SWTCHI NG | N A TELECOVWMUNI CATI ONS SERVICE NODE The present

invent i Ongioidels to a service a telep t wor k,
ﬂ?l £ igggggr vi ded, qﬁﬁé“&#%%gﬁs

ih which a plurality of periph EP
swi t chi ng neans for connecting i ces to external

communi cation nmeans under the comtrol of control processing neans.
Over recent years, telephony networks have becone nore sophisticated

and it has beconme gswIrcHING (TN R TEIECCMUNTCATTIONS Qtnvﬁczlmszto be

provi ded, in addition to the fundanental prov13|on of allowng a first
custoner to be connected 10 to a second custoner.
The present :iInvention relates to a service node

ccanectable to a telephony network, in which a plurality
of vceripheral devices are provided, along with switching
means for connecting said peripheral devices to external
cocmmunication means under the control of control
processing means. |
Over recent years, telephony networks have become
10 more sophisticated and it has become possible for an
increasing number cf services to be g;ovided, in addition
to cthe fundamental provision of allowing a first customer
tc be connected to a second customggs
Telephony systems of this type. are often referred to
13 as intelligent networks, and provide such services as
automatic call distribution, store and forward, fax to
speech, call queuing, voice menu systems, call diversion,
fcilow-on and voice prompts, etc.
Service nodes are units within the network where
20 intelligent services are concentratﬁd and made available
' tc customers ceonnected to the network via switching
mechanisms provided within the network. At the node
itself, a large switching device is provided which allows
customer calls to be connected to peripheral devices under
25 the control of central control processing means, such as
a mni or mainframe computer. In known systems, it is
necessary for the control computer to analyse signals
generated by calling customers, in order that peripheral
devices may be connected and, as necessary, disconnected
30 etc. Thus, once a particular servicéThas been established,
this is generally driven under the control of a particular
peripheral device. However, it 1is necessary for the
central control computer to observe the operation of a
ccnnection between peripheral devigeﬁ and external lines,
35 in order to ensure that the intégrity of the overall

w

network is maintained.
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Tel ephony systems of this type are often referred to as intelligent

net wor %ﬁﬂﬁ% ‘as automatic call dlstrlbutlon store
and i ?d, || FEiS ShiEspewshBERNalll ‘queui ng, voi ce mend CI{RRISINS22 ¢ 5 |

di version, foll o on REPLAGED/oi ce [jpr npts, etc. 15 Servi ce nodes
are units wthin The networ Kﬂﬁqi’l n?el | igent services are

concentr at ed aﬁd @ﬁ(awgggl : x?“é%?@?éé ﬁgEg 'Ef%jh{._ga£hgtn%tsvmrk \elll a

swi t chi ng nechani sm; provi e net node 7i tsel f
| ar ge degiirakileg tRhaee| éaﬁgévﬁa’éd'-%ﬁsckﬁfal thesnedesemse ddats to be

connect ed mag&imum n@én@fnﬁaknae}evmée@aumr £Fém cant 19kgef nafBkralogcont r ol
pr ocessin

such as a m ni _or mal nfranme ut e I n known
syst ens, %P gneﬁgggéfzﬁsf’or HRWQYSK 1 0128 '3‘@0 H{“ngto" nathpkedsi gnal s
genes at eg sley'-'ueleel dgc«reabelser githnaordsulthay mcreasepherﬂie dg\geces rra?/ be
connect e C nec Th onc particul ar
service h& bé%% S % g{:;%gﬂ Itfg%e%&%ey ?#ava?"{ﬁ}'de?g ?FéP

cont r ol otoatpadtlcum§ut92r|msatalalhn/| dacridaseer alohgi swititestmyy for the

central | t4hy i on
bet ween per| p era of? evs:rggén%gng'% nla‘l ﬁ%’f&@éﬁ %Ir%gh We?sure t hat
the int eglamytbﬁ sHateher al | network i s maintained.

prafg em wi th kpewsradny €8 4Rt Sdgidit bf thedssésabt Gdvedidvn, & ge
there is provided a service node sthch1ng apparatus for
routlng channels within' a service node," comprising a
switching matrix and a plurality of line interface means,
characterised in that each of said llne interface means
- 15 inciudes: a cross-point sw1tch a plurallty of a first
type of processing means and a second type of processing
means, wherein; said first, type of processing means is
connected to said cross-point switch by ‘a first type of
interface means, said second type of proceseing means is

20 connected to said cross-point switch by a second type of
interface means,'aﬁd'said cross-point switch includes
means for facilitating a communication between said first
't?pe of interface means and said second type of interface
means. ' '

25 - In a preferred embodiment, the cross-point switch is
conrlgurable by one of said distributed processing means,
which may be said second type of proce551ng means, with
said configuration  being achieved ' vze said second
lnterface means. Preferably, said first type .of

30 proce551ng means is programmable by said second type of
process;ng means. In a preferred embodiment, the first
type of proce551ng means is arranged to receive a program
direetly from said second type of 'proceesing means,
thereby av01d1ng said cross-p01nt sw1tcn.

35 ' According to a second aspect of .he present
invention, there is provided a method of processing
signals in a line interface card for a service node
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swi tches at the nodes, so that

\qt@ﬁnﬁBIBEEh‘h be gained froma |arge
30 nunberyghe ed servi ces.

i hcr eases, Wtih a resultingili EPLABES nul zgro?ftﬁgyﬁm(é{ox%es

switch, the size and power of the congrol conputer nust al so increase,
along with the bandw dth of the comuni cating |ink between the conputer
and the sw tcBwitch, characterised by supplying program instructichs to

I I d
Swi Lohing syoPeneSiti JUbe 16 neacas=4Rg, Aeshr Yl a  SBERRE, Svmen ofunber

of  bays eprbcessind bgemsommm satfinsti tiypen afciinterface i clandg
matrix controbigflinicating data between said first type of processing
5 means and said second type of processing means via a

cross-point switckh, wherein said first processing means
communicates with said cross-point switch over a second
interface and saié second processing means communicates
with said cross—-point switch via said first interface.

10 The invention will now be described by way of example
only, with reference to the accompanying drawings, in
which:

Figure 1 shows a public switched telephony network,
incliuding a plurality of customer terminal equipment,

15 local exchanges, trunk exchanges and a service node;

Figure 2 shows the service node identified in Figure
1, including a control computer, peripheral devices and a
switch for connecting external lines to said peripheral
devices;

20 Figure 3 de:alls the switch shown in Figure 2,
inciuding a switching matrix and a plurality of 1line
interface cards;

Figure 4 details a line interface card shown in
Figure 3, including line interfage circuits, digitail

25 signal processors, a microprocessor and a cross-point
switch for connecting line interface circuits to digital
signal processors;

Figure 5 details operations performed on the line
interface card shown in Figure 4;

30 Figure 6 details control operations for the service
node; and '

Figure 7 details the connections between the digital
signal processors and the microprocessor shown in Figure
4. . : _

35 A telephony network is illustrated in Figure 1,
inciluding a plurality of customer terminal equipment 11,
including telephones and fax machines etc. Each customer
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by a main control processor Each of the bays conprises a bay switching.

natrl ﬁq CcPRVERtFoRa—FAtertace circuits each interfacing a plurality
m&%’%ﬁ neg THIS SHEEMRAS BEERMI|| equi pnent, e.g. tel PoIvcBYSMes2:, and
data sets and da}

a_t erMEMAGED ach interface circuit being arranged to

convert voice signals to PCIVI i ghal s, 4 and to detect status signals and-
send corrgs ding control _sjgnals to a bay contr processor via a
contr ol ng I eaulpme%e.fm&% ‘iﬂﬂﬂ‘?‘%ﬁe%r"d@eésgp"@d-n 1ipg dRite access to

the appr opr ilocal exchanget ildn nehergby c @Yovdiding hBYGﬁﬁ-Qébhéﬂﬁlcgi gg he
S s, a
bay swi { CTOmBECEtidh neclddltiel EhPHiRE) SEigiER: A 24 1ofh

respect i V@&XeR3RGSR s i nvol ved in the particul ar conmruni cati on. The bay
congrol proces DasxShahbes [ Ne age
signal s e Qok andérl ny# n&?e?ﬁ&ﬁﬁécgékgafée‘d éngggaégcgggﬁﬁ to the

mai n cont]r%%”& g&eQ%EPCMPBﬁ*CW%%F%F@%rhﬂﬁ’f@eraﬁatlﬁeexchmgessvm t chi ng
matrix. is Efifecved deverprtmnlar capiel eﬂBQf h%ﬁﬂl‘l’&&l‘?ssﬁgﬁnﬁ' gnal's in

UK Pat encoagiiinass  SFENBL-EEPRes15n8 1375 Sanoseiecs By cwrwh, hnesst em 20
corrprl si 7 a again currangédrio canveyinubvip dnedt signabspl ural ity of
njgrface ciroiy the pr nﬁﬁg?&?ﬁ@ﬁtf&lﬁ@rﬁ e chvet s'or BekilelPhiis foqudnd e

pI urality of progra
signals and digital 51gnals occurs at the local exchanges

14 and communication throughout the trunk network is
performed in the digital domain. Thus, each trunk line 16
includes physical communication links:' each arranged to

1s convey 30 speech channels over a 2 megabit per second
multiplex. 1In 'addition, higher levels of multiplexing may

‘be achieved using optical links, which '_ére particularly
suitable for connecting trunk exchanges '15. - :

In addition to allowing conventional telephone

20 connections to be made, the network shown in Figure 1 also
includes a plurali:ty of added value services which allow
customers to interact via voice menus, receive recorded
information from a central source, record messages and
receive recorded messages, and -éstahlish‘ -sophisticated

25 call diversion procedures, wherein, over a day, calls may
be diverted to a plurality of numbers, réflecting the
location of an actual customer, rather than the terminal
equipment. These added value services are located at a
central position, in the form of a service node 18. The

30 service node 18 is connected to the rest of the network
' via a plurality of 2 megabit per second digital links,
such that any customer connected to the network may obtain
services via the central service node by establishing an
appropriate connection through the network of exchanges.

