone signals because nearend speech

ener gy woultajkeff.gSuchdgiectpre yalidgle a tene signal onhsif @scrtainisigniteigiasd et .

Sei ect od ST B Sa Rl Grllorfeisiordt RRLsRieS, QUBRERAY" B Saher:n. °
si gnal 3glet gabnl fatRAl fife ftid oNneke tpowesopictent Yathin A lorid siyidl tRlduensy

performance for bridged tip and ring applications. However, the neticul ous

gd jl ust nent band dettbetpawerppresest & 9rfha; sevena clesignajed guacthibandst hEhe r oper
and 1 e, coHetnpade B 8eetod B Eeabdnd36al e GRESERA Hlpeley sBeria: ' e

final deteektactdietorgvation Abbet thengurtyef tiie aone &igridl CAnsingleagtiard band
process.
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In summary, the bridged tip and ring tone signal detector arran@&m&ﬂ\'iT izgma
sinple, non-intrusive nethod to access ‘serwvice signals, such as inband tone
. signals and WRH¥E8ROCI D data transmi ssion signals. However, f PERUSA¥I0NEE
standpoi nt of tone signal detection, it is the nost difficult arrangenent

t o achi eve carodbe abkleciedaniort all k tteantoper fsigmain dregbeney seompodemts ot Ai ng t o

reduce the IevEl ?,f n ar-egag spe(fgh I,nci deBt ugan a tone signal detector.
The prior afeMmBwatign Al seyeral giprd BaRAS MY beusedng ring tone signal
Lal kdown per  of noaiee Ol DG, I BORIT BRrni® U it PR B eSie

t al kdown performance, while~ac t 'to design
and buil d. $ighaled-guakdsmationtd calivate ircorairgetoet signalsopedhinimizo glkof€.t Aon
with tone 5 signal qet ectors that quﬁor\}ﬂ des ir’rII.)roved t al kr([’)_ff and .t al kdown
per f or mehcelai@e HigRaliBdYard afationde & dRat dheyrenergywithigr the SIHRINGhm i s

i | ustrat Edfrégléé:rééjpbgn |8 rBl%vel SHEHE withCrdspRe: g&sqﬁ{eerﬁa;egfq.t\ e qudrgcat ed

behi nd a devi Ically referr to as a hybri id1s devi ce
t hat converband(sk Binck speechimlikgdntth pnodube sigmnifidait sarergy @) tiequentiase i nto

t t | di ti | t t 1 t i ve. Far-end d
networ k&1 RHPBEGIE HOTo RANFS YT ORPIRR reRt oy 1HePR oo U oRat

where the tﬁé\?erﬁkgﬂﬁt RRSIRC Kkoff Sa COBtBEEIrednd Ne@he8NImBrévedN W rfe 3§‘|§hdld93| ly
transferred fromthe transmt path behind the hybrid to the tip and ring

i nterfale. daectorpalkotiipesformameel eakage of near-end speech energy will
occur across the bri,d, and, appear at the i npu 0.t he . tone si I
dotoctor. The. anbliipugs) 1R LAt EmalarouRls G ket Parartencs Taftewey 1 s
att enuat ed bé{rféﬂﬁ@ar’ibébi‘s'lﬂielystoﬁlﬁﬁ éﬁr‘ﬁe éécﬂ‘ﬂfﬁm% bfnbieghatlddh Mepihybrid

l oss is a function of how'we | npedance of the bal ance network natches
t he i npedang@done sighal isisugcersfiullycattenuatad ori canceleder Twodhasit @ppraaghes of

n e e ar rRCRent efbuEEby i BRI KB, o BAF ATRITEPE RS 27 e
| evel of5 negiovRizdsatiRE£sI0N IoRedagihal Wetectoh petonRantd NTthe @ahplesPapproach
Attenuation of the near end speech level Is useful because it dually 25

reduces t heh@s beanithe direst, paraliglesmnestienraf dhe donsm gignab dptastermiol §R §nd hat

near end spg ' co ' Wale] _— . S i d | oss,
for exanpl e'?r?é; E%t ea\%% ge“%&aﬁfl%dq}?@%%%cH%%&é%%dgéﬁ%soﬁgeé'éﬁﬂe@s/@éiﬁ I
det ect or i nipetindid $pdehr pathasparation dévice thdSindBrenfiplatiendatdiethe level of
signal -to-speech ratio will inprove from-23 to -17 dB qver the bri dged tip

and ring arnedgRNSPeesh. EMRIE RRMPIRX Gfrangemsite havec tilizask apalasnand at ed
that a gedughi | [sEeN oaly Ly | q enent
n i gray - dotadoefiafioh tehridies I, GBRSE xarmitRlip of SR AR Rl
per f or manceanf implecentatigrsalthat fall within these two categories reveals their

advantages, disadvantages, and the benefits of the present invention.

Method 1
In the simplest approach, the tone signal detector is bridged directly

25 across the tip and ring interface of the station set as illustrated in FIG. 1. This
arrangement is advantageous primarily because of its minimal line
interconnection complexity. The tone signal detector passively listens across
the line. lts high impedance and parallel line connection mean that it does
not interfere with other station sets on the same line or communication

30 equipment beyond its point of presence. It further provides access to on-
hook-service signals, such as Calling Identity Delivery (CID). lts
interconnection method is also very amenable to adjunct communication
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design 8 WD 99159320 Z 3 00T 2002 PCTI U S99110023 benefit of the hybrid

. arrangenent WQH320 it nmkes bal ancing the tradeoff between tBEFWBFP/ 14k

t al kdown performance |ess difficult because the dynam c swing of the tone
si gnal det edévices whatcto inot deconpecatasanyhtypdi 6f ine herminatialB diretilgbat ey wor st
case speech | ev and the wor.st ?%éférttonggl evel, has been 5 reduced.

Because traﬂgmgih'ael”ﬁg In 3piigey I2PBONES the match between the tine
[ d dth | ; ' Rg!l ;
| rpedance an ?h@%ﬁ?é@ g%bw{irlﬂa%v&rﬁ%sbn@g&i ﬂg é?\d‘ﬁé@oéﬁaﬁ@éfnéﬁlt is

provide a suitable transHybrid | oss” across t | arge" majority of
| oop condi tthabdt plésenisatie worst dadeatone sighabdétectiar envisdramee!. (line tomest

case 10 transhyprid loss can range from2 to 8 dB over, the dopain of all
Coon | miboaReRa Artaci D, B aEARGSTIeNT e xbaset FLHA B PRRELY diokyand

near-end sp eviglis nchil . editiciis -a%gﬁ@g rahi Inagl e
bal ance net %%;bﬂm;ﬁ-h% reptlgg‘f:% 'ﬁﬁé@u ':fflI plle,S ﬁ?xe neﬁ%ralesjgrotrélgtﬁf and
adj ust abl e tadkdawik pasormbanse.r & surven ofisgeeéh Iavels agljusied @amentonvertedntet | nes

f dt ) 1 I h el . Ml tipl bal t Kk
L] ot bl ¢ B yer Al tafict Rt W0iEntes makfentBng 19R0RBSE SPERER NS r T o
0ss over aa3heBAlAdRbGpsodty E0SH (ABIONSY HEn] ARASS CRlusBiARtRIrKIRA 15 dB

could usuall'y be achi eved using at |east three fixed networks. Because nore
than onk® baaadstandardsieviation2y appsoxiatstely 4 dB. dsing thecthuee sigea case @s

i ncl ud hani h I h I mal k f he |
condi 1 on olEoRPBr dIMTAREAGARH PReSTLIPLelh Bt Seaiipes b afhd 5 ' °°
si gnal  det efértadieich’ FEtACIevals ASURERMS -Vi dBm! ASEe ExbesihicHtaibri fnkl CS. 2

and 3 have certain disadvantages. First, traditional hybrid architectures
are wel | suéxpgrignoe have deeigivelyeshown dhalothe talofi and talkdowhepasfare@ncat i on

f th h is ] | d i d handset. ' d
Cr ansmi ¢ or Of BHENPHan FAIeEEy rHedhf HRtraBelan i Pyt] & Sperch ntBaSte  one
are | esg prapéiraf of BlikoiN Gr Mlarbecst RlliofisSpad hduretéids i AsE ¥expenaRtdIRd i n

series with a station set and nust therefore be capable of passing basic
t el ephone | with inctedsing speecit ie\dd. aSpexThy tavedyyal -T idRm AL care) exdtemelynal s,

o oouct ot AR ERahf s X el LT RMBIPE SRS RTARPRRS |, g
ihnt erface pbdﬁmid?/_ [o@s Sintercbhagdlivn heormPiaxitg! ®ei mrided. G addptring
ybrid arrangenent like those in FIGS. 2 and 9 WO 99159320
arrangement offers no benefit in reducing the level of near-end speech.
20 Near-end speech poses a even greater threat for CAS tone signal
detectors. Not only are near-end speech levels loud, but the threat of talkoff
is further enhanced because near-end speech is likely to be pre-emphasized
by the subscriber's telephone haquet. Historically, the transmitter response }
of the handset provides gain in the upper voiceband to counteract the effect
25 of loop loss. Although most of the speech energy is in the lower part of the
voiceband (< 1000 Hz), psychological studies have determined that energy in
the upper voiceband is necessary and critical to maintain the intelligibility of
speech. As a result, telephone transmitters have been historically designed
to supply an energy boost in the upper voiceband. A survey of commercially
30 available telephone equipment indicates that an average transmitter
characteristic can be approximated by a straight line with positive slope from
300 Hz to 3000 Hz over a log-frequency scale, with a response at 300 Hz

down 5 dB relative to 1000 Hz and a response at 3000 Hz 5 dB higher relative
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docunent GR-30- CORE, "Voi ceband Data Transm ssion Interface", [|ssue 1,
Decenber3019gstandpeini off topetsignaladetectieonoif isfthapmast diffieult sprsangerpent to

Integrated G rcuits I , =Y fe t | S, Vi ces
conbi ne 2o %Féﬁ gaé@iaﬁ’gt ?'g(ﬁ t§k§°@§e{rf)°§®a§fg8§§?§%@teﬁtq%§ﬁ Jﬁﬁi‘fqg S
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applicability to adjuncts and integrated sets alike, mnimzing conplexity
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| nvent 10 (stniedtaich shiiexXpeighee Hhvel deirodftal il A ledieB i Bhe. oy
for tone siigniardgidespesch level of anffilart Pnpravetridht dAdkighaldotspedichaggiousi ng
an i nproved \Weat st one bridge technique that al so provides access to

on- hook serdaBwtisalh imerovegdhatatketicand falkdowr perernance ghacignenignal
comuni cat | gi8ctor similar to that described in Battista, et. al. Furthermore, a key design

8



30 equi pnent. The method and system operate independently of ?egeoﬂ 20N
t el ephony functions and can be applied in standal one adj unct | ces as
.well as inteYP¥8P®nto a tel ephone set. The degree of near- eRETAPEROA3 3
WO 99/59320 23 ~s;~ 2402 PCT/ US99/ 10023 cancel lation is controll abl e by
scal i ng t hebeyefiteof thplhybeddt atrangementdhitbak itt makeesbaladciagothet trabentar - end
speech attepuation. Specificall the system uses.a voltage or current
sensi ng el eRBWEEH 'é‘@%’g’e?'?'p @E@%‘éh\ﬂeﬂﬁf@\épﬁﬁgé§%§ﬁ?‘?%‘ Beca gt?"ien%)@ﬂaf’TéfEe
| ead. A sca ' E‘Eﬁr‘g iBnti i | @gpedance
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ri ng interf bewveen therworat Yhsaspeecteldyel ane thdRatdnstrcasedonerieetlchasween
bi -directiona ths, only a single receive path is differentially
extractetl fF Cg nter of the bridge for input to a tone signal detector.
Attenuation of n - %WH? i | tion
and sel ection of Btéﬁ%l%s]%g?g m lrdre'(l?rgg ?%{T%lggaﬁ%égb\%g%%gg tﬁ%i’%ﬁ‘cyr}getg,\%gpﬁgﬁl e
from ei t her lire impedarcet and the balante @twerkwiivesges, asirgle netwbilkemagtnadr k. A
control ling funcftion uses, one of sever al. t hods dﬁi%[‘?kbed t.0 elﬁct t he

¢

best net wor RF% q@,su'ggglgr%eqrpﬁ@fttw Y 1085 Q0pS gg fagyoy 8% ne,
at the stargoitiGye YWihl aPpgR GRldnce! neRRbkNYBH ShataAERP IR GvdrBt @aglout 15
the duration of a call. Brief Description of the Drawings FIG 1 is a bl ock

di agr ami®f Hapshybridalasst can aamgei frgm @néo 5 (i ovest et domadmnedc all daopet hod;

used to at tORAEDREIR B tLseaehR ' TRConBliArfls iRl IF sf¥hEbd. 1 on:
FIG 3 is aspdewiK I6iedgamdnifipravé radi sighaklo-spéath aafio! ehedingle bialnhte
enpl oyi ng mul ti pl e bal ance networks and/or an adj ustable network to

att enuat e neeiwask iaybe seplaeed bianulipleefiked optweris osiaghadjugtable netwerk) FI G

con unct 1 oncsi trieRe B e G TS ARtare i Gesd el S TR RS dheat“end
speech {mr hhglobeebidanebliérone signal detection; FIG 5 is a block diagram

of a prior art Tixed Wieatstone bridge arrangenent that attenuates near-end
speech for the bMwdinle hafance,aetwerkaiordan adivsiablesbakance wetwerly pEPYER

di agram of - gfnigkhHS ihptdvemeiPRdtdRSytla 16 BE8F 28 nal network system.
Transhybrid losses of greater than 15 dB could usually be achieved using at
least three fixed networks. Because more than one balance network is

20 available, the architecture must also include a mechanism (not shown) to
select the optimal network for the loop condition encountered.

