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' systems in the telephone network has been to improve the quality of a
20 transmission channel by removing unwanted signal reflections that occur at
points of impedance mismatch in the communication circuit. Echo cancellers
have also been employed in station set equipment, for the most par, to
enable high speed, full duplex data transmission. With the introduction of
new telephone services aimed at the analog residential subscriber, echo
95 cancellers or near-end speech cancellation systems have recently become of
significant importance in subscriber station sets to improve the performance
of inband tone signal detectors.
Inband tone signaling 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 io alternately transmit signal and
control 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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2 All inband tone signaling systems are premised on the belief that a

tone signal can be reliably detected. For Analog Display Services Interface
20 (ADSI) Customer Premises Equipment (CPE), reliable detection of network
call progress signals is necessary for the CPE to propetly track the state of
the call and generate internal events that are to be processed by a
downloadable service script resident in the CPE. For CIDCW and CWD
CPEs, reliable detection of the CPE Alerting Signal (CAS) is necessary to
25 engage the CPE's off-hook data transmission mode for the reception of a
data burst containing the calling party’s number, name, location or personal
identification number. For telephone answering machines and voicemail
systems, reliable detection of DTMF signals is necessary to aliow the
subscriber to specify editing and control actions, even during playback of
30 voice messages.
While reuse of an inband channel provides an efficient means for
network-to-station set or server-to-station set signaling, significant problems -
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) background noise. The presence of these complex signals distorts valid tone
20 signals and can impair their detection.

Talkoff and tatlkdown are two critical performance measures for a tone
signal detector. They respectively describe the detector's ability to resist
signal imitations and to recognize valid tone signals obscured by speech,
music or noise. Although tone signal detection has been a prevalent art in the

25 telephone network for decades, only recently has the need for robust talkoff
and talkdown performance been simultaneously required in an application.
For the most part, prior art tone signaling applications, such as DTMF dialing,
have benefited from environments where detector talkdown performance
could be sacrificed in favor of improving talkoff performance. With the advent

30 of CIDCW, CWD and ADSI, simultaneous robust talkoff and talkdown
performance became a necessity.

Belicore has specified CPE or station set criteria in Bellcore documents
SR-TSV-002476, entitled “Customer Premises Equipment Compatibility



Consi derations for the Voiceband Data Transm ssion Interface", |ssue 1,
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4 20 of the far-end party is reduced by the loss on two loops, i.e., the far-end
party's loop and the near-end subscriber's loop, and any intervening network
loss before it appears at the near-end subscriber's station set. The near-end
subscriber is also the dominant cause of talkdown since signals like the CAS
and call progress signals are typically transmitted from the central office

25 SPCSS while the far-end party is either muted or not yet connected.

It is characteristic of tone signal detectors to employ the concept of
guard action to resist tone signal imitations and gain a degree of immunity to
talkoff. Such detectors validate a tone signal only if a certain signal-to-guard
ratio is satisfied for each tone signal frequency component. The signal-to-

30 guard ratio is the ratio of the power present within a tone signal frequency
band to the power present in one or several designated guard bands. The
guard band is a portion of the voiceband that the tone signal detector uses to
extract information about the purity of the tone signal. A single guard band
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near-end speech. More complex arrangements have utilized analog and
20 digital cancellation technigues. A closer examination of several existing prior

art implementations that 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 fine or communication

30 equipment beyond its point of presence. It further provides access to on-
hook-service signals, such as Calling Identity Delivery (CID). its
interconnection method is also very amenable to adjunct communication



devices that do not incorporate any type of line termnation circuit that
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hi gher reg2@tive  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 handset. 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



to 1000 Hz. Since CAS frequencies, 2130 and 2750 Hz, are in the upper

voi ceband, stransmtter pre-enphasis will place nore speech energy in the
si gnal i ng bandwoawshsgy eat e even nore potential for tal koff t hapcrgsiRions
mtigated by the bridged tip and ring arrangenent. Tone

signal detectgy 16@% WSS BATD § qHéR&h@”hfl% éﬁ&egféd) ‘Wfdalle' o gyﬁy?rhe

ri ng arr angerrent cause near - en eech ener of tén over
tone signal evaicgband, rtraﬁmmttes@re}énmlﬁ@w wﬁlbplacesrrwneespéebb éesigysin the

typicall sent, from CSS at -15 r t Attenuatjon due to
e Fay”  siondEinaidid FreBlte ARt mgse hotarmien Brdlkof5at iy Aot nigated
percentl le c hegbﬁ@ HGﬁh %Qﬁn%gw can conbine with CAS, tip and

ri ng CAS tone si gnal et ec ors e exposed to a worst-case
si gnal -t o-speech rhonesighal dated®r talkdown is alsbsa prc(blé’rh fdBthe Bhdiged)hp and
detecti on of tone sn_& als th such a Baor Si Bnal i se ratlo S

difficult, eVl @ %@F@%P@PEG eRaR ENergy Wé' Qﬁ%‘éﬁ’ﬂ?”fmﬁ m the

j ect si 4 |
af or onent i one gua?*f'@?‘?ﬁ% ol thefedstnr DIBCH, FlRKibLe, 18 CAS I viltaily
criteria sandUramnibe SPGB at n15edBmi pst donmes Mtedmllohl due¢ got theejodpgnal s
o onal . o responsg:3an FHfUberitEie {5 of s Hithe oy ﬁpﬁi’ur@rga%t%ig?m4
entitled, 10" Mohdttbnd speddl cars cBMLiME B Q?Aﬁ”ghp@“anﬂ ﬁﬁé @Eé‘téigﬁala”

Alerting Signal in the 20 Presence of Speec tone ectors can
be designed tdstgetovs will hpexposed tOtaaWBta‘l-fcaaacmgrml-m-speederétwofa-QGeiB ¢15

bridged t t | t t
of  det ect i on 12raliet 4PERRGRbIe Feiecton of (RECHGhals il Fuch & REOT e o
bal ance of t ahdigd frafi'Gs tcﬁﬁlbﬁiﬂ\ﬂé\/é?ﬁ'félorﬁ@fal:@etectors' ﬂ‘xa&hﬁéﬁ‘e daR dfenipt B

difficult and time consum ng process. Furthernore, here 1's no
guar ant ee t haejachesignakli ies.or Wit gn tanel signal odetastor employing the

" Tno tondoer gHarorenRhedt SaiRihrinsinin, he stonaioSS TR o iRl ErlpeR °

met hod t o ‘acogosid Tt beanet iromahg instaftessf isghangte tone §iéﬁh¢s begagses nalr
on- hook CID data transm ssion signals. However, fromthe 30 standpolnt of

tone signal d¥iksRgesh enargy WOU%S@B@Qa@Iﬁ'}f Wféwtttharsigiwgerrent to achi eve

good tal kaof f and t mgim e.pepa .
reduce the | evel % ne -en étﬁgé%?%‘fl n‘g ge" n?l.m% g@?ojfé gpﬁﬂ%‘i d‘g?tg(?fjor.
ghe prior artanthSysteredoy Ma‘lﬁg ahed Sdiedted) i Ptativd 4n Weﬁtmgesrg:ﬁmah the
t ect
erector Szo Presence of Speech", tone signal detectors can be demgned to provide good
talkoff and talkdown performance for bridged tip and ring applications.

However, the meticulous adjustment of detection parameters that is

necessary to achieve the proper balance of talkoff and talkdown performance
in these designs is a difficult and time consuming process. Furthermore,

25 there is no guarantee that the final detector design will be conducive to a
specific manufacturing process.

In summary, the bridged tip and ring tone signal detector arrangement
is a simple, non-intrusive method to access service signals, such as inband
tone signals and on-hook CID data transmission signals. However, from the

30 standpoint of tone signal detection, it is the most difficult arrangement to
achieve good talkoff and talkdown performance because it does nothing to
reduce the level of near-end speech incident upon a tone signal detector.
The prior art has already established that tip and ring tone signal detectors



wi th good tal koff and tal kdown performance, while achievable, are extrenely

difficult to design and build. Met hod 2 A second conmon
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t he i npedancef %fﬁffteﬁz @élaammﬂetvmrk mat ches t he i npedance presented by 20

the tip and ring i 'T?\@rﬁ Rt is 8 device that EbsvaDtY bprﬂtrédﬁ%hﬁhpblhl énlthegip s
critical to the pertforrance o tone signal detector in this

arrangenend bemduseg tinierfacenisty bwodsepmteeﬂnwegtlonal paths dfen dransmit rar\dhe

| evel of near-end speech i ncident an t

Att enuati on of®¢§{¥E-n QF’%Q(?”Q&%WR%@Q@? ?@Fﬂggkgu@geqat%%o%ﬁﬁqr
reduces the p éﬁ’@ar@béwéYpétB Wwhbrd HRé ftoﬁé%!@ﬁ@l“@@te%ﬂf@l’ tsh@onn@aam lNetar-etrmat
near - speech wll corrupt an incomng CAS. Wth a 6 dB transhybrld

| oss, for sngn@mpneeldeaubetragvferredffromathe éﬁﬁ@sgﬁelwh bahirdifhengylid ihtha one
si gnal detect be reduced from-7 to -13 dBm ASL and t he
si gnal -t o- Speg&pqdaqqq)ﬂ%ﬁac i1l inmprove from-23 to -17 dB over the

bridged tiyg and ri ngpaidtiesgssmstiea ecﬁwﬂemméohremgympmdwrmomve
denonstrated that a reductlon of 3 in near-end s gﬂpl evel r

sim|ar inproveedybrid andagpagar @Uh%@@k’iﬁ‘)rtﬁ@ tene S'Qnakﬁlﬁﬁﬁ Fc yam%'?
he lofl AP, D81 LASEIES Blef i80S W loruatod 8PS B o
8 known as the transhybrid loss. The transhybrid loss is a function of how well
the impedance of the balance network matches the impedance presented by
20 the tip and ring interface.
The amount of transhybrid loss is critical to the performance of the
tone signal detector in this arrangement because the transhybrid loss effects
a reduction in the level of near-end speech incident upon the tone signal
detector. Attenuation of the near-end speech leve! is useful because it dually
25 reduces the probability of a talkoff occurrence and the probability that near-
end speech will corrupt an incoming CAS. With a 6 dB transhybrid loss, for
example, the level of near-end speech appearing at the tone signal detector
input will be reduced from -7 to -13 dBm ASL and the signal-to-speech ratio
will improve from -23 to -17 dB over the bridged tip and ring arrangement.
30 Experimentation and experience have demonstrated that a reduction of 3 dB
in near-end speech level or a similar improvement in signal-to-speech ratio
dramatically improves the talkoff and talkdown performance of a tone signal
detector similar to that described in Battista, et. al. Furthermore, a key design

8



benefit of the hybrid arrangenent is that it nmakes bal ancing the tradeoff
bet ween tal ko §)éha2! kdown performance |ess difficult becaus Ydaggm ¢
swi ng of the I‘é)%e sf%(ﬁal detector, which is defined as the dlf?ectrlﬁ%gg d|an dB

5" Feduced. . bansht & Yhe cBESHL aranGRERybscNEbds MalRPaIARey 'ﬁééfaﬁgaﬁhbeen
match bet wee ewé'en tlof 8 RRRUASENKhrcarioha e BetaRU vl upiap. 2

single netmork Ide a suit degree of tran
across the | snirg Mtheltoyeomgmaioq{etector which s defined\ashthe wﬁamrmebm dBce

networ k, for  instan wor st ca q tr id | ss can e from?2
o 6 a8 over BERESHA e Wopt chse Ssean level andfBa e orse fare 18V . To
obtain fugt hggqy&d/ction in near-end speech | evel and |nprove t he

si gnal -t o- speec% rati o, the single bal ance network may be repl aced by
mul tiple, fixed n&ecauke transhybridi josst rapidly decraasies as theamatdh betwesnettiei n