35 The service node 18 is detailed in Figure 2 and
cdmprises a plurality of peripheral devices; three of

which are identified by references 21, 22 and 23. Each
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si gnal processi ng nodul es (DSPs =he switch matrix. Each DSP
I'S asHATbaS6h W th two PROWSTISSHERT ingS BEBNOE strap pro Lch

gener at es an &i nterrupt sign t ORERBAGEDN confi+:ol | er fo?&?wg‘%%i ng
transfer of nmessage signals 25 i=pbed me=war-tontrol | er- and the DSP

circuit via a switching matri x. Appl T cations prograns for inplenenting

predet er m ne ' f@%}ﬂr ' 48 ! n ign d.qgi tal
conf er enci ng,ﬂeg_%xﬁgﬁnﬁl oa eﬁrorgn {he n%ﬁ%%n:trgoﬁ%?&% g{ aﬁ%el(ycl?rcui t
switch matri%288- oneThHS noveise menuOSkRTYieest Ba¥gde\ PRPYilded ebyala

menories. 30gpeech  AFPidhtibid a fpil!h%tfoﬁgem‘-'Qilébfnggfs%%ge”ti0”,

there is provided a . service node sSwi chi n aggar at us routin
channel s wi t APAMBRICRTICR nHFINT  IRRRAFS ngc’ wi PeFSRgeSat r VR1E%d a
pluralisty of réétgnitienf asd DETMEStofeChegbgnitieh.ch |ine interface neans

EEELX%E:/EW gppeTAROther peripheral device may be arranged to supply
recorded information to calling customers. A message is
recorded centrally on +the peripheral and written to
randomly accessible memory storage devices.

10 Thus, the same message may be played to a plurality
of calling customers and by addressing the memory devices
individually for each call, the message may be played to
each calling customer from the beginfiing of the message,
creating the impression that a dedicated message has been

15 recorded for that call.

A third peripheral device may bhé¢ arranged to record
messages left by customers so that they may then be
collected by a specific customer for wWhom the service has
been created, effectively providing the customer with the

20 services of a virtial call answering machine. Thus, on
receiving instructions Ifrom the customer, all of said
customers will be directed to the service node such that,
under the control of é coni:rol computer 24, voice data
will be supplied to, say, peripheral 23, whereafter, in

25 response to a call made by the customer, said recorded
information may be replayed. '

Another serviée provided by ser¥ice nodes is that of
redirecting calls. Thus, all calls to a particular
customer may be directed to the service node and, under

30 the control of the control computér 24, the call is
rédirected out to a pre—~-programmed de®&tination. Thus, for
each day, a customer may issue programming commands, such
that, at predefined points during”the day, calls are
directed to different numbers, thereby following a

35 customer from location to location. -

A switch 25 is provided with 256 multiplex 1lines.
Thus, each of said lines includes twé coaxial cables, for
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3 a Cross- p0|nt switch, a first type of digital signa
proces ns and a econt=—iype of digital signal processing nmeans,

wher ei Q&W& g fiNessEEN Qe Of | ‘digital signal REIEBEYNUY2means is
connected to saill PSEcEDi Nt 9 §§h by a first type of interface

means, and is ar O £ecEFve a progran1d|rectly fromsaid second

type of digildiretEihal' eoffithiGatian; ddieelin of ALI4 8 F%ﬁ'a?

cross-poi nt_sw tch, sal secon *1Vps of di g
processi ngcﬁ%%ﬁé 35 copahde of cenvaving 32 channels ntrapsmilttied atsecond

f S ncludes
type of ing eﬁib@f‘a%ﬁfea ér a¥tond. Thus, Sa&l ggﬁiféﬁ:l.{??d g{;&%

means for facil |tat|qg?a conmmuni ¢at i.on 10 belween sa

i nt er f ace TRUMENIFRTICRSY A& HRGY] 5P the fublde SW1t|$ba§§leHhGnes

ar r afged tmmn}onfi@neﬂfm sgeaéxbﬁfmzwcbyt )tfé&e@fexﬁiélztsilana' GEﬁLFﬁe present
n Viia_Sal secon I.Nn ace ne
Pasgﬁf?gnqﬂ%% 'ttﬁ& e BFCt FER aFep -o?fcﬂg¥32r95990tlve

peripherals. Thus, in the example shown in Figure 2, 2
megabit links 27 are connected: to peripheral 21, similar
links 28 connect peripheral 22, while 1links 29 connect

10 peripheral 23. Thus, each peripheral 21 to 23 etc. is
arranged to receive voice channels in the form of 2
megabit multiplex connections. - In addition, . the

'perinherals are arranged to receive control commands from
the control computer 24. : _

15 : Pre*erably, common channel 51gna111ng is used, such
as signalling which conforms to the CCITT C7
recomﬁendation_;and an interface for identifying and
generating C7 'signalling information is identified in
Figure 2 by reference 30. | _ -

20 _ The C7 interface 30, the central switch 25, the

' peripheral devices 21, 22 and 23 communicate with the
control computer 24 via an ethernet connection, capable of
conveying a data at a burst rate of up to ten megabitsg a
second. :

25 - Calls are initiated in response to DTMF tones
generated by a customer. In order to establish a call to
the service node, signalling commands“a:e.t:ansmittéd.over
the common channel, by means of one ‘of the channels
forming part of those generally identifiéd by reference

30 26, which, at switch 25, are directed to_thé signalling
interface 30. The signalling interface 30 instructs the
control computer 24, over the ethernet 20, to the effect
that a calling customer requires seryice. The signalling
information will identify to the control-computer'24jan

35 identification of the actual calling customer and, to some
extend, an identification of the number called by said
éustomer. Thus, on the basis of this informaticn, the
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200 816 and thereby saves a consi derabl e anount of board space (typlcally
an 15 ar egy@beaddgat W%Mm each line circuit).

a®* preferred enbpdiHHB SHERREAS BHY dl are four 1ine circui ?%Wzggl
board, there is a cpst  RERAAFHY by thhe wse of fudrilatches and a state
machi ne i nstead of eight PROV. According to a second aspect of

the present |&ygikd Pibo @r'z% @hgﬂ-ﬁ%%satne smeﬂdzsﬁtdo%%%&neﬁa' gnal s
in a Ilne |nterface car }%ﬁesrw ce node sw F{g@ rsing, t he steps

of :- call EBm?un'?E%‘F aCRaRRS e cFOBNE ﬁ?peﬂ?ﬁ grgRiardsi gnal

processi ng pemaama@vmondmymdmdngl thé ebgeeblpeempgasbpy2geans
via a Ccross- pO.lnt. |nstruct|ons to

said first tyee nﬁ% é‘ﬁh&nﬁP‘Lﬁ?’B‘E&EFﬁbggg¥aﬁeﬁg cgr PRFUERAFsai d

second $ype ofhdligitwicsigrpipsdcessing rreans via a first type of

i nterface, thereb din rQss tc wher ei
said first type o%ﬁ’gﬁrg‘% %I 9’%%‘3%?% 5‘%25 rslfgfnsor}c %n%ﬁﬂ?é?%s wi"t Frssal d
Cross- poi nt smmmdn prac il cee dinm ‘dnqoe:ua‘tcmetxertbagenmmalsdgsm«sndnt ape of
di git al AP CES | ALIRACLPUTHY | CALCSyRER . S2hflebO3IRANE!
switch via sal Irs type I n fe |on Wil |
now be descrimis by imyerprekedpby @mq}nhﬁnﬂi devices as part of the

10 normal operation of the service. However, in addition, it

may also be necessary for customer geherated signals to be
recognised by the control computer 24, particularly if
these relate to customer instructions which effectively
terminate a service, such that the “control computer is
15 required to instruct switch 25 and thé relevant peripheral
to the effect that the service has now been terminated
and, if required, to allow.the customer to make Iurther

use of the services available at the node.
In the telephony network illustrated in Figures 1 and
20 2, the service node includes a plurality of peripheral
devices in addition to switch 25 for connecting the
peripheral devices to external commihicating channels 26.
In order to establish calls and t6 monitor signalling
while calls are in process, a s:.gn:.flcant level of
25 processing capacity is required within the node. The
service node is therefore provided with a control computer
24 which provides overall control “of the system in an
hierarchical manner. However, in 8ddition to this, the
switch 25 itself includes distributed processing devices
30 which are themselves responsive to ekternally originating
s‘ignals, such as DTMF signals generd&fed by customers while
calls are in process. Thus, the distributed processing
devices are arranged to supply inf6rmation derived from
said signals to the control comput®r 24. Thus, in this
35 way, it is not necessary for the control computer 24 to
scan incoming calls in order to detéct customer generated
signalling The detection anB identification of
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reference to the acconpanying drawi ngs, in which:

|ncIuaYﬂaag"S*

trunk exchanges

perlphera

i ncl ud

10

15

20

25

30

ethernet 20, when a customer originating signal has been
detected. Thus, the sw;tch 25 includes local processing

devices responsive to external signals, such that

information derived from said signals may be supplied to
the control computer 24, in preference to the signals
themselves. Thus, the computer 24 is reiieved of the
activity of scanning customer . orig_ix_i_at_ed calls, which
provides two significant benefite. ‘Firstly, for a given
switch size, less proceséing_capaei;yfis required on the
part of the control computer 24. _Al;e:natively, for a
given processing capacity present on the control cemputer
24 a much larger switch. may be_used.- The advantage of
that is, for a given size of control computer 24, more
central added:value services may be included at the node,
thereby effectively providing'a greater eccnomy of scale.
Secondly, given that it is not necessary for scanning to
be effected by the control computer 24, communication
between the swltch 25 and the control c_:ompxit_:er 24 is
significantly reduced. Conseqﬁently, far less band width
is required on the part of communication channels
connecting control computer 24 ann the switch 25 which, .in
this example, is effected by means of an ethernet. Thus,
as can readily be apprecieted. the level of band width
available on the ethernet is significantly less than the
level of band width employed to effeet communication
between the PSTN and the peripheral devices, via the
switch 2S5.