Although favorable from the standpoint of tone signal detector
performance, arrangements like those illustrated in FIGS. 2 and 3 have
certain disadvantages. First, traditional hybrid architectures are well suited for

25 integrated telephone applications where separation of the speech path is
inherently needed to provide the handset receiver and transmitter functions.
For devices like telephone adjuncts, these systems are less practical.
Adjunct devices are usually electrically connected in series with a station set
and must therefore be capable of passing basic telephone line attributes such
30 as DC voltage, line current, AC signals, and power ringing. To that extent, it
is common practice to employ the bridged tip and ring solution previously
described because the tip and ring interface physically passes through the
adjunct unimpeded. To adapt a hybrid arrangement like those in FIGS. 2 and
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tal koff and ipprove the signa)l -to-speech ratio, thereb

si gnalZ&iet @2(lBe" P angheng A PLeRN HRouahy H%é@t'ODSSG_P%S;&&?%IQB% _e.tthone
this oystcrgicht, TGS Sih, JBAGERC DRRERCeETHERIS ABRolt” (9e MANEe. O of
the | oop 1Extemgiodf fritervarkimgn(MEL ahdl arehbdleservices such as CID.

ME! is a signaling method and protocol for communication among

CPEs on a subscriber’s line that enables three functions: 1) the reception of

30 CIDCW by all compatible CPE, regardless of their individual hook state; 2)

the generation of customer line signals, such as Flash, to indicate selection of

a call control action; and 3) the management of CAS acknowledgment

signaling interactions among multiple CIDCW, CWD, and ADS! CPE. In
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i npedance that is to be matched by a network fromthe set M 1, tfgﬂoqmi
Wh 22. The Wheat stone bridge uses a parallel circuit wth conmmpfA’e 2

. nodes cont ai MAYPHI known resistances of equal val ue that ar BCEUSSRII082Y y
connected to the unknown inpedance and the matched inpedance, respectively.
Vol t age di viosdarrtowwdrforocther M&t postecela@hCPErmust be dbie toeddtect & AS wHile

porf cct 1y mteRBAWEK { RUUhiHe VPG FHBBE EDcts) BrFICR & ang dydne doEd
I h
el Lher | cad SIPtPRE RneRalIERBARLAER RTIRE ifs ierlsReR PRt bk SR 7| &

chosen to béursiehlwiidn thee $Gbstite)'s tset &vipi meam Ba@esemdtﬁorDCOwisquenw op
resulting fromthe draw of tel ephone line current. Line currents tly pically
range from e tene signah datectosabeing oRithe rgrele ide i theenyhiich: wilaoseo Rl
17 in the m | i i i rger
by &'t act or 25555 Wi sdnd bidrafs Bh H3%in Bhd HE HRDAECS, Y hERBe miEL D!
excessi ve | banitatign oévémmrtMreadimnméllmmuhpy isheequireddo mprovidei an altetriete

001 59520 2 S1pl PatbgpAhRR anshund istas AbNie s CHESIENovg. he i 1 ror
| mage of i ”pedan%oﬁi'e 17str'nga|5 h&‘éﬁd@aﬁné&é R2lid et ea%%ga?c?erﬁﬁi ld"aih! QRO

i npedances R2 23, 4 and R4 32. e conbl ned | npedance of these eFenents
is set 1@ rratrahgemee&deplctw O7FiGu 2 iapidi 2 d5 the difficatty of supphirting dirdookt chi ng

Gl cheShdo i o BB L3RR e Kb ™
resi st ances (fJND b@émngjl\lér?\e@éh\ietﬁ érﬂﬁ% iaf M’erssQ Walﬁﬁgquieﬁtdf

parts toler nces may t o unacc pta e | npedance m matc e ependi ng
upon t he defVM¥d)dedgliver oflatzantsing atheorsqmefEremtmyltsmfougbynga(FS&) t han

ol enent at MERGHOR CENBRHELAS brBRk 1B ARd EVEB Sivss g it deSeriak ' o
sensi ng13 M afkHtE GID fuhctiBnaPéiahlepits M4t fbemr@ddluhteamcessémﬁaeé&r@erbil sting

of fixed m’gedance R2 23 and a sw tchable inpedance | addef 'R3 24. The
purpose of PA Hae aen-bpokoand reff-heak odatantrenamission pretocets p'erBﬁllCOMQ

mrror inmag ] the tive
resi stance §P8¥ne1§ﬁ§b %?@S@ﬁﬁfépj;@f% B g%?’fajsﬁﬁ%ﬁn ghgﬁ Iﬁgaé | | est
paral l el repesbaibes, 1992113«&@@1@& 184h63abﬁc§tcttn bDABéhEe(tiéansp’éctflt\i\ﬁmegraitéét or Y
|S|ntherangefrom1to . Fine tuning of the mrror 1nmage inpedance is

achi eved byCHCHES 1§Skas), &g%ﬁinn@few@ dﬁe%s GIDt A8IG s sThasen deviges |comineR3 24,

ﬁaghésd%dongg%?nﬁ?R %T‘ﬁalm re p ?ﬁg@% é'&%@leiéttg 53024 @gﬁ@ﬁ% gﬁfdoahsiﬁqged in
the resi st odelieddefor felaseds ithacidaiide ;vam\%umb;swfafppecabsmbaombmed

paral l el resistance offered by itself and the resistance (adder. The
combi ned i nBBAaliteorgted i sela Akl daHRIENIRPI2 SORMPNNe aPdsideVishc PN LRI R3 25

24 should e Yol ¥Tr) Si St adder
can be i npl ?ﬁ@ﬁg'gﬂl Pn}%'@gbl\%é%{c%ﬁtmgml taﬁgy conﬁ%?ﬁa’%?efor?e@g??nce
wher e the r beols Badosff-habk €ClDs seviteso| Waith the laybvidnamrangerhentsoitldstratedriaf er r ed

Syt om Bont FisEbe? and 2 dBF dbAySian i sreHbEorBAGLer bl CISb ARIGaSng
that the rabgﬂ.t B HRACS35e Pk 1drockieindl &fcin) TRECBOAF faf prolides 1/ K

conpl etion o requires that a sca npedance on t

circuit be suiltgpie sigriad paibshotdmeewtdmtmmdiplarnbdagoetedhcécﬂgperﬂlmgtdpbhe
office equ ment .1 a tor for the hing, mr

Cl CT 2002 %@%J BQ&P@@%&%@% ﬁﬁ\é&ﬁh@@sv %ﬁaggrer ‘5@%&35%058
factor K T I ﬁygqgg I

represent fP&ggqﬁﬁq%gg%;%q§§:npe aﬁbgéﬁﬁoﬁgfgﬁlng S?QHWM%Sfaég?g ?Pb U|t
conf i gudtat i epeGific wirkudry, serinRgsinguperfosnanse ririarig amabther) asgects obrtheai ni ng
resistive, caﬁaC|tlée %Pd i nductive elenments. 5 Values for these el enents
and the nu CEFAGNGHME in the set are chosen to obtain a scaled mrror
i npedance that can best match the domain of inpedances that can be
encountered on the primary tip and ring interface 29 and that can neet a
wor st case near-end cancell ati on objective. Dependi ng upon the bal ance
network configuration, resistive and inductive elenments are 10 generally K
times as large as the inpedance presented by the primary tip and ring
interface 29. Capacitive elenents are Kliimes smaller. Experinentation and
experi ence have denonstrated that a single network may provide only 6 a dB
of cancell ation under some | oop conditions) while two judiciously chosen
networks could provide up to 12 dB. Additional networks would |ikew se 15
|nprove the morst case degree of cancell ation across the domain of |oop and

Y o o




Al though in FIG 6 I illustratively depict swi tches S2 throug?

connecting the bal ance networks to the secondary tip and ring '?'nterface

. alternate iWPI%MHI0ati ons exi st that position swtches S2 t hPETGHIBHDY at
20 |l ocations where they could be better protected fromnetallic tine
surges. Mewpdthbg 9 1 ne surges are high voltage spi kes generated by events

such as | 1 GNTNT 0 4hif S fAiRfenirfl Thaf 2I 58 WIRB GG ShenSikibRls bBBicie ghone

network must be able to rvive the nmetallic [1ne sur descr by FCC
Part 68. FéIGBx@2mhe,3, qmttprbasleszlgmmwmxmosénmmmbleerumedllatmraof

I t t 25 th h t. t of the d ff tial Li.fi 25.

I bot h ' aBe8r-epHRseehE ShABsr RS GRighimaron ot o yilich B Bidighent [y

connectgd EERS%nEéWeraé% e ¥enpiB éaftaﬁ%‘crggééffh@waae ﬂ@fld!%fﬁu (?jof equire
¢ epende

its own matching mrror sense | npedance and and I n nt
caI i br ati omare. diTheupsmdni beaefit bf gpdigital mohd eandelier iiapbat tioptdodically

differentia lifier 5 30,swi tche 30, woul d be u dto
sel ect a sPB’H‘H’rg%a%rqqyeH ?'r"?ﬁno(f)rfleq{fent éaﬁﬁf’b éjgﬁwgewpsbﬁﬁ?'ﬁ%% "bi?gz')bal ance
net wor k a”anhéat@sﬁ @r cafRR8 é gHHB. 23, 24 and 32. Alternatively, each
mrror circuirt could be provi Its own differential anplifier and

switches S2 thr dmgtldmndouhds@eltad ddr the bgbrid ByStemsTire G0EASVO el 898D

PCT/ 11 99/10023 eI t he appropriate anplifi.er output .t creat th

recei v&¥ si §A9IE ‘ﬁ" ga@%@?htg& Speech; %%%%‘9#‘0%%15% "‘?139%?"9 'Cﬂgfances
networ ks, Msdupé@siahd NhterfagBRifcwitA Pl duirdd. €Typichr l?ﬁ’pl@hérﬁéﬁoné Bf Bighapnt
excessive loading of the tip and ring Interface. he receive signal path

31 is obtaeaokd bgnmlfefrere&qulwl |qnanptnmﬁz;ed1grm¢repmagsabs ta paléormmflﬂ taps’
of the brid ferentl r .25 .i onnect hrough
BC bl ocki i asaneal ieralind It e e dhe aarierist borynfarta oL

interface a%nﬂi@énﬂeﬁts?grih‘-fs EHG rﬁ@rﬁ%@%dﬂ@%?ﬁg&uéﬁonl L§ tRé i6re b@ﬂﬁl i's
capaci tively coupled™through capacitior CL 21 t0 a common node 10 between

t he bal@ancdetestaiis kmplmnemiedmmal rethenechh candelles@si ll‘mgmtaden #iGsdnse

| npedance et ween the .conbi ned i e of the |oop 12

R1 | f
o of 1 cecBcataiional dGiaRh ahalch SRTVeLET IS MRReRsAnt wirer THeseraasensn 1y
close, t hedg@bt é@ﬁo %hﬁﬂéllé‘r :ﬁmﬁéhfaﬁoab R hoPyét becdhe prathic 96t iow

anplifier 2 be al npst identical in magnitude and phase. Wth a common
15 node reF@%‘taCBﬂ"@aﬁﬂd)'ntﬁgféwddB'Qﬂhmﬁt er, the differential anplifier will
subtract the signals fromeach ot her and create a receive signal 31 where

the near e ﬁgggjch energy has been cancel ed. At | east one switch point in

the set . S2 30 will rrﬁ ﬂ cl o?)ed wWhj %%‘i tsubscrllber st a cﬁlon 13
or co nicatio QH &"Ea"i?&"?%‘ 0 §©802 ?'5‘9 Qo RPAHRNG p and
ring intergpgsch hSing PSEAEE WheAteRIne BdgdeiréhiPsalustraelfih RG! 8. fsugise in
the on-hook condition to satisfy inpedance and
patent application No. 08/540,532, filed October 10, 1995, and entitled
"Apparatus For Dialing Of Called ID Block Code and Receiving Call Waiting
Caller-ID-Signal’, Lim, et. al., disclose a Wheatstone bridge circuit as
25 illustrated in FIG. 5. This arrangement employs the Wheatstone bridge
principle where if the balance network identically matches the impedance of
the loop and fixed resistors R, and R, are identical, the near-end speech
signals arriving at the input to the differential amplifier G from the two circuit
legs will be identical in magnitude and phase. The differential ampilifier will
30 subtract these signals from each other and produce a resultant signal that is
input to the tone signal detector containing the residual energy of the near-
end speech cancellation process. In practice, resistance Ry, is scaled to a
factor C greater than resistance R, to reduce loading effects on the tip and
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regul atory requirenments. Switches S1 through Sn can be inpl engBt thTuiﬂWg
technol ogy such as, but not limted to, transistors, electronechanical,
.solid state OYOBNeBehos relays, field effect transistors or ofCd&GIPIeR3
devi ces. 25 Because the differential anplifier 25 remains connected to the
primary tip randimentacd. nLikeirvdses thbidimgle rbdiarde, neiwgnklimpedahceds €caledrisly VMA
FSK can be received, The gain of the differential anplifier 25 is set by
the system dBRtS2HG Bty pased upon its sel ection of the bal ance network.