FIG 3. Thi t dt 15
Casie | er " R0 ABSEHRGS P VoS ool T BT Pl

t Kk
o gnal et woPoude & sditablb UeGR of FRMSHAIEbss Bcids81RG YeHoe mali, 6E@0R0., o
usual |y be accbndmedsuswwaa single Mlaacetnatwerltlﬁoednetalmr Kse Bewshicasenor e
th I et 20 | abl e, t.h h
e e 28 SRR Toks hunigdt oL S BB HOBL I il ekl B8P «ne
| oop condi ti Speaanedy o Qﬁe U.S. network. Ad f!?ﬂ&lh futitiet 38LBcHdP M tdé%r-ielr(\g .
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traditional hybr architec are suited for 25 i.nt
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functi ons. For devices like tel ephone adjuncts, these systens are | ess
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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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There is a third disadvantage to the arrangements in FIGS. 2 and 3,
especially for integrated station set applications. There are instances when
the functional elements of the station set may need access to the AC signals

25 on the tip and ring interface even though the station set is in the on-hook
condition. Two such identifiable instances include support for Muitiple
Extension Interworking (MEI) and on-hook services such as CID.
MEI is a signaling method and protocol for communication among
CPEs on a subscriber’s line that enables three functions: 1) thé 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 muitiple CIDCW, CWD, and ADSI CPE. In
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and integrated sets alike, minimizing complexity and device pin count

reduction, a single device input on CID ASICs must be shared for both on-

hook and off-hook CID services. With the hybrid arrangements illustrated in

25 FIGS. 2 and 3, the reduction in circuit complexity offered by CID ASICs is

partially offset by the need for external circuitry and control that provides

multiple signal paths to access to the tip and ring interface depending upon

the hook condition of the CPE. It is a highly desired feature for a CID ASIC to

allow the device to be inserted into any design without impacting or requiring

80 specific circuitry, or imposing performance criteria on other aspects of the
system architecture,

11



attenuates the near-end speech echo. In addition to those cited
for the hybrid systens in FIGS. 2 and 3, the 10 prine disadvantage of this

speech cancel {‘%td9 32?yst emis the significant resources gigdigod/pockace
circuitry required. Typical inplenmentations of digital echo cancellers
require an optim zed m croprocessor to performthe mat hemat i cal
operations t L ve the near-end echo, terface circ

i itry to. .
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Cct ober 10, difinatesdamytdhianed of near-émpdalioiisarieb talkdavn rpcausealt Ihighly D

Bl ock Code and Receiving Call Waiting Caller-1D-Signal"', Lim et.
al ., di scl osatignyalen thediRAANARRE]EN RN as 25 illustrated in FIG 5.

Thi's arrangerent qqol i RenRIBARORE 1S hiid systenty i FIGE.2 ¥hATS: thé € he

bal ance network i y matches the inp _the l'oop and
fixed regost qrime disadivantag| i tiis sspeactecancallation heystarar isethe significant
signals arriving at the jnpyt to the differential llifier,.Gfrom.t.he two
circuit fﬁé@%rlcﬁﬁlqﬁdo@tg PGHItTY FeqRitRd- ¢ u)ﬁ%‘?ﬁﬁﬁ&lﬁ@?@fa“?ﬂﬁ of @'é'&?
differential Qi iddrRbidfe Iredflire SuR! 'GMimizdle SmictbpRRessdr a8! pRfral Re and
produce a resultant signal that is I nput to the tone signal detector
cont ai ni ng t hmathesnatical opetatipns dhat temowveathe near-endeechcs irtedACe gieditny40i on

Phan T osi st aifig e SPBIGe SaRee GRLTREY GRS ORI BURRSt. orfffne tons St

ring int ﬂgsf ACfatebibk WinfSlenichtod bR@hSal 19 the 66n6 ShMEsller a8TRskatsd irsFIgad,ed by
t he sane tactor. Al't hough this arrangenent cancels near-end
speech and prarviaditional digital4e-analog henvarerzdigdnecasganit 1or bese dgaseMess of

station set hqok state, it .5 .perfo . DOO, ' ' . in
of 1 oop ; mpedditaechercardalBp RBlenteriBiAi hays bp: BEFascre Bk orIART
First, the fixndadReanassteBiasd telapiomisr 1] are subject to component
tol erances and consequently are never identically mat ched. This

results in an inbalance in the bridge that is anplified by the

differential Methad4er. Second, the single, fixed bal ance network enployed
in 20 A fourth arrangement that has been attempted to cancel near-end

speech using a scaled Wheatstone bridge circuit is illustrated in FIG. 5. In US
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 Rs 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 amplifier 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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10 the circuit provides a poor match over the domain of possible | oop
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conmmuni Cat'0”§n6§ﬁa 4i PERSErimeritafor el CdeAbAstPatal ARkt BREWAIS castepeapdent |y
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devi ces as wekhd speechisanceliatjonpedformanca of tha:Wheatstope bridgrartangesae
near - end speech
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Specifically, the systemdses a“voltage or current sensing el ement
pl aced i n1§eries wiTha reviemepf theeptiohadrhas satablished that takelf apd Jalidewn

' 5 i f both t ' (o JY t b
the tip " BROSHNAOF dferrio8 FONGLIYAGLEah PE e bRERE misRR Ay
i nterface to q@eAudting the ldbsicéisiheidenbhedesnd Bpebet. ihhas turtisrecstablished
bi -directional paths, only a sing recelive path is differentially

|
extracted frothalenost paer meﬂe@.rﬁeoggsna?phi ¢anpellation, techniquesneequirgngystem
detector. At gpUAHOR@ thAEHMEVS RBRRB SRRAPYetettsP HohP!the %iYand ring

20 interface and place it at a location that does not generally have access to line
signals when the station set is on-hook without additional signal paths. One
prior art cancellation method does provide access to tip and ring regardless of
hook-state; however, its cancellation performance is poor.

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 regardless 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



10 the calibration and selection of the scaled mrror inpedance val ues
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FG 3 ie a pPRGdiaseies sitcentar e fmar H19 dredRte 18RE, th AR NS
enpl oyi ng gul tipb8amad aﬂﬁéth“l‘th!Hrﬂéﬁ\gaél@h@ntQihdqﬁip&iaﬁbb%r@@émﬂ loyt the tip
attenuate near-end speech for the benefit of tone signal detection;

FIG 4 is a blandkrirg infedfacefs the plated acressghedip and fing dmaffaee g Herma @5

noar- " ond ip@Bieblidhe S ApRk 1R s o bPbIARCHEY s, i 4 S ©

FIG 5 is a blrggdivéll Péﬂf Rhdiftbrentialy @Rtr@étbdffrd?ﬁcée\"\lf@raéfsm@rmdg'el fé@enput to a
arrangenment that attenuates near-end speech for the benefit of tone si gnal

det ecti on; 30 tone signakdetectori Atteriiatior ofinegr-endasspagehi enargy isiconteolied by

ermbod ety Of shiEaiSaar il sslestBR T e SRRRE M SpSUaRE ik Uiek 8P5™

14 available ffdrfe eithdrsa %ixb adt ofi ROLAENGTC aitivbels bl lanshdjabiabie
enbodi ment of the near - end speech cancel | ation slystem of the present
i nventi on usi Mghworkur Aepentrolling Ml@nu ¥§RseABALQt $everal methods desgriigd &

illustrativel

cancel | ation éﬁ&%gﬁé best ﬁéﬂo?@b@{ggﬁgctﬁﬂ @g{w%rg? %%CP%?rgected o the
shifting and Whagdawtheostart of everptslepHene ealidricaminasnsigtaddpting thmugwout)n
FIG 10 de icts exenplary plots of tine shifting and anplitude

adj ust i ng1pn ke duealienof@ ¢l an aspect of ny invention;

Brief Description of the Drawings
FIG. 1 is a block diagram of a prior art tip and ring tone signal detector

connection method;
FIG. 2 is a block diagram of a traditional prior art telephone hybrid
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 canceliation 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;
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10 ,FIG 11 depicts the nethod of obtaining a cancelled signal in
accor dance vm'%sfgyggsz%nbodi ment depicted in FIG 11; pEL/Fs99HD023
depicts an exenplary tine shift and anplitude grid in accordance with

f ! | me ‘ . . | .
ahift and anpl Tt ulitori B R B8k daaramyghandifitn, IstERIE s BRIGER R 3 o
Det ai | ed Des ﬁéhpé'ra%peech céﬂéél%ioﬁ%ﬁ[s&éh of the pr?sent{?n\@.ﬁ'ﬂi@ha.!téiﬁ%d dalreutit

di agram of an anal og near-end speec cancel l ation system10 for a tip
and ring toneesseimpletandatian; using a voltage 20 sense inplenentation in

accordance with an, aspe f . I gvention is._sho in_Fl A
simlar block di agllém%)gﬂuﬁi@t’g%'é{ragﬂﬁ{ss ﬁegj@{ta@)ﬁn%@l\q%eldoﬁgar e—%dS%&egﬁp 110
using a cgrr ' srent ati on i n accordance with anot her aspect
of ny invgnt ?gﬁc?l?ﬁgﬁgﬁ@ FIG 7. Differences in the operation of

t hese inpl enent at FiBis Snidepidie exsreplans pheiseet 4inje mhifting asd windowingrdfni ng
nowto FIG 6, there is,shown tcge S stemﬁo wth three points of
i nt er connect ABROTOANGE Witk 3n aSpect Of Y IYENHOR) ¢ ace 20, a secondary tip and

ring interface 30m@ndi® A&siclsY @xbRiplrlaplotslof T USKiftiite 41d n@nplitude and
ring interface 29, the system 10 Connects to a tel ephone |oop 12,
whi ch, in tuedjusting in aocendanadadthsan aspestaf eny invention; central office or

nterfacd0so s PG STTHbE,a0E  GTCot ebbaighel L Srthaned, el 13
or subsequenggcordaned Wit thedmeedifient deptetddhirdEI@ndi; ng upon the .

application. For an adjunct device, the system 10 would be .
i ncor por ated i nt oFiGe tRij depictsamp wxemplary time shift and amplitude grid in

15 second i ri.ng. int.erf 30 woul d interconnect an
ext ernal  sub&EFPY gpcew%{fygrﬁ ﬁ?gﬂ%iﬂh%gldeﬁbgé’h%ﬁ. For an integrated

tel ephone set, the@ysi®ngdgicts an \exahtbl&sC e asiiftoahdeashptitudali drid hat

i nterconnects the primary tip and ring ~ interface 29 to subsequent
comuni c3Bi oRscerdapae witman aepestefmmeinveniiBRone 5 set. The receive
interface 31 provides a signal path to a tone signal detector 27 or

Signal ener gy transeyted by the BERIEDREBRRRBR Y PO R Syetem
t hrough the é‘—ﬁm&wand ring interface 29. A snall residual
cancel | ation A generalized block diagram of an analog near-end speech

' cancellation system 10.-for a tip and ring tone signal detector using a voltage

20 sense implementation in accordance with an aspect of my invention is shown
in FIG. 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 Turming 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