Switch 25 is housed wlthln an EMC 19" shielded rack
which stands 2 metres high and contains a total of seven
sheives. One of these shelves is ‘used to house power
supply units for the ethernet transcelvers, while the

- remaining six shelves are provided for component cards of

35

the switch itself.
Within the switch 25 two types of shelf are provxded
which are identified as line 1nterface shelves and
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and a plurality of line interface cards; Figure 4 details a

l'ine integf W‘ : 2 |nclud|ngI|ne10|n face
circuits, diqgl taf,ir |§ﬁl§I°HﬁE6d$%%BEEN B i croprocessor and a %’83351?}3?%

switch for connect iing Ilﬁe?hﬁ@%face irguits to digital S|gnal processors;
Figure 5 details ope orTTed on the line i'nterface card shown in

Figure 4,  gswictching Emwiex GsNeI%és Cant fhle GRRIAIIARS émbodiRede] Vi Cce
node; and 15 ure ils_the.conn ctlo s. bet vgeﬂvthe di gital

a
o gnal “proces¥drshing ety 5iElfas cabdl sAERR e %afe
A tel ephony dapidciatiesi |sbusa:s ated enhaizcgpjreel;abudluwl n@ndi @l ursthasy of

custoner ter -.8qui X nes etc.
Each cus?g%?r O?errﬁ(yr%?}tqdl prren""%éi?fj"l 1qus$iczﬁn(em?éﬁ$té& I%@%ﬂ??he 12
to a | dcal 2@predeswiige sonnegsedby tpr ovhei ngyshem; r cagabnal enlameingat i on
bet ween t he b%'Pa'l@' rella%l‘iapd@@ucﬁﬁ%ﬁ%}e d%tzgdg?ﬁf'gﬁ?e system is

Local exchanges 14 are connected to_trun nd bi
directional 88ERPERERHY BBt AcBAnNgirdCAKRMandBE ‘P§ saidccands \may theink

cabl es 16emaiveid akinile I WIKRMHPNGR arsydiiagli rest i pamaly cappppted by
trunk lines 17, 25 agéln arranged to convey ‘mul ti pl exed signal s.

functiona

10 At the heart of the switch 25 is a non-blocking

digital switching matrix configured from commercially

available MITEL SMX/PAC chip sets. Switching matrix 32

receives 256 2 megabit per second coaxial pairs,

conforming to the ST-BUS recommendation. Thus, each pair

15 consists of a 32 channel multiplex for supplying

infcrmation to the switching matrix 32 and a similar 32

channel multiplex for receiving information from said

switching matrix 32. The switching matrix 32 is arranged

such that any channel on any of said multiplexed lines may

20 be switched to any other channel on any other of said

muitiplexed lines. Generally, said communications are bi-

directional, such that first of said pair is arranged to

transmit data from location A to location B while the

other pair provides communication in the opposite

25 direction, from location B to location A. Furthermore, of

the thirty-two channel 2 Mbit/s multiplex, thirty of the

channels are used to convey audio data, and of the

remaining two channels, one is used.to convey signalling

data relating to the thirty audio channels, while the

30 remaining channel is used to provide f¥rame synchronisation

so that the position of each of the channels within the

" time multiplex may be determined by channel switching

circuitry.
Switching matrix 32 is controclled by an Intel 80286
35 microprocessor based system identified generally by

reference 33. This microprocessor based system 33 is

This Sheet Has Been REﬂlaced

| IIIllll IIIIII IIII i




bet ween anal ogue signals and digital

s 14 and communi cation t hroughout the

t r unk WO 663 o he di gital domain. TRGUGCBERWIrunk |ine .
16 incl udes : Ilnks each" arranged to convey 30
speech channels over a 30 2 negabit “per-second nultiplex. I'n addition,

hi gher | e&shhgﬁrgu' %bpésﬁtfgf. rre?xebfmtchfﬁglﬁye&f%zﬂ&zp% ske! Nks,
whi ch are partfcularly suit connect trunk exc nges 15.
5 to commandg EGGPEVGH pgen tha oF m?é:mmﬁaﬁot-el ephone

connections toshgnedderrah8mitted through the switching matrix 33
conform to the ST-BUS recommendation and.may'be considered
5 ‘as 5 volt TTL compatible signals. Signals transmitted
over lines 26 to the PSTN and other lines connected to the
peripheral devices, do not conform to this recommendation
and may effectively be considered as analogue-like
signals, given the requirement for, in many situations,
10 transmission over significant.distances. Thus, before
signals may be supplied to the switching matrix 32 and
before sign-als emanating from said switching matrix may be
supplied to the outside network, it is necessary to
perform a conversion procedure, which is effected via line

15 interface circuits. _ _ o
The rack contains’ four llne interface shelves
identified in Figure 3 by reference 34. Each line
interface shelf may have a total of 16 line interface
. cards 37 and on each line interface card there is provided
20 -a resident Intel 80286 microprocessor system 38 and four
bi-directional line interface circuits. Thus, within the
four line interface shelves there is capacity for 256 bi-
directional interface circuits. _ .
In this example, customer o:iginating signalling
25 effected while calls are connected take the form of DIMF
codes. Each DTMF code (dual tone. multi-frequency)
consists of two simultaneous tones, each selected from a
different set of four possible tones. Thus, there are 4
X 4 permutations of two tones, providing a total of 16
30 " different codes which the éystem.may recognise. However,
other modes of signalling may be employed consisting of
audible signals of some form which may be detected by the

system.
DTMF detection occurs on each line interface card
35 under the control of the resident 286.compﬁter-syst§m 38.

The nature of a particular DTMF detection will depend
on the actual application being made during a particular
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network shown in Figure 1 also includes a plurality of added value services
whi ch ﬂ‘d% t gffers—t.0 jNteract via voice nenus, receive recorded

i if ormati o record messages and r BEHCHENRIBLL ded
messages, and est abl PRALES, g eall diversion procedures,
wherein, over a day, cartFsunmy I3 ed to &° ‘plurality of nunbers

refl ecting the:éppaéw@e@h@ﬂ. IATRIE B eéoaéémrequli-éa gggm nal
equi pnent. These ad val ue, servjces are Lg%% gg %Fa centr
e¥ge

position, in tBRFFUTHAE FREIGAEEORR(RTES CS°HBHE?18°F‘E‘“-91'
connected to 24 dit amstacdessibletbprkystama oparatct-s of 18 gE@@akibnper

second digital_li | y ¢ storrer d to the ne rk
may obtain sertf ¢ §§ F’g Ehgjr%ent‘?é&gg er"V? 08°§%g§f é’st%‘ﬁ%ﬂ?n
approprigte ccnnmdbmctumlma;hmh‘eo st veck sifmply lega.lcaligesmbmanons,
The service nqfg el té{éd gﬁ?y S upalLLy of
peri pher al deV| ces three O%V\A%dc%ir%w?ent ?’érgnggsgzkké

23. 15 Each peé¥d§ pHadal }a%v@%tarlsl%nﬁwwlﬂerfor‘ﬁ@ specﬁetect-agn

Thus, voice m%’ébruencéerdﬁ ceazgaytﬁgeprgyl Oesknbyren srf%qchaap§£r€§&h92§
pl atfor m allow n communi cati_on %’i}l nger ecorded Vvoi ce rreggages

voi ce recogni t§ %ﬁﬁi"‘ﬁ"lvlj":t e necessaLy, fiox tection compgpds
peri pher@l deHeedowny-headedangedthe &tésﬁecﬂmrdsﬂel Nfrfeided) card.