The gain is determ Lh LN Lo, = b +1 )
(i) where Zb = 1’5"}%3%“2)”&'% %ﬁ%?@nt‘: ﬁég?lgp?g%%rn%éﬁo ttz; ?éﬁekﬁ(&}jﬂ#a(l ance
net wor k. Theaq@eks teatheetp fapd fag linteefhve riegardiessach seativn sat hook aftated it WO
991 59320 23 OCT 2002 PCT/ US99/ 10023 p.etvvork,s that are to be used as a

bal ance Ret RATIOTEISPORTY. iIBRAGHcRIO¥RTEhe 1damaRiniof IeoR IapedanFeSont Pe reason
menory. A n | kL er Nt : ok R asshafed to
each gain vgmgg'tbod#%’?é{'%nf gsr@?\?\gﬁ% ﬁ:f?‘\kq?frﬂ@ﬁglat' pp |ngg.bs’:}:aa§ﬁag?bngl e
net work ML taresuffjedthoacumpomdntriaterancest adbd menseqlentiyhatd npoeessseestiaaliyni que
identifier. The centyal procedural execution elenent, of .the systemis the
system cont r’BNCQPd-lgfh'?Hgsgﬁﬁstr\eﬁ{‘ dE‘E‘?E’&CPe’P r}B%rqr th@LéS ?U?‘F%‘F’G%' te 1)
nonitoring t ' ; f 2 X | W | tion
Sour ce. 15 ard e, ARPIAGT SERGRY, IHO G, (o BAIGRER et BriGed it

mat ch the cdhbi oiecuil Opnovidesr a moediamaich coveri dhé ndonfairR2ol poRbledleopd R4
32, to the sensing inpedance R.1.17; 4) . nonitori t ener estimator 26;
5y sel ect | vaTpedROGTy IGHETGIENGHe bs erBen A dnal nEIarRY 685h 8o ¢ o
attach one QpdBpcedrpéatefatich b@ﬁbﬁméﬁcé BEtEAHERSHNE IRtidyedarraRgermBher f ace
30, 6) setting the gain of the differential anplifier 25 based on the

sel ection ofinddCGaricés abouket wor & ;dBandBerauseiofgty inadequitd penormaneecthyy

estimator quvhoa%?ci ds .&,hi ch Ral anthQet ﬁghglﬁr esul tsdi n the best
cancel | at i on''OFP3E' X PUPST AR g?rgrﬁg NasR f8d9YYF%el ect i ng the best
avai | abhg bal ancerqetanel dremiensrichaR Hdweestaniisiiod taialkoll ahbStaf@RAe

cancel | ation systemis first connected to the tel ephone loop 12. In its
si npl est f orpgriarmancenef sedere feigrali dategior20ap ube usignificantharimpseyediibit o t he

the 11 ne vordtissLaib e Bidt b ShaR! nddlend Seach, Mlia® huthel BBy ha"
line can be taanaicdepeidrial Aehi-ehlspeeth agcelatidrovechdvqued fequived spsterT

ringing is not present. , On the initial application of line voltage to 't
t he syst em @IEhiiRFIURS: thatfemeve the |teRe ngahale detecteyy fropyther tip ard viNg age
after a5 | ' Iy . r ] | V) t he
system gént ?@ﬁeﬁgggf&dﬁg B‘% F\tené{ IE% %ggf'gﬁ?%eq&gﬁoéggg‘%%@ Iﬁée\%?ngﬁg%e{ohe e{ I ne
usi ng its DGignais whanntheastation et ishoningloksvitHotit additiohat signat pathsan Orfd - hook
tine condition. The sy?tem controller will then either (J{ ) transpit a
signal for &Ko GrEansgllatgn method dops pEqQvids acessrodiRypad § rf&gﬁ'ﬁﬂé%ﬁ‘pl ex
si gnal sour . ' ; j L m ssion of the
calibrati onq?ioéﬁsé%f,é’ @r%“%;osaﬁﬂgféaé'tc %@hﬁ%ﬁ%@%ﬁ%é@ E’at will create a
stable cal) state after which transm ssion of the calibration

Summary of the Invention

25 in view of the foregoing, it is an object of the present invention to

provide a method and system to cancel near-end speech energy for tone
signal detectors that connect to the tip and ring interface using an improved
Wheatstone bridge technique that also provides access to on-hook service
signals regardiess of the hook state of subsequent communications
30 equipment. The method and system operate independently of other
telephony functions and can be applied in standalone adjunct devices as well

as integrated into a telephone set. The degree of near-end speech

13



signal can begin. in all cases, the systemcontroller should f,gsg,pqem{ﬂ
the presence of dial tone on the primary tip and ring interface”29r wait
.a 20 WO owe9ganRe 3 Ol 2002 PCT/ US99I 10023 predeterm ned peETASEY/BN23 | ne
tl until the application of dial tone can be assunmed before dialing any
digits or cedrideiafiomes tbstrelRs byaédatingcthecsystemPRrhgiehicilatidn @b Achicvae
energy can be perfornmed using the energy estinmator function 26 or an
optional dithe desired speuntsd near-end sp atienuationst ance, the calibration

signal can begin.after termnation of the subsequ
Serl

f lj,pe; however nt
calibration proc %a"¥h$'3ﬁ cfsyﬁ rﬂeﬁ_’%%@ MR’F?S%%CHB%M @5('?5‘@_ 8%"&?% t one
or expiratigaced ih RRrids st %iﬂﬁbﬁQHe'tgi ®F WiHg lidterfar@! Ieall! YA Scaled! mirrste
delay tinme t1 of three seconds shoul d cover the 99% percentile case in the
U. S. netSworipetaace of hode the seasingrelement and intpedasicecpresentast bylithe tipone i s

to assure that the pffice equi nt, 11 _has, properly .term nated the Loop 12.
Because t hi¥" ISWPdHPeff{atggt 'éstg‘& éggﬁﬁeaggﬁ ﬁggatﬂgap r"%%l'?tﬁffagfsfotﬁ, Po(rﬁnea .

per f or rran_ca/\nfeatdwn@bﬂagé.l HdtRer Hiudl rehiPive OF-bReslidredl ipiths! il atdihgleopt i on
since office equipnent 11 used in the call initiation state may differ from

the stabl e regeiveshathds difieremialyopirasted ifipmaicesterr elethesbiddge éomioput tog a
single or %k&'%to%?eect&e "Ek@hflhtiord: of h8hr-8ha® eeiceltc@:%%@ﬂ%@%ﬁgﬁ%é By

generator or a generator.” For use I'n an appf _ \
detectiion aheagllibrationgimesselecyorabs theascalog mirili hee vales whichhfte
frequency range of 300 to 700 Hz is appropriate. For use in an application

i nvol vi ng t3v@ilgblectromvgither antixechset of 3y & apd fanetrorks pssam@diyssaplenci es
bet ween 21 2 SHi : | T TVF A
'n the profRefk o s SgBIRY' dABhh (BB Mitosdversh flbifisas ddscibd FEoc )
si gnal s ar eseiédtend \beay aetvadrkesither cirthe dinge that 118 doviEOREcohhettegkodaka
transm ssi on handshake in Cl DCW CW and ADSI CPE. A conplex noise signal is
al so suffi dinentat g starb ok exppi elephenss cath@r ooniinversly asdanting Hyougheutt he
met hod 1%f _atﬂgld'ug; ' &g&aﬁ.he calibration signal as described above, the
ener gy ‘esti mator can el'ther be responsive to dial tone or not.
Cenerally, the energy estimtor 26 should not be responsive to dial tone
when the calibration signaBrief Description of theiDeaveingsr or in the energy 30
readi ngs. |f oneFi@. nereebidcRidisgraneofiagiriedt 29t tip randOrind eorabighapiie@etst gnal
or the calibratigon causes the renoval of dial tone, an energy estinmator 26
that is resgmertien Metaedl tone can al so serve to detect the presence of
dial tone. 21 LS593 34 0) RCTA: ;T i mat or
26 pr ovi des the egsUans GontoR QR A rradipral Gror art eBAGRE hyBRL

20 used to attenuate near-end speech for the benefit of tone signal detection;

FIG. 3 is a block diagram of a traditional prior art telephone hybrid
employing multiple balance networks and/or an adjustable network to
attenuate near-end speech for the,benefit of tone signal detection; )

FIG. 4 is a block diagram of a traditional prior art telephone hybrid

25 used in conjunction with a digital echo cancellation device to attenuate near-
end speech for the benefit of tone signal detection;

FIG. 5 is a block diagram of a prior art fixed Wheatstone bridge
arrangement that attenuates near-end speech for the benefit of tone signal
detection;

30 FIG. 6 is a block diagram of an illustrative embodiment of the near-end
speech cancellation system of the present invention using a voltage sense
implementation;

14



digital output that is proportional to the energy |evel on th?r ' 0 at h
31. After the calibration source 15 is applied or interval tl éxm\sll)“ he

. syst em cont oD b¥$93egi Nns cal i brating the conbi ned i npedance afCTR2S933002R3 24
5 and R4 32. Proceeding in a nethodical fashion, the systemcontroller 19
alters the i npeqapcer f RBiotk BagPRANGNANBIHErCilIestAtle! 8RDoBIméMESf GRd St Or

| adder in an attenpt to nake the“conbi ned i npedance R2 23, R3 24 and R4 32
cl osel y matneay-end speecheandejlakem aystem vhtheprssert inventon hisingd csoest

i npedance RL 17. 1%{“ the preferred inplenentation) the systemcontroller
19 starts t¥ESELRP %@/tagpﬁgrarrm ng a digitally controllable resistance to
either its |ovestig hg ghestratRielydépid®0s ARRAH AWhANKEH USear enlingpediipCceeds
to sequentially step up or down the |adder to search for the resistance

val ue oft RTapgellation gyste@mides the mini numrecei ve 31 level. At each step,

the controller rgads,the. out put_ of the enerqy | mator 26 and .
det er m nes whet é't%eder%%\} efit? }a&tﬁ"ﬁgﬁ eO%i ﬁ"‘gr éﬁﬁﬁf?g cﬁ'm{ g@gd?\ﬂ'gﬂ the
previ ous stRporddnceh@tHan Rpecoyf Mytinvaitn;s | ess, the systemcontroller 19

updates its record of the previous resistance value and energy |evel held
in buffer |ocatifd@s 10 dapicks), exessplast i elsy)ofwiitne tshiftingwands aginditude val ue

val ue and’ dlyaodn ackBice e Bl BhAPab BLASAOR Loy Cont rol 1 61 19 ¢ hon

continues changifmG.the depicts anee nvéthud ioh bbeiriAageadichacélicd sidndlt fn
previous path. If the new energy estimate was &reater t han the previous

| evel ) t he aspatdamncedtith the embedinerydepieled infdat d1buffer | ocations L1 and
El. 25 Anti ci patdipg a ' e{m% It 40 a ri.qus. I p.:he energy
estimates, the Fsp),gt e%ﬁcgﬁp@gﬁlaer )g)ér{s?é%@? dh@gnts ﬁﬁﬁeé'ﬁlo acrﬁgf;?]tgéetﬁgﬁ i
resi st ance acebtgance witreas aispedi ofaayiivention; aatit er several steps, the energy

estimates are stiél géeat er than E1 and ap@gar to be increasing, .the

resi st ance val u€lShol® ddeRiCle st @xerplary, WpRpsbife ank amplityea: od Y R3
24. O herw i r | gt re lower, the systemcontroller
19 sho[}?d ggﬁ?ﬁdﬁﬂgégggfgﬁia% e?@éﬂrﬁﬁéﬁ?ﬁrﬁ@nﬂg by changi ng the resistance
value in the sanme direction. The one exception to this rule applies when
the systemcontroller 19 startsDetailediDesdription st ance of the | adder 24 at
a poi nt ot albd&ysidng m ni num 22 WO 99159320 23 ~'~' T 2002 PCT/ U 599f

10023 or maximum such as its md-point value. In this case, upon obtaining
several energy dést0fBe@izedblogke dirgEABr 9fhan ¢ ABAIRY REATHILISPRERLT f er

rever so.{ nealreRoRsyesim 14 R ZiPRnd AR A2 S RARLC LS 001, 1 g

poi nt. 2By seasé impglenentationiinl apcondancalwith an@specpgeihny infettivh iseshonin nmay

proceed qUiir(\: lﬁ& 6. A similar block diagram of the near-end speech cancellation
system 110 using a current sense implementation in accordance with another
aspect of my invention is shown is FIG. 7. Differences in the operation of
these implementations will be noted as necessary below.