15



energy of the near-end speech signal transmtted by the subscriber station
set 10 13 or conmuni catlons circuit 14 may appear on the receive interface
31. % Plpect of the near-end speech cancell ation ;‘,&@;Uggg,ﬂo@zj or
tip and ring {one S|gnal detectors is to highly attenuate near-end

h I | f | kof f d
= gnal -t o- spederopdanyip and fingaeuRGe B K yStoreReshen e HbBkioer s
Si gnal 1 ecognighuy, RYT L S 8REwn1SFol BnaRRRYABBCRIaHHoRe! SUts 1R tﬁé%@ﬁfewﬁw

i nventi on near-éend speech cance I's achreved 1 n this system by
formng a V\heammlarb@cbmedgeframleuml ¢ironit that nmenu:bnnectsnhpemmy tif andgingoop

et vor k. om U566 10 Rebsaquga rommunikRions. crae b b Pte BRRTE Suors
a parall el ool Il Tyl bBoiBAEEH 31 390vBaU S5oiGIHRTOS 1HE ittt etector

resi stances of equa are 'si ngul a connecte

unknown i npedarcer RSK ddrod@aton@8 asrpieslenc This path predommanﬂylopntamd.s foabe
division will occur across each circuit. The center tap contain

the sane vol t 4§e sigaalspgewly pRasmitedehytihe gﬂ@ﬁoﬁﬂﬂlpm?@aa%éo the SY%‘G

fectl t
Prpl 2ﬁentya??oﬁ“ﬁ%ﬁye%“@'ﬂ%*fﬁé%ﬂdr@&eﬂf@ﬁw 89, A small Fesidlfyl (2nBRIGEENDE
with either | esfbrgf of the rmarfafcb’ attragsﬂnntetm)am s?ﬂbscrlber statien get ue
of R1 17 is chosen to be small (1 to ohns) to avoid an excessive DC

vol tage drip rigon comgrunmﬂonsuslr@ﬂtaw maw@mﬁﬁ@néheurﬁéewaﬂm@ﬁ@ce3 Li ne

currents typicall 18 to 12 '
i npedance iygent [ cZu 8@?"’&9“”? PR~ ?‘H"?Fé@é‘g{ E%Eﬁe@gggﬁ tsﬁgtjeﬂf@gg?%g and
i npedance ririg wﬁef sigAal Hé’tebﬁir@% t®Yighly agbatiatel ndariéhd-Besesh sifpald &y ger
i npedance is neceSsary to prevent excessive | oading of the tel ephone

line by the nirediuee the prﬂhabdﬁy off tafkast randd drepraven $issignaljerspeactyrago; n
the range of 16
pract; cai . I n piabygittalingthe dons sigal detectors signal tapogyition periormmancey
parall el - %r | 98 Deokdditel with Eis iaspestastang imniion rishrohdespeBit Gihcellition
conbi ned i npedance of these elenents is set to nmatch inpe

mul tiplied by I8 aeldevsd gn this system by formingma Whﬂ%‘s&nel g’ﬁaeﬁnlﬁmﬂlt@ and

its scaled m 9%n UI {pq.ﬁé}ge akig0

per f or mance. ﬁ‘}?{l,%' gﬁ ﬁes%arggsgfbthé ﬁ%p 12 tarsﬁlarr% c%use | Xe bgs?stghnces
for both Rl 17%nfpedante thategdo theaimattHelbley Bynstwork fromﬁﬁmosetdm KM2pthrough
tol erances may | ead to unaccept abl e i npedance es de endln

upon the desi rida 2@ gr e Whealsiene Rridgs usesramasaliel "Cireun with conhon end’

20 nodes containing two known resistances of equal value that are singularly

connected to the unknown impedance and the matched impedance,
respectively. Voltage division will occur across each circuit. The center taps
will contain the same voltage and signal phase when the unknown impedance
is perfectly matched by the matching impedance.

25 In the voltage sense implementation in FIG. 6, a known resistance R1
17 is placed in series with either lead of the primary tip and ring interface 29.
The value of R1 17 is chosen to be small (1 to 15 ohms) to avoid an
excessive DC voltage drop resulting from the draw of telephone line current.
Line currents typically range from 18 to 120 mA. Instead of using an

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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10 sought. Rather than require the need for expensive, small tolerance
conponents; the preferred inplenentation in FIG 6 uses a fixed_l e
slightly greaWQrggfsﬁ%?ﬂ sensing i npedance RL 17 in parallel wit I"F%Un&%}%%g
adj ust abl e i npedance consisting of fixed inpedance R2 23 and a

swi t chabl e i prasticakeln FIG. Badhe mirer imagaof impegasee &1 1R ds shown as the

conbi nati on of inpedances i,s to 15 .pergit th N | e, pf o be
adj ust abl e i Refaligkseties combination; of "%Pema'a?%sea%%@ ﬁés?gﬁag‘qc&‘o&' “fné

resi stances | mgg.g ' I ti t rﬁm t Il el
resi stance, F(rgrpe aé;lﬂcirﬁgzﬂgrfe??f sﬂg%Sét %’%%nlé K lioé\?)t,tamgtrcg ! %‘rg)%t gFaTYﬁi s in
t he range fr owitiplied ya factoeof Kni ng of the mirror imge i npedance is

achi eved by cl osing and openi ng, switches j.n_the resistange 20 |adder R3
24. A fix@d inpeda'ﬂleern@cfﬁeg s Qﬂeag\éd 1!7na%%r'fse§°%P8hm!rF@' image is
resi stance | 0. Iy : LLal LA LRE sto
b e e S 1o RE Bl S Al pBBAENGE S ArEHO] PR DOSSRIEI S, <
t he conmgimysiy usy fikée|resistrmesnioe boftth Rt d 7band titseiniagen thathdiffee biysa ance

| adder. The conmbi ned i npedance of fixed inpedance 23 and the

R2
resistance | fagier 053 Kp pais sipleragcesuMaykileag- tx+ ypasceptable dmpggance
Al t hough the_r:esi C : I i (1R 3: M @ , a
Gigitaly compiprRtdenending 3R0R G HeekEd deR GBI LARAIRYR pepliimaRes
COlnt rol Lmhwgag}bﬂ. na?athbrt ahawr tbquireptied emeex! fas expensiviepvemalh feladanée The
val ue of the binary data word is determ ned b system.,gontrol |l er 19
accor di ng t oCAMPRONRHEE: ﬂﬁg@(e red, implemegtation in '?'G-ﬁs%ﬁ%ﬁd'x?qdmpﬁﬁ‘@n?%fi 0
of i npedance | ' (g ' : iUsP4pmé etion
of the bri dgg@het%#‘%;éﬁ ﬁ'gtw %éﬁs%% eﬂﬁﬁl npe anhéeﬂohn pﬁﬂiﬂ@l @Hrrélrﬁ rgglr&m rcuit
be sel ected impedande tomsistingpohfixed impetaroe B2 28y 4 3witchablerithpiedancé f i ce
equi pnent 11. The scaling factor for the matchi

17 laddan e 2ce The RUTBESS &6 e earallsl sembination of impasiasees Js to
vart abl <0 mpeRtitdbe miR R B RS e BEREhIe 1Y 6, 1ERATFPRe 10¥CT

such as seri effecthas abbigtance of reeistarcesalraipaedilel 48 csmaktert tiam tigatr obithei ve,
capacitive and inductive elenents. 5 Values for these elenents and the
nunber of nesmallRst paraliek resistance, dmpedance R4 32 ivisehito Rl xKat 80, Wherer

| npedance that .canR, best tch the donain . | npedanc h e
encount ered gqpf%ﬁf ﬁ?i'ﬂa‘?{é {?’Pegﬁ'(?m in.ﬁéoi ﬁé'er?@ge{%g %? tﬁ%nh"?ﬁ%ﬁﬁggg neet
a wor st Caseirﬁgéaa'%éi i€ AehRived! b tiednG Erid’ OpehipBesWitdhes in thel Psdistahee

bal ance network configuration, resistive and inductive elenents are 10

general | $0K iaddes B3 2dar Adixes impedansed3A@3 hazbeean qlaced inhserjas withythe i p
E;]Ser et at ?%s'r;s')tta%fqugdezrgfo SERAE SialiSr, ThEME a8l FelistdnBei8Mahtelo be
used in the resistor ladder. Fixed impedance R2 23 simply offsets the

combined parallel resistance offered by itself and the resistance jadder. The
combined impedance of fixed impedance R2 23 and the resistance ladder R3

25 24 should equal R1#Kx(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 controlled by a binary data word is preferred as
shown in FIG. 6. The value of the binary data word is determined by a
systemn 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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and experience have denonstrated that a single network may provide only 6
dB of cancellation under sone |oop conditions, while two judiciously chosen
net wor ks coul dydbdsesste up to 12 dB. Additional networks woul d paressoac2is
i nprove the worst case degree of cancellation across the donain of |oop and

of fi ce equi pnent .i npedanges. . gh-.n jal ively
depi ct sw tcH@?e@'q?%r‘%Léﬂo §ﬁq%’58dd§° be fﬂééﬂ%cﬁld?gsgtgf g%l%n#geh@% ks to
t he secondar YgHowh idMd MRURFIURBEMN 22 reprbéatitfixke orvatiableritrpedansesxi st
t hat positi ons SW tgﬂgdsf’segﬂt hr ough “Sn 20 atepg% | ocati ons where they could

o

> . . . y
be better prconsistidgfoboneeonimore rirguit configwrations, sugh As| series, nearalilges

are high voltage spik ner at.ed. S . .1 '

Cust oner Pr e_rﬁ%@?‘%dﬁf%ng v %%Q?’@F@ rqe%'?ﬁ&%hé)%ﬁé&gg%oar{‘g hne({dv?gﬁ @Ié}ﬂentﬁﬂst be
able to sy Viygub§forthbas ldlémbhtdcarid theesurBecof hewons frfRieRsettaré@hosen  For
exanple, switches S2 through Sn 30 could be noved to a |ocation at,K 25

ei ther the i ripuobtain auspaledomitroreirapedancenthat| canmpest iazichthe| domaim of ases,

t he bal ance .networks ML .t hrough I 0 cted
to the - TIesAGoRS Hutoandre aocounaan B e pAMRLY 1B AR ertae 2871 T
own mat chi ng gnq thatlicahIheEEASForsBESE AEEr-8dd cdAcalRtionotjestiven dDesaring
calibration as di scussed later. If positioned at the input to the

differential upg thei balanee nstworkwandigueation, resistivgranshingioctiva,plemantsiaegl ¢ o

| ect ' | deriyed f . ] j i S
bal ance. ok nosnealy Kithes A 15108 asne MbebipfodhidsBinest e Brafiraht @
Al ternativel yinegdrfdid 207 Cdpaeitive diameftddaredK divhgtesmaller. Exserimentation
differenti al an&l ifier and swtches S2 through Sn could be used to
an

18 E Sexwﬁlenqeehamod@rponatr@tedrtbat pisingle nepuerkirmay pearide PRl 6
bal ances not v bt cafigsidtion ypadr sotfg fodt Boifghs, \ibe RS Wdifloduilehgsth

to prevent exg&a@riee cbgﬂdtl:ftg/i@é Upho HiZpdB.  Adulitibrial metworksr woukd. likewise
The receive signal path 31 is obtained by differentially q?mngl [ f¥$ nga}‘ge

signal s a5 t higpieye the wapss ceserdegres pfigancelagion asiass thediamaip aileen

anplifier 25 _ ¢ I.S; ugh DC bl ocki ng capacitor C2 20 to the

| ead on the p?fiﬁﬁ%reyalpwmﬁlﬁ%sgﬁﬁgéréﬁng interface 29 that contains the _
sensi ng el ement RiAlhougH # PIGIE6 | iliustrativalytdepict caitahes iS2ethyoughuShe30 abr ough

capacitor Cl1 21 to a commpn node 10 between-the bal ance network
t hrough Mh 22cennecting ther balanceatwets to the sjecopdagy ?'Prp@l‘fgrf@@ Fﬁie'%}qe’lf

Lo et 5 APl PR pTRREERER posiirPbuiied S2RNIGLNSreSh e
20 locations where they could be better protected from metallic line surges.
Metallic line surges are high voltage spikes generated by events such as
lightning. Customer Premises Equipment designed for the telephone network
must be able to survive the metallic line surges described by FCC Part 68.
For example, switches S2 through Sn 30 could be moved to a location at
25 either the input or output of the differential amplifier 25. In both cases, the
balance networks M1 through Mn would remain permanently connected to the
Tip and Ring interface. Each balance network would require its own matching
mirror sense impedance 23, 24 and 32 and independent calibration as
discussed later. If positioned at the input to the differential amplifier 25,
30 switches S2 through Sn 30 would be used to select a signal derived from one
of the mirror circuits formed by a balance network and its mirror sense
impedance 23, 24 and 32. Alternatively, each mirror circuit could be provided
its own differential amplifier and switches S2 through Sn could be used to
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sufficiently close, the voltage signals appearing at the input to the
differenti al lifier 25 will be alnost identical in magpj

phase. Wth a‘é’@r?ﬁ’éigg%% node rejection ratio of 60 dB or bettgﬁ/ég%éﬁ%
differential amplifier will subtract t he S|gnals from each other and

create a rec eseiectsikgrmipremnaleearepijﬂeé ondput-to create dhel regrive RigAALB Yy Th&Sepeen
cancel ed.