This is achieved over the ethernet 20 and, initially, high
level detection codes are supplied from the control
computer 24 to the 286 microprocessor system 33 resident
within the switch shelf. Switch shelf microprocessor
15 system 32 is responsible for identifying a particular line
interface circuit and after receiving such information
from the control computer. 24 over.  the ethernet 20, the
information is relayed to the respective 286
microprocessor system 38 resident gn the respective line
20 interface card. Thus, the transfer of DTMF detection
programming from the control computer 24 to a line
interface card 37 occurs in two steps, firstly from the
control computer 24 to the switch shelf microprocessor
system 33 and secondly from the shelf cell processor 33 to
25 the respective line interface card. microprocessor system
38. Thus, although it is possible for the control
computer 24 to communicate dipgetly with the line
interface shelves, this is not dpne in practice as a
hierarchical software structure exigts whereby the control
30 computer 24 communicates with the switch shelf
‘microprocessor system 33, and- the switch shelf
microprocessor system 33 communicates with line interface
card microprocessor system 38. Thus as far as the control
computer 24 is ccncerned all t_ra.ngfers to the switch 25
35 may be considered as transfers.,to the switch shelf
microprocessor system 33, thereby.simplifying the way in
whxch control computer 24 communicates with the switch 25.
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20 to calling customers. A nessage is recorded centrally on the peripheral

and witten to randomnl i bl e menory storage devices.
Thus, WR&6R46R | JeepgEnayled to a plurality of BETIGRI§OISAZt ONEr S .
and by addre35|%gnﬂﬁ ! dﬂdEVl #nd|V|duaIIy for each call, the

message may 'be pI%yed fo -each ca% ing custonmer fromthe beglnnlng of

t he nmessage, g the inmre t hat dlcated [ressage has been
recorded for t% $E§§IF§%er ace car&;g?hﬁ?ddﬁ gﬁgwﬂ RYFREe ndy be
arranged The reard dinmiidesr s ligitedface cimesiiesend ,s42t,has. hhdy44py t hen be

col | ect egfi’é(haco?&%é{é&: t‘ajﬁhoﬂﬁﬁuizoﬁ %ﬁ@?et se %;%’T Sy been created,

effectiv prOV| di ng the custome ervices YRftual cal
answer i ngt h n&e ¢HU§Ut§Htrécﬂeﬂﬁﬂ}ﬁrﬂﬂﬁlﬁﬁﬁqnd;trunktheneuéﬁoner 30

al | sof satKe qm&ié)rmrt%f@ak:le éﬁréhiﬁﬁtfﬁetﬁéﬁ&si‘i{&‘é %Brngﬁﬁ%éi'ﬁi‘nghat under

ont rol a control conputer VoI ce uppl i ed to;,
say perﬁb

fEresn 2%“"5"‘1%\%%&? atmf? c3}HFPARES 1304 23 chanmelp
cust omer ,megabi t eper dedconfiosTRBUSN signally WiicHE A SSupplied to

and received from a cross-point switch 47, via 2 megabit
per second input lines 48 and 2 megabit per second output
10  lines 49. ' ' - ' :

The cross-point switch 47 consists.of a Mitel SMX/PAC
switch, similar to switching chips employed within the
main switching matrix 32, ' However, it should be
appreciated that the Cress-point.switch;47-does-nbt effect

15 switching on a call-by-call basis. -The~cr035fpoint-switch
47 is permanently configured during normal operation
although said configuratian may be modified to take
account of upgrades and réconfigurationS-etc.

‘As shown in Figure 3, the line interface board 37

- 20 includes a 286 microprocessor based system 38, connected
to the ethernet link 20. The address and data bus of the
microprocessor system 38 is connected to the configuration
interface 39 of <he crosé-point'switch,'such-that said
cross-point switch 47 is configured in response to

25 configuration data supplied from the microprocessor based

' system 38, as is known in the art. Thus, in response to
this COnfiguratiOn; each ST-BUS output and .input line (48,
49) is connected to similar lines 51 on. the switch shelf
side of the cross-point switch 47. Thus, during normal

30 : opération, each channel supplied on an output line 48 from
the line interface circuit from the cross—-point switch,
will be switched to a particular channel on a particular
multiplex of the ST-BUS on the switching matrix side of
the cross-point switch. ‘Similarly, a parallel return path

35 will be provided through the cross-point switch, thereby

| allowing all calls to be directed through line interface
circuits, via cross-point switches resident on line

“ﬁﬁ?iﬂ‘li‘i‘ifﬂﬂi“ 1
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6 Anot her ser-vi-ee—proviged—DOy servi ce nodes i s that of

redirecti g 604762 Thus, ams&fﬂ"'s HAS BERAr i cul ar cust
directed to the service node land, REPLAGER, 1 he control of ?ﬁgicggﬁﬁagf

conputer 24, the call is r edi {9 a pre- ~ programed
destination. Thus, for each day, a cust oner may i d€ip programmng 5

commands, SU@%tTéi&taceatcéﬁd%jefddECE@Otlﬁ@ Sm&uRI %1%@811@@’318.&?5.&53 r 8nd
directed to fe{:er].:[ nurrbers hgﬁgby follqw ng.;a custo rom

i f
Iocatlontolt&eé‘tB Hine | Inserfagey GRT a
mul tiplex i rfmth‘élruscrm:-kpdﬁnsasdztchebased ldmfsam iﬂ@eﬁﬁ@d& ad:aﬁﬂm es,

capabl e of cBRGeyHE G5 ey FHEFER foediE = mRaisTeTn ci?)f‘gi%o'né.
Thus, & pl uranue}'f@ba:mtmlt}ommm cations are provided to the public
b | e o TE e ) B R Bt SRR B L
t he cross-point switch 47, the 286 microprocessor ased system
38 is also capable of observing any communication channel
being passed through the cross-point switch 47 by applying
10 suitable address codes to the address bus connected to
interface 50.

In addition to connecting interface circuit side
channels to switch shelf side channels, the cross-point
switch 47 may also connect each input line 48 from the

15 line interface circuits 41 to 44 to a respective digital
signal processor 52, 53, 54 and 55. Thus, the cross-point
switch 47 may be confiigured.such that the input multiplex
48 from line interface circuit 41 is connected to an

_ output multiplex 56 supplied to a digital signal processor

20 52, with similar connections being made to the other three
signal processors.

Each digital signal processor £1 to 55 is a TMS320C31
device produced by Texas Instruments and is programmed .to
be able to detect DIMF codes on each of the 30 audio

25 channels present on the 32 channel input multiplex 56.

It will be appreciated that signals conveyed through
the cross-point switch 47, along with signals conveyed
through the main switching matrix 32, are conveyed in
digital form. The 2 megabit per second ST-BUS is arranged

30 to convey 32 time multiplilexed channels. Thus, each
channel has an identifiable time slbt within each frame
and during this time slot 8 bifs of data may be
transmitted. Thus, when transmitting conventional speech
signals, each of these 8 bit words convey a digital

35 representation of an audioc sample.

| The digital signal processors 52 to 55 receive
information in the ST-BUS format and produce an output in
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exanpl e shown in Figure 2, 2 negabit |inks.27 are connected to peripheral
21, woYs/ioktear | inks 28 connect peripheral .22, while links 29 connect
peri pher al 2-}:?? E eral 21 to 23 etc. i $CHTEMQER2( 0
‘recei ve voice cn E? SHERT HAs B’E&Nrr]ofle megabi t mul tipl ex connections.
I'n addition, theL_nerl ﬁﬁé’r—éﬁEDare afiranged to receive - control commands
fromthe sdmilelr GoynAEr Zowever, the oubpatefabhy eacdiusd dsuyel

signallin - c nf or ns othe CCTT C7
r egommndglto:t(s)nggggsgﬁgl %’t‘gaﬁ*‘giccg%(#d E\Q{?’ %ﬁ?ﬁﬁsgﬁg tiRR c7

si gnal | i n@%i niafaumasions ¢ertainedd witlHmyuan Zah;lloefsigmsﬁ 30in 21 22
The C7 f- %fég , | evi ces

ang 23 cgmn?%gtlggw t %r?]%er & (ilae%t lﬁ% t\%gz §ﬁe%f% st:’onnect I on,
capabl e offh¥&nvdf e El?é?‘él%ﬂsbi’ bauggesaeg Gbnﬁpgum‘altennnew t32 a second
Call's areekamhn§%e¢aIhﬁéﬁaxﬂéﬁaﬁﬁbEENFeEeﬂeédg%&ﬁrqas%'ﬁ Seioner .

