- 1= AN ELECTRONI C SW TCHI NG SYSTEM The present invention reldtgdtfand &{—|
el ectronic switching systemarranged to control the transfer of 5 tel ephone
signal s between a PCM bus and sel ected ones of a plurality of subscriber
lines. PCMelectronic swtching systems are known, and generally include a
t el emetiering signal source previding a 10_.3tel emetering signal .for
application to the receive input of subscriber line interface circuits to
enabl&the call charge to be conputed. In this respect, the call charge is

conput ed by reversing the vol WM a ring of the
subscriber line, but this can - ' king sound. A
sine wave having a frequency of 12KHz or 16KHz can be used wi t hout
reversing the vol tagg.,l I LS, 2l ki WchFoEver, a
tel enetering signal gf“?i %g%v\s%\?{es '.l(r%l_f;{/l_ng\ﬁai{1 rec?tcjéeénscégéd(;%l?he ort er o¥ 12KHz or
16KHz is m xedswitghingosystem@rsianged Zp caaahdhs Xapnstpmiofs
coupl ed tost heybl 8BRBhESLAGRAN betuerr @S BU ddansdidd sl el ok Sa

modul at ed and dj storted beCause the coupled signal is too large to process.
I'n addition, tRAUEBhHEEJOE gvhscRIbendiNGfoved at the transmitting party.
25 Thus in currently conventional integrated PCM CODEC circuits, the signal

whose frequency is lied qQn the voi.ce.f.requengy. band iﬁ cougl ed ;rom a
receiving path. It ggﬁnﬁﬁef%érro@flﬁ 5"6‘37‘:@5% r?é’tsg%/e“ﬁ/ Fife circuit
and 30 t hus generaddgl inciede acltalenteterdimpgh sHigral ademiepraovisiyngl a
elimnato ar Qu ha. LSS . of ' f

P CoEQLD 1 o EPPEARPLrIng Blgndd At HEII AL A et TR AR Mt of
provj ded t he veubageibevelise tintemfaneecdriond s Jitalensipiehethengall han t he
vol t age ~ charge to be computed. In this respect, the call charge is

computed by reversing the voltage polarity between a tip

and a ring of the subscriber line, but this can generate an
15 unwanted clicking sound. A sine wave having a frequency of
12KHz or 16KHz can be used without reversing the voltage in
order to remowve the clicking sound. However, a
telemetering signal (sine wave) having a frequency of the
order of 12KHz or 1l6KHz is mixed with a VQice:bana sighal
20 and the'mixed-signal is ¢0upled to the transmission path.

' As a result, the transmitted signal is modulated and
distorted because the coupled signal is too large to
process. In addition, the coupled signal must be removed

U at the transmitting party.
25 | |
Thus in currently conventional integrated PCM-CODEC

circuits, the signal whose frequency is applied on the
voice frequency band ié ¢oupled-from_é receiving path. It
cannot therefore be eliminated by the PCM-CODEC circuit and

30 thus additional circuit_eiéments, such as a telemetering

| signal eliminator, are needed around the transmission path
of the integrated PCM-CODEC circuit. If telemetering
signal eliminating means are not provided the voltage level
of the telemetering signal becomes more than the wvoltage
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| evel of a tone signal, and thus a'nDduIated_and'distorted tone signal
occurs in the integrated PCM CODEC signal. This nakes it essential for the
- PCM systemto enploy a telenetering signal elinmnator. However, the
requirement 5 for the additional circuit -elenent conplicates perlpheral
arrangenment.s of the PCM system Lpecreasing the nunber of subscribers an a
unit board becones dlfflcult to arrange as does wiring of the board begguse
of the conplication. ~ is an object of the invention to rediice
the dig @g&g“aégsstgnacga gdiab e AL il bl P SENbebPUGE! T On there
I S provi an el roni smntc ysten1arran ed. to con e 15 -
t r ansfeonef sighaphescusisg s §it1?ei\ﬂg‘éﬂ Cseﬁ%ﬂ‘!%%i ones of a -

pl graWFBi/s%aﬁéQSi*ttl Qf%sehw%& faiet rt?ié"'ml dhstyeﬁai&o rtltcbaéméla 53"}”{ SSS(PCM
SUDSCri per |ne|nera ciL.rcyrts couplLe a pul se co nodul at e

codor SPHCRREBHLRICFLENAL SIIBHNEHT -pOHOHSYET akhe R TEReRE 20

beg ng £oripthd addiaidnaﬂvaimuimém;ntsmmnplmmtmipmax| ng a )
resi st n R cipcuit to the
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and degoderygriny beC RS P RRAlcRhde? OF NHes ol fshtLorsai d subscri ber

line interface crircuits and digital termnals for coupling to said PCM bus,
one of said digital terminals being a transn1tt|ng term nal "and being

caoipl ed to ptcodean abfearooFerhe inwehitdion ) defuteatise being a 30
recelw%ﬁg éernknal and be'g%pFO %pd to a decoder, and wherein each said._
PCM c AR GBEBTFEEFFE frer conpri ses. teleneterlng si gnal

elinminating nmeans including -a telenetering signal filter and arranged to

remove tel eAELSEARAGSEENZhe DralentsigRRAntichY Rt ad h&rovided
an electronic sw1tching system arranged to. control the
15 transfer of telephone signals between -a PCM~ bus and
' selected ones of a plurality of subscriber lines wherein