will remain cglieds are %&'cg I‘“ﬁ’@esi‘\é\ﬁs‘t@%%gfogi’gh?‘ghg%%g&rkggrw’rﬂEﬁcaglhgﬂs30

circuit 14 isypny Qﬁﬁlfnst Qm%ﬂ L& %S%raé%»‘&é prevériteaxcessias doading of thertipace.
Thi s bal ance netwo chosen speC|f|caIIy for use in the on-hook

condition to aadlrmgyntaﬂaeeance and regul atory requirenents. Swtches
S1 through Sn can i npl ement ed usj . t eghnol . t
limited to® transi Sﬁgrrgg Pe?!g'?grﬂ?yﬁgﬂi ispotalg rby dwe@@ﬁ?"'ﬁﬁ@t@%os
relays, field @Bﬁcé tglt 3 d?rthé’l%ﬁ 8URS lf@ﬂ&@ﬁferé’l’&lal amplifieP@gause

the differentt erra ns co nected to the primary tip and
ring interfaceg Mdmﬂett@dltﬁrough DEQMkmgswﬂacder CEIRQatmdtthead pakthesprimary be

received. The gain of the differenti al I|f|er 25 tem
control |l er 19t:gaasrwnngcwieﬁﬁ§e%§@t Peﬂt m?es?fb?l'%ﬁ v%fﬁf ﬁ%%’i nis
det er m ned by t

(K+1) +2b] / RL( I8 § i8Rty ggupl:(ag)through capagitor £1 21??6 B coﬁrﬁ%'v%n node

t he i npedggmce patwddietifebaned riwrankeem throughtMor22 aﬁdlmegmlnowmhmmsr
each network and each conbinatio

19 of sense impedange Bﬁeﬂf oIfbtbeJaetghatsef\é{eamt%@emm%mp%ﬂ@ce

pre-conmputed a t |

dent 11 or oo i foom, 72 Erf ol GRISAHT, BP0 e selieidff BRlahce hetioHE s
val ue to indi %ﬁfﬂ%lérﬂl? diedeVahk voRage sngnaﬁhapdfeartngamnheanutﬂacthesdliﬁgleatlal
network ML through M1 and "conbi nati on of net wor ks shal | _possess a

uni que i dent i &mplifier 26 WI!I be almostigdeptieal ﬁrarnqgmi@ég@nm phasee With @ ePBRAR of
Lhe DYt oh S ritie TR ratia,of 80'debt Beter the ottt Befigiel il Subiget of

t he funct ne voltage sens unction

appl yi ng the ¢qé isijnlis frons eEEl otHér &idicreate afeceimensignali 3 witire e tneairng
the resistor |adder to best match the conmbined 10 mrror inpedance,

consi sting of erd spech®r@Igyhas kaengan¢giedhe sensi ng i npedance RL 17;
o CEned e, AT 5 MRS HRAC B4 LTIl 0 wiaRaROgs O
while the subscriber station 13 or communications circuit 14 is.on-hook to

20 provide access to the tip and ring interface. This balance network may be
chosen specifically for use in the on-hook condition to satisfy impedance and
regulatory requirements. Switches S1 through Sn can be implemented using
technology such as, but not limited to, transistors, electromechanical, solid
state or photomos relays, field effect transistors or optocoupler devices.

25 Because the differential amplifier 25 remains connected to the primary
tip and ring interface while on-hook, signals such as CID and VMWI FSK can
be received. The gain of the differential amplifier 25 is set by the system
controller 19 based upon its selection of the balance network. The gain is

determined by the equation:

30 Gain = [R1(K+1)+ZbyR1(K+1) (1)

where Zb = 1/jwC1 + Mn and Mn is the impedance of the selected balance
network. The gain values for each network and each combination of
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nore bal ance networks to the secondary tip and ring interface 30; 6)

setting the gain of the differential anplifier 25 based on the
sel ection of hebawewmzd5> network; and 7) using feedback from tpeTaisesgg23
estimator 26 to deci de which bal ance network results in the best

cancel | ation LA ada [ I ) lLeqt i Ng
t he best avai%%@é‘%gwégn%% %P%Lﬁ(éﬂb%%iangalance r\‘/ﬁ%’%“ﬁﬁg@ ev?géﬁ%’(t)%(?g?lﬁi ng
the speech castosdd i thersysjer eontrelidri memosyin Acnetedrk identifier Nhewheteeplioae

bi mary si gnal WEet MBS ErPEUse (0 Sach-aRBavag rBaisare e HatEK o
idle or in-u S%?lﬁm t ' hosk Bt IR AL 4 i

i nterface Sﬁhﬂ%g.i? e?'g'l l%@cli Ele?%féllﬁg can g‘e1 %ﬁﬁ%%ﬁgﬁdd?@n??gpﬁgr&

vol tage i § abmetectis studll gossess aauniqpeidentifiengi ng i s not present. On the

initial licat i £l | t to . th tem during jnstallation,
fol l owi ng the. rest B8 CPBIaLPrCPAITE] sreeufioneledtert 3 he system & tEHERnui ty
or after SOMEsqHReB} agm TRE syBief Eéhtrﬂlﬁeé}epﬁo?ﬁ%mhe funcﬁgzg F)fhz?ﬁoﬂif?zrinbf the

line is idle, proceeds to termnate t " ne using Its

term nation lifhetimeovglitagensense fihclitn 34; @) apiplyirg thg talibration isoarceotSliandon.
The systemcontroller wil]l then either

tro 1) transmt a signal for
cal i bration, D§ termination 16; 3) winng Meeresisier @dget f%??ﬁ'gmla@‘ g’lﬁﬂﬁ@?'“@ﬂgnal
s ana, o 3)Pifeh Ffbdinces MondRing drohe' 25, RETATR PR B2, [ The SelBhd' (21|

state after VihipgdaneanRmi $Bi o4) afonitbeng ahe bameryp restimatos 28nak) Gafediegyn. | n
all cases, the systemcontroller should first sense the l[gresence of
di al tone on &legNgroneaPy Mere swiichesrp thateatiS2 dhroughrSadd: togattach one or

(%Pal t one canmggé %g%%%rgsr&%ﬁ'@g&s@lf @%eg%ﬁoz{dlgﬁbhér%ﬂ&éé%q ﬁ@&g&&’{?bf §i Iﬁ?ﬁ'ﬁ‘éf t he

cancel | ati on akr gaint of the diffégbatdll &ﬂpﬁﬂerd'zalbats@aeoﬁrtﬁégsemmnb@f pafdreemed
using the energy esti mator function 26 or an optional dial tone

det ect or 157. n@work; and 7) usingdeedhack fromithe eaergyhestiraaton 26:tb siecidegwhichcan

begin after t ] ' f . Li X [ i bration
pr gcedur es sh@%%g%bb%rgigﬁultfn'pﬁﬁg bekpgér#eé(ﬂgﬁ%rfPgafé%ﬁﬁ%ggﬁ%%%?t one or .
expiration of the Phedaétaod mtteie”dtiﬂgvthle bdst availabley Baabe Ynetdotlt degingne
delay tinme t1 of three seconds should cover the 99% percentile case in

the U S. net wshen therdevieg cepdainign thaispeagh canceliationsysigimiis deticopnectedi al
tone is to asgu kge golr S r : snat ed
the T oop 12 et dondre? Il 18 Iy RFRBlost ool RE sehge funchéi 34

cal i bratiaon, dutputsea bimarprsignalftotthe systeneicbatroiler ingictting whetiper therlingdist t er

using this optjon since office equipnment 11 used in the call jnitiajion
state may :dle or in-use baseé upon %19 ﬁne 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
the system during installation, following the restoration of line voitage 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 controiller should first sense the

presence of dial tone on the primary tip and ring interface 29 or wait a
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differ fromthe stable call state. 15 The conpl ex signal source 15

can consist. of a single or nultiple tone generator, a flat or
spectral | y shgaesb/ssiose generator or a DITMF generator. FARCI/E$99110023n
application involving the detection of call progress signals, a single

cal i bration Ledtbiniho@ ;Sérwa%ﬂqwné Qﬂ‘gﬁﬂﬂfthéoﬁpﬁliba?@ﬂ biz didl foPRI 6@ i td e.

For use in a app‘lélcatlon I nvol ving the detection of the CAS, single or
dual 20 tonassumedr befoe adisking anyedigits100 calibratingo the ecangellations . Citopitr

;: ggalsﬁi t abl Qe%e&m"aﬂfdg) %8@?‘@!@!@"9 érﬂorgf’egﬁaﬁ bgetﬂg %Wé}ggg%ﬁ"%g abl e
to conplete tf%@ﬁ-zs or ancpgrlcﬁgﬂéléﬁén@ﬁé‘ﬂécfb?tﬁ transm ssi on handshake in

Cl DCW CW\D and | ex noise signal is also sufficient for
t hese appbi cat i onén thedfirgbinstaricer the cahbrat:on sagnaiesmnmgig afiesterminatien pbd of

| t h lib
o1 mat or 26 e g Haevescsytasgangl Saitition proceaures SFRE R felebel yRE P
the energy eghd @ﬁéat?o@l Bh%ldtoﬂetmb@n?i?éﬁ&f‘%'f\’tﬁet Predetermitied ihteRRlvien the

calibration sig resent to mnimze error in the energy 30 readings.
| f one or noiTgpitiatiy,t dwaletodeed%ay fimeot! ob thriee sacondszshoutd soyerthe89tme

l'i brat h fo di 6
" esponsi 'vg”t patpeniie §aseq i (e <0 o robvol TR Slie%s, B okaBhE: 1 e Tone:
21 appT&ﬁgﬁrtﬁfcﬁgz B8Rk i Qﬁs@r@ tABPHeSHich @auﬁsfﬁémmaé 'gtbpéily Wi th

an anal og or out put t I's proportional to the energy l'evel
on the recei \ternpaaﬂedsthe loop 12 Becauée dhist dpfianaticates aostablsucale stateifor -

applied or interval t1 expires the m control |l er be

calibrating @g Wé@l%ﬂ?@eot)fh%%faﬁéesl% s%e mangy FQP%E”‘ PEYEEedi ng
I n a nmethodi [ dance
of RG24 by Sod ‘mﬁ@’“c%'@% P SRATMCATL Btodh the calfihkRlen shte ey
attenpt to nniﬁtertffwnﬁmrbﬁabhjcalmmt@ance R2 23, R3 24 and R4 32 cI osel y

tch f t | | Kt hat aof R
pedancdSRy 17, 06 compiex sighal SpHGECHS Sani GrpRisteh s Nl Of MU tang
controller 19s5beHths o fi&t or sp cﬁt%{l%'ﬁa%dm&ﬁ %@Hb%ovaoﬁh%TﬂF' Yenerator.

control | abl e resistance to e|t er'its | onest est or md-range
resi stance va&anaiselin annapppcatm\emwotvmgsﬁmxdatewbnyofswdbprogress;,slgnalaioam t he
ladder to Sea'cngrfe cal brap ion {oene i?wttﬁe(f%q\(:%ngf rgr];geRgf 3610 W%O Hz is appropriate.
For use in an application involving the detection of the CAS, single or dual
20 tones at frequencies between 2100 and 2900 are suitable. DTMF signals,
such as DTMF D or DTMF A in the preferred embodiment, are also suitable
and practical since these signals are already available to complete the GR-
30-CORE off-hook data transmission handshake in CIDCW/CWD and ADSI
CPE. A complex noise signal is also sufficient for these applications and
25  others.