25 order to_es aggl sh cal | %o t he service nod st gnalT1ng commnds are

transmitt &8 v Vﬁélso %%ﬂﬂ% S ave RetRg SFuppkied thethehannel s
fornmi ng pawitchingosmatrix g@Rerwia ythéerﬁw:ifﬂcﬂﬂ bydecicniififcabigi ch, at

-Switch 25 ggg diyrectpd hg'gé%%tlr 1g§ll %p&ljgc%%sorz 2face 30. The S| ggftl |2an _

i nterface g I nstructs t
t o ke ef teceffagtivedyl ¢¢mgem§:cgmls Teceiveds envthe tﬂﬁh Hmmgnal 1ing

informati gReW |#rdflfdtidy Yabiaif® AYHa1Y, C&Q@“Eﬁ'én”t@npi'gs Lf igation
indication when these frequency domain signals c_orrespond
to recognised DIMF tones. Thus, the digital signal
processors produce outputs -_indicating the presence of DTMF
15 codes. . . . ,

A DIMF signal may take one of s:.xteen states,
therefore four output bits are pr_odg_ced_ by a DSP for each
audio channel in order to ident_if;__y:-_a-;_part:iculai' DIMF
detected code. In addition to this, a further bit is used

20 to provide a valid code detected signal and the
micrcprocessor 38 is arranged to examine these five bits
of data provided by each DSP on each of the 30 channels
examined by each DSP. . : _

Thus, during commun:.catzon, a cu_stomer using a

25 channel supplied to line interface cirr_:uit 41 may depress
a key resulting in a DTMF signal being supplied over this
channel. The audic signal may convey audio information in
addition to the DTMF code, but by implementing a fourier
transform on each of the thirty audio channels supplied to

30 each of the DSPs, it is possible _td detect the f:resenc_e of
the recognisable DTMF tones 'and___s_ucce_ssfu]_.ly return this
information to the microprocessor system 38. Thus, when
the DTMF tone code is generated, the DSP 52 detects the
presence of this DIMF tone and returns the relevant four

35 bit representation to the cross-point sw:.tch 47 on a

' respective channel associated with the partlcular channel
being supplied via the llne interface circuit 41. The DSP
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of the actual calling custorrer and ulsorre extend, an identification of
BRI

the nunbegyg 9604568 | eﬁg‘g}g Thus, on the basis
i nformation, the cont o L&f ut er 4 instructs the sw tg{ﬁ.r)?%b@?}%nnect
the call to a spemhe_i.cﬁa 15 © s

7 connected to the reqU|red peri pher al deV|ce In addition, the

control conpgemer24es thal favensitudTMFt hecoghitanh @Egn@heltmi'mﬂgsndimt he
nature of th er, e [ i s maki ng use
TnRCnfe® diiadly) e DIMF tone is MAYAL MEH UG,

of a service, I'S conmon practlce ‘Yener at e
signals in a fornﬁmmllﬁf 18 QIR mea myst ke grasent Gvéeihescgperipdl s nay

be interpretgd By REHSEL! i Hleyd CeSnataBPel Vh15RC HYPYHRY system, so
3 that spurious noise signals or speech cannot wrongly
trigger recognition of a DTMF code. Thus the DSP 52 will
pause after recognising a DTMF tone combination, for long
encugh to ensure that it has been deliberately intended.
Thereafter the DSP 52 generates the five bit recognition
10 code once for each corresponding audio sample, and
supplies it to the cross-point switech 47. Thus, when a
tone is correctly recognised by a DSP, there will be a
periocd of time during which the recognition signal is
continuously generated. Within this time period the
microprocessor 38 must interrogate the cross-point switch
to capture DTMF recognition signals as they occur in real
time. . :
A successful recognition of a DTMF tone by a DSP will
resuit in the five bit signal being generated for a
20 minimum period of 32 milliseconds. Thus, in order to
ensure successful capture of all regognised DTMF codes, .
the microprocessor must sampile a Ds,? output channel once
every 16 milliseconds. In order to successfully capture
DTMF recognition for any of the thirty channels connected

25 to a DSP, all thirty must be sampled within the 16
millisecond time frame. Thus, in order to ensure reliable
capture of all DTMF recognitions within the line interface
card, the microprocessor 38 must sample all 120 audio
channels within each 16 millisecond time frame; and this

30 represents a substantial computational requirement of the
microprocessor 38.

In the preferred embodiment, each sample of an output
channel from a DBSP is placed :inte a circular buffer
according to the rules defined in the flowchart shown in

35 Figure 5. Thus, although the intensive task of sampling
all the audio channels is performed at the required rate,
the processing of the resulting data-may be performed over

[
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operation of the service. However, in addition, it may al so be necessary

for' generated_s 0 be recognlsed by the control conputer
W°§Q§‘{"9€ﬁ| t o custoner instrulETIGRISNRZL
effectlvely t er mjinAte

sich that the control conputer is
required to instnuct he 10 rel evant perlpheral to the

- effect that 1bRg §grv+gﬁ>eha§eﬂ%b e ne@J gléﬁd’séftwar |red to
all ow t he iusto to e furtge]r use of th ervices aval ‘abl at the

node. artl 1Phe- 1THREDN |tPFusPP8FéEI¢hSF|QﬂJr@@ 1 and 2,

the servi d.ntem:hapt *oumd.hedeanazﬂgmai itihe. Qfld&@f(?ﬂﬁt@sﬂoxd%‘e' Ecpn addition
qvi ces Lo externa

he 15 |
E:gnfr\lgmnfggf' ng gﬁ&% glnga 6.° %t%?%ermggiégﬁgrﬂgflshmtergé Ba ‘af®dYSo nonit or
S|gﬁalI|ngeghrdéessHofemnatavoroﬁmnntyonsgmuélmaafobeuggsgar &s
servi ce node is
Pher of or oS cHAERTERY A End UM Fol eI wiiih PR, Eat 0 o¥Fsk ainieetover al |

control omﬂ.ﬂaésgygném- in an hi erar chi cal: manner .- However in addition

to this, the sakbph 137 'E?Eﬁizggs |9 U§E§3%§ bbl.btfed ?‘gé&nde\/i ces

whi ch are thensel Ves responsive t erna ori al s, such
as DTMF sF'gﬂniF%eS@H@r aE%Hl%l%usthﬁﬁﬁ@l%u | @hich cwil aﬁarcm mlmcess

Thu®, themibsbprbuesdopr 98666 | AIHENE CHEnEF Bpd %1 .
| nformati R dehtdedubE OR S Le S S1%L S Ok ethceonél{a%nel m‘ateif wis oo
reset to zero. The channel 1ndex‘w1ll be used subsequently
to define access to- a.partzcular channel within the cross-
point switch 47 which is used to convey data from a

15 channel output-from a DSP. The channel. iﬁdex is also used
to access the circular buffer and other memory locations
within the 286 microprocessor system 38 which are
associated with a_particulazmaudio-ohannelf _

At step 153 bit 5, the validation bit, of channel(N)

20 is compared with its previously recorded value to see if
it has changed. I bit five is unchanged, the other four
bits of the DTMF recognition code are either valid or
invalid. Either way, no actions needs to be taken for the'
current channel. However, if bit five has changed, step

25 154 decides whether bit five indicates a valid or an
invalid signal. If bit five indicates an invalid signal,

a valid recognised DTMF tone has just ended and step 155
may place the previously valid four bit DTMF recognition
code into a circular buffer. for the current channel.

30 other words valid DTMF tones are only recorded by the
microprocessor 38 at the end of their duration. A circular
buffer is one where a numbor of memory locations, for |
_example 64, is indexed by ‘a counter which automatically
. increments every time a data item is written into the

35 location which is' indexed by it. The counter has the
property that only a pre-defined number of bits are used
for the index, so that incrementing the counter beyond 63

- This:Sheet Has Been Replac
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this way, it is not necessary for the control conputer 24 to scan incomning
calls in %%@3&'] o nerated signalling. The detection
ahd identi of ’ i‘: AHASBERONands i s made | ocal PGT/GB9MI82 i t ch
25 and data is only slppli LACED ¢ he cpntrol conputer 24 over the

et hernet 20, when a custoner originatt signal has been detect ed.

Thus, the Swﬂscf'mgéséﬁﬁh.ﬁdefhﬁgcaéon{ﬁ ?él vzeeto
external signals, suc _ or matl on er| ve rom sal SI gna nmay 30
be supplied S88VeRe dHR rdisadvanrage oks thapr anetbede coynter gt ke

themsel ves. ugedlhis, rém 6QfPWatied? o chaty cdohtiBAsaClittity Ge
Egﬁgp: ?g cusi}yg&ﬁ ogsgbggt ?egeﬂs éWcal I ﬁgqr\é\/gyclr% rov%ggg { WO SI gni fi cant
g r HRERE SRR Rci ty s
requi red on Rheudaablef siwe cfort rehe cotputitar?22uffer may be defined,
8 such that, given a set of reasonable operating conditions,
it is extremely unliikely for this to happen.

In the event that step 154 decides that bit five
indicates the presence of a valid tone, no significant

10 action need be taken.

Step 156 increments the channel index N, so that the
steps 153, 154 and 155 may operate similarly on data
associated with <the next channel. Before doing so,
however, step 157 ensures that there are still audio

15 channels to be processed. If there are some left (N is
less than 120) control is returned to step 153. If all 120
audioc channels have been sampled, control is returned to
the process which was being executed at the time the
interrupt was called.

20 The interrupt routine shown in Figure 5 represents a
highly efficient way of sampling, interrogating and
storing DTMF reccgnition codes Zfrom a large number of
channels in real :time using a microprocessor 38.