each subscriber. line comprises subscriber line interface _
circuits coupled to . a ‘pulse code modulated (PCM) coder and
decoder circuit, each said PCM coder and . decoder circuit
20 being: coupled to said pcM bus, and said switching system
comprising a reSistive network connecting each said PCM .
coder and decoder circuit to the respective subscriber line
interface circuits, and a telemetering signal source for . _
enabling the. metering of calls wherein each said PCM coder CJ
25 and decoder circuit comprises analog terminals coupled to ' '
said subscriber line interface circuits ‘and digital
terminals for coupling to said PCM bus, one of said digital
terminals being a transmitting terminal and_being_coupled_
to a coder, and another of said digital terminals being a
30 receiVing terminal and being coupled to a decoder, and
wherein each said PCM coder and decoder circuit further _
comprises telemetering Signal eliminating means including a
telemetering signal filter and arranged to remove
telemetering Signals from:ghe signals cot ~ed to the

W&

35 transmitting terminal by way of said co




35 transn1tt|ng tern1na| by way of sai d coder. -3- In an enbodi nent,
said tel enetering signal ellnlnatlng means enpl oys a switched capacitor
filter for analog signals and a sigma-delta nodul ator for the digital
signals. 5 Preferably, the frequency of signals renoved by said

tel emetering signal filter ij.,selectable hg.an external pin or by an

I nformation signal. 10 “In an enbodi ment, each said telenmetering
signai el i m nati ng nmeans further conprises a band pass filter coupled to
sai d coder, and wherein the.s, rate tel emeteri

filter is greater tH&h ff"b&%%'ﬁgbaﬁﬁf‘dp%&%? & QLBSJIQPa;ﬁ e:frf%b’d?mg
one of said anmkagst emplmaalss a)fsvaa:ﬂheﬂalahmmmnjehm dmodaaldg cuit i S
an input term u g r aid

el enmoteri ng seofarLs ek Sl At M Uics o M DR LN M Lt ed
gain controlleslgoaéﬁed to sald buffer by way of a signal selector, and
wherein thg teleneterlng signal filter is coupled to the transmtted gain
controller. For exanple, the teleneterlng si gnal fllter may be 25
connected to the trEFeFerebdYgaithe FREBIGNSY RF Fhgns Sar?%"redalhlhssfwgi
filter, and theegefiererSng?¥itei=ad £iQ tdie ilCIsRRIAIANI® Yyl ditdr@ialdYpiRY
of a band pass filter. Alternatively, the transmtted gain controller may
be 30 connecPEdPEePRedRIOTIaLH aﬁg signal filter and a band pass
filter.

10 In an embodiment, each said telemetering signal
eliminating means further comprises a band pass filter
v coupled to said coder, and wherein the sampling rate of
said telemetering signal filter is greater than that of
said band pass filter. '
15
In an embodiment, one of said analog terminals of each
said PCM coder and decoder circuit is an input termlnal and
is coupled to an input buffer, and wherein said
telemetering signal eliminating means further comprlses a
20 transmitted gain controller coupled to said buffer by way
of a signal selector, and wherein the telemetering signal

filter is coupled to the transmitted gain controller.

L ' For example, the telemetering signal filter may be
25 connected to the transmitted gain controller by way of an

anti-aliasing filter, and the coder is connected to the

telemetering signal filter by way of a band pass filter.

Alternatively, the t:ansmittedrgain controller may be
30 connected between the telemetering signal filter and a band
pass filter.
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-4-. Alternatively, a digital filter/transmtted gain controller may be .
coupl ed between the telenetering signal filter and the coder. 5

Enbodi ments of the present invention will hereinafter be described, by way
of exanple, with reference to the acconpanyi-ng drawi ngs, in which: Figure .l
shows a bl ock di agram of PCM subscriber 10 | i nes, each enploying a 'ﬂ*

conventional integrated PCM CODEC cit#uit, of an electronic switching <
system Figure 2 shows a detail ed block diagram of the conventi onal =

integrated PCM CODEC circuit of Figure 1; Figure 3 shows a diagram of an
equi val ent’ ci rxlériatitdly, t 8ed PEMADDET] et ¢ Urhngiikitedr gadni | | ustrati ng

[ me- mat G Heds o o cEqUERb A bafudtn Ehe: HELEpaERERBI; R E Boccssi ng

in an el efititex end thei codeyst em of the present invention; 20
Figure 5 is a detailed block diagramof an integrated PCM CODEC circuit

enplgged in the smﬁ;cMrm);¥sten1of Figure 4, and -Figures 6A to 6C show
modi B cat i ons BmPadinents e i PTegeRr cinrentopeei sl bareinnfiesi t ching

syst em ofpd etiribdd et wap Vet égampTegUneth thEysbhabeRoa RSt antial Iy
conventional PCM el ectronic smntgh|n8$%%sten1mhych conprises - a plurality of

subscri b&CIIMRARY NG | drAWERGH, sHBSY tf line ld-1Cn 30 includes

subscribe line interface circuits (SLIC) 1, a telenetering signal _
climnator 2. Al P aibag &' 805k hiShrdn SB bERCYEREE-EBALOTMr 4 and
10 lines, each employing a conventional integrated PCM-CODEC B
circuit, of an electronic switching system; | : \_)
Figure 2 shows a detailed block diagram of the
conventional integrated PCM-CODEC circuit of Figure 1;
Figure 3 shows a diagram of an'eguivaient'éircuit for
15 the PCM-CODEC circuit of Figure 2 illustrating the 2/4-wire
transformiﬁg'mechaﬁism in an interface édting as a
subscribed line matching means;: o
' Figure 4 shows an embodiment of PCM signal processing
in an electrdnic switching system of'thefpreSent inﬁeﬁtion; .
20 Figure 5 is a detailed block diagram of an integrated
PCM-CODEC circuit employed in the switching system of
Figure 4; and. ' ' ' o | o
Figures 6A to 6C show modifications to features of an
integrated PCM-CODEC circuit of a switching system of the

;;

25 present invention.