Depending upon the method of application of the calibration signal as
described above, the energy estimator 26 can either be responsive to dial
tone or not. Generally, the energy estimator 26 should not be responsive to
dial tone when the calibration signal is present to minimize error in the energy

30 readings. If one or more digits are dialed prior to the calibration signal or the
calibration causes the removal of dial tone, an energy estimator 26 that is
responsive to dial tone can also serve to detect the presence of dial tone.
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provi des the mninmmreceive 31 level. At each step, the controller reads
the 15 output of the energy estimtor 26 and determ nes whet her the new
ener gy eNo vdes20i S greater or | ess than the previous ste@CT/US99/10023
If the new energy estimate is less, the systemcontroller 19 updates its

record of thq-{;,%(r:I gé'ﬁ SedthratDH L érd@#ﬁtrﬁ:gyggﬁ{ S¥ntr&i! Wﬁﬁ‘u}] aRaldy ber

| ocati ons-L1 respectiv W e’ new resi stance val ue and energy
20 level. | wigits optpeit thiatds proparitorai tatheoenergpidvel ba thesécaiven path/@l.ue and

_ener gy estimate are binpary words. The system contr ol 19.t he
continues changi nd\fter the; ¢alibrations sawce %I'ﬁgﬂﬂ&leg]h@' Eﬂiﬂ@’ahﬁ P8R gfei ts

previ ous pat Lf : | t he
previ ous |evgy:stetnhgontrollersbyb{r{esmh@%lgﬁ#ﬁp §{}ﬁé§.@6§f§ﬁ é%}%ﬁ&eq}%ﬁie% a ggbu fer

| ocat i onssL1 g RE132,25ProfBbdibighint & Toethbaicah fastiompeiher epstéin tonteolkeput9 ous
peaks in the energy estimnmates, e systemcontroller 19 should

th )
continue to @keryihe inapedancs: ehB8 24 bycopeningi@nd closingrapgianethe sistor |

and appear + GRS anaariRTortiaks d BbERIB initddangd 7428, Re24 ahi 3™ =
L1 to conpl ety ttc[?g,eg;lkdé?émt if MfotobxRBy 2dqudPt Bevafugeof I tikles eRar oy sease mat es

30 are | ower, stemcontroller”19 should continue searching for the
m ni ma bmpetlancg Ry the resi stance value in the sane direction.

The one exception. tqg this, rul e.applies when, the stemcantrgller, 1
starts tHE initi alln Sggi@"ﬁgﬁfﬁ"é’e Hpggﬁéeﬁ%m&hﬂsyas?g@ ngﬁﬁ@%&%eﬁ?%ﬁgh? ts
m nimim search by programming a digitally contr%llable resigténce to either its I6West,
maxi mum such as | m G- pol nt val ue. In this case, upon obt ai n] ng sever al
energy esti netigisest atmidrrange gasistancearluene Ivheneprocesdsaita aegusntially Etep

i di at el ft he fjrst st t h t troll 19 [
the Sl v dim oo the Tpader B FeBt ORI reslnee lin O B 2pfE g
point. By st gfergawass the nﬁﬁinﬁxméc&% 51 1843 Ut cBER 485 2RE Rofifrolidtreagatr® may

proceed quic n any case ere the ‘energy estimate is
i ndet er nisat edutputi 6F thecenergyoestimator 26ecand detesmines wiethprehe oéw enargem

controller 19 SiihOLtH d not %u'pdﬂte &ﬁffﬁr . locations L1 and E1 and shoul d
continue to VGRS gregteriofless thandhe preyjus step. direction until a
det erm nation can \pgoRslf etr'l%Féby estimate iR, iesyRbiédtticier 9B URrRkhes agce

| adder R3 24 is conplete, sel ection process to choose 't he best
bal ance net waekofidr ofnthaepreyiousiL resistancenrvaliggh avid Zhergy revalhheldein dwifer2 and

O e, P huchd BRI Fepoaqaf VAL R o o B0Fe8 el /48
remai ni NGosWi jbgdlednitRe Préfaredrinipisiibmation, both the resistance value and energy
estimate are binary words, The system controller 19 then continues changing

the resistance value in the same direction of its previous path.
If the new energy estimate was greater than the previous level, the
system controller 19 should not update buffer locations L1 and E1.
25 Anticipating that noise may result in a spurious peaks in the energy estimates,
the system controller 19 should continue to change the resistance value in the
same direction. [f, after several steps, the energy estimates are still greater
than E1 and appear to be increasing, the resistance value should be reset to
L1 to complete 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 controlier 19
starts the initial resistance of the ladder 24 at a point other than its minimum
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15 fromthe set S2 through Sn 34. The closure of each swtch attaches a

bal ance netwo secondary tip and ring interface 30.
Prior to changvﬁuéﬁ%gé%?svm tch settings, the systemcontroller 1 §CTA|SaY1023

and sets the differential anplifier gain to a predeterm ned value, e.g.,
t he | owEE MOAMYAL SUCHras iteimidnpgint yalue. vl this ease, mpopabtainingssaverals .

Upon cl osure f oSk C r t t t.ALo S h t

cgnt rol | er reeglggg){)'hee@r‘%&ofh%ugfgofé}gﬁge?eﬁ gfnésyglggt %ngég }’] ?bl'?%i gﬂ]er gy
estimate is limparedidtely aher the first aers theosyrllemncdntfdier 191shddle revérsenthe
controll er 19 updates: a bestnetwork buffer, BN, with the identity, Nn,

of the currefiregienef its fath anddoeginagain fres its initial stretingseoint. hBystartiom

controller 1 ' r ] t ew ener 25 estimte. The
syst em co%]t r %f H@ﬂ%tiéépﬁgﬁbg’r 8@@3@&{?9? E@W%\/%ea}rﬁ% "%S’r‘?@ﬁ?ea q”ﬁﬁét wor k and
attach another frgiah{ease Wndre e eHBrR! estimart ivwidaterntingtely diffe?¥Silffdh
controller 19 proceeds in this fashion until all networks have been

tested. Upontheprevigus weadingt Ehethgosystam confzolism 12 sheuldcnot: updatet bdfer

identity . i pdiy\e [ t.mnimzes the recejve 31 |evel
over the set '%%E'ngi1hgﬂﬁﬁ‘d%ﬁb S%M‘diﬁ%ﬁﬁn% 'q ﬁgapg{;‘?t Gsistanss thee"f’arﬂg can
now at t enpt directiors Akl 1@blcpminatfonines ksaddl through M to determine if a
conbi nati on of net wor ks produces a | ower receive 31 level. All

conbi nat #&ns of n&nger ke Melibrationt iof oegistance daddar B8 2dsissdomplete, the

ﬁgtworks fro%elteﬁgon pl‘%fcég% %ﬁaﬁ{’n&%%ngﬁgmﬁ%z gﬁ?@%ﬁ%ﬁ&é&%r iqngt@it%g1ﬂ1en
opens al | SW'tI'tr@b?ﬁ Nho22 to mafoh thy ot 19024 éike Cé_dgﬁeﬁﬁhx ihgjé%fén

swi tches needed to produce the network identifi y the ¢ ntentcg of
buf fer BN. Thegidempllaxths gase eba few fixed Medwarksheh®Csystemi canirolter189ar e

ot eves” o [EhaGea bidtentis B, piba8 s, erifing  SWRiNeR, o guien deshion
associ at g5l Wrbh the deie®pithr@ig S Be. satrRc bRAURR G H"'%Wﬂ‘ef\ Eaettachﬁs an

e
gain of the differential anplitier 25 is then set to this va t her eby
conpl eti ng t halangpinsteorkole theseesandary tipand ring interface®@ time during the

twork selecti / esti mt ith d
e Sl e OB P S angactE Sl hoRbSctne eap i ier SEoeliet | o
19 may el ect ahg @b URb differdiial amhplliie® gHih (18" & Prbabieditldd ggruezifg.y the,

di,screte step, such as 6 dB, and repeat” the sel'ection proc uré
part of lovrast,kighester. micheangesgaim vadue ob theesetiof metwoskss oUpbe ciogure

it Egr ggff%dr hﬁgﬁ%&ﬁf&iﬁ frﬁ&bhgge <8t 5oCHRB84R s HR! Hld g{lst%Sm ESntrSi? ogauthsh 1S

output of the energy estimator 26. If the energy estimate is less than the
value stored in buffer E1, the system controller 19 updates a best_network
buffer, BN, with the identity, 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 controller 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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nore networks produce nearly the sane energy estimte. If the
set of bal ance networks ML through Wnh 22, are inplenented in whol e or
part by adj ustwbbss3e®si stive, capacitive or inductive el enent PCTIURS9/10023

sel ection process can use a calibration procedure for each progranmabl e 20

el enent simlar toafdedetdafind e hest sieglesdraforhisiFigisn BBndvorks from the
Upon the subscriber station 13 or conmmunication circuit 14 going on-

hook and ent esétrig1 theoughiMn @2nthe system eanteafier dthtaemopens all switehes fregt

ing. i SR Aok Say 54 R GRSeY By FRGRC R b nheld IS Bipdline e °
designed to Sgdiwpri idHhti(f)i@é met@E%dmaﬂe%f%ffé?M.aW%mﬁegm doiréeal ance

network sel ection due t i dle CPE condition would al so cause the

gain of tHe d15 fandethei BC tenminationr16 are removed by epgning switeh &3r #8.nglhe The
systemcontrol ler 19 will nse an, on- hook copdition using the. line
sense functio . 99’8(9%‘?[;51 et JRlIRYSR a pre-cempgch{;ga@f Vag‘('elsé%{gfj LS
seconds woul dm% tRatls atségﬁﬁte@’wﬁﬁ‘ﬂwé HENBROS the 2BldoRld Balahle PRtWGR,
actually considerihg the subscriber station set 13 or communi cati ons
circuit 14 i dTke tgaimraf\vibet differendiay amplifieprad isnthedCset tmahis walae, therebws

Fl ash. Wen the sggscri ber,stgt ion set 13 or communications circuit 14
subsequent | y ¢RBRIHAG the cakikralion PIRGSAUS ndi ti on, the system control | er

woul d f time during the network selection Brbcess, an energy csfimage t he
bal ance nleot wor k sell g(t:tap%n to tha hlonant io{i eJ ?n t%@ buf'f er BNggmd

adj ust the di éithireaxcieatls anphiléirans the scald ot edéngylestimator 26, the systBatause
the tip and rin ear-end speech cancel | ation stem allows .. | tiple
bal ance net mwﬂrfglﬁr 48 may gddp & tﬁ}a% Igafrb°f3§¥%g'§g}em'ﬁga@?§9%rn?€%y53p
cancel | ation gerfds gge{bc\}\gyﬁﬁrést@dB!‘Hﬁg‘&@ébé’trthé“s@|e%ﬂoﬁ§r&%‘6ﬁ%ﬁfr]}’alt or part

Addi ti onal balance n S provi de er coverage in terns of inpedance
mat ch over t hef themmitworks. tTiee Sysiemiconinotien1$ imay algoiefeck to intledseibd gaires.

oo SESCATl el rfoch B amats e abe R By g or
invention is slpdRetviorks %ﬁf&%ﬂ?&f%ﬁé%ﬁhﬁ‘%ﬁ%& Q_?_ﬂmﬁié?t emis simlar to

t he vol tage sense | enentatron in e object remains to form.
a Wieat st one Brthelget of bhlaaceinatworksi Mt ithtougbdde 29 age impleaiarded imge of

e %P uPbld S Hahng A RTEHI foTRBSE ancNner A L ARG hd O,
P dncs o PRI pratd Gy sag sy pocsaeTe ggecpiomnpbe |
32 are r el acelerm®snt similar to that described for resistor ladder R3 24.