25 Turmning now to FIG. 6, there is shown the system 10 with three points
of interconnection: a primary tip and ring interface 29, a secondary tip and
ring interface 30, and a receive interface 31. Through the primary tip and ring
interface 29, the system 10 connects to a telephone loop 12, which, in turn,
interconnects the system 10 to a central office or remote terminal

30 communications equipment 11. The secondary tip and ring interface 30 is
shown connecting to either a subscriber station set 13 or subsequent
communication circuits 14 depending upon the application. For an adjunct

device, the system 10 would be incorporated into the adjunct and the
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In any case where the energy estimate is indetermnately different ,';r Githe
previ ous reading E1, the systemcontroller 19 should not updaﬂé.tﬂﬁ é’ﬁ
| ocati ons Ltw@wgisgsio and shoul d continue to step the resistanceciosdoheosane
direction until a determination can be made. |0 Once the calibration of

resi stance ' t ' t he
best bal anc Lty i e find BBHES B0 B ihERomibsP AR SaeaP sEBSE 17
and of fi ce qatioprMeNsef hsi sWiaNCRoali infograted hepiase ebt, ahbevystémedo
networks, the systemcontroller 19 nethodically proceeds to close the

remai ni ng swbuldhzecaome s frgnt endfciewitahat Mterapnnents thet pBpanhiip iy BrY34.
The cl osure of , eac wi tch attaches a bal.ance .net.wo to.the secaopdary tip
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the set of 2®onESks detmoulatbo@aras stowi. Thiswpathhpredominantiyseontsinstemlgugh Sn
34, the sys ut .of the energﬁ.etst'nator 26. |If
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bem control |l er reads. t{]e ot}bg tff
the energy B€t PIgRRL qnergy dansmitieg by \1ge 8 CPoPEUPMPRUTT &P B VRlRystem
controller ghiy ﬁﬁ&?rﬁh&ﬁ%&) aﬁa\’&ﬂfgirﬁéﬁéﬁ 298NN $hai rédigubd8mddittionn, of
the current ne rk attached to t [ i ne. Likew se, the systemcontroller
19 updat es éndrfgof Ehd neat-end lspeachvsigmal trangmittext byrthteesubBeeibey station set

troll 19 th ds tor th t t . d h
Aot herl0f r o PhEOTERMINRRIRITGI: 1 DAY ARRSALSN IRR cregp MRISTGE ST o1 19
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net wor ks I\/Il'efjHPﬁuéW probabiily; of rﬁ?H‘é’?fi ang EBH{RV@J’%@@MWRQTWB ®uces a

| ower recei ; hiRaLi NG 3. -th 2 can
be-t est od. 85D RGNNSOl 5°5BReL 8RB Blol! i sbipkighy betegmdieer?, B0
t he bedb silngecondarncerbithahisoasmect rod trap ikentioomaarensdespadch cameeligtioivh 22,
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.19 th | | i tch f S2 ¢ h Sn, 34 d
cl oses onl ySt AcRigve %ﬁ@@ EQ%@B@ Syoﬁﬁﬁﬁ\émcé‘ct\ﬁseﬂ{é&nﬁ% 'ﬁﬁr@ﬁg'%fqgeghﬁy ? Re
tent f ; ' ;
contents ofchhhihel E}ghgégﬁcioﬁpltﬁé(.lﬁbgr@b %ﬁlﬂrs%ﬁn%. %%Hgﬂg?lﬁthelp%s the

term nation 16 are y opening swtc 1 stemcontrol |l er
19 next retimpedance thatisctnpeatrestched byalnedwetiofremh the setsMieM throbgh i s

associated with the i tifier of .fhe selected | ance network. The gain of
the dl 11 or Mhi 22 adpp: Wheptg§he ridasn uSg % Sarl GROMNIR HSTEHPNCBR et | ng
the calpgbr aiddqus Ebﬁf‘a‘i’lﬂHQ awol Rndvn dlesitinddsBt %ﬁhﬂgalhaetﬂé?té@@ri‘i@@bﬁ?t I on
process, an energy estimate either exceeds or underruns the scalé of "the

ener gy est igannectels, ta hies yunkeewsorimpeidasce 1 @ngathe| satched aifhpedandes gai n
of the differential agplifier .25 by.a discrete st . Suc s 6 dB,. and

epeat the 'BaPREINEY VRba0e HeSpal e Bk S Hestic: THF entorieB) st om
controller il comYaialthe sahfEioltayd ad 8Rnal phasd wWhenthe ¥hkhb®ndiipedaptt! al )
anplifier 25 to resolve which 1I's the Better network if two or nore networks

produce neds pgriecty seatched bydhe matchimgémpetanpe. set of bal ance networks ML

t hrough.vn 22, ar in\gll nment ed i.n whol e, qr par adj ust abl e resistive,
capaci ?lsye or i ﬁ&ﬁtgﬁi teagﬁesf%fﬁes',mmﬁ@e?aq@& 'Po%'c%?éoc?eggo‘ﬁréﬁeﬁ@&"ﬁe él’
cal i brati ompiOgiadddan 'sefiesaith BRINST IBEHRN tRe PRinfdr§ W And Hﬁ%}'iﬁl_’érﬁa@etiyit
described for resistor |adder R3 24. Upon the subscriber station 13 or

comruni cat i Ore ofaluriiaf B4 §8i isgchosdrodi kendsmall di i tog 16hehing) docaweidt aon, t he
nce network conn

system control | er ei.t her .| eave the existing bal cted
Lo the SecdmEave;CARIAGEGoP tes A0S o b tancel RIPANEcs: ine Sreb o
speci al_netiuRe kogtpeh@nBfidAllyS gyl o 7 1809501 AREIaRRRAPDY! Bsingnan A
change i n bal ance net k sél ecthon due to
30 impedance identical to R1 17 in the mirror circuit of the bridge, an impedance
significantly larger by a factor of K is chosen. The larger impedance is
necessary to prevent excessive loading of the telephone line by the mirror

circuit of the bridge. Generally, values of K in the range of 50 to 1000 are
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the idle CPE condition would al so cause the gain of the differgnt b@l‘- 002
anplifier 25 to be adjusted accordingly. The systemcontroll erl 390 I?

. sense an onhdWR9¥seM ti on using the |ine sense function 34. APECHASONIHEE
on- hook duration of at feast 1 .55 seconds would need to be tinmed by the

system 30 craéwddlerinIGhE, ahe raitoddinagecsinispleiancg B el 7sigosisswhels fHeat i on
set 13 or comrunications circuit 14 idle to prevent falsely interpreting DC

si gnal s suctpasaligitsgsins cgmabinatien Sfiepedpaees tid 28n RER2413néd R4 dwrifgat i ons
[ it 14 b tl { h f - hogk It h
Control 1 er JINGY mAGERBEF 283568 PRt oSt Her b iPDEgBaCE T he

bal ance net WRfikiph&d B?Taifgatotr@fkhat identified in the buffer BN and adj ust
the differenti aP anplifier gain 25 accordingly. Because the tip and ring
near - end5speech cihe ehatahingnok ympedandd dils 1iFuknd plse sbalegn owrroetimagesisor an

adj ust abl e net.wo 0_be ed) the system s 5 cancgll ation .perfornmance can
be i nproved CG‘I}'C@'LE? bbe §§Cﬁ§§é')>a§‘§P5?t'a,&HH’PEPUHQ?C%aI@h@'%eﬁvx‘gr%ssbl? viCde

better cover, ' istAmed t tike; i i @op 12
and office gﬁgﬁyn‘g%%q?(%ai%gzjancegw?dgﬁopgt ﬁyggga{%ﬁgﬁ hem%fejglrﬂ-égﬁ) speech

cancel | at i oriastpst efn K10pags$ niplarandes emay elesd itaplunaseeptabten inmpedanoedance

w t h anot her_aspect of Q invention is.shown in FIG, 7. The operation of
this syst emmenGesfepdndia PoRhs desiie HRaiE: ohenvciialion RFETEaRe The
obj ect ngmaigatghp f Wather Whgat e lhé desedVifoh expBrisivd, ShialUitbleRffeessi ng
a scaled image of the |oop and office equi pnent inpedance. Rather than
attenpting tcompanants,Hbe|praterrashisplementaliongnd-Fass uses al fsrashimpedancgs R1

17, the inpl tatign n 15 FIL.G .7 es a Lve c onent. Specifically,
edance REVSBINL Ateaiie Y eRic ifpERerd Biaft 1Y A SiR:he ARG S,
are repl acef?mplédﬁn&é BBASISHRY oPfikéd MAPBdaHEesd2 23 #hdh 'Swifchabfdlimiédark@ur ces
117 and 124. [n particular, transistor QL replaces inpedance Rl 17 and

transi st or (@dderdRB24.siTbe puposglohdike ipapalth combimitiqrGof Repedanges R4to32. 20

Th t I mpl. tat i f z h | Lat i t
110 orpitBys AEKETCINg, BUTa) PR, Obfia NG SLEIRRI e ineseiePee. SEIe: B 411 on

wher eby, dugffRtilderesRiame %! le3RarRRSRE PatdiRI R3SsmaNst &P THAD dIr fhend Of

each transistor in an identical pair, the reference current flow ng through
one transi stsomalleshfpagallet desistamcd;| adpedande Rds3Das set dorfRt+(Kd+29),t wheres
collector will be mrrored by its counterpart in both magnitude and phase.
A current |, fi"?'@?)YdSr'éf@\eeFﬁﬁé%lﬁfrq"én\ lopHysi Riger g et e SIFSE rimage

station set ; t [ ' I ) by
Cransi otor (Pepaficd I Aehved! bp king i bBERRGRARARY fh o ThEfMrie
net wor k20! n laddiersR8 2r AcfiedsimperiancthR2 123f lde been qldadexhin vories withutde t he

mrrored 30 current if the emtter areas of the transistors were identical.

To prevent é?%'é?é!c@éaﬂ‘é%’qﬁon%erﬂﬂt sRallar, i'ﬂ%’reyp’lapbc%{rfﬁs'lsfaff&ei elegiende OB t he
o oo ot o o0l 1, SSRRIack, PPbpRc Sl rmaa s, afieniy o
25 combined parallel resistance offered by itself and the resistance ladder. The
combined impedance of fixed impedance R2 23 and the resistance ladder R3
25 24 should equal R1xKx(K+Y)/Y at a maximum. Although the resistance
ladder can be implemented in various ways, a digitally controllable resistance
where the resistance value is controllied by a binary data word is preferred as
shown in FIG. 6. The value of the binary data word is determined by a
system controller 19 according to a method later described.
30 Assuming that the ratio of impedance R1 17 to its mirror impedance is
equal to 1/K, completion of the bridge requires that a scaled impedance on
the mirror circuit be selected to match the combined impedance of loop 12

and the office equipment 11. The scaling factor for the matching mirror
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phase. The differential anplifier 25 sulgtracts the two tapped signals,

t hereby canceling the near-end speech conponents and produci ng a resultant
receive signal 31 that contains only those signals incident upon the 27
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to adapt the system 100. The calibration nethod begins by applying the
conpl ex_signal source 15 tq the line., T Q conpl ex signal source 15 can
be a si:?ﬁ)l e signal source, ﬁ[ééﬂg'*pi‘“%gy\?ﬁé\%?“qﬁhere the central (1)
processi ng unit 0 can _only turn the source on or off. However. the
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shift 20| peoiputs ebinane signaldoithe system cohtrolier maligatieg Biiethehed i 83820
idle or in-use based upon the line voltage at the primary tip and ring interface
29. Generally, the line can be considered idle if the voltage is above 23 volts
and power ringing is not present. ,On the initial application of line voltage to 1
the system during installation, following the restoration of line voltage after a
25 service discontinuity or after some predetermined interval, the system
controller 19, if the line is idle, proceeds to terminate the line using its DC line
termination 16 through switch S1 18 to create an off-hook line condition. The
system controller will then either 1) transmit a signal for calibration, 2) dial at
least one DTMF digit using the complex signal source 15 to remove dial tone
30 prior to transmission of the calibration signal, or 3) dial a maintenance number
that will create a stable call state after which transmission of the calibration
signal can begin. In all cases, the system controller should first sense the

presence of dial tone on the primary tip and ring interface 29 or wait a
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2 3 OCT 2002 PCT/ US99/ 10023 After the tine shift has been applied Zﬁ, 7
illustrated in FIG 9, the nodified mrror signal 105 is subt ratde JfrgIlII

t he sanpl ed madewseame signal 104. The subtraction process occwC$/usy®i0023

wi ndow that falls within the duration of the sanpled) tapped signals. A
smaller win | ; 5¢4t heitib Mhéd (A ¥ 9GS IS di g

si gnal 105, BgélIIIeI‘tIércnIﬁgﬁtg ggrrlr% ?fp@?ﬁtg é@ltlg'? h(}[f: odIIp-IgIF ormcI?hdtIalaIsIIJ tr;agIni g%
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t he sanpl ed_referenc ignal 104. The w nd(r){w s%ée .S pref erabl¥ one-fourth

S
of the SampPetectiopr ok dikdone gRardy eAp(t PergePRdusing tha shpEY Peimaiary
si gnal del ay SnIe9tehn Ggﬁm%iaitﬁHéﬁeﬁ’éﬁor 39 The resultant digital signal
after the suLI)rIi:?Iactl on process i s then processed by a signal |evel
estimat i®n al gor ir the fiB¥instarde, #we calibratian sjgnativar beginnafteT tequanationsifi mat e

of the signal power. The signal |eve|, estinmator produces, a sjngle power
estimate '? h&le I?gemﬁgq;yg)e\@g a sequest SPI‘INé‘?'PF H’BC‘?%I-IIEStS QUEI IF‘r%dI§II’-I%ﬁd ‘E@maor .
The si gnal ﬂ@"’%PFﬁééﬂd?@b?_diél ﬁ?\%é{ %g(p ratién SdfO{r\%dPFe‘EeYéﬂnﬂIﬁédCiﬁIér@ fhe

Lowest power estinmate. initia owest power estinmate variable'is set
to its hi ghéygpicdllyia alialviahaedelay tinme thedstbresd secomid sipavldrcovet ithat39%s