Figure 1 illustrates a substantially conventional PCM
electronic switching system which comprises a plurality of
subscriber lines IC1-ICn. Each subscriber line IC1-ICn

30 includes subscribe line interface ciréuits (SLIC)'1, a
telemetering signal eliminator 2, a telemetering signal
mixer 3, an impedance conformer 4 and an integrated PCM-



-:5- CODEC circuit 5. Each subscriber line IC-1Cn is connected to a

tel emetering signal source 8 and to a common bus 7 called a PCM hi ghway. A
signal, which is a mx of a telemetering signal using a signal MSYNC from
the 5 tel enetering signal source 8 is applied to the receive input of SLIC
1 when a call charge is counted up. ThéYntegrated PCM CODEC circuit 5, as
is shown in Figure 2, conprises a selector 11, a mixer 12, a transmitted
gai a~¢ontroller 13, an anti-aliasing filter (AAF) 14, a band 10 pass
filter (BPF)COBECamdrewidtidy. 1Eachi@ukseniker rkinei 1€l niCrelai aannected

receive ter 'gaig)%% ie%né“eaﬂr@ d Qi deshi®le 19 adli €5 & ScommBRChEE ¥0 a |ow
pass fiItern? PF) %; a recei’ved gain controller 19, a power operational
anpl i fier 20ca4legha POPhNGGhHRY | thrsignalhghich %8 BER(PE Rer 22. In
thebPCM syst_egnbltm%htszriﬁgecg;ﬂgt%ﬂ gtgit&‘:rfg Ja-.adgﬂbtr?al tisvve |f;|'_61haﬁﬂaé s cggnt Ied
up by reversin e vaoltage o attery between a fi and rinp . In
thi o cach. | ake3emetartg ML IF T o id s Sehind, B e Tefelde '
si ne wave of iaputeqfeSDIMO kidlr arcdliKidhamye bits useunted hopt vOhéeage
reverse in order to.r t | GKI Dg. ndy T ry L, gpal

(si ne wave) 6P%F9§%tme@%%%é%’Kksiggr%rg%ﬁ%htg%%%cg’band
signal, and chinpriisesd 2Belaktorlll s a minan t12d a ctrapsyitted gpig RI.
Hovever, thecghxed 15iednals,i Saf iRt £hiQaddiy L£L16dE SCARR) PRAN. a3B8nds a

result, the transmtter signal Is nodul ated and distorted because the

coupl ed1@i gnapsps fidFer (PR D IR oG 2 wpdekr HorePurhed cBRpfed signal

nust be rendyedngnitha nd termHNSII R0 N pRsdeivd heermbhaEnPl sisl toapleted
t

in Figure 3 which sho the, qurrent [err hr ough, t he_coil L1, 18
gendcat ed byt® & &ﬁa"%foﬁ?’%mé"%%@bﬁﬁ r@%ﬁ‘iﬁlﬁéléﬁ 132 PRPH ﬁ%#ti\ﬁ of
(LPF) 18, a received gain controller 19, a power

operational amplifier 20, a hybrid-balanced filter 21 and
15 gain controller 22. -

In the PCM system illustrated in Figures 1 and 2, the
call charge is counted up by reversing the voltage of a
battery between a tip Tl and ring Rl. In this case, an
20 unwanted clicking sound is generéted.' At this time, a sine
" wave of a frequency of 12KHz or 16KHz can be used without
voltage reverse in order to remove the clicking sound. The
télemetering signal (sine wave) of the frequency of 12KHz
or 16KHz is mixed with a voice band signal, and this mixed
signal is transmitted to tip Tl and ring Rl. However, the
mixed signal is coupled to the transmission path, and as a
| result, the transmitter signal is modulated and distorted
because the coupled signal is too large to process.
Furthermore, the coupled signal must be removed at the
30 transmitting party. '

The problem is illustrated in Figure 3 which shows
that the current'il through the coil L1 is generated by'a
signal from the receiving terminal Rx, the terminal AQO of

35 the integrated PCM-CODEC circuit 5, by means of the
operation of the hybrid 2/4 converter. Thus, a secondary



" 35 the integrated PCM CODEC circuit 5, by neans of the operation of the
~hybrid 2/ 4 converter. Thus, a secondary - -6- induced current i2 appears
on the coil L2 coupled to a subscriber line, and causes a further induced
current [err] to occur on the coil L3 coupled to the transmtting term nal
Tx. As a result, an unwanted teIenﬁPérlng signal is 5 applied to the_
transmtting terntnal Al.  This nmeans that, in the conventional |ntegraL§d
PCM CODEC circuit 5, the signal which is output fromthe term nal AO whtse
f requencindscedt bunrehs g eppeagsuencthenmdiils Lehlooupgknsatad as a

| |f t f t i3
which | SubSerindr 1EhET Fg‘%'s%rat‘%‘ o Birther dliedd Alistedt o PbR0C
filter XCGWH eRethei ﬁoéénﬁﬁ%lqoélp %\Ké\ﬁertratrmlm‘ﬁlég! mmm& CODEC