Once DTMF codes have been stored in circular buffers,

25 the microprocessor 38 may analyze the stored codes to see
if the pattern of codes meets conditions defined by a scan
pattern. Thus the microprocessor 38 on the. line interface
card is able to record and match DTMF patterns against a
scan pattern provided to it by the -‘r’nicroproceséor 33 in

30 the switch shelf, which has received the scan pattern and
associated control instructions from the control computer
24. Furthermore, the scan pattern miy specify a range of
possible conditions, so that the microprocessor 38 may
recognise a variety of incoming DTMF code patterns as

35 meeting the regquired conditiohs, rather than simply
searching for an identical match bétween a pattern and
incoming DTMF codes. Thus a limited form of pattern
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Alternatively, for a given proce55|ng capacity present on the control

conputer 24 a wtgh may be used. The advantage of that is,

for aVYPIuMMTE: 7 ¢ put er 24, nore cent r BCT/GBSPISA| ue

services may be | de, thereby effectively providing a

greater econony jof s« y, given 5 that it is not: necessary for
by ot

. =7
scanni ng t e tion
bet ween t%e sgf?c%8§5ﬁng thgﬁ%ontr %H nﬁ#%riﬁﬁéléngFﬁgg ?

reduced. PI%ﬁ%%ﬁQEn@ﬁy, far | ess band mndth i.s-required on the part of

communi cati on '!!Hénnﬁi'écﬁﬁﬁﬁeﬁJsﬁéwﬁontihm FagfiRet 6 24utndnele et ch 25

whi ch, t hi f t. T
oadi |y TOPOEALEORBCPRTERETRR, 1hvel bR TRARA SRS SR alPRLRETIARhe

et hérnet nodei gm f brderl yzc selesspt fzamd t besbend! td  harnirMy dskeaanpl oyed to

ffect jcati b h

he cui | HEYReEAL! A DIBeZel "ne BRENGH IR | GlSCRLEGRY 0T, VT
rack, whi compandostream fcmatarpsrmghlawdcuanoaenscell otThe cobmmandn shel ves. -
One of 1 hgggeshelives uipsuseth QYR AOVRIRPPLY AT hpk@ieln®

et hernet Transceivers, while Lﬁc Ining six . - % #ves are prOV|ded for
‘conponentSt&iag of ekﬁ;gq;e@m ,tgngee characters deflne the set of

10 conditions which an incoming DTMF.:sequepce. from the
customer must satisfy before said sequence is considered
to match a particular pattern. The format of the scan

pattern is described later. The command stream is passed
over the ethernet interface:. to the switch shelf

15 micreproceesor 33.. At step '163,,the ~switch: shelf
mieroprocessor 33 redirects the command stream, again over
the ethernet, to a line interface card.

At step 163 the line interface card.mlcrcprocessor 38
interprets the ccmmand, deriving signalling information

20 such as the channei number from the command streéam.

Also at step 153 the mic;oproceseor;aa translates the
scan string into a different_format in order to provide
maximum speed eff;;iegcy_during'tne p:bcess-of attempt;ng
to match a DIMF cede,sequence;_whigh_oceurs at step 164.

25 At step 164, the DIMF codee stdred-in the circular buffer
associated with the customers chanrel are compared with
the speed-eificient scan pattern to. de;ermzne whether the
conditions are met. . If these conditions are not met, step
164 loops back to its beginning again.

'30 When a DTMF sequence in the c1rcular buffer matches
a“scan pattern, control is diverted to step 165, where the
line card microprocessor 38 generates a response stream,

including the matching DTMF sequence. The response stream
is sent over the ethernet 20 to ‘the - switch shelf
35 microprocessor 33, which at step 166 directs the response
stream to the control computer'24 over the ethernet. At
step 167 the control computer uses the information
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Wthln the switch 25 two types of shelf are provided which are identified
NEHIBEBHEET %%%B&%

as line i g matrix shelves. | rred
enbodi mrﬁbWh nd interface |ine shélves %@gg

dupl i cated so 20 ‘ t o BARBAEEPr el i abi hoty and a robust control conputer,
Itsel f having dupliTated Shelves, preferably connected to the system
agai n enhancedt2iwédl in retle @blsbbhbe streamhtd direperfiruheroactiiensyst em

d
wni e al oot oAE iRPe PREk g BhonBlel PRkl eustaflt ielBich? [ ODVEL
heart of the sw tThe2ontrel mmﬂﬁg tayingl senfktz Mompang skxeas
conf gur ed {{gMQMREL ELR! biodyal hahl cobLEET (SVULRAC dhlohashis1 B! ohing

matri x 32 recei ves eT secon coaxi al alrs cont orm ng
the STS mtecgmﬁaéprénsemuéva%c#n Baﬁté%ﬂsFEFE%FeaSGEeewannel

nul tiplex fofpysg, ﬂéﬁlﬂ:a!ﬂéfd)rngmorpé@téﬁe maittaingy 18t brsvidednd a
simlar 32 channel s‘iﬁlflex for receiving information fromsaid

swi t chi ng me¥ithord the 8% NP0 SHMRYY Rl IESANEEESS uORPat any
channel on agyepFheéBhddMibyi nd exasirddsncey of rhmmbmist clofd taldeysot her

communi cati oheTSHECs 8 PERE BN PEEUEER ok 16R: sepe FEBELC! V. P
arranged to t r anshstdeacaibednprevicusiys tbel controd BOWEPFGrtﬁénéﬁher
pai r ~ a command stream containing a scan pattern defining the
conditions for a positive match. This scan pattern is a
string of characters in a relatively legible format to aid
service software writing and debugging. The format
is includes specifiers, and is defined in the following way:
A constant specifier may be useg to define specific
matching characters. A constant specifier may be 0 through
9, A through D, # or *. An example of this is "##22",
which requires a customer generateﬂ. DTMF sequence of
20 "##22" to achieve a positive match - it must be identical.
An equal specifier defines that the DTMF incoming
character must be the same as the one which preceded it.
For example "#=2=" requires "##22".
A variable specifier follows the form %{n.{m}}p.
25 Where p is one of "a", "n", "m" or "[digits]".
"a" specifies any DTMF digit.
"n" specifies any numeric DIMF digit.0-9.
"m" specifies any numeric digits terminated by #.
"[digits]" specifies any DTMF digit in the string
30 "digits", except when the first character is a *, in which
cdse it specifies any DTMF digit except those in the rest

of the string. .
Thé optional value n (as in %{n.{m}}p.)} can be used
to specify detection of a fixed number of digits. If only
35 n is specified as the template string, a match is always
made on entry of the nth DIMF digit by the caller. The
optiocnal value m (as in %{n.{m}}p.) can be used to specify
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9 provi des comuni cation in the opposite direction, fromlocation B °
to location A __EuLLhetrgE£g=5£5=1he thirty-two channel. 2 Mit/s

mul t i pNVBIGOATR2r ¢ Y[ qf, 14 SEEEhBAS BEEN are used to convePCAIGBISHOERa, and of

the remaining t chanegirgacene is S%ﬂhh convey signalling data
relating.to the t* —charrel ile the remaining 5 channel is

?ﬁidchznﬁé‘%‘ﬁﬁiéﬁm”?ﬁg*ﬁ%ﬁ'ﬁfﬁﬂaﬁé Rt bS; e 0B, eramwa
swi t chi ng customecrmtry _ Swit¢chi ng ITB'[I’IX 32 |s controlled by .
oLy erenee’ 1oAY SRARBTESCHSAEY maceMELOTMRTAbLL 68 ST
digits terminated by a "#" are detected.
5 "$3.5m" is matched if an input of 3 to 5 numeric DTMF
digits terminated by a "#" are detected: |
"$1[123]" is matched 1f a s:.ngle DTMF digit "1", "a2©*
or "3" is detected. '
"#=%1[123]=" is matched by ‘the 'p'atterns n##11",
10 "##22" or "##33". ' IR R
In addition to the above methods of specification, a
logical OR character (1) may be used to specify a
plurality of matching conditions, such that only one of
the conditions contained within the string need be met to
15 achieve a positive match. This character is represented on
‘some computers as a single horizontal line (without the
usual embellishments associated with lefter I or numeral
1), shown herein as "1", and has the ASCII value 124.
‘Thus using the logical OR character a- template
20 definition may be constructed thus:
"#-%1[123] 1 *%1[12345] /%10.20m %1 ["0]"
which enables the - customer to generate one of four
d:.fferent possible types of response. Whichever response
the customer generates will be passed back to the control
25 computer in the response stream, and thus the control
computer 24 may initiate one of four different possible
responses to the customer’s DTMF sequence. In this way an
intelligent dialogue may be built up with the-caller, so
‘that the caller may nav1gate through a menu driven
30 service. ' ' :
) 'In the command ‘string generated by the control
computer, variables and flags are provided to define
various aspects of the process of DTMF pattern
recognition. Two varlables, known as "first_dig_to" and
35 "1nter_d1g_to", define the maximum time before a first
‘digit is received and the maximum time between subsequent
_'digits resp'ectivel'y. ‘When 'inter_dig_to is exceeded, the
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10 is configured to control the SWItChI ng matrix 32 in response to

comrands j

t¥ ansm tt?gﬁghrogzgh '
reconmendati on and n#
Signals transmtted @

effectively be

i ne 20. nal s

33 conformtotheg SO
volt TTL conpatible signals.
STN and ot her |ines connected to

the 15 peri I e o] t t h n may
e o %ﬁﬁ@%&&&@% 157 LiaEheaTRadsiye)
i%on

requi r ement fB?tt?ﬁnﬁaﬁ?

as thandAsSsHdaidy e veng difs itdus

di stances. Thyag :b@f%@aﬁl@f@irﬁu@&yb;betﬁélpémpértmhen Mt@s@\mtg:fﬁdﬂasrmtr I X

32 and before si
supplied to tF®

fromsa rratrlx

adeflacoRe omrracien, L€ dedloed Iy iR dARuQERLaeAR on 20

proceduse, vvn'fwgi sleefxfnm eble Yow. | The lfllagéaciaclww tﬁ: the command The

rack contains ég .interface shelves identified in Figure 3 by
the |? E

ref erence 34.

i nterface cards

*interface shel f may have a total of 16 l|ine

there is capa@dqutionaiz5Ea§tgrne§gpgsa|1tzons-nt erface circuits.