I th the L t j mat I , -Lthe L t . i I
over Lha ik BRSBTS S St e oS! hovel estimpe value
factor {hat appiocpl dieflaf @b 18658 fe it 1 Blcd SqRbRIRT 11 MdsBroRiab! e

called Best tine shift estimate. The al gorithm now ['oops and proc to
t he next st tgsmimatedetheilpopstif.f iBecange. this optiprarsateba alable catlistateofort i ne

shifting to_a.co of the sanpled mrror signal 10 t he subtract,i and

ot gnal " powsr ARl ihenPErSTEEAE of b6 Fariafiiion, itar FinpbetadR beflbrhe
stored signgl; r i TR i 25 At ntire
e shift andailorEn SCEoffiER SURBRERETT LCHTR AR, Sal ihidioh el
track the gdiffér énom tHeasigble call $tatesi gnal power estimates. If the gradient is

tting | , 4] i ‘ d th b t
Qont i N { urc ner ThEERTRRIE S Saurde, 18 R8ceercol & HERIe ZMGOTeARe ray
hel p the prgeRsatéGORAVRAIS ?bét@l? sHaped ﬁ&s%&é@eﬁl@r Best DtTMI?gié@bIétoI‘]as

been deternined, the stored copy of the sanpled mrror signa
nmani pul at edFop usgHnban applicBist inviolwing tihé tdetectiona ok callpeogdress signaisea

timate i s_.agai t,.t its. hj t digital . t 31 .
6o/ 50320 ppanSRubRBraYdRineipdbd teusmel rafige B8 pPF ta 70R1 Kaalioprid®. ¢ ng
the gai n orFaf LUeBUAtAPAPPRCAtRIN IMBIvidE e datddliohhdt theVZEAB, &Rkt & Ginal
return. Once again, several search algorithnms can be applied.” The sinplest

appr oaf:‘w ustenesratatipguengies hetyeeni2190aand 2200 arec puitaliie al DIMEp signalsr abl %
5 t -4,Q- el . LS ,
Che i e shyqibgs HPRERD drISTRFASH hE; dtefldt oFRRURHERY arodidd 4B, 0o°

t he central apd grastidanginod thek® signaisesle slreadyaalailabie i evhpleteythdeGi-i bed
to subtract the shifted, anplitude-adjusted mrror signal fromthe sanpled
ref erence s3enPRECQf-hpek datadeansmeission; handshakedn ¢I|de@M[®.anSI 4RA! powver

ot ocesds. Honsver) CORHEEMY skl 1A sufleidiior WER pRIESAE; bR °

esti matz whetherdie neasured signal power estimate is |ower than the Lowest
power estimate, the variable Best anplitude estimate stores the factor used

to multiply the Rependig Yraon the 519@?‘%9’ of ﬂﬁ’@"%ﬁ“m ok the) @ﬂ@ﬁaﬁ%ﬁgnéhés
proceeds to . i.,N 1 it i S§. |
Fepoat ed undrTeriRE Bhote Anereholfy otiiiBior 24 Sah Mfey belfeefiBie"to dha
advanced al gowi 6hnst. cGenbeallys @tk bactgyaestirgaiadi28nshalidmgt bel respbasisegoal
power estimates for faster convergence of the best anplitude factor. The
anpl i tude r‘é‘ﬁb@'@a‘f'{hﬁﬁ the calibratieq Sﬂﬂ%&rﬁ@ﬁeﬁbtq RUNIgiztk errel iy thexenergyt he

sanpl e ef : Sj I 7 - Qr { f LKl S e
a1 £ e ¢ SR, R ofiEed O, eiaftl fitr il BalibioR ST or 4RES

si gnal peakcallipaliénidautes tthe rehidviab of rdialr whes iagnsherg adstimmator 26d¢hat is
(RSP/SMSP). If the reference signal peak anplitude is higher than the
shifted mi riespossiyralo diahtongnsant ajse seqvriiteidaiact thegpmsegee pfi diahtenged f or
good cancell ation. 2~ However) for added reliability, the anplitude range
shoul d be set at 2*RSP/ SMSP at the upper end and SMSP/ (RSP) at the | ower
end. If the shifted mrror signal peak anmplitude is greater than the

ref erence signal peak anplitude, the oppesite condition exists and
attenuation is desired for good cancellation. In this case, the anplitude
range shoul d be set at 30 RSP/ (2*SMSP) at the | ower end and SMSP/ RSP at the
upper end. Alternatively, the anplitude range can be a fixed range, such as
11128 to 128. Once the tine shift and anplitude factors are known, the
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signal source 15 and disconnecting it fromthe tel ephone tine. Jhe t'lﬁ(ﬁ
processing unit 190 then establishes the anplitude factor as th

anpl i tude eswpases2and the tinme shift factor as the Best ti nmepsiiusps/10023
estimate. It then starts continuously sanpling the tapped 5 signals 104 and

105 and i
195 an mappyf?ﬁé?ng,{ tés'ﬁaaia bb aeo.o%gpdﬁet H?Qeﬁﬁ%bﬁfr%llépmhﬂﬁeaﬁta%l% yersion

inreal tine. Alsoinreal tine, the c

processi ng digital dlﬁﬁutsthuht isqurbpottioaab to theeehergypevel otethedieseivedpathidtor si gnal
fromthe reference signal to produce the resultant signal. The resul tant
signal is the saﬁﬁ&?%&f‘%&éi‘b’é’l"@ﬂts%ﬂc? hi & @nnlied SP@H@!F«"‘G?{{ tihexpiees.ethethe

procedure 1 i I on
this signal Qyﬁlt‘%mcégr? t Iéﬁﬁ%@né gg‘;térgt 'Pé}hegs q"%]éj 'ﬁ%%‘g%e%% 9 F‘%r:%efé§%f‘ one
si gnal det eghd®R4 8201 PE&feéimg)waahcétha&car ARG dtHeD s?st@hﬁ]ldoa\iroll@r goal og
converter for anal og reconstruction as previously described. The above

al gorit hm aalteraibe impedange (ail3 |a4eb1s mpammgm andnglbsingd@pssom dbe gesistarat

produce a re | tant si.gnal the si gna nost
cases, this 35@&.%#@%%%%@ \9’é @Eﬁ?@&%ﬁ%@i@ﬁpl ex
signal usedsa idiodety nﬁﬁﬁchbhfe nbPlexhbly akpiee al GA0LL HMK Ginfedhahes heset | e
shift and the best anplitude factor that when comnbi ned only result in a

| ocal mi ni nimpedaece &t ithat e condl tion for the resultant signal. In such

0 b |
e siBrar ot df tre Berdlied S iemeniatae the Susiem, Soatald 18 Lhfts e
factors) i Sod a?mgggser@gﬁhmhﬂﬁ aad;l?r i Qféaarggaiabw réé??t?grééttbféitﬁe’?%elomi ors

|ndependent y O not her error e I's made by trying
each point Mhighesteorgmidirange tesistamce waluen Fititen [Zocdéds tmsbgueantially stept )

produces the | owest signal, power est te is 25 the pair of factors to be -
used duri ng“%t%m@?/wgt%‘ge%(gﬂéfat’l%‘?ﬁm ofOfele f?ﬁ'%‘aﬁPﬁoYalt—'ﬁn?fcﬁ?v@t“gg‘Q aster,

SYeLY P eoombtofideb thé tniRthih feBoil S 10flE. ANeRth Sitg tfip bnfibflol RRE thes! ead

of evaluating every point as Illustrated e signal

power et i maltputf of ttmehergy astimatlr 26 astodel@rmiidsewhietteeri thel haly enelrgy is
nt.ral roceSS|

conpl ete) et it 19. 30 searches the grid for a
rectangl e V\ﬁ’éw Bdt AET ﬁb?rnlﬁsﬂ%fe eviRMSsHePesul t ant signal power
estimtes. The g Wheﬂ%r%fékhrﬁ%{é?& 18Es ! h@ @s?é’rﬁ%nt&ﬁl’e?tﬁl@%}ég%aged

and stored in a local varia e central processing unit en uses
t he coordi meces of theopesvious rpslstam:et valbet andi eaetdye lensal B8Id IMDWBIr59320

23&1202PCT/S 0 t hi ft . It , th
focuses in Bﬁa qrﬁLL?ﬁgé g% NBFgéYer'l W@glsh?:é%gé?%sllﬁtﬁéggp @%@f‘&’seﬂ%ﬁy t| nes
as desigged. jofd), tlHQh@%r@ferVé@an@pléﬁ@n@éthrPrﬂﬂ?ﬁft‘h@?rOm@?ﬁbh‘i‘aiﬂ@"énoaéﬁé

poi nt power estimate is |ess than 2% di f ferent e previous av age 4
poi nt powerestimatersre bindrg words.eJhei systerneontroiice 89 aheln Coatinues changing

st eady-statge o tion can. begin. The above escrl i on.has been presented
only to |IItE§t$ éngﬁd/a@& ‘F‘ge“% lrﬁ&éq‘ﬂ p[qw HBEh intended to be
exhaustive or tqr hdlidevi RRetd) e8fimam %saQVea%éP%ér? the 'gRedict! Rve-mbany )
nmodi fi cations and variations are possible~in 'l ght of the above teéaching.
The enmbodi rnyﬁternweoetroll&)’séﬁ shosnidl nets updatel boffer diecationbekd andl &h t he
princi

Ies tion and it racti cal a |ication to enabl e others
ki T eds: n AnticnatinorhabnciSs oy reshifa Shwinis S5k nde SN Ok SBHRARR o and
Wi th varloq h E8HIrOIET 1 t%#
cont enpl at ege@ggﬂe %éQ%Q%%@lﬁ%?gr{gnﬂ%g&gégﬁ%%w ‘%@85/%?&?2'5‘ t?e
conbi nat i orsarm direatiorendf, sifiee skvemh stépsytthe rereogy estiatates méestilhgreatei ring
|nterfacel o,Which is attached offic
conbi nat i ont r?géﬁ’@peg' (EP pg r"%‘frepﬁ'ﬁgdy?f’cée%ﬂ@%ﬁt"aifwg ﬁ@ %\A"?ﬁea{otﬁe of
the tip and i ’td"@omplete the calibration of R3 24. Otherwise, if the energy estimates

30 are lower, the system controller 19 should continue searching for the minima

by changing the resistance value in the same direction.
The one exception to this rule applies when the system controller 19
starts the initial resistance of the ladder 24 at a point other than its minimum
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interface |l eads) said first inpedance el ement and the inpedanc ofortquupop
and of fice equi pnent connected to the tip and ring | eads form one hal f
of a \Weat stWR#HPI2ge having a center; network neans and a sRGI/HBI9%0023

I npedance el ement connected in series 10 with said networks and formng the

ot her hal f @fmakiendhesicH &Rs biidg@dint vage. nai tis kasenastainestairihg Revdrd he
| npedance of the | oop and office equi pnment connected to the tip and ring

| eads nul tignergy Bstimatescthatl afe \orgatert Mean cieatyalue rieteshde hdtfenhitay t he

i mped f the fi ' | t .. al tinlied f f K
and 1o admebedaleth et T EH SeS FRESltnfh ol cfousBauEl eer s i e
sai d det ect@fedhiohnét i&oﬁﬁlﬁcérﬁﬂbééjntégéiﬁ%@ﬂ@%fsi)iﬁiﬁaﬁﬁ!ﬂn#’@bﬁﬂerB)I Bearfing St

i npedance el ement and the inpedance of the p fTice equipnment in
sai d oné hadtfa glid{peint vakiet sonvergencelgbthensearmb neaywpeansedmuyiehait bet ween

sai d network neans..and the. s bl e i mpedance. el nt.of said other half of
The 20 Wiheat st ol M Gt Wisrethd rirey RGBT srndrermiiah B el fog

net wor k nmeapg gretidusSeadmgPEl! fd bystem eehubldS19shduld abetipdatedmaees and
means for selecti n&the one of said networks which mrrors the inpedance of

t he | oop ar@catignsck! idi bhand. sl comtiaue dersiemthe resistapraiimte wamei n

said first j. c | nt. 1,5 a resis of known snmll resistance val ue
and said sc@%ﬁgﬁmrﬁﬂg%ﬁ%@'?éﬂ% g%" ?/ﬁ%‘?%tor of known value. 4. The
conbi nafpi on of Od)ﬁténtﬁe\ﬂd?&lnﬁatﬁbrﬁ&ifdrésﬁstéﬁcé nagden 3 248 8 N¢ornplete ! @isé St or
of known small resistance val ue and said scal able 35 . WO 99159310 2 3

~~' T 2002 mEefecionopegess lansbease dhel baghibalangs: instwork frem dbepsetaM bl

ool nat | onnRudtf s 22" & bAieH, a8 sk (14 BRARlrGel EQLBRERE T fEPS0ance, T
transi stor pgihg.anfi shercasendl ttbANfied ﬁawnss;air@bls?s@m nesflrsiies £ ement
IS a second transistor or transistor conbination and further conpri sing

means for oagHiodicaliiepreoeedmto iclase ther cryaining dswiiches! in isingular fashion

transi stor .conbjnati to mrr t rrent flow through said fjrst

transi stor fg‘?mt ngfzgggr HEBH%?Qﬁ%@iJCJ)ﬁ EU"% q%%{rgrmoﬁafg X 'EC% ﬂ%@chﬁbq nation
of claim 1 yhahed Rk tolfleeSéWndafy fp AnbifRiEitdrdcelfo.ampl i fier whose

out put supplies tone signal detectors or data receivers attenuated or
cancel | ed near dndorstocchangingthe awittch setingsi dreisystentcantralien) 19 sefadisie

| oop. 7. The | pat i f.olaim.l further c L Sin system control | er
for alteri n%ch%g{)si ﬂieegﬁﬁéémbaﬁ %’HP 'eé'c%"l"gbﬁe & ﬁ%&%@é’ﬂgae@ﬁ%' ?(9'1@1%ause
sai d scal abbgebf) or aligrange 'gainvalueroftthe seeeaetwerke! WYpbml closupd

I npedance el enent by a factor of K 8. The conbination of claim7 wherein

sai d fi20st GfnpSudiebdramdhemetiS2 throughsSn B4 fthe mydters eantrallesireadsle val ue
paral el waibdl Bl YRR SIBRACFUTERY: 2 IR e el BEtinete f oSk Biartihe oo
syst em contyaplé @foreduini sididr et opendysderdnebrittlier N® Bpdamizsa Best ahétwopei st or
| adder to cause said scal abl e i npedance element to mrror the 1npedance of
sai d resi sthuffast BRhowvith theaidentity, Nn, of the current network attached to the line.
Likewise, the system controller 19 updates buffer E1 with the new energy
25 estimate. The system controller 19 then proceeds to remove the current
network and attach another from the remaining subset of networks. The
system controlier 19 proceeds in this fashion until all networks have been
tested. Upon testing the last network Mn, the BN buffer contains the identity
of the individual network that minimizes the receive 31 level over the set M1
30 through Mn. Optionally, the system controller 19 can now attempt
combinations of networks M1 through Mn to determine if a combination of
networks produces a lower receive 31 level. All combinations of networks M1

through Mn 22 can be tested.
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resi stance value by a factor of K. 9. The conbination of clai mé\/\ﬂﬁfeﬁﬂm
said network neans 25 conprises a plurality of networks of difflete

. i npedances WaP%#8B0chi ng neans for connecting one of said netRGIVESIII§P23
Wheat st one bridge, said conbination further conprising neans for

det ermi ni ng whi @ftepfdeteiminirtj W besi sihgles ot BembimgibN6Ensiwdrke flopehéind t he
of fice equipnent by a factor of K, said systemcontroller bei n’gl responsi ve
(]

to said deset Minthigugl M 220 thessysiear eontigllarhtd then epensyalinsuitshes frosai d one
f id 36 WO 99159320 23 . 2002, PCTI US991 10023 10.