CI rcwt 'ﬁxca”ﬂgta15esu§'t| Wh&ah%wan&@dewlﬁdéﬁﬂ:@t%gﬁaf%s coupl ed from
e|V| é an additional circuit _element, such as the
RLien ghal ®
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t er m nal to Tx and makes

However, the integrated PCM-CODEC circuit 5 cannot
15 eliminate a telemetering signal which is coupléd from a
| receiving path, and an additional circuit element, such as

the telemetering signal eliminator 2, is reQuired around
the integrated PCM-CODEC circuit 5 of transmission path.
In the operation of the conventional PCM system having the

20 eliminator 2 and the mixer 3, the PCM—CODEC circuit 5 -
converts all input signals, even those containing noise, to
a PCM. s1gnal (namely a digital signal) in a tone frequency
band. The coupled mixed signal (echo signal) from the
receiving terminal Rx is evaluated to a value of the ' _:i;) :

25 current 13 at the applying terminal’ Tx through the hybrid '
balanced filter 21 and then mixed with a signal of the.galn
controller 22 in the mixer 12. This results in a reduction
of the weight of the unwanted mixed signal with
telemetering signal from the terminal Rx to Tx and makes

30 the applied gain controller adjust the variation of the .
gain hade through the telemetering.signal.eliminator 2 and
impedance conformer 4.show in Figure 1. A samplihg'
operation results in the replication of the spectrum of the
tone signal, and (unless Nyquist's criterion is satisfied)

35 introduces aliasing distortion which'iS'remoVed'by the
anti-aliasing filter 14. After removing around sampling’



30 the applied gain controller adjust the variation of the gain nade
through the telenetering signal elimnator 2 and i npedance conforner 4 show
in Figure 1. A sanpling operation results in the replication of the
spectrum of the tone signal, and (unl ess quist's criterion is satisfied)

- 35 introduces aliasing distortion which is renoved by the anti-aliasing
filter 14. After renoving around sanpling - 7 - frequency, the tone
frequency i s sanpled and converted to the PCM signal (or _the digital

signal) thr oufgbquemmderhqestm iwmmgﬁwduen@rﬁﬁeveﬁeé £8 the

PCM hi ghway qhel e PUsod %h® digfrd B! SIGA&L ) NehBbEgR! tRE ﬁbaéﬁ:'l nG
nmeans i s not prOV|de |n the PCM s sten1 t he oltqﬁg | eve é aE naI of a
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because in aoEUMHé:ddﬁmaﬁuuuerQMDrk 10_ the telemetering signal has a
great digtortion rate due to the well known characteristic of the

subscrib®gr line. As a result, the telenetering signal induced on the
appl yi ng terninal I shaelenstening | sighalhelimisatingraeéananisedot

mllivolts o] =X ?V%I *a%lt,é}?é ﬂ:f:M j&g&&ag@lvo e@&péglgglx S%EDE

modul ated an® tone sign occurs in ntegrate
circuit 5. Befagsdeifemdtiering sigrakcpeurFefdr %%é%%%stbﬁ??ﬂeénﬂpﬁ?

the tele”Ete%ﬁ@%5§é¥3¥afﬂ0&1&@15Ecéhsgoin a pubtﬂ&eﬂélephbﬁeaﬂdthb&km
requi r enent Ircuit elenment, such a

tor
ot OURR | hihen (e ORRAP TS CREPRSL 0% § ST Tt ELOELLORCERLR | BHE, 3P
arrangenentst@b1ﬁ§1ﬂxﬁﬁdwmtcﬁaré&meaﬂdeﬂconﬂptheaSubacaibernglheon1as a
i ncrease in the mber, of . . . .

QJ/ ul¥ the telemetering signal induced on the applying
terminal Tx has a voltage level which is several hundred
millivolts greater than that of a tone signal.

15 Accordingly, a modulated and distorted tone signal occurs
in the integrated PCM-CODEC circuit 5. Because of this, it
is essehtial for the PCM system to employ the telemetering

signal eliminator 2.

20 Howevér, the additional requirement of circuit
element, such as the telemetering signal eliminator 2,
around the integrated PCM-CODEC circuit 5 complicates the
peripheral arrangements of the PCM system. The added
complication arising from an increase in the number of
subscribers on a unit board for a subscriber, makes it
difficﬁlt to arrange the wiring of the PCM board, and this
méy cause a degradation in the quality of such boards.

Figure 4 shows an example of a switching system of the
30 invention, comprising a filter to be used for removing
teleﬁetering signals at the transmitting party, due to its
operation with an analog signal. The switching system
comprises a plurélity of subscriber lines ICl'~ICn' each
comprising subscribe line interface circuits (SLIC)1'
35 interfacing a telephone line with a switching system and an
integrated PCM-CODEC circuit 3'. A common bus 4' called a



25 -subscribers on a unit board for a subscriber, nmakes it difficult to

arrange the wiring of the PCM board, and this may cause a degradation in
the quality of such boards. Figure 4 shows an exanple of a switching system |
of. the 30 i nvention, conprising a filter to be used for renoving -
telemetering signals at the transmitt8ng party, due to its operation mLLh
an anal og signal. The SMAtChIng system conprises a plurality of subscrlggr
lines ICL' -1Cn' each conprising subscribe line interface circuits (SLI G1