I n thiggexanpl e,

15

20

25

30

35

microprocessor 38 to generate a respainse stream on receipt
of the first DTMF digit code after a pattern recognition
has been initiated.

CONTINUOUS SCAN - Causes the ‘bperation to restart
automatically either after a successful pattern match, or
after the time out defined by the “first _dig_to" has been
exceeded. . :

Thus a command stream for initiating a DTMF pattern
recognition includes a template specification string,
variables and flags, and associated:channel, and service
identification "data. A response stream from the line
interface card microprocessor 38 assigned the task will
include the actual DTMF codes matcRing the scan string,
and associated channel and service identification data, so
that the control processor may associate the response
stream with the original command string and a particular
service for a particular connected taller.

The design ‘of a line interfa#e card such as that
shown in Figure 4 requires that car@ful attention be paid
to the amount of circuitry required to implement all the
functions that are shown. In particular the number of
separate integrated circuits reguired to connect the
various elements of the circuit tb each other must be
minimised without sacrificing functionality, in order that
the line interface card may f£fit on a'single circuit board.

Where elements of the circuit #re duplicated several
times, for exdmple line interfac& circuit 41, or the
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connected take the formof DIMF codes. Each DTMF code (dual tone nulti-

freque q;@g‘? Sists of two_siml eous tones, each selected froma
di ffergﬁ O NOSSE J? ones. Thus, there arRCHGRISNIS22
per mut ati ons of \vﬂa"‘ &’TE% & VI 5 atotal of 16 different codes

whi ch the system:may._ recognlse*-However ot her . rmdes of signalling may

b | | (0] (0] (0)
be enpl oy A reRiitsy |dkddli Al WitnSedR 8£0tn80Bpt Milital signal |

detection occurs_on eac I he

the cont r@r%ﬁsﬁ‘?é's-g P&i &énPSZBBrEbﬁﬁ&PEra@VSFEWBB“S to reduce The
nature of thepeonplekirtyDabFtite st inys Wrd mbdRdpd ied b?‘?tl@étd{ﬁ_ﬁb_e;

of times such circuits.are used on a line interface card.

5 As stated previously, each of .the digit_a_l. signal
processors 52-55 is a TMS320C31 manuféctured_by Texas
Instruments, additionally it should be. noted that the
particular ‘TMS320C31 chip that is used. in the line
interface card runs at a clock speed of 33 megahertz,

10 which is necessary to ensure that the function of DTMF
recognition may be performed on 30. channels Simultaneously

by each DSP. S .

Each ms320c31 d1g1ta1 s:.gnal processor :anludes a

program memory anc_ data memory on thg__.s_gm_e_ chip die as the

15 main digital signalling processing_components. . T!i,u_s it is
' possible to have a DSP which is capable' of implementing
useful functions such as DTMF recognition while the usual
elements of a DSP circuit such as.additional RAM and/or

ROM integrated circuits may.be omitted. : :T_hus,_ each of the

20 DSPs used in the line interface card requires very little
additional logic in order to perform useful processing
operations. '

The serial -nterface 56 for connect:.ng a DSP to the
cross-point switch 47 requires no additional :.nterfacing
25 logic. The parallel interface. .57_ connecting the
microprocessor 38 to the cross-p01nt switch 47 and to each
of the DSPs 52-55 is also used . for downloadlng program
data into each of the DSPs. Unlike the serial interface
the parallel interface to the DSEs_. requires a certain

30 -amount of interface circuitry. | . _
In Figure 7 interface circuitry is shovm for all four
- of the digital s:.gnal processors 52 to 55 so that programs
may be downloaded rom the m:.croprocessor 38 over the

" parallel interface 57 to the digital szgna.l processors.
35 The TMS320C31 digital signal processor used in the
line interface cards typically loads,'.: programs from an
external read-.on_ly memory after receiving a reset signal.
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application being made during a particular call connection. The nature of

DTMF 5 d qui reg pplications are hel ntr ol
eonputer%séﬁ{ﬁz a etrgg’c%%%gﬁ é%‘egy tens operators. I&@éﬂ*’?iﬁbﬁgto
speci fic DTMF codes, ilt—i | programthe control conputer 24
to detect sinply |ogical conbinations, such as ## followed by any of

the nunbers 1p 2+ahs3 @fiGouids Widr beeslehai bed the Sdigadaant Isigndien a
det ecti on sequence of this taége LS re ug&e%f.or&%tg cular .1

connecti on, PFOFESARLEesar JarEP e PFHVed DAL dSQ(?Wl&giﬁn-tI!@aded to
t he respenarzeteristicseccfazr externdbi sead-omly enembry auppiy ischer net
20 and, initial i | avel t ' _ su ' f he
cont rol conpﬁtgﬁsgia{“ot?hg 8&-@11&% %ﬁ?gggcggéb%%st’em ﬁ'east{ ensi

Wi thinsthe saf2eR7Shehte pSwividedsferf supplying pregras danss ttome®h s
responsi bl & Lor+hdoRkbly5a0s3, Pat IGHher 14 "Pimdii£Ed Afe ey 1Dl loand
after receiving such information fromthe control conputer 24 over_the

et hernet 20, aRheeX#LsNAdt | Gieadanday SBERQXY helr e §8LL v@aghgne 271

M Croprocesspiang1at¥st 88hedslesigeals O?téiﬂﬁdé&%ﬁcﬂﬂé/@qi'dﬁ?%ﬁdaﬁéo&ce
e

a5 8° dnononer oeionaln Sor pAch Sk ORhA iRl R R o) O
from ge conpietesssps! eindrder e enaureh thael tha(chatae tar Dsrke®ofsyst em
3 and Secondl Y ehadlons Sihbrscl LMY Vel icey [REY 1T0e
sequences, may be simulated correctly. The state machine
provides three control ‘lines for each of the digital
" signal processors. The sequence of events for downloading
15 a program to a digital signal processor 52 will now be
described.

Each of the three contxol lines provided by the state
machine 271 to the digital signal processor 52 and its
associated 1latch 272 are generated in response to

26 accessing memory mapped locations in the memory area of
the microprocessor 38.. When a program is to be downloaded
to a DSP, the DSP must be reset by an application of a 0
volt logic level o the reset pin of the digital signal
processor 52. The reset signal is held at the 0 volt
25 level for a pericd of several milliseconds in order to

ensure that a full chip reset has keen achieved. After
this period of time the reset signal will be allowed to
return to its previous level of 5 volts, resulting in the
digital signal prccessor performing a bootstrap operation.

30 The bootstrap operation consists of running a short
section of bootstrap code which is- stored as read-only
memory on the digital signal processor’s chip die. The
bootstrap program contains instructions for the digital
signal processor to fetch data from an external memory for

35 storage on random access memory on. the digital signal
processing chip. In this way a program for the digital
signal processor is downloaded.
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possi ble for the control put-er—P4 to conmuni cate directly with the |Iine
i nterface shel v Aﬂ@ggg in practice as a hierarchical software
st r uct 1026047624 é:lﬂz%ﬁpt he chpntrol’ conputer 24 coRETFRMO08R2i t h t he
swi tch shel f 25' OB Geessor=S7at 33, and the switch shelf

m cr oprocessor system 33 communi“Cates with line interface card

m cr opr ocessor ﬁgsﬁ 6’£§§

concerned all rans ers %@%%‘unﬁ éﬁetﬁgrﬁ%ﬁ.tag\éggéhgé

to the swprohessorf mcf@m%cmam%rmﬁ aceessing sequemtiafyi ng t he

way I n wh r
Aline n%-'%? £AAL RemS T s@%%fﬁﬁ%?ﬁ%ﬂ?%ﬁ?g*‘ﬁﬁr“@% Bhchk tnide 2°,

24 is.
transfers

i nt er f aceleFREAPRE 11t°4'2he4§"%ﬁﬁ‘ﬁh menREY & to@ B8P o TS dfuds? magabl t
Sﬁé@ééshwnioi'lﬂﬁe"éiaaiﬂ mathiheOQURUANE thealiicropebcasseird trunk

per s

|l i ne 46. ;Bel
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coord:.nate downloading of data. such that
characteristics of an external read-only memory are
simulated. . _

The m:.c:roprocéssor- 38 provides da_ta over its parallel
interface to the latch 272 while the latch’s latch enable
line (LE) is set at zero volts. Shortly thereafter the
latch enable line will return to 5 volts and the data
originally present at the latch’s input will remain stable
on the latch’s output, thus providing a stable 8 data byte
for the digital signal processor. .Du,i'i-n'g. this time the
ready input to the digital signal processor will have been
held at a level of +5 volts,. indicating to the digital
signal processor that external memory is no.t".-yet available

for access, resulting in suspension of access by the

bootstrap program to the current memory location it is
looking at. Once the latch data has stabilised the state
machine automatically releases the ready line setting it
to 0 volts, thus indicating to the digital sigmal
processor that external memory is available for access,
resulting in execution of the bootstrap program being
allowed to continue.. Shortly thereafter the state machine
will set the ready line to +5 volts once again so that the
next data byte may be supplied to the latch 272.

In this way communication between the microprocessor
38 and the digital signal processor 52 over the parallel
interface 57 is coordinated in order to simulate the
characteristics of a ROM which would be . used . for
‘bootstrapping digital signal processing software.