The conbi nSt: oBBh S T4 &Ntk elosEh QY dnose AHKITReR AT e AT ORACE, the

plurality %nﬁ@&"‘ﬁbﬁﬁéﬁ by thtﬁgé&ﬂénfsnaﬁeagéﬂsm. eTRB RFhPBRYIGHA élzﬁmect ed

to the one | ead of etip a ring interface and its own scal abl e
i npedanse dbeamdhithe DL defroinatinog 1hilaré pemavatviays opéningeswiteinS3t d8e e dge. 5
11. The conbination, o erein detectors are connected betyween the

Laim 10
first i nmped¥HEN @PQHQh?rcéﬁg"r%’ﬁere! W@&aﬁc@eﬁﬁom%ep&ﬁina‘f?&“% ?red Bgks prrent
in one hal fnghohhafieatsdGardowitd¥se RikhtfHieP oty éé’lelémhﬁé'e R,

connection pol nt” between each network and its scal abl e i npedance el enent
for each hdhe gaint bé théadifietemtial Emplifier 29 i 2hefhsetctonthis atales, tferebhyi m 11

wherein said network nmeans conprises a plurality of permanently connected
net wor ks oFOH]H??t@Tgs ‘F%é@éﬂf{:@g’,c@éﬁ% conbi nati on further conprising neans

for de?@””’ Ni NG (Y &y e 'rﬂwgﬂﬁie‘é?étlfvd?i%é clioh MRotdBie aAKiferg) ebfiateop and

the office equipnment ‘by a factor K, said system controll el belng
r esponsi ve eithesakceekds arurndeiruns therecale dfdhe @pergy estimator 28)ithe Isystgmreans

for selecting a,detector output operating a swtchi. means. 13. The
conbi nat | ofOBOWTS] St i actifes The dsin o gBe SMlerepliaramprias 28 P~ )
transi st or gierdteddiap Ssth seféoag?laher}?ga&k the! é%lé&ﬁirf;ﬁ:‘f%eb fi‘ﬁr.’ﬂl?orf‘# nt 1s
a second transistor or transistor conbination, sal 0 conbinatio urt her

conpri si ng ofrtfenretverken Jihecsyisternasahtoliet ¢ maytlsol dlect toanceaseithg gaire
current flow thr otjegrgmsﬁi d second transistor to.mrror the current flow

t hr ough® s the differeptial-ampiien2s 1o rasalvp vich jscthe bettaraetarkiihba 8h of
claim 13 waghel ihiadhid ﬁ‘@ﬁ%&ﬁweﬁ‘?ﬁ'}ﬁ%g&% éﬁS@fes‘ﬁHﬁt@.‘ Ity of networks of
n t chi ng r

di fferent i1npedances and sw nmeans connecti ng one of said
networ ks i n the iVheaseit afealance getworisdMd cibougtt M 22 uatehimpiemagmted img

means for determ ni ng which of said network nmirrors the i npedance of the
| oop and tH‘E‘O@f far R A ﬁﬁmatﬂs rgsislive o Fapgcifive of; IgduGtive. plerpentsofher

reind o SERGtELpshd i S | ARl ecthE Ol A BcRNIES |
end sp2echeEmentgialilar tonthial eeiscrbed for nesistor ladder R8124. det ect or, sai d
apparatus bei ng Lj:p%r;'nnt Cet gu écoribaerlosrtiatri]c?lnr %33o7r communication circuit 14 going on-
hook and entering the idle condition, the system controller can either leave

the existing balance network cannected to the secondary tip and ring !
interface 30 or it could resort back to a special network designed to satisfy on-
25 hook impedance regulations. A change in balance network selection due to
the idle CPE condition would also cause the gain of the differential amplifier
25 to be adjusted accordingly. The system controller 19 will sense an on-
hook condition using the line sense function 34. A continuous on-hook
duration of at least 1.55 seconds would need to be timed by the system
30 controller 19 before actually considering the subscriber station set 13 or
communications circuit 14 idle to prevent faisely interpreting DC signals such
as Flash. When the subscriber station set 13 or communications circuit 14

subsequently proceeds to the off-hook condition, the system controller would
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accordance with claim 16 wherein said mrror 25 circuit conprises a first
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compr | Sos- o BPERTT bHRGE Syild Pufiof b apiRseing 2 Bhdedinage b 1% "
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claim 19 wherein said bal ance networks are permanently connected to the one
| ead of t he impgdanee rusing ianpassive element suclhhas Bdalabihe implementation wrent .
21. The _app t in_accordance with claim 7.9 further conprising 5
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Weat st one RjonslgiRatidr? -of TigpRitRES T M2 23, RECRRIANE R IN afd 3bplaédd VHETELI N
sai d detector neans conprises a differential anplifier having an output, a
first input transister paifopentigysed assai mifrprast curipot spaiceg thpaod: 124 yin

counl ed 40, fublal Aol 11 BEhHEEY FRBRERIAT A BB RS e v
coupl ed to gesBfBFHW #efRce impedances R2 23, R3 24 and R4 32.
20 The current sense implementation of the near-end speech cancellation
system 110 employs the characteristic of a transistor current source
configuration whereby, due to the common voltage between the base and a
common ground of each transistor in an identical pair, the reference current
flowing through one transistor configured as a diode with its base connected
25 to its collector will be mirrored by its counterpart in both magnitude and
phase. A current, i.e., a reference current, passing through the subscriber
station set on the secondary tip and ring interface would be mirrored by
transistor Q2, thus creating a mirrored current through the balance network.
In a basic current source, the reference current would equal the mirrored
30 current if the emitter areas of the transistors were identical.
To prevent excessive loading on the primary tip and ring interface by
the mirror circuit of the bridge, the balance network impedance value should
be appropriately scaled up by a factor of K. Instead of scaling an impedance

25



bet ween sai d bal anced network and said mrror circuit, and sa'g %ﬁ-ﬁ%pz
bei ng coupled to tone detectors or data receivers so as to su? Y e tone
det ect ors owodassesd2pecei vers attenuated or cancel | ed near endrepasemmbong
with tone 15 signals emanating fromthe | oop. 23. The apparatus in

accor danceadvipeh tisé dioltade semeeeiniplémehtdtiony die Guréat eehss SniplsmeAfiitiond an
output, a first input, and a second input, and wherein said first input of

each det ecscales the apieer cukrent irs slowrelly tofacher olekd Whenha matchdrgtweiep and
ring interface that is connected.to said sensing resistor Q saj.d second
npat of e SnBiiedt EnBERFE Rl 5 AL BB GBI ns BB MERCommon
node bet wegawaik Sroh ki s80MIEIIBLEHh Mitlis| Achigdedl uSing' e rétivdik seld®ign
detector per each half circuit of® the Wieatstone bBridge of which there are

sever al5, aprocedurecipredaiisly odesaribed, suchuthatathe iapedancesiof ibeupalamceo t one
detectors, data r.eceivers qr apparat desir. attenuation of., cancgel | ati on
of 25 nearnqwg?gd e%ﬁa&%l(ﬁd'(pgpe(aé re%@?gﬁapi'sg’?ra%ﬁ'ﬂgs?w%ﬁ Yvﬂlecf%agﬁ. 24.
The appar aHdaticdl voragesiangrR déritr elptbfthébridget her conprising a system
controller having buffers and neans for nonitoring said sensing resistor,

tuni ng said resletlustiatribew this eantigunatien canselsgnearserd spepgh draradher K,

30 aott 1 ngsatshadly TR ARG IhiERiabg b RS TR At Bl Sl iR o
said 39 AMReR8I 9SiAaR3NroNT the PARRITIINSAY AR IRcHatanassumet et khbest

mat ches the i npedance encountered- on the primary tlf_and ring interface.
25. The appupbingd impegdansedehihe Ipam apdeffice equipmeset is &t and thatdheyst em

cotting ¢ reAaten helWblc s X MaATBARS sbadBe ks et B YalabR® oot put
Sk . . el . . oo :

O s s sl L VRl Bh ARl EhE PR B 95h() P Sprige Al lionp ©

bri dge w tind affitebaquiparmt nesisRintet RSt MAtHerBstRRS tHAQhE "RRDRAGR) ti

encountered on the primary tip and ring interface. 10 26. The appargt us in
accor dé@nceand ting intarface bas @nimpedesepaf $Pag a vol tage 1ine sense neans

connected acro L ary..fi rieng interface to determ t.he state
of the line. 2?§eé]fr%§t"§$p atq}éa$n8§)g)cofdgHérgn§M ?‘ﬁ‘"ﬁ?alrﬁf‘ﬁ@? rur(?ﬁ'ertne'
conpri si ngef&ange f QirrérfNet N8 @l i&ﬂ?d@)ﬂvkk@nﬁmf)y +FHY! PrEHY rAiffdrng a
calibration 15 process. 28. The apparatus in accordance with claim15
wher ei n satutrahtt &cCtthen mddsH\OoEI(vREK+ (@s+a09). 09 The diclagel acessserther

coupl ed to the Wheatstone bridge first and second center taps; and 20 a

pr ocessi ngoalange matwoelk rieatherefore ri¥acpVikasintwt))Rg!(Re+Rwr dsT hendvoltagenory,
sai d processing unit being@coupled to said analog to digital converter. 29.

The apfar BUeSY nthec derRiantd effice Qainment rigr (YR \GawinM HgX/ARsbRx)- ex
[ I d th trol of i d I I.t. 25 30. Th
e SO RS Mo R ha e STl SRR pHes Bgie iince
conpri ses gl dfalxisin@IRRI-RONIRLRY). 1Tl signhi8%br! 1l pRmA) S aRy sai d
processing unit. 40 . !
ring interface appear on the receive path.