35 i nt @dMtiighway eiepppoeibide foict I&ran“s\ﬂe&&h.h@ﬁ t@lségfarﬁi‘dsﬁhaﬂs egrated
PCM CODEG ¢l rcult us 4' ép IP| :
ber

provi.ded R e t?’éngf?) P nﬁuﬁ”&gbﬁgﬁeagpaﬁgliggl r3"530 t&e f‘?ﬂ}ﬁ

accor di ng:uletfmrtthe timingoofr tedephonehd inenuse, ofari&leephone | i ne us'é

and a teI u S upl e ' circuit
3. centra pr oce J?\%ﬂéjz %Sﬁﬁéﬁ)s 9'Q.'s@ﬁc‘g’r glggeggt th&m sabl e
t he t5el eigrruitl 3’ as kbdc%ltrﬁé RrEResEBDgr Mpdt. (EPUIhdn dim pi:q;utde& the -

PCM CGDEQCP'érQéﬁie Jor 181 sab28PEh&CseRepHERE' cAh %%ﬁ: %@ rgh i nput
|npedance nal sel-ector 12' wusing an anal og oop for checking _

troubl e SR ?Eceive to transmt PCM hi ghway, “and a transmtted gain
controller 13' for conpensating a gain generated fromwiere a circuit is

subscr i ber |1 SPEOELSRRS Jai HhBoBCHGCOREEN CAAEUAH @ 'and OCDEC,  The
traﬁ@nltmegpmsesxnﬂbuffer 13’ forcenabiing aohaghaﬂhpuuﬂﬂmyﬁd&hdeJter
sequbnt; 3 ST LR o24! Uethy' U6 ARRSHE. ToBBHac e hdcling o
filter grquhle from: the receive to transmit PCM highway, and a
transmitted gain controller 13' for compensating a ~gain
generated from where a Circuit is constructed in accordance :
15 with the protocol’ conformed to the subscriber line and '
compensating gain loss between the SLIC and CODEC. The
transmitted gain controller 13' is connected to an"anti—
.aliasing filter 14' for preventing a replication of the
-spectrum next followed in sequential steps from being
20 affected by noise; a telemetering signal filter 15" for
echo cancellation around the sampling frequency band of the
telemetering: signal a BPF 16" for filtering only a Signal
whose frequencies are located in the voice frequency band .
from 300Hz to 3. 3KHz ‘'with integral sinx/x correction and a ..&\J
25 coder for converting an analog Signal to a PCM output _ ”
signal. The PCM-CODEC circuit also comprises ‘a decoder 18'
for converting a PCM'input Signal to an analog signal a
LPF 19' for filtering only a signal whose frequency is
located. in the tone- frequency band'from'OHi'to'3Q3KHz with
30 integral sinx/x correction, a received gain controller:ZO'
for compensating a gain generated from where a circuit.is
constructed in accordance with the protocol conformed to
the SLIC and CODEC a smoothing filter 21' for attenuating
step pulse components of a high frequency Signal generated o
35 from where the LPF is operated with a switched capaCitor
therein, an operational amplifier 22' for amplifying a



echo cancel | ati on around t he sanpling frequency band of the tel enetering
signal, a BPF 16" for filtering only a signal whose frequencies are |ocated
.in the voice frequency band from 300Hz to 3.3KHz with integral sinx/x
correction, and a 25 coder for converting an analog signal to a PCM
output signal. The PCM CODEC circuit al s8-conprises a decoder .18 for
converting a PCMinput signal to an analog signal, a LPF 19' for filtering
onl yia signal whose frequengy is located in the tone frequency band from
OHz to 3. 3KH2s £481 38nought #¢r drivienthe sabsertibey, lanecandd gain

controller ensat.i.ng e d.fro t
constructed |Tﬁ %‘Bﬁﬁﬂgﬁgg BR ?%e%gfofs C(E;:I?:rh%1 oérhr?eg"g(ﬁtiﬁeggﬁkg;lnd ®
CODEC, a snootélemetering sburicer signeduati ng step ‘pul se conponents of a

hi gh frequency signal generated 35 fromwhere the LPF is operated with a

swi tched capacitor therein, an operational anplifier 22' for lify
-9- signd enough Referriag: e dnitegratede PW@%I%‘&?@%@QS

for switchingeiherseusp! % &Eltlli?xgt eﬂoa@efss@h@g QIR s it curent iy u
Referring to the |nte%rated i rcuit shomn | | , |ng
tone signal iW¥@cEYPE EleﬁFr&&PePePF]sgﬁ guréhérﬁ?“%%§s %n in
Figure 3, anot:@ﬁﬁéﬁt iEetOUbbe@br{e&'la}teHOaltemlm:attiﬂ@ termivial t TRy

g el T S5, Ao, M e WOMERA Sl o1 1o ppiplied

10 to the t rﬁ}
the terrmital #b thel tdeminalond singthe PCMWCORES ialawuiit 81 p Thensignaing