Upon the subscriber station 13 or communication circuit 14 going on-
hook and entering the idle condition, the system controlier can sither leave
the existing balance network connected 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 controlier 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 falsely 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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transistor pair configured as a mrrored current sources 117 and 124. In
particul ar,. transistor QL replaces inpedance RL 17 and transistor @ and
resi stor Rw r epbessozepedances R2 23, R3 24 and R4 32. 20 PCT/USYS210023
current sense inplenentation of the near-end speech cancell ation

system 110 e'@ﬁ?}’@%%?b%ﬁ@é?%ﬁ%&tééie&forﬁt {r%gid%{éﬁéd@dirtﬁﬁ;bhbff%?‘m\%gda

configuration o the common vo tween t ase an
common gr oundadjiisiethelditfer@ntiaksamplifier gain 2actominglpai r, the reference

current flow ng throuygh_ one transi stor configured _as a di ode thits
base connect ed 25 DecRUSETGNIP @pdingynear-gad speee canes)iation systam alpws: | n

bot h magni t ”%Hﬂ{bﬂe bal%xceh‘?%\fg?rlé 6ad t%g{ustébié netforkth B Uséd, IHe syBlem's

passi ng t hroug e subscr lon Set on the sécondary”’tip and
ring intersf aceanuzllatiomepeiformarce bygan be timprovest ar @alddhuas cnegdssagy.a
mrrored current through the bal ance n,etv%)rk. I n, a basic current
source, the rAddiignaled éF‘?%MetW%P(P"QH'QSI tifs Gaveragein teemscef impadance; he

rcessl va T aomRfert fentha MR LF oy AN Sfloe oquipment 11 imfFbddRKE

excessi ve | oadh ng on 't ring rnterrace by e mrror

circuit of the briageck diagkmhohtte neamerd speauttedroliatidnsystboid 10 using be
appropriately scaled up by a factor of K Instead of scaling an inpedance

a cuseenh sensReimpiemegtation,ine acapmdanee ith @nothereasnact GftMyense

I mpl enentgfi o : t; | K O : : : finlse
When a natch 'ﬁ‘é?%%nnﬁcgh&ﬁ?ﬁﬁﬂ?m?{' ngggitgr%eg%%r{cg* gﬁg\%\{gﬁr@é%g%@rc}? ftlhge
equi pment andvaitdgal sense implementation ihr BIGt Be SiHe BbjechrrengiindViioi formchi eved
usi ng the network . sel e&t,i on ?" %_oced,ure rgrevi ously éj%;g[i bed, such that

t he i npedanceWdeatgiang dridge with a mifar GiEgyit pesseseingshs inage gt the lopRe

Lransi st or CUkfeRtce GGt imBbBAnts.  RatnbrEEN aflmfhd R9Sengd hbgnee! o

tap of the bri ustrate how t I guration cancel s

near - end speeioipddamoptining a passiceedemgnt spctaad Ril Ny, i thbanfpleraentatibhen
recei ve path, lyet while providing 10 access to signals fromthe pripmary
tip and ri5hg FiH-of uses, aryastive component  Specificaliyi iredansedRhc andtthe | oop

and office equy LS t t chi ng
i npedance of Wgﬁ?gc%f%%ﬁgﬁs a@g%' Rss%%?%@? %gc&faa;liée @%é%\% H\%?t age
source of Vx*tsamdistoy pair sonfiquredi s a herro@docurrent sowrces f1geaadui 24ernh

resi stance Rs. Further assune that the secondary tip 15 and ring interface
has an i npedapriéicdar,Rransistor Q1 replaqeg| ispedagee i1 difoaed dransister &4 aedt

source transi gt Bw rbPface 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
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reference current Iref is equal to (Vdc+Vx*sin(wt))/(Rs+Rx). The mrror
current is then (Vdc+Wx*sin(w))/(K*(Rs+Rx)). The voltage across the

bal ance net woglg dossodsger ef ore (Vdc+Vx*sin(wt))*Rs/ (Rs+Rx). The p¢alrisagrfoozs
across the | oop and office equipnent is (Vdc+Vx*sin(w))*Rx/ (RsS+RxX).
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Now assume that the secondary tip and ring interface has an AC 25 voltage

source of Vxthg sembjned impedancepf the deop mpddelfice eguipment pad a halanee

current o hefth e S0P NE trobnart s adfiovef uainfand HBpkSCRIBERn, | o1
I mwoul d pe proced@?blqireilr(i@uélydéeééﬂbébﬂ(swbh)ﬂw@K*thBSthé@da-nthef W tadenoecr 0ss

t he bal ance networ k woul d be equal to (Vdc-Vx*sin vvt))*Rs/_ﬁRs+Rx). The
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mrror current | r’rN%,%%g %PQ)C@BQ?edEQRﬁ ¢fa /CUfTENt HERUIBR e lraBSislyy WscHened,
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i nvention onbafancet agtwdrkdis therefore (Vdc+Vxxsin(wt))*Rs/(Rs+Rx). The voltage
20 across the loop and office equipment is (Vdc+Vxxsin{wt))*Rx/(Rs+Rx).
Summing these voltage using the differential amplifier provides a receive path
voltage of Vxxsin(wt)*(Rx-Rs)/(Rs+Rx). Thus signals on the primary tip and

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 equat to (Vdc-Vxxsin{wt))/(Rs+Rx). The mirror current Im would be
equal to (Vdc-Vxssin(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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circuit. Accordingly, there may be other arrangenents of integrated circuit
20 ceonponents capabl e of acconplishing the functions described by FIG 6
and FIG WOYBs®aefically, in the transistors of FIG 7 negchusswpbaced
by ot her conbi nati ons of transistors that provide, for exanple, a

bi pol ar curr exgro. AC signais from the se&r@&?&tp%ﬁﬁgﬁﬁ@ﬁaﬁésﬁm éffectively ID
the near-end speech cancel | ati on system depicted in FIG 6,
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b h h
speech: componhiitealfiitasse as SuBeiter StaGT 8 ARER. WO IiGadres, Wi,

cont ai ns onl yeticezetim mnﬁéasellndinée\rdltagsmrotlh@ed by the sense impedance and
27 gstemlOfromthe of fice equi pnent 11 and |l oop 12. This
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net wor ks. 012N§| ?n@?%ﬁhg evi E%)g@;g%&g%eﬁs ?14\%3' usipg; «a T l"bn i s
to per manent Isimitarohacdctedstics N Althoudh haesitoriaddet caps Loed i&fné WRpsigRce 23,
24, and 32 and the primary tip and ring interface 29. In th
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nupber of 15 net \g?lr ks. Pe re&;n i s, that tl_gl?é%)resence of multiple

per manent |y connedf\@8e skillednin, the, adewillonqie t G t@%mmMOWMe of

t he devi ce. o4l ﬁﬁg 0

the system 1%3?’2@ tes ésmpty @%%ﬁ?f#gﬂﬁ“? [ Hﬁ{gg‘s’ﬁg&% B#Tal(?m?%q?{egl

dialing and rc#cwipt iAncordingly.- theok miay be other asrarigesentaldfdntdgated circuit

20 components capable of accomplishing the functions described by FIG. 6 and

FIG. 7. Specifically, in the transistors of FIG. 7 may be replaced by other
combinations of transistors that provide, for example, a bipolar current
source.

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 26 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



20 To make the switching el ement 22 optional or further inprove the

near - end speech cancell ation performance, a mathemati cal nethod can
be i npl enpobeshb3y a central processing unit using the conPCTUS2VE0623
depicted in FIG 8. FIG 8 shows the switching elenment 22 present, but

they can be  eystonf ) f6Rf! b 'dtico Soifoferd 11drd Ricp ! TS teciativas e The

system 100, incorporates a central ‘processing unit 190
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at match

gain factors e mrror signal he reference’ si aI
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shift alnf ctorsto Ied mrror
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the mani pul atrﬁﬁrdﬂﬁét@brks Iowe$$ andlonAlicols impédaicedof timgndeeied. olfteb inany
produce a resultant signal in digital representation that can be

ei t her passedetworiet aeamtsedauhal Qohpek rfmneldance_mf the rsystams ol ofeales) a

102" Chat - cr cdongitgh WAL ofdeBapBliot Rl falift ah8 TBBEBIRE, of qrip AR LRI,

anal og syst engykf.ad Ogllgraphenati cal cancel I ati on method requires a
period of calibration to adapt the system 100. The calibration nmet hod
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conplex: si gnal, 50l a8h 1 afi&dlial6n 2peHbMhancd, 993 matRbmafical® Wikkhdd Rafi' B8

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 multiple 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
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wave, where the central processing unit 190 can only turn the source on or
of f. However, the conplex signal source 15 can also be a signal that is

control |l ed boio dosesusp! i t ude and phase by the central processi peTa899/108£30.
Such a signal can be a pseudo-noi se sequence mat hematically generated by 25
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wave, where the central processing unit 190 can only turn the source on or

off. However, the complex signal source 15 can also be a signal that is

controlled both in amplitude and phase by the central processing unit 190.

Such a signal can be a pseudo-noise sequence mathematically generated by

25 a series of shift registers. In this case, the complex signal source 15 is likely

to be a digital-to-analog converter that is fed digital words by the central

processing unit 190 for signal generation by direct digital synthesis. This
method allows more accurate calibration of the cancellation system 100.

The mathematical cancellation system 100 incorporates an analog to

30 digital (A/D) converter 102 to sample both signals 104 and 105 tapped from

the center of the Wheatstone bridge. The sampled versions of these tapped

signals will be manipulated by the central processing unit 190 to produce a

resultant signal where the near-end speech signal is cancelled. At the start of
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Once collected in nenory or storage 106, the central processing unit

190 then follows a systenmatic algorithmto determne the optimal tinme shift
25 needed inydeysaspl ed mrror signal 105. Several search alpgquidobigpasan
be applied. The sinplest approach uses a tine shift range with a
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Best _tine_shift_estimate. The algorit now | oops and proceeds to the
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20 samples of each signal are collected simuitaneously. The total amount of
signal that needs fo sampled and stored is about twice the expected time shift
between tapped signals.
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 ali points by the fixed increment of
one sample.
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conparison to the stored signal power estimate. This process is repeated 25
until the entire tine shift range is covered. Mor e advanced

al gorithnms cawom/58320d t hat track the gradi ent change i n RCRAUSIHHRB
power estimates. If the gradient is getting |arger, divergence is

occurring and t hepgefathebfime0 s Hab Obsemtapplied f 48 tilsstrated int AIG.pootiess. I n
t hese cases, such an algorithmmmay hel p the process converge in less tine.
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shifted mirreigral @dder 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 mitror 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 time.

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
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peak anplitude, additional signal gain is needed for good cancellation. 25
However, for added reliability, the anplitude range should be set at .
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amplitude factor can be estimated by taking the ratio of the reference signal
peak amplitude to the shifted mirror signal peak amplitude (RSP/SMSP). If
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. [f 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 190 exits the calibration routine by turning off the complex
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_2|_5 tEe pair of factors to be used during steady-state operation.

o nmake thi's al gorithmconverge faster, every second or third | i

the grid can sv’égPWP%PP% |y evaluated instead of eval uating ever@efdg%s’r?{‘%%?
illustrated in FIG 13. However, the signal power estinmate for each i nt
must be sigmalesbureé tis and elisconneealing ctdrmnitbedeleph@ne,lm@heTBerﬁ%Fa

processing unit 19 .30 sear th L. & I
poi nts have tRECPERRG! unit fg}fiﬁlﬂ"ﬁa rtla@fsgs‘%él qB%mg?f%%& '(I:'ﬁéngil’\%nal
power est | ”atﬁést_?_%nfp'ﬂﬁjd%_%@ﬁﬁﬁfe and PQhELS tiMie aghMagefactdrd saeredhen a

| ocal vari able. e centfal processing unit 19 then uses the
coor di nat es oBesthtime_ghifl estimates tlbthan starisheontinvously sampling the tapped

33 . anpl j.tude tipe shif o . | th
space and®  sionalbriad 5e 15 sl Bepien s BRECTi el APPILAE FREDy datfe
the polnt whekgmpled verdiendrthe HARGFSIGRAMATEal i NANo ABARERS RN tral ovier
estimate is |l ess than %dfrferént fromthe previous average 4 point
|0;)We(r]I eSE i {Tat pnocbbsingrmdessgi subtfacts #erishifiedd amplitudes adjustesh migor signal

st eady-state operatio T, L Pt .

pres e%t ed onl Vgﬂ"dh?l’?&_ﬁfgggﬁ §’%glﬁﬂt°_ prpdu%g@rrpﬁgﬁqeq}g?éw eﬂﬁ?’?ﬁg&h"ﬂwﬁt been
| ntended to b% tﬁ%&%’;"rﬁr{%ﬁ%ﬂﬂfva‘éﬁ lof e ReB&ive Siﬁ;nél MERLEIRN 6 OTRE proéaire e

form di scl ose cations and varl atTons are possible in
| i ght of tthe @hithstrateddmiFdG. 1 ThdNearandi spaeach ismancelasson this signal. désani bed

In order to best lain th i.nci pl f the | ' '
ﬂ] actical appma@agé?ﬂ?as!ﬁgdéﬁg%%'%ﬁ h&p@sr%%tp{igg 0% nﬁv qrﬁl\tgl %Bf‘gfae{?tﬁqn &1 ze
e i nve \ ; . = ;
e LIeRSCHefRaNB0H, FPASPT 8 Siblduady BHRomBKIGH sabogs o
reconstruction as previously described.