Now assume that the secondary tip and ring interface has an AC

25 voltage source of Vx*sin(wt) in series with its impedance Rx and that the AC
source from the office equipment if off, i.e., Vs = 0. The reference current
would be equal to (Vdc-Vxxsin(wt))/(Rs+Rx). The mirror current im would be
equal to (Vdc-Vxxsin(wt))/(Kx(Rs+Rx)). The voltage across the balance
network would be equal to (Vdc-Vx*sin(wt))*Rs/(Rs+Rx). The voltage across

30 the loop and office equipment is (Vdc-Vx*sin(wt))*Rs/(Rs+Rx). Summing

these voltage using the differential amplifier provides a receive path voltage of
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WO 9909330 2 3 ACT 2002 PCf/US99/10023 31. The apparatus in accr:frdwe'zmm
claim 28 wherein said processing unit digital word mani pul atio Iredlvs
further conpM&E¥SBMans for sanpling an anal og signal at a raPETAIS9/10023
approximately twenty tines or nore than said conplex signal. 5 32. The
appar at us i peraccAfCdsigaalswiroin ihleasenc@itianhdipeamd simgdintertanes bawg aeffactivelygi t al
wor d mani puj ati on mi rther, conprises neans for determning the

ans f
di fference P&eHRAREE ﬁa@ntt FrEeCHHY? PABkt ween signal s appearing at the first
and second cente | pk gl ' ' i
Second cent or t apnebarBarIARe oo erbfis Bt e Sulfeft seifSe iplemBhigtiof o ¢
sai d procesesvargthenvoditehegstade Wapkknmentation.at Fiest, teevelthge tdrep acropsithes

means for determning the difference in anplitude between ﬁi gr;%)es appeari ng
at the % rstransigtos cugRat seviceris @RPEOMMAths diedal 0880 it 2oty Anekit 898Fi t ude
at the secopg: msduRS i | Lih ghai m 31
wher ei n sai Ig&pr océ@gﬁnﬁ:g&fﬁil% glﬁgls%gfe r%ﬁl@&%ﬁf Sgﬂgﬁ fgﬁé‘%gﬁga%h h-g'lr"§
conpri ses nemluses dhe dntrease tin fige tvoltage gpratiuaeoh dyr thegsense iepédance ang and

the optim zed, sigpal extracted fromthe second.center ta . _An ar at us
for near crikGsdba SRBIMAt BANFRRTED S (66 LR ASURTEBL orSeeithdbad t o
tip and ri n&zﬂréﬁt?ééﬁé@_ih@@ﬁeﬁthﬂ&h gs! PG SendLicRPabahH Sintéyrated dhguitl | T St

i npedance nmeans in series wth one of the tip and ring interface | eads and
f or mi nglOn t manhéadtwing pratess since highiwattage resistandds neéededfrdmpedsiancer i dge
having firsg_ ang second center taps; 25 second inpedance, neans .having an
pedance t P11 7k asea, Saras e CHrEN Sputse CaPBMET4AEoN SHETHABaNG | n

series wthyg h@@&ﬁfop%\ﬂfaﬂj&sm%ﬁgﬁ&fl&&@émmy@hhwzQ@idgg%rfsmoéemnd hal f
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of the Weat stone bridge;
processor nsimiar Eharagiaristios.nAlthougle arresistor ladgedcarcbe ustddaifiheskiperttie
| npedance neans t hat gest mat ches the igﬂgda c§_\ (%f sai d fiést jrrg;a ance
means and s"WEOT YFENtIRY YRR R PL & YUY at jprewgply dgsgrbegy R
Weat stppe P{db@ﬁ@f het n@cé?é&?'ﬂé&u@éatheewtédé%”él'ésen@ e BRETEMIR | N
accordance wth ¢laim35 wherein said processor neans include a line

buf fer, an ampliigr arefless sensitivestoribewalue ef wsistan¢elBw.ity buffer. 37. The

el s a phaser Baed el it fhef P PREC B, Bt c7Anape BECEhpARARG oy
signal | eVGdieﬁipiiBﬁ%ré@sirﬁ?WQﬂéén@forfinpIéﬁr@ﬁﬁhd; Ynie fHilienBibe ¥n dh Ghiegtated

algorithns. 38. A nethod for near end speech cancel | ati on for tone signal
detect ors c@iiilct Agcoulingly thepe dnay Mengthesarsangaments| ebjntegratpd circui

attach 15 | ' | c AR fa
connecfélb ng %%??@?ntgﬂdp#gggﬁgéf %‘?‘gdn'@%'[&?’ﬁbog‘& ﬁ@ﬁ'\b\nﬁ% H%gtr%gﬁ%étb?ﬁ@c?i%agﬁd ring
interface |EWIs7. tSeedifically, imtwd tansistrensinFIGINT rhag berpeplaced mf othiee | oop
and office equjpnent form ng one half of a W heatstone bridge having first
and second ¢XRbBAtioAs SOt IANSISRIET Kiat aptevidannfer expEPidcd DiRGIBR{CYTFENer i es
W th net\/\or&d;g?ns " to formthe other half of the Wheatstone bridge so
that the variable i npedance and netwprk nmeans mat ches the i npedance of the
first inpedance and the inpedance of the loop nultiplied by a factor of K;
and Digital Enhancement System

25 In the near-end speech cancellation system depicted in FIG. 6,
cancellation of near-end speech is achieved by matching a scaled impedance
to the impedance of the telephone line. Two signals are tapped from the
center of the Wheatstone bridge and presented to the input of the differential
amplifier 25. When the impedances are properly matched, each tapped

30 signal contains near-end speech signals of equivalent amplitude and
synchronous phase. The differential amplifier 25 subtracts the two tapped
signals, thereby canceling the near-end speech components and producing a

resultant receive signal 31 that contains only those signals incident upon the
27



detecting the signal across the Weatstone bridge at the connac#tigm 21302
poi nt between the first inpedance el enent and the inpedance o h oop in
the first h¥MA996P30he \Wheat stone bridge and the connection pdGRUEE1NBEN
t he network nmeans and the variabl e i npedance el enent of the other half of
t he Wheat sgystembdOdigem #i2 offie @Quigaeot (14t and 1ROPZIPCTINBROfcHIDRRI3E The
met hod in accordance wth claim38 wherein said connectin% ste conPri ses

the subst e®32lgg:In RahireANdhi§ bengfical der inexpeasive adjynet deyices thal Rerfsto and

i ndi cati ngc&g.ldeactwmgga,%@ﬁ,{eoﬁ&§wthpﬁg@@%ﬁ %‘?ﬁ%‘ﬁé&@%k@g?nd ring |l eads of 5

the | oop baSed on sai ored vo

cl ai m 39 wher ei The @athcetatipn systetreprezemped e FIGh6 teabhés e abe aippkyi ng a
DC line termnation and calibration signal, responsive to said indicated
st at us,5 acploswitehipgtelgmamnts 22 that zannest the dnirggs pnetweriss & icompietenthenal og
or digital S C | | | 8 e
ener gy at Y\ﬂt&a?%i%g&&ré% ﬁ%‘gﬁeo%gés%'{eg F%%ﬁ/blgg?%@ﬁé{d %sé%%‘gifé’g to
sai d provi thedeaswitcringreldivgintsiloroturther improbe thgstancealiation opédormarive

vari abl e i npedance so that the variable_ i npedance is approxi mately K timnes
the first Wﬁb@%aag@pgl%d Honathemsogke h d3ae tematmeep@%@%f @tﬁ?ﬁqsﬂq & the

G 11 or ont 0" 2RaTEms 1o FRTmeN ol TnFee SAEF ReNOR Bino TR IREelB S 41

The rrelmodim;]pedméaermmf and Blzcamd Mné%%mdlrm'yetimaadirmgcwacagzgﬂl Ia})this
conprises the substeps, of applying a DC |ine term nation and calipbration
signal ) r eGHiguration.o the; d‘SPn(ﬂfczig%'&PQ abajance c NgEWorkge areatesnd Bt | eads

of the | oogs, ty"Bonh &SRB RINGT leyst BF 1R\ 118Re St wHelg dadnst and
the ea ége 00

second center taps-’o stoné€ bri aln a reference signal;
25 usi ng pbaaacs hiétivork chasiiin avemt mirromsemsing ompdanceh @3y ef4;r ande38i gnal
to the signal appearing across the variabl e | npedance to produce nmat ched

phase shi fHowgyeqdhe Peagticabuse ok thys configuratign isdimtesble @ smatnumpber of
15 networks. The reason is that the presence of muitiple permanently connected

mirror networks lowers the on-hook impedance of the device. If too many
networks are used, the on-hook impedance of the system 10 creates a
condition that is undesirable for reliable dialing and reception of on-hook data,
such as Caller ID.

20 To make the switching element 22 optional or further improve the near-
end speech cancellation performance, a mathematical method can be
implemented by a central processing unit using the configuration depicted in
FIG. 8. FIG. 8 shows the switching element 22 present, but they can be
replaced with a single or muitiple permanent networks. The system 100, of

25 FIG. 10, incorporates a central processing unit 190 capable of adding and
multiplying digital words and including a phase shifter 101 and gain control
103. Unlike most echo cancellation systems, the unique attribute of this
system 100 is that it requires only low processing capabilities. This allows
simple microcontrollers, instead of digital signal processors, to perform the

30 near-end speech cancellation. A further unique attribute of this system 100 is
that it provides a digital cancellation capability that is convenient for devices,
such as adjuncts, that need to connect to the telephone line with minimal
interface circuitry. All of the previous benefits described for the near-end

28

in accordance with
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PCTNS99/ 10023 appl yi ng the matched phase shift and gain controz fag@ rag02 o
the signal appearing across the variabl e i npedance to produce mani puI at ed
. signal; and SNDW¥¥Wi ng the reference signal fromthe mani pul aCEASY/tp92l t o
5 produce a resultant digital signal wherein near end signals have been
attenuat ed §iedchneaidefifitiortystem A0{ aﬁpl?n“to the. &Pﬁa%&ﬁénﬁ%ﬁ\{lmﬁtﬁbtéﬁ inAl . AS
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Once collected in memory or storage 106, the central processing unit )

190 then follows a systematic algorithm to determine the optimal time shift

25 needed in the sampled mirror signal 105. Several search algorithms can be
applied. The simplest approach uses a time shift range with a fixed,
incremental step. The central processing unit 190 makes a copy of the
sampled mirror signal 105 and, starting at the lower end of the time shift
range, applies the time shift to the mirror signal 105. The time shift can be

30 both positive and negative to account for signal delay, capacitive phase delay
and inductive phase advance. Time shifting can be implemented in several
ways, but the simplest method is to shift all points by the fixed increment of
one sample.
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estimator produces a single power estimate that is used as a figure of merit to
rate the time shift factor. The signal power estimate is compared to a stored

15 value, called the Lowest_power_estimate. Initially, the
Lowest_power_estimate variable is set to its highest digital value. [f the
measured signal power estimate is lower than the Lowest_power_estimate
value, the Lowest_power_estimate value is updated to the new measured
signal power estimate and the time shift factor that was applied to the mirror

20 signal is stored in the variable called Best_time_shift_estimate. The algorithm
now loops and proceeds to the next step in the time shift range. It repeats
the application of time shifting to a copy of the sampled mirror signal 105, the
subtraction and signal power estimation processes and as wells as the
comparison to the stored signal power estimate. This process is repeated

25 until the entire time shift range is covered.

More advanced algorithms can be used that track the gradient change
in the signal power estimates. If the gradient is getting larger, divergence is
occurring and there may be no need to continue further with the process. In
these cases, such an algorithm may help the process converge in less fime.

30 Once the best time shift has been determined, the stored copy of the
sampled mirror signal is manipulated to exhibit the Best_time_shift_estimate.
The Lowest_power_estimate is again set to its highest digital value. The next

31



10H 10H 10H 9<s10%&: ()- CCDCODD2EAB-_ @' s 10%& ()= 10%: () -9 160 iy’ s
109%n& ()-s 10%& ()- S10%& () - 2EKEEE. FFFdE~ @0 ! 10%& () - $100& ?%’ o&00h -
. SHI0%& ()- BOURIY0 10% () - F(GZHyHH VI dE~ @0 ! S) $1096 & () - PCTIOH8N1 0023
@L0%& () -y$L10%& ()- & 10%&' ()-#10%' ()-VI I TUKr KK LdE~ @0 | S8 109%& ()- 6
109%& () - T (@0l Ehé lealinriiUh procbssHs §3@ind) the3 GakD Yk a(ﬁefnuatlon factor that
LVLAL L LabmizlLbGLo | @S8T00h & ()2 &S&1006 & () y 1006 & (

10<t 109" ()ewlmomhe)owmmmmwesxgnal (WIS & ()- 10% 8 () % 10% & () F

1096 & () 10% & (J0e 3gakgspyerst suin J00bHRN RAAdIEBen e EbErl
10% & () - g ha% | 0 /1 10
() PR (Aol BR0Arpbled raﬁg% 4 (o0 hertBe SERZ AT

10" &<10% & -Y4"10% & (
109% & (3§ - Ueguahaxar ane stemOmesaaalpg-tzaiugml 1wweste& (n-this! @pg@@c@ e () - z5#
10% ~& () - L. #1004)

10" Ys[[\] qi'l'-‘i‘%\f}é Uﬁﬂ'b T%@gr}ua%&é %r)ultgqqq. By #he amplitude factor and the central

1& 5I'k ! & ()-
L 1), (Sl 1Al R o BAP ABRT E )

10 U 10 UyEchmB _amplltude-ad]usted mirror sugnal from the sampled reference signal
Tovse ()< 1A Bg1emEeryia e itgatad 1R YRRl AR R gD s

109%& (Yo# PiAYRFet)art Hhe@EcH lortR&&Swedt power estimate proceeds. However,

instead of updating the variable Best_time_shift_estimate when the measured
signal power estimate is lower than the Lowest_power_estimate, the variable \
Best_amplitude_estimate stores the factor used to multiply the shifted, mirror |

signal. The algorithm then loops and proceeds to the next step in the

15 amplitude range. This process is repeated until the entire amplitude range is

covered. Similarly, more advanced algorithms can be used to track gradient

changes in the signal power estimates for faster convergence of the best

amplitude tactor.

The amplitude range can be determined by comparing the peak levels

20  of the sampled reference signal and the mirror or shifted mirror signals. The

amplitude factor can be estimated by taking the ratio of the reference signal

peak amplitude to the shifted mirror signal peak amplitude (RSP/SMSP). [f

the reference signal peak amplitude is higher than the shifted mirror signal

peak amplitude, additional signal gain is needed for good cancellation.

25 However, for added reliability, the amplitude range should be set at

2*RSP/SMSP at the upper end and SMSP/(RSP) at the lower end. If the

shifted mirror signal peak amplitude is greater than the reference signal peak

amplitude, the opposite condition exists and attenuation is desired for good

cancellation. In this case, the amplitude range should be set at

30 RSP/(2*SMSP) at the lower end and SMSP/RSP at the upper end.

Alternatively, the amplitude range can be a fixed range, such as 1/128 to 128.