BT The Spbh R0, SRR A LRINAD o IUs 0l 0cPRGR e
compodent (a sidesieéqaetip Ea@@daﬁdrﬂégéﬁet@HWﬁf:ﬂﬁiﬁﬁ)fr°m a power
source of the system, white noise generated prior to the
signal's arrival at the terminal AI, and an induced
15 component (a tone frequency band and telemetering signal)
at the_receiﬁing terminal Rx which appears through the path
of i;, i, and iz. The PCM-CODEC circuit 3' converts only
the necessary signal, from amongst all the signals, whose
frequency is located in the tone band to a PCM signal, that
20 is, a digital signal. A signal applied to the PCM-CODEC
circuit 3' is coupled to the transmitted gain controller
13' through the buffer 11' and the signal selector 12'.
Thé transmitted gain controller 13' compensates the gain of
the input signal to conform it to the protocol of the
25 subscriber line and compensates gain loss between the SLIC
and the CODEC. The conformed signal then passes, in turn,
through the anti-aliasing filter 14', the telemetering
signal filter 15' and the BPF 16' to remove the out of
voice frequency band. In the filtering process, the anti-
30 aliasing filter 14' eliminates the aliasing effect which
occufred. The BPF 16', by means of a sampling circuit,
removes the appearance of the aliasing between a voice
signal frequency and around sampling frequency band, whilst
the telemetering signal filter 15' eliminates an echo in a
35 telemetering signal.



at the receiving term nal Rx which appears through the path of [err] and 7
[err]. The PCM CODEC circuit 3' converts only the necessary signal, from
anongst all the signals, whose frequency is located in the tone band to a
PCM si gnal , that 20 is, adigital signal. A signal applied to the
PCM CODEC circuit 3" is coupled to-llge transmtted gain controller 13" _

t hrough the buffer 11' and the signal selector 12'. The transmtted gaLQ
controller 13" conpensates the gain of the input signal to conformit O

the protocol fletdfoda, tAUDIELLPELNLI L Beqna earega%s%&%a @i ges bet ween

the SLIC and e con or ne asses,-.I'n turn t hr ough

t he ant.il6dl ihes$ng freguengy ing ﬁbetéﬁéﬁét éppﬁg §Pg|3al3m4 da tt®e and t he

BPF 16 vtdldéf@féqﬁéﬁcfubaﬁé #aicesl ceavaperdbasd thieh B dilgrLr i (e
process, 4' eli the al i asi ng effect

the, anti - g nat es
Db or’ ng it vl "Brends) “3pd then. Sphg telrnn o TheLGHIST arpves 1 h
appear amms&rﬂ?erabyasaygobetneeconmum bassignaif ftheqmchiﬁﬁivaaf.ound

sanpling fr gaue t g.si- filter '
ellntnag%s aﬂée de$ﬁﬂ%n ££§ ? §£§LSEE&g%h§Ia% %%%1 =G F@%%re t he
r esul t arttersiigral %utigatc«bnmrtaé BPFa%ann;ggasﬁgeqaehwuhe tdes:odamge 300Hz
to 3. 3KHz f £8a4R8¢ aygrand Vglgire gna
(or the |g|%té§|ea lg%g 2 {:8 H eﬁpfrgﬂsfer;rg ?‘g?t 9_2 oq’h&% yﬁﬁ: Lgil\)ésiél ber by

way of tHENSMWhtBA: restletiﬁté FeVFRE gRRage BHz ko &rR&HZ A%y thehe PCM
si gqoal vadde Bandg éﬁaetnengigﬁém anc B h.§ &p matied:ot &han anal og si gnal

by the deco er | i LPF 19° nI out puts a
si gnal ?46%%E%c?°$ﬁ ﬁgeta% FEEF r§c§Rﬁf Haﬂﬁbcﬂﬁ Q&ﬁ e bargd,
and theznwyuﬂmpemsatesSpnavioedIYOthéegaln of the output signal
from the LPF 19' as much as the decremented ‘amount itself
after consideration of the characteristics of the impedance
15 conformer 2. Suéh'gain-controlled,signal'contains'step
' pulse components of high frequency obtained at the LPF 19’
which cons;sts of a switched capac1tor. So, after the step
pulse components in the signal have been damped by means of
_ the smoothing filter 21', the resultant s1gnal w1thout the
20 step pulses is amplified directly by the operational '
amplifier 22' to activate the subscr;ber line and then
transferred to the subscriber-line through the impedance
conformer 2' and SLIC 1'. The telemetering’gate.23' _
enables a signal. for the telemetering process and a voice . o/
25 band - signal for application to a line subscriber to be |
transferred, just by means of a res;stor as a mixed
signal. Connection or disconnection of the telemetering
source 5' is by the control_oflthe MSYNC_from the
telemetering- source"at'é”§i€en time, thus minimiSing the
30 topology of the architecture of the 1ncoming line of the'
telephone network. '

Figures 6A, 6B and 6C show modlfled embodiments of an
integrated PCM~CODEC circuit of the invention. In the
35 embodiments of Figures 6A and 6B, although the circuit
arrangement between the signal selector 12' and the coder



received gain controller 20'. The received-gain controller 20" conpensates
previously the gain of the output signal fromthe LPF 19' as nuch as the
decrenented anount itself after consideration of the characteristics of the
I npedance 15 conformer 2. Such gain controlled signal contains step
pul se conponents of high frequency obt ai-ddd at the .LPF 19' which consists
of a.sw tched capacitor. S6, after the step pul se conponents in the signal
have,been danped by neans. of the snmoothing filter 21', the resultant signal
without the 3G+ s{ ophoubeECODECBLFEUEE Bi'r get thahyetih e sopomtameh] to

lif 22' t h b I
SUbscr i ber | T T UAAGVHE S rpBUknCE EBRY BRRERLS SlnpeBproperaty ° "¢
tel enetering gﬁjﬁé}@tlcnnﬁl ehea_saingnals fior thee cliecardtt ofi mméssarai]d a
e 2 o SRk gk ehaBRPLbABLLAT chOefelbdlng RIGREAY. (Sbdhe |