The above algorithm attempts to find the time shift and amplfitude

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
jocal 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 ancther, 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
illustrated 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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34 | claim 1. A conbi nation for near end speech
cancel | ati on-connected to the tip and ring interface leads of a loop to
whi ch is attadt@ep/assI0 ce equi pnent, sai d conbi nati on conpr PETAI§9/106R3

a first inpedance element in series with one of the tip and ring

interface | eagiwlitedeé carid timte ishifedanges.el Rnthgn foulisebein opethatcspage thd | oop
and office egtlé}gtnent connected to the tip and ri n%el eads form ng one half

of a Vhdigrativelierepeats; thenRIACRES ASJBANK times as desired.” At dheeiot Where and

a scal able i ed,,l ex i | | s and
form ng the GRRGRTAENEe BRbHRerr SRIAGHT SbiAgR(Y bt Howet detiniy f IS et

i rpedance- ma2%idifferehefronpibeapreviond avbeagend poir powcr iestimats)ithepnbcess is
connected to the tip and ring leads nultiplied by a factor of K and the
scal abl e 5 termipatedand the switehyto steadynstale aperajion ¢an begin: i npedance

el ement, also The above description has been presented only to illustrate and
describe the invention. It is not intended to be exhaustive or to limit the
invention to any precise form disclosed. Many modifications and variations
are possible in light of the above teaching. The embodiments were chosen
10 and described in order to best explain the principles of the invention and its
practical application to enable others skilled in the art to best utilize the -
invention on various embodiments and with various modifications as are
suited to the particular use contemplated.
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multiplied by a factor of K, and 15 a detector connected across the

center of the \Weatstone bridge, said det ector being conne he
connecti on poVR¥&een the first inpedance el ement and%%ﬁ%ﬁ%gq}énce

of the |l oop and office equipnment in said one half of the Weat stone
bri dge and thelaicunnecti on poi nt between said network means and the
scal abl e i npedance el enent of said other half of the 20 Wheatstone bridge.
2. The conbi nati.on oA cdrabinatian féreneamendi spasshveancelistion-connectashit i ses

a plurality of networ,ks of. different, i ngedapces .an an .

sel ecting thihedR §pdsHNg H‘g?%&ﬁ%ie%iﬁ rﬁf Ri chO&)r §8t %Q%%a%lﬁ%@egf L 1 0op
anq of f ice ?ﬁ%ﬁi@ﬁ%ﬂf,-sai@éombinatioﬁ-qom&%giQ”bi nation of claim2 V\/ngarei n
said first inmpedance elenent is a resistor of known snall resistance

val ue and said scal abl e i npedance is also a resistor of known val ue.
4.  The Bonbi natadirsbfimpedance alemest rinsserips iwith anepefidheetip and dlingrent

Is a resistor,of k smal.l. resi stance | u I I

i npedance el @%ir}ﬂce(r:'g\é’vaﬁ §%’_g fES*s'é’}H -nﬁﬁre!%lngﬁt g@ﬂt}ﬁﬁdﬁpgﬁghggroggri‘estl%or% '_

i ncl uding a WEM‘G baltad quippeheéaifRtédritiPle tip and ring leads forming bAe dasfret i on
of claim2 erein sald first inpedance element is a first transistor
or transi st oWheaistonabiridge dayinga gertesl able 5 inpedance elenent is a
second transistor or transistor conbination and further conprising

means for causing t u ' AS kS or
transi stor conbi n'aé@%ﬁﬁ%é%%ﬁ@r ggﬁélgéger @n@ﬂ%&sﬁ@?ﬁhaﬂnﬁ%&w thlgé .
transi st @y Ofyith/saith hetwiirks @Ngl fonningtheyothet dalfosf e WHeatstone bridge, the.
The conbination of claim1 wherein said detector is a differential 10

anplifier whoewaskirppedangsmatchingihe imnpsancaaf dbe dpap and gHice sQURMES! s
attenuated or o ] ' in
rom the | oopofifetied \6thetifond RgIEREEMURRBE ol 4 a3 RiepiRing EERAR | N0
conprising aifpedatie matching the impedance of the first impedance element, also

muitiplied by a factor of K; and

15 a detector connected across the center of the Wheatstone bridge, said
detsctor 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

\

Iy
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controller for altering the inpedance of said scal abl e i npedance el enent to
15 cause said scal abl e i npedance elenent to mrror the inpedance of said -
first i NPWOEE2@| enent by a factor of K 8. PCT/HE99/10023
conbination of claim7 wherein said first inpedance elenment is a
resistor of kingyedzwel elgntents tompeises|aieseried-peraliblscamblriation of resistaiance
el ement conprises a sensing resistor arallel with a fixed 20 resistor
and an adj ust&El@im&gﬁﬁtﬁhgﬂ’lﬁdﬁﬂﬁta%ﬁl@‘&Fst em controll er causing the
opening and closing of taps on said resistor |adder to cause said scal able
i npedance el enent go m r |
resi stance val ue b§/ a f-glﬁ:é)o?élh?mhﬂmd@p%lm éqgﬁeéﬁﬁ' S%q:)ow%f nﬁﬁl@(g% Oga
claim 8 wherelemerdi 8 aefirsbdrikamsistos dtStransnatmrlmbmapbmuraxhdts,ambfsa&ﬂabier ks
of different 1 edances, and .switch s for c nnecting .one of said
networ ks 1% aMNRIATSEoAIBMANt Eca %%qc%-d trans @0 SNSRI COMBINA AT ng
means for det | r ¢ edropg of
the | oop and ﬁLe egfq‘a?ncdm%ﬁnaenﬁt cﬁgé‘?‘@ the cur][erﬁ‘ﬁva tﬁr(ﬁ"gﬁd‘éa{s’ms emﬁa
controller betrags:stmmhansnstdr@osrmmbtdmtermrmrrtge maereat fiow tﬁmughmdmrstg t he
swi tching nmeans for said one or npre of said netwo

36 transistor pp transigtor cmbinationdyy 2 factereinl/K. V\/nerel n sai d network
nmeans conpri ses a plurality of networks of different inpedances, each
per manent | y CONNeCTRéobblration ™ clec %eiémsydmaa&of I differgfiace
and its own scal able | npedance el enent hus formng nultiple halves
of the Whkhat samphflerr whpee output supplies 1tone ﬁgaabdelhemam o datacrecewem

wh d h f I
and the | mpooafeauaipd of SapgaleEnger end SHEBAL lali wihdtme AR RAPEtle ( ne

Weat st one br frggethandog ngul arly connect ed to the connection point
bet ween each network and its scal abl e | npedance el enent for each half
of the Weatstone bridge. 10 12. The conbination of claim 11

wherein said network nelie combinaiapr Pk etlaim pl ufuithery comppigingare raysiem
connect ed net f t Iy her
conpri sing m%@t@%? f%'d{i‘g%ﬁqiﬂ% |mpeda%.ﬁ§%$§g giedéﬁ%&w% %@%}Jrﬂ h
i npedance1®f tégsd saig s@ambuémnpédarme elemene ! nﬁﬂanthebimmdambmf «id firstsai d
system contro] | er bei ng responsive to, said

impedance element by a factor of K.

8. The combination of claim 7 whersin 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.

S. 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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15 determ ning neans for operating the switching neans for selecting a

detector out by operating a swtching neans. /lfsg g’ e
conbi nati on &Ogg/%ﬁ%ﬂ 7 wherein said first inpedance el en&EYSEE 1 st
transi stor or transistor conbjnation and said scal able | npedance

elenent is a secd®d t ridsieambingtion  gh<Glainy -8 cWhereiat sdid, netwerkomeans
b e . ! "
combi nat | on doid g £ BRI, SneRRes bP BRRUSHY FpdinBbS. SYCH BEMAGNHLY | of

for causing 1 curre sal econd transistor to mrror the

current fl owonhheoledntosthiedohe risad tof ahs itipt and binganfertzicerarad itd/own scalable
14. The conbination of claim 13 wherein, said network ne conpri ses

a plural ity i@pedanceelement, thus foraing mﬁﬂﬂﬁ%ﬁéh’ﬁﬁ@%wnﬁgﬂﬁ’@eﬁidgﬁeans for

connecting one of said networks in the Wheatstone bridge, said

conbi nat gon furt har cemg' hﬂﬁn AR ol arig] ' ' t wor k
mrrors ?he I npe gr'\ce 0 tbﬁe oop a%t:ﬁs}rg ﬁﬁ@é@?&qg?t%@ngoﬁ%‘ {%/ %apggitégr of
K, sai etwsémthe divst dinpedahes ralemespa@ndl the impedartedef ¢heriloom@ndeans

(2 oo Bkt w5 e S R o,
1P o G eap i gl 9430 GABCLRY 1P scat

secondary tiimpedence eiement for eaeh hadfeof thaVWheatptonethriigeonpr i si ng:
a sensor connected in series with either lead of the primary tip and ring

" bt et 3" SR RnaROR SL AT 1"t 3hif RSN rile <O
> . et ! -
aving an i rgaaekiyes td;a@graﬁu% bt "ﬁgﬁﬁaﬂ{xnyg@gg&m qgetwomsp%iaamreﬁt sai

sensor; ance ne rk co to the secondary tip and
ring, said impedbates)csaidecambinaiiomdugber contprising roeans rfor rdetetmining

circuit inpedance that, 10, best .matches.the inpedagnge encountered an the
primary tip Bhr‘?fnﬁ'fud n_etv"?f eHIRES Ehﬁj 'Wﬁagg%rfﬁeﬁ'\eeg’qpo a§'9i @emoﬁ‘}cgr
circuit suchydu eﬁfil_:)FI dTFddtOF of K, said sgstetn @Bﬁtrél@érﬂbé!ﬁé FBSSoryAfaVes aijdor m
the other halt 'of said Wheatstone

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 fransistor 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 controlier being responsive fo 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

R 1




bri dge; and means for detecting cancellation of near speech
connected across said 15 Weatstone bridge center taps. 16.
The appar at us wo9ssenpodance with claim 15 wherein said sensor pcT/US99/10023
conprises a sensing resistor having a small resistance val ue.

17. The app ' ' 8y | | g ;
circuit corrpﬁipgggaaﬁ@ ?@‘?ﬁér‘é%ﬁé‘tﬁgwﬁﬁﬁg | rrpzhgo an@gedsﬁ?%ﬂ#ﬁ 'grég{gr n?%an
said 20 sensinterfaces saidoapparajusrcaimpaising:t h a swi t chabl e resi stor | adder,
sai d resistor | adder being in series with a second resistor having an

| npedance that offsets thF 4:.onbi.ned. ar.fhl I ?I Je t'bstance qf sajd second
resistor and said &ENEPIFoNNECteq I peies with either iead of g primaiy IDANG Wig;s i n

accor dance W jnfarfacd, BakPséfstirHnd mpi |eoﬁif6{r@gﬂ?o§xae_ ﬁélf B atWheaRtorReBridgd | T St

resi stor having i npedance K tines |arger [ sensing resistor.
19. The dppahaving first andceeceadcentartaps;l aim 17 wherein said bal ance
network conprises a plurality of networks of different inpedances.