Once the time shift and amplitude factors are known, the central

processing unit 180 exits the calibration routine by turning off the complex
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is the sampled equivalent of the Receive Signal 31 in FIG. 6. The procedure
10 s illustrated in FIG. 11. Near-end speech is cancelled on this signal. It can
than be passed to a digital implementation of a tone signal detector 27 or
FSK demodulator 28 or passed to a digital-to-analog converter for analog
reconstruction as previously described.
The above algorithm attempts to find the time shift and amplitude
15 factors that produce a resultant signal with the lowest signal power estimate.
In most cases, this algorithm should suffice. However, depending upon the
complex signal used, it is possible for the above algorithm to find the best
time shift and the best amplitude factor that when combined only result in a
local minima power estimate condition for the resultant signal. In such cases,
20 a brute force method of systematically processing a two dimensional grid
(consisting of amplitude factors versus time shift factors) is recommended.
instead of attempting to identify these factors independently of one another, a
) trial and error effort is made by trying each point in the grid as illustrated in
FIG. 12. The combination that produces the lowest signal power estimate is
25 the pair of factors to be used during steady-state operation.
To make this algorithm converge faster, every second or third point in
the grid can be initially evaluated instead of evaluating every point as
lustrated in FIG. 13. However, the signal power estimate for each point must
be stored. After the initial round is complete, the central processing unit 19
30 searches the grid for a rectangle whose corner points have the lowest
resultant signal power estimates. The signal power estimates of the 4 corner
points are averaged and stored in a local variable. The central processing unit

19 then uses the coordinates of those four points to determine the new
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network means and a scalable impedance element connected in series
10  with said networks and forming the other half of the Wheatstone bridge, the
network impedance_matching the impedance of the loop and office equipment
connected to the tip and ring leads multiplied by a factor of K and the scalable
impedance matching the impedance of the first impedance element, also

multiplied by a factor of K; and

15 a detector connected across the center of the Wheatstone bridge, said
detector being connected to the connection point between the first impedance
element and the impedance of the loop and office equipment in said one half
of the Wheatstone bridge and the connection point between said network
means and the scalable impedance element of said other half of the

20 Wheatstone bridge.

2. The combination of claim 1 wherein said network means
comprises a plurality of networks of different impedances and means for
selecting the one of said networks which mirrors the impedance of the loop

and office equipment.

25 3. The combination of claim 2 wherein said first impedance
element is a resistor of known small resistance value and said scalable

impedance is also a resistor of known value.

4, The combination of claim 2 wherein said first impedance
element is a resistor of known small resistance value and said scalable



dYNCO: I'! 10 10 10y<109%& ()-: 10%& ()- | 8 10%& ()- 37109%& ()- S5SH10% 5)-
):n}[ 9YNCO: ! ky @109%&' () - 5|y@#10%:c& ()-5! py@109%& ()-5% 10%& (P>! BT 200

. 10% 1 & () - y Moo@s/49p2& pwUSYNCO: | Xy @109%&' () - 5!\ y@109%&' ()-5!\ y @EF0OE(1POB! ay @
#109&' ()-5!'fy@10% ()-5'ay@10% ()-5pstuv~_@: ! Xy@ , 10% & () -

# 10%g& () ipBHaARGE / QemeryS86HHAsEs -a 1brite-pAaldioM8ibindtivn of resistors

cdE~_ @: ! Xy@ @10% & 10%4 & ()-"10% & ()-F 10% & ()- 10% & () -

10% & () - c@@u@ng@sw%f@lqm@awe addeys & () - @10% & () -

10% & ()-$109%& ()- 10% & () - oDdE~_@: le@$10%& ()-( 10% & () -1

(106 0 S10% 2 Ot il o, b Al P o
%RB_@: ! Xy @&nfbA0%s =& first 2tdriBis18:0 6k (r%anszi&b@%c&nbhatuba/ ahf/ saiy stapsbte () - F:

0%&(% B VIE @: ! Xy@y 10% & ()- Y'10% & () - 10% & ()- .10% & () -
@.10% &5( ) -apedanse: ql?meq U8 Fa @RCOR( dransisiag: o) t@\sm% gomhinatiog g - @

ig?ﬁ; i 81 %6‘%@&?@%&‘%@9 ?59 Eﬁ%@gé}‘-gﬁﬂr/@rﬁ‘ fidw: tl’nrough said second

10% &' () - Atrdisibidronr@ansigidr combitkitiohto rardithe Yusien} fIGH thodtdh caidd@mBt
10% & ()-610% & () -

ZX6mbC0: | | Garssaeieor iransistes combinationby-a fagtanoh 14 () - 41 @ 109008 () - 4#F10%@
& () -1 #F10% () - UzX6MbCD: | p@ 10%bé& () - 41 X@ 10%3 G & () - 4! d$@ 10% () - 4! ~

1090 ()41 @ 4078 G @HERok bt SN e shiPbtbiAtHes & aiPéRhra

10 amplifier whose output supplies tone signal detectors or data receivers
attenuated or cancelled near end speech along with tone signals emanating )
from the loop.

7. The combination of claim 1 further comprising a system

controller for altering the impedance of said scalable impedance element to

15 cause said scalable impedance element to mirror the impedance of said first
impedance element by a factor of K.

8. The combination of claim 7 wherein said first impedance
element is a resistor of known small resistance value and said scalable
impedance element comprises a sensing resistor in parallel with a fixed

20 resistor and an adjustable resistor ladder, said system controller causing the
opening and closing of taps on said resistor ladder to cause said scalable )
impedance element to mirror the impedance of said resistor of known small
resistance value by a factor of K.

9. The combination of claim 8 wherein said network means
25 comprises a plurality of networks of different impedances and switching
means for connecting one of said networks in a Wheatstone bridge, said
combination further comprising means for determining which of said network
mirrors the impedance of the loop and the office equipment by a factor of K,
said system controller being responsive to said determining means for

30 operating the switching means for said one or more of said networks.
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5 11. e combination of claim 10 wherein detectors are connected
between the first impedance element and the impedance of the loop and
office equipment in one half of the Wheatstone bridge and singularly
connected to the connection point between each network and its scalable

impedance element for each half of the Wheatstone bridge.

10 12. The combination of claim 11 wherein said network means
comprises a plurality of permanently connected networks of different
impedances, said combination further comprising means for determining
which of said network mirrors the impedance of the loop and the office
equipment by a factor of K, said system controller being responsive to said

15 determining means for operating the switching means for selecting a detector

output by operating a switching means.

13. The combination of claim 7 wherein said first impedance
element is a first transistor or transistor combination and said scalable
impedance element is a second transistor or transistor combination, said

20 combination further comprising means responsive to said system controller
for causing the current flow through said second transistor to mirror the
current flow through said first transistor by a factor of 1/K.

14. The combination of claim 13 wherein said network means

comprises a plurality of networks of different impedances and switching

25 means for connecting one of said networks in the Wheatstone bridge, said

combination further comprising means for determining which of said network

mirrors the impedance of the loop and the office equipment by a factor of K,

said system controller being responsive to said determining means for
operating the switching means for said one of said networks.

30 15.  An apparatus for canceling near end speech or signals_incident

on a tip and ring tone detector, said apparatus being connected to a primary
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a balance network connected to the secondary tip and ring, said

balance network being selectable to obtain the mirror circuit impedance that

10 best matches the impedance encountered on the primary tip and ring

interface and being connected to said mirror circuit such that said mirror

circuit and said balance network form the other half of said Wheatstone
bridge; and

means for detecting cancellation of near speech connected across said
15 Wheatstone bridge center taps.

16.  The apparatus in accordance with claim 15 wherein said sensor

comprises a sensing resistor having a small resistance value.

17.  The apparatus in accordance with claim 16 wherein said mirror

circuit comprises a first resistor having impedance slightly larger than said

20 sensing resistor in parallel with a switchable resistor ladder, said resistor

ladder being in series with a second resistor having an impedance that offsets

the combined parallel resistance of said second resistor and said resistor
ladder.

18. The apparatus in accordance with claim 16 wherein said mirror
25 circuit comprises a first resistor having impedance K times larger than said
sensing resistor.

19. The apparatus in accordance with claim 17 wherein said
balance network comprises a plurality of networks of different impedances.
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22. The apparatus in accordance with claim 19 wherein said
detector means comprises a differential amplifier having an output, a first
input, and a second input, said first input being capacitively coupled to the

10 lead on the primary tip and ring interface that is connected to said sensing
resistor, said second input being capacitively coupled to a common node
between said balanced network and said mirror circuit, and said output being
coupled to tone detectors or data receivers so as to supply the tone detectors
or data receivers attenuated or cancelled near end speech along with tone

15 signals emanating from the loop.

23. The apparatus in accordance with claim 19 wherein a multitude
of detectors each having an output, a first input, and a second input, and
wherein said first input of each detector is capacitively coupled to the lead on
the primary tip and ring interface that is connected to said sensing resistor,

20 said second input of the detectors being individually capacitively coupled to a
common node between said balanced network and its said mirror circuit, one
detector per each half circuit of the Wheatstone bridge of which there are
several, and wherein said detector outputs are selectively coupled to tone
detectors, data receivers or apparatus desiring attenuation of cancellation of

25 near end speech including tone signals emanating from the loop.

24, The apparatus in accordance with claim 22 further comprising a
system controller having buffers and means for monitoring said sensing
resistor, tuning said resistor ladder to match the sensing resistor by a factor -
K, attaching said balanced networks to the secondary tip and ring interface,

30 setting the gain in said differential amplifier, and deciding which of said
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output of the set of differential amplifiers produces the best cancellation of
near end signals, thereby selecting the half circuit of the Wheatstone bridge
with said balanced network that best matches the impedance encountered on
the primary tip and ring interface.

10 26. The apparatus in accordance with claim 25 further comprising a
voltage line sense means connected across the primary tip and ring interface )

to determine the state of the line.

27. The apparatus in accordance with claim 26 further comprising
means for removing dial tone by the office equipment during a calibration
15 process.

28. The apparatus in accordance with claim 15 wherein said

detector means comprises:

an analog to digital converter coupled to the Wheatstone bridge first
and second center taps; and

20 a processing unit having means for manipulating digital words and a
memory, said processing unit being coupled to said analog to digital

converter.

29. The apparatus in accordance with claim 28 further comprising a
complex signal source under the control of said processing unit.

25 30. The apparatus in accordance with claim 29 where said complex
signal source comprises a digital to analog converter that is fed digital words

by said processing unit.
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than said complex signal.

5 32. The apparatus in accordance with claim 31 wherein said
processing unit digital word manipulation means further comprises means for
determining the difference in phase and time shift between signals appearing
at the first and second center taps and means for optimizing the time shift at

the second center tap.

10 33. The apparatus in accordance with claim 31 wherein said
processing unit digital word manipulation means further comprises means for
determining the difference in amplitude between signals appearing at the first
and second center taps and means for optimizing the amplitude at the second

center tap.

15 34. The apparatus in accordance with claim 31 wherein said
processing unit digital word manipulation means further comprises means for
subtracting the signal appearing at the first tap and the optimized signai
extracted from the second center tap.

35. An apparatus for near end speech cancellation for tone signal
20 detectors connected to tip and ring interface leads from a loop, said

apparatus comprising:

4

first impedance means in series with one of the tip and ring interface
leads and forming with the loop and office equipment one half of a
Wheatstone bridge having first and second center taps;

25 second impedance means having an impedance that is K times larger
than the impedance of said first means in series with a known network means
and forming with the loop the second half of the Wheatstone bridge;
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means connected across the center taps of the Wheatstone bridge for

5 canceling near end signals.

36. The apparatus in accordance with claim 35 wherein said
processor means include a line buffer, an energy buffer, and a network

element identity buffer.

37. The apparatus in accordance with claim 35 wherein said
10 processor means includes a phase shifter circuit, a gain control circuit,
memory, and a signal level estimating circuit or functionally equivalent digital

algorithms.

38. A method for near end speech cancellation for tone signal
detectors connected to the tip and ring leads from a loop to which is attached

15  office equipment, said method comprising the steps of:

connecting a first impedance element in series with one of the tip and
ring interface leads, the first impedance element and the impedance of the
loop and office equipment forming one half of a Wheatstone bridge having

first and second center taps;

20 coupling a variable impedance element in series with network means
to form the other half of the Wheatstone bridge so that the variable
impedance and network means matches the impedance of the first

impedance and the impedance of the loop mulitiplied by a factor of K; and

detecting the signal across the Wheatstone bridge at the connection

25  point between the first impedance element and the impedance of the loop in

the first half of the Wheatstone bridge and the connection point between the

network means and the variable impedance element of the other half of the
Wheatstone bridge.
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40. The method in accordance with claim 39 wherein said coupling
step comprises the substeps of:

applying a DC line termination and calibration signal, responsive to
said indicated status, across the tip and ring leads of the loop;

10 providing an analog or digital output to the system controller that is
proportional to the energy at the tone signal detector;

selectively adjusting, responsive to said provided analog or digital
output at the system controller, the variable impedance so that the variable

impedance is approximately K times the first impedance;

15 selectively choosing by the system controller the network means that

minimizes the near end speech energy; and

setting a differential amplifier output based on the said attached
network means.

41. The method in accordance with claim 39 wherein said coupling
20 step comprises the substeps of

applying a DC line termination and calibration signal, responsive to
said indicated status, across the tip and ring leads of the loop;

sampling, responsive to the calibration signal, the first and second

center taps of the Wheatstone bridge to obtain a reference signal;

25 using phase shift and gain control means to match the reference signal
to the signal appearing across the variable impedance to produce matched

phase shift and gain control factors;
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subtracting the reference signal from the manipulated signal to
5 produce a resultant digital signal wherein near end signals have been

attenuated or cancelled.
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