transferred, Srstor
dlsconnestlomxﬁcume $h¢eneieranu§9u5§eaSSlP§1§ydﬁ§é trol .of the MSYNC

fromthe tel t@éfﬁ@réﬂgﬁtfﬁte?t 931@ &sat&bﬁleﬁ RoS BeRifdrtd tHd &ils

t opol ogy of the architecture o he 1 ncomn i ne of the telephone etmork
Fi gures’” 6A, (§§Q9m9¥i§bﬁ6mﬂﬁnﬁhﬁlé&tEHBBGPﬁeﬁpy'Gpngﬁ FHF@ﬁFd?gﬁ
circuit of theduwensisy. théntkhasmstteangadnmesintrol 1l8rgus, aAneamhﬁB-

al t hough t he CIrCUIt arr bet i.gnal

Coder - -1 #dasing H {RIRCHACCARE GPRCEPT 10 Sndanad Hrotiedll WA
that of 1@ gursante @ffeot. thmnccomentabaaanpsmpam gethads iwiltly axhe
sanme as in the %‘nrcg'ﬁ? tﬁk_gnggfs{i fa3C ct ovvn InemE@,gtq_soOLgH@ckhe coder

teleneterlng re 6C a S|nle
di ghtal 17' have been employed a sw1tched capac1tor filter (

for the analog signal and a sigma-deltamodulator (SDM). for
the digital signal. But the invention can utilise two

15 methods in order to reduce the white noise to the level of
1/2 or 4/1 times thereof. One method is that a sampling
clock is arranged'to activate the telemetering filter 15'
‘and the BPF 16'; the other method is that the operating
frequency of the telemetering filter 15" is two or four

20 times thereof. '

As described above, the present invention can remove
telemetering signals so that they do not distort the voice
band frequency of the transmitting party, by providing at

25 least a filter in the integrated PCM-CODEC circuit without
adding circuit eieméhts which is constructed around the
integrated PCM-CODEC circuit.

Furthermore, the invention reduces the noise which is
30 generated with the modulation and distorted signal caused
by a'telemetering signal, whereby the counterpart's voice
can be heard more clearly than before and more lines are
available on a unit board for a subscriber.

35 It will be appreciated that modifications and
variations may be made to the embodiments of the invention



filter/transmtted gain controller 30" perfornms the roles acconplished in
the integrated PCM CODEC circuit 3" of Figure 5 by the transmtted gain
controller 13", the anti- aliasing filter 14" and the BPF 16' and thus
produces the 10 = sane effect. In conventional processing nethods with an:
-anal og and a digital signal, for t1i®-BPF 16' and the coder 17' have Been
enpl oyed a switched capacitor filter (SCF) for the anal og signal and“ _
si gma- del tamodul ater (SDM) for the digital signal. But the invention can
utilise two 15 nethods | n_ord deise ‘apsenieticchaims.to the | evel of
1/2 or aé/ Besignidad ofHh n%%?%d clsg t hat ﬂ:?Fz*arrpl i-ng .cl.ock is arranged
to activate the teleneterlng filter 15 and the BPF 16'; the other nethod
is that the operating frequency of the telenetering filter 15 is two or
four 20 tinmes thereof. As described above, the present invention can
remove tel emetering signals so that they do not distort the voice band
frequency of the transmtting party, by providing at 25 least a filter in
the integrated PCM CODEC circuit w thout adding circuit el ements which is
constructed around the integrated PCN$CODEC circuit. ‘Furthernore, the _
i nvention reduces the noise which is 30 generated with the nodul ati on and
di storted signal caused by a tel enetering signal, mhereby the counterpart's
voi ce can be heard nore clearly than before and nore lines are avallable on

a unit board for a subscriber. 35 It will be ‘appreciated that .
nmodi fications and variations may be nade to the enbodi nents of the
invention . -12- as-described within the scope. of the. appended clalns\\J




CLAI M5 1. An el ectronic switching systemarranged to control the transfer
of tel ephone signals between a PCM bus and 5 sel ected ones of a plurality
of subscriber lines, wherein each subscriber |ine conprises subscriber |ine
interface circuits coupled to a pul se code nodul ated (PCM coder and
decoder circuit, each said PCM coder amd3decoder circuit being coupled to
said PCM bus, and said swtching system 10 conprising a resistive network
connes¥i ng each said PCM coder and decoder circuit to the respective

subscriber line interface circuits, ante !? enetering signal source for
enabling the netering of calls, wher ei sai d PCM coder and decoder
circuit conprises analog termnals coupled'to 15 sai d subscriber |ine

i ][lt erfgcg_ ci1{ C|Ui {A‘h @rltédliiﬁsgiiai éﬁf&mﬁit' é éﬁtmtt@ﬂ»éﬂgéa ﬁgi goﬁ%musehleoge

of sai igiita s .bei.n er m n ei,ng coupl e

to a coder, RS d"eﬁ «? SQ{ %?’% %e\g% § uB 88t ng

t erm nab andseﬂa@d:mqﬂsecbﬂ @ a:liatmljiety qf\cslﬂﬂscrinherel:hneachwherdiﬁa\/l

coder and d%%%ersvﬁi% Sided lﬂ&er &%éa?é é’f'f &' 9nebrehibg Nating
e ter an

means inclu nmetering arrang tO renove

tel eneteri nglsrcgaiaq% qqquwét%@gmlss%cmdedn@%u}wée@réhgmteoﬂgrt andi nal
by way of saleréo%d%u%‘iu& edtth &d 'BtM CcSdéF CAhd Jas¥S885" agr&hidemed in