38 20. .The ,apparatus in_accqrdance wth,clai 1
wherein said  BAIRLSTULRE BramAeiaane J0ey o BriTBes dororh Thark e
l'ead of the timhetifhce of sald Séhdopi erface and its own scal abl e i npedance

el enent . 21. The apparatus in accordance with claim19 further

conprising 5 switching neans for connecti ngh one or nore of said networks
in the Wheat s@ dpalapee cipiwork connected topthe spgendyatipitand iringacsaid dance

with claim 1 i s r i . ' ept.t al
anpl i 1 or hayPNan oapaR being seleefAtiS 18 anaitAe IRHRL ol Gl Rubbdie el g
first inpws bpéstoneackss tthe cimpadinebedntsurittdl @n tieadprimai/heippahdefingt i p
and ring interface that is connected to said sensing ) .
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 paralle! 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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resistor, said second input being capacitively coupled to a comon node

bet ween sai d bal anced network and said mrror circuit, and said out

bei ng couPia/80t one detectors or data receivers so as t & (H%?’V’“F?le
tone detectors or data receivers attenuated or cancelled near end
speech along with 20ne The sippatdtus einn@atondante owithhelaimop9 whersin said 23.
The appar at us IP%\FCCOMa ce wth claim19 Wne %Q’nﬁ' mul ti

detectors eacR2IBDGRMLIRNE AR, Permansnty; connegte e o%&ﬁfg(’f s, fip %{}%
wherei n said Flhg%teh%ﬂtanﬂfttse&ﬁﬁsé&hﬁ@uﬁpeﬁ&n&@@%éﬁtvm y coupled to the

| ead on primary tip and ring interface that 1s connected to said
sensing resistor, 20 said second input of the detectors being individually
capaci ti veI y coupl &d.toThe apparammnnacmn@am wibrclaim dSuurthet sampsisiog k

Wheat st oncd br PHYERBE° Al altBrpetng S o plife GRFNA DombHiS ' vl "¢

detector out DWﬁeﬁgﬁ)r@%Mé.vd y coupled to tone detectors, data
receivers or apparatus desiring attenuation of cancell ation of 25 near
end speech including tone signals emanating fromthe | oo 24.
The apparatus in aeerddhee anpﬁfﬁtléﬂiammaQQOHC@ﬂGﬁer’fBoﬁblmsﬂﬁg“@i\efem saifst em

oo stor . tunDRiEtl eEld, BPpRFAn 3, ifer S bt SR ST odBut o2 st o
factor Kinmit! andi 2ngesond rrﬁmltﬁsaneonrsetnm ki chpacithestp edapledt tqommd

ring interface, 30 setting the gain in said differential anplifier, and
deci di ng Wi cleast ogdhg primary tip and ring interface thajgs connected to saig sgssings 20

PCT/ US39/ 100 Fesistor, salﬁaéér%iﬁ:d |d’b‘iftvl5¥!®]gz‘”a§%%:g@%lﬁ%iﬁpé@t6 PRGN nodg.

encount ered on € 'pri

The appar at us betweerc eaﬂatmlanaed hetwark Enddid mifer cirsuitp ahdisadd eutput beingst em
controll er having buf fers and means, for npnitoring said,s S|ng resi stor,

setting the g&PHPIEH todppe m@‘g?@rﬂrldéta&?ﬁﬁ“ﬁfﬁé%as RVPRBCS \ategtors _
out put of the  3efatRire l{/ér%r A te&1 | dedncBfiey ﬁéﬁﬁ%ﬁ?%&e’%@ﬁ?@é@ Q@ﬂg%r‘l@t on

of near end Sigha ereby se ectlng t
Wheat st onas br isitmals emanmnglfmmﬂ\djabpnced network that best matches the
i npedance encountered on

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 sach 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 apparafus desiring aftenuation 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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the primary tip and ring interface. 10 26. The apparatus in
accordance with claim25 further conprising a vol tage |ine sense neans

connected acrw(igglgg%wori mary ti gflnd ring interface to dg%%%ﬁg‘}zg_e

state of the The apparatus in accordan ai m
26 further conprising means for renmoving dial tone by the office

equi prent  durhaipeedcaetwark thesh masches e ympedance encountergg on e PHRIALY at us
i n accordance. W . ' wherein said det ect or means conpri ses:

an anal og toﬁﬁ¥%é$§ﬁb?ggbg ‘er coupled to the Wheatstone bridge first

and second center taps; and 20 a processing unit having neans for

mani pul ating di gi t28. WoThsapparatus in acovedance, withaiclaimpra fisthien gomprising=& ng
coupled to said analog to digital copverter. . %9. The

appar at us i n SYSHSRJBIREONRY  hAVingbuffess ﬁﬂ‘{] aeans, for imenitpring said §@ASING «
signal souyrc r | O | AQrs Nk t ieli iol80.
The appar tugrelgﬁ%zj{:cstgpg‘egﬁg{eg \%Bhﬂizlsglmmagg ’%@?'ﬁgﬂ‘w %’o?rg?g(% ciding Vgl?laﬁal

source conprigggubofiitig ket of differehiie araplifiors erodids the best dangellatiomf ds
by said processing unjt. '

: 31, . Th d
W th cl al m ogaRiceEl AIgDals thereby,ssisstiag e LAl il oo e aONR BdoF on
cam ! ! _ .
means turt erw%) SRid l?@énﬁ@étﬁo?ﬁ that best Fﬁ%{tt%l‘i& R lg'liiggggfé 'e%ébnt@fedioﬁ ate

of approxi mat d we S or an sai ex signal. 5
32. The appahetprinany tipcarad dagidesfadce) cl aim 31 wherein said
processing unit digital word mani pul ati on neans further conprises nmeans for

determning the difference in phase and tinme shift .be ep signal s. ’
appearind® at éée ﬁ‘?%ﬁp%ﬁt%m%%@f@r WBéﬁia'@n%g\ﬁgﬁ}% C?’HPP%MQ i zing
the time shifjode line sérid® MBEAS EoRREEtEY dofdhs 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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10 33. The appar atus in accordance wth claim 31 wherein said
processing unit word mani pul ation means further corrprl for
determ ni ng tWQS’g{Sg# rence in anplitude between signals appearing %F 3

first and second center taps and neans for o t|m2|ng the anmplit de at
t he second c@ht er Thepapparglus in accogdancerpuity ,olaim: g8 whesein,Sg

with claim 3&#@%& mmgltal wgrd%ﬁﬁ?:ﬁfﬂtn‘&@ﬁ@éﬁs ﬂ.ﬁrﬂﬁﬂorﬁ\ﬁﬁﬁe’snﬁt%ﬂg li&¢ i on

means furthe act e signal appearing at
the first tagampling a6 amilogisighl sitgnadte of apwokmatél;dtwemmthims oranok

center tap. 35 An apparatus for near end speech cancell ation
for tone si gﬂ‘&ni&ﬂcﬁm%ggaeonnect ed to tip and ring interface | eads
froma | oop, said apparatus conpri sing: first inpedance

means in geries éh Oﬁﬁeoé?éﬁlﬁtdd Rin 286cdriaAce r\f\’al félﬁﬁ’n 31 wr@\?ﬁgatstone

form ng W|ththe oop and OfT1 ce equi pnent one

bridge havi ngrdcessihgamit dlgnairwbldemaalpuiaim meaﬁs further corsmsasdmleapedance
means havi ng an mpedg_;lce that is K tines {1 edance of

said first négiegminingihe diffefenae ig phaserand lf,tnpgﬁgeen SIgngﬂ"gapB with
the | oop the sgaeofd; gﬁ{i e%n& léﬁnféyr“i‘éﬁ§%ﬂﬂ%@éhsdgﬁnogtiml%mgal g time shi at

processor neans ot ermn he 'mrror secon
i npedance neiessddontd dmﬁért&ptches t he mpedance of said first inpedance
means and said | oop; and means connected across the center taps

of the Weatstone_prid for cancel ing ,near e si gnal.s. . . 36.
The appat@tus in gg-corgﬁﬁcép%rtaﬂ"scl'al %%dém%?e‘fvﬁﬁi ﬁ'llag“ 53 wheseins $8id reans
include a |i P%c*é%lﬁﬁrunuaﬂigﬁél%&ﬂ rﬂdﬁ@ﬂaﬂoﬁ%eﬁn@%%r“com prised RIGRAS for

i dentity buf apparatus in accordance with claim 35
wher ei n sai ddetermining tsesdifferanoesiniamplitude batweanssigeaistappeatingati the firsyai n
control cir C‘é‘n& '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 signal
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:

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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menory, and a signal level estimating circuit or functionally equival ent

digital al gorithns. 38. A nethod for near end speech
cancel l ation ?B@sf‘s@ﬁ@ si gnal detectors connected to the tpigrmgi002hg
leads froma loop to which is attached 15 office equipnent, said nmethod

conprising the ste | t
| nm;elrl la'sgvm th onB‘%cS:Pg%?u mteFBs %rdd etenﬁ?\ﬂﬂﬁﬁfé &? ré:}flacd’ ea%gg%y%?yeg?ﬁﬁmn'
i npedance el gRgsdartadmcans ithabestaratches I‘lﬁe impedanee ofsdidofifst impedamngenent

form ng one half of a \Weatstone bridge having first and second center
taps; 20 meansans $aid IeoRi&dabl e i npedance el enent in series with
net wor k nmeans to formthe other half of the Wieatstone bridge so that

st o peaaMeRa e e e o T MR aRE BTOG8 180 or

of K/ ands canceling neai@ne{cg'gmjsthe signal across the V\heatstone bri dge at
the connection 25 point between the first inpedance el enent and the

d f the | st f of t A t b d
the connecti on poPRt . bdeaAPRIRS ' SRERBaGS bl CIfID Bhe WEBL B
| npedance el ﬁ?@détssﬁ’; rhédn ttﬁﬁudé‘aéhfhngfbﬁf?& an er \Q@ﬁ%ﬁmﬂeaﬁﬁ' & asetwork

39. The net I'n-accor dance Wt 3 sal d connecti ng

step conpri sefemdéret idenity busfen nonitoring a voltage across
the tip and ring | eads; and indicating to a systemcontroller

the status of the _tip drin eads of 5 the ae n i nj t or ed
vol t age. ar.” % grw h'BdaFﬁorzg@@é}ng’ﬁ ec%' M@gg \r;% €i n
sai d COU?b' NSrocessor %§§n§QH§ﬁdé§5a tdHaseUBRfRPSCiRiUit, a g[aun control @iﬂﬁdnyl ng a
DC line nation and calibration 'signal, responsive

i ndi cat ed st amemoryaandss signal tevpl a&tﬁnailm@cir@laﬁgr mnqtrneallbgguwalent dlgttal

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 multiplied 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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10 provi ding an analog or digital output to the systemcontroller
that is - proportional to the energy at the tone signal detector;

sel ectively adwosweiseazp responsive to said provided anal og or di gti/6599/10023
output at the systemcontroller, the variable inpedance so that the

vari abl e | PedonceThs HHEBY' ! BokolfialcB itk Scibirh ° 58! THRIRA Said 1°
er th ans

sel ectively choosing by the system control networ k “rre
m ni mi zes t hecornectingstspeontprisas tiyy substeps of: setting a
differential anplifier output based on the said attached net wor k

means. thod in accordanc th claj m 39 wherein
sai d coupling 20 m@kbgg%y@et%%ﬁ,@ﬁ%gn f"ng eads; a %I applying a DC
line term nation and calibration signal, responsive to sai d indicated

status, across thejndigatingdora @Qstbﬁﬁéénf?éllérhﬂe@%s of the tlrE) and ringSi84Rs lof 9
responsive to the calibration Signal, the first and sec center taps

of the Wdat sterieopibiaggd arosaig raonitased ybBagece signal @ 25 usi ng
phase shift and gain control neans to match the ref erence si gnal to

the signal appear| g‘méi\wél{@&lﬁ éc%%lrgancrg)wqﬁn claim 89 rhoe%lcnesarlrgtccoﬁ%ﬁng

phase shift and g

43 ' stepmmmthb%mtgﬁm phase shift and gain control factors
to the signal appearlng across the variable inpedance to produce a

mani pul at ed si gnal subtracting the reference signal fromthe
mani pul ated si gnal a@@“ﬁ@oﬁu@@ tne é@(ﬂ“ﬂé’ﬁ@” Al P&'ibf@ﬂgﬂafilgﬂa!ierfewpm tend

signals have Og8Mhd@itARaUAARN, BEros8E tib%hd 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;
e 43

Hllfll! YA



WO 99/59320 PCT/US99/10023

applying the matched phase shift and gain control factors to the signal
appearing across the variable impedance to produce a manipulated signat;
and

subtracting the reference signal from the manipulated signal to
produce a resultant digital signal wherein near end signals have been
attenuated or cancelled.
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