RTINS T KRR QA A IR K TN X N T
for theOdigcbwbnmsymy:a ﬁﬁhiktivemne#wnnk(ndmnemtingneaphysa£d1BSMCIained
|01 oot o gy, S8 bl USUANE NS o WAbBecEITY Gyblodthds 11ne
o/ 1nterface circuits, and a telemeterlng signal source for
enabling the metering of calls, wherein each said PCM coder
and decoder circuit éomprises analog terminals coupled to
15 said subscriber line interface circuits and digital
terminals for coupling to said PCM bus, one of said digital
terminals being a transmitting terminal and being coupled
to a coder, and another of said digital terminals being a
receiving terminal and being coupled to a decoder, and
20 wherein each said PCM coder and decoder circuit further
comprises telemetering signal eliminating means including a
telemetering s1gna1 filter and arranged to remove
telemetering signals from the signals coupled to the
transmitting terminal by way of ‘said coder.

.\“@5 _ _
2. An electronic switching'system as claimed in Claim 1,
wherein said telemetering signal eliminating means employs
a switched capacitor filter for analog signals and a sigma-
delta modulator for the digital signals.

30
3. Aﬂ electronic switching system as claimed in Claim 1
or 2, wherein the frequency of signals removed by said
telemetering signal filter is selectable by an external pin
or by an information signal.

35

4, An electronic switching system as claimed in any"

|



or by an information signal. 35 4. An electronic swtching systemas . g
claimed in any -14- preceding claim wherein each said telenetering
signal elimnating neans further conprises a band pass filter coupled to
sai d coder, and wherein the sanpling rate of said telenetering signa

filter is greater than that of 5 sagd band pass filter. 5. An

el ectronic switching systemas clainmed in any preceding claim ‘wher ei n-one
of said analog term nals of each said PCM coder and decoder circuit i s veh

i nput 10 rja nal_.and is coupled to an_ iopyt. buf and,wherein said
teIenetePFﬁ&%ggﬁ%ﬂckﬁﬁWﬂrﬁﬁ? é}?ﬁﬁﬁ% ffﬁ?% fel £?§e§gast98ﬁ ntted gain
controlIeilmdmﬁtangnmeansjinttherqumaylsésaasbgmdlpassefimterand wherein

Lhe tel PEBLBNL ) Ulila Iddd&r, | Snd WHLAGLL CchdslhBPath Lefle e  02LN

controller ctroni ¢’ sw tching systemas aim5,
wher ei n SR&G Hedemedianingigfanal  fikier sig wreeten tbanhthatangnrtted gai n

contsolIgglgyﬂgﬁﬁr§5§§1fﬁmﬁa@1|asrng 20 filter, and the coder is
connected to the telenetering signal filter by way of a band pass filter.

7. An el ectronic switching systemas claimed in aim5, wherein the
transm t5ed ganN lRBrVHIRY Suil TEHIIRS LB Pdm a@eémnﬂeahfntﬁzfrfeterl ng

201 ai nECERAERG: B, Sieeln i oF o{d efog fetaliele 8 0ont rot l or
is 30 eaaplsaluePWQEEddertandﬂdEGndem)cdrpudtfistam “pwphit he coder :
10 terminal and is coupled to an input buffer and wherein
said telemeterlng signal eliminatlng means further o C
- comprises a transmitted gain controller coupled to sa1d hd
buffer by way of a signal selector and wherein the
telemetering signal fllter is coupled to the transmltted
15 gain controller.

6. An electronic switchlng system as clalmed in Claim 5,
wherein the telemetering signal fllter 1s connected to the
transmitted gain controller by way of an antl-allasing

20 filter, and the coder is connected to the telemetering
-signal filter by way of a band pass fllter.

7. An electronic switchlng system as clalmed in Clalm 5

wherein the transmltted gain controller is connected _\—/
25 Dbetween the telemetering signal fllter and a band pass |
filter. ' '

8. An electronlc sw;tching system as cla1med in Clalm S,
wherein a dlgltal filter/transmitted galn controller is

30 coupled between the telemetering signal filter and ‘the
coder. o ' o

9. An electronic switching system as claimed in any

preceding claim, further comprising a telemetering gate for
35 each said PCM coder and decoder circuit for enabling the

connection of a telephone signal and a telemetering signal
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9.7 . An electronic switching systemas clainmed in any preceding claim
further conprising a telenmetering gate for 35 each said PCM coder and
decoder circuit for enabling the connection of a telephone signal and a

tel emetering signal -15- fromanalog termnals of said circuit to
subscri ber lines, each said telenetering gage being controllable by control
signaFs. 5 10. An electronic swtching systemas clainmed in any
precedng claim wherein the telemetering signal is a sine- wave signal

Joscr i bed v ¢ nHrERe Al RS U0 AEA AL 0R0 o alSIELIREL Ol fhes,

described with™rererence
' each said telemetering gate being controllable by control

signals.

5 10. An electronic switching system as claimed in any
preceding claim, wherein the telemetering signal is a sine-
wave signal.

11. An electronic switching system substantially as
10 hereinbefore described with reference to Figures 4 to 6 of
the accompanying drawings.
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