‘The state machine 271 provides memory mapping of the
coordinating signal lines for each of the digital signal

processors so that any of the d‘i'gital signal processors
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interface circuits ar

sible for converting between transm ssion

conpati bl Qvogaomgnal { aadk §13El?f‘ﬁﬁ§% g% gabit per second W@hﬁgal S

whi ch are supplied to P[ﬁ@:%bve oma cross-point switc Via 2
megabit per second i nptE Ei::c:, A8 52 nmegabit per second output |ines
49. 5 The cross- point svmtch 47 consists of a Mtel SMX/ PAC

swi t ch, 3? M |sp-35 may B tmaﬂ%@%baps elfﬁs@&ted%m';] haﬂe';] heewBs8f EWaEEI NG
mat ri x e appreciated that the cross-point
switch 47 doéio\e‘ﬂgtdaeéq%cﬁt WY on a call-by-call basis. The
Cross-point sw tcmeﬁér&mmeeaglaﬁncuaf‘f‘ggued 4durimgan benseenl thaeration

A e i r b Al Y e FBUL LgR ka1 BkBndiogikeglod], syRor ades

and reconflgu ati ons own’in
interfae bodd Ipringsteses te 28ke Crnﬁgr'@prlé?@es§vﬂ-tl§aseé7sysndm B8e

connect ed t 0 ofihg-ihRidot I3 22ovibke addeRstemel aﬁﬂeﬂi‘hi‘eb ﬁ}ac c 30

m cr opr ocessor system 38 is coniect ed to the confjguration

of the crossWidich maY (ke uSEEHIPRaLIPEPeNtIng tions c‘hﬂlﬁ’rl §han
DTMF recognition. In particular, because each of the

digital signal processors may be reset and bootstrapped
10 independently it is possible to configure one of the DSPs
to perform a different task while the other three are
still operating. One example of an alternative use for a
digital signal processor is conference bridging.
In conference bridging three or more callers are
15 connected so that all three may speak to each other as if
in the same room. It should be noted that it is not
possiblé to implement conference bridging without the use
of some form of digital signal processing.
In the minimal conference bridge configuration three
20 callers require to speak to each cother thus generating six
signals which must be combined in some way. Caller A
receives an incoming signal RXA, and generates an outgoing
signal TXA; caller B receives incoming RXB, and generates
outgoing signal TXB and caller C receives incoming signal
25 RXC and generates outgoing signal TXC. In a digital
exchange samples of audio signals are stored as 8 bit
numbers. In order to achieve a high signal quality the 8
bit samples are encoded using a non-liinear function, known
as A-law. Thus the digital audioc samples passing through
30 the cross~-point switch 47 are stored in a non-linear
format, and must be converted into a linear format before
conference bridging can be performed. The first step in
a conference bridge is conversion of each of the three
outgoing signals TXA, TXB and TXC from A-law form into
35 linear form. This is done by means of a lock-up table
algorithm operating as part of the DSP conference bridge
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15 configured in res

uration data supplied fromthe
M Cr Opr ocessor

Q\EE’S’W\@VB% as is known in the art. Thus, in
respon 4168 s | thép’q_AGED ach ST-BUS out put aﬁﬂ"qﬁ?ﬁmml ne (48,
49) is connected t_ LA nthe ~ swtch shelf side of the
cross-point switch 47. Thus, during fnormal operation, each channel

suppl i ed ut p | it omthe 20
or o5s- poi BEodEafls) "hep, ﬂﬁzééﬁ%gﬁ‘%*@o*%f%%rﬁ AT S’ gl
particul aRXB angyRKCpmay e crdcuiaged a8 tﬁ’é-lwﬁst-chl ng rrat rix side of the

cross-point swtch. Simlarly, a parallel return path will be provided
through the cross-point swtch, t hereby allowing all calls to be
directed throuB¥d i fie | ntePf afe cir&tits, via cross- poi nt switches
‘resident on |iRRBI nkerf aggacards, exc to the main-switching matrix 32 25
and _t hen back é-gcany sel_ ed_linejinaterface card via a further cross-point
swi tch - bas®&ft~on"sai d erface rd and out o'f the main swtch 25 via a
pr edet er m ned line interface circuit. - “In.addition to

I or opr ocessor hbcE Sy FEEF 3 %ﬂ%ﬁ&%&éégﬁ"w{‘fé PeAC thage s5," 29
.communi catPoRr3ngAate Shenghpaesdacominggisionals SR, p&XR andi RXE 47 by
applying gyebaky en@ﬂ«difﬁéafo%i-mt Qd hfsa%&%ﬂ'%ﬁoﬂﬁéchﬂwbgld nterface
50. dition to connegting interface circuit side channels
to SWi tChT§H§|¢ach of the three signals » RXB, RXC is translated
10 by a look-up table algorithm into the non-lmear A-law
form. A progra_m to perform all the above operations
described for conference bridging may be executed on a
digital signal processor 52 while thé other digital signal
processors 53 to 55 are performzng DTMF recognition or
15 other different operat:.ons o ' :

As noted in the conference br:.dg:l.ng example, digital
telephone signals for audio are conveyed in a non-linear
format. Two d_iff'eren-t'non.-linear fbrmats exist: in Eﬁrop_e
A-law is used, while in the United States Mu-law is used.

- 20 Thus ~when communicating .= between - two - different
telecommunica'tion' networks where different non-linear
formats are used, it is necessary to convert Mu-law to A-
law and vice versa when a two-way conversation is
regquired. . This may be performed on a digital signal

25 - processor by using a look-up table which converts directly
from A-law to Mu-iaw and another look-up table which
converts directly from Mu-law to A-law. This process may

be done very quickly. However, a digital signal processor

mav be a convenient way of implementing this, especially

30 when the digital signal processor forms part of a
' reconfigurable circuit where the digital signal processor
is not dedicated to performing that task, and may be
reconfigured to pérform other operations when Mu-law to A-

‘law conversion is not required. '
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si de channel s, the cross-pot A7 so connect each input line
48 from THIS SHEET HAS BEEN
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the line interface circuits&#rto 44 to gyrespective digital signal
processor 52, 53, 54 and 55. Thus, the cross-point switch 47 may be
configured such tr@inééefwu@tth 1taIﬂ§igr[&B>br-‘kﬂ:é§smné iare prb@rxﬁéafaim rcu:t
41 is connected to. an ou ita |gna
processor 52,%R§tH1§ n‘r’?‘ ﬁpéo%’ ﬁ'&yn}% 5‘%%'?%e %t

si gnal processussomer requirements so that at certain times of the day,
for example during business hours,- two digital signal
5 processors may be configured to perform Mu-law to A-law
conversion while the other two are gonfigured to perform
DTMF recognition, and reconfiguragion to a number of

different tasks may be performed as conditions dictate.
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Each digi-tal signal processor 51 to 55 i.s.a TM5320C31 device produced

by Texas Instrunments and is programmed to be able to detect DTMF codes on
each oWQMWH42 audio channel s present on the 32 channel RCH/GBYYMSAI pl ex 56.

It will be apprecs=s , nvey cross-point switch
10 47, along wthy §F@318H3EEBIA$ESEEN t in swtching matrix 32,

are conveyed {| n_di dgi#RIACESY m  The 2 ngmﬂmg ”'ﬂ ST-BUS i s
arranged to convey . 32 time nilti pI exeds ‘each channel

an identi CLADMS tine sl ot “within each frame-and dirihg this tine slot 8
bits of data may be transm tted. Thus; . .when.transmtting conventional

speech signals, each of these 8 bit words 15 convey a digital -
representati onlef ad MRFGLGPPEe switching apparatus (Zé)grf&r

processor goa24 hgt 5&151?1‘2@1&’ e J:L'?:flﬁ"r{mh' %Méé‘engaeBUQ:omn ié’:{ﬁ%t aand

produce an outg
does not FWREE
infarmti geans €94 RAArEddErigud addi ockagnaach Nogarsatd! arind he
presence and i dentificatiqn. (1f 20 DTMF tones. Thus, in the previously
B9€S¢amines 30 speech channel s received

suggest ed BSRFF§GPalPBRS pas1H

In simlar format. However, the out put”
Ang BAtZi& d 32)g@nd but PLRBRAIEN: OF aémﬁdlm "(ﬁ

has

DSP

via line int erhacnoss*pon.ntélém.w:hl(ett)a,l @ chastetyppearat prodassngz§uppl I ed

The dr g  APaSPy a2, 4 E FeBahH i e oHe SRR RRR) GHRGE.

wherein;

signal s

10

15

20

25

30

said first type of processing means (52) is connected
to said cross-point switch (47) by a first type of
interface means (56),.

said second type of processing means (38) is
connected to said cross-point switch (47) by a second typé
of iaterface means (57), and

said cross-point switch includes means (50) for
faciiitating a communication between said first type of
interface means (56) and said second type of interface
means (57).

2. Switching apparatus according to claim 1,
wherein said cross-point switch includes means allowing
said switch to be configured by one of said processing
means.

3. Switching apparatus according to claim 2,
wherein said cross-point switch is configurable by said

second type of processing means (33) via said second

interface means (57) .

4. Switching apparatus according to any of claims
1 to 3, wherein said first type of processing means (52)
is arranged to be programmed by said second type of
processing means (38).
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received in the tinme domain int rguello i ignals, and then to
provi de a&%&di cation when h&td! Te _ in signals correspond to
recogni se t ones. Thus|! {AGEDs gn processgﬂ"ﬁ”ﬂﬁm@
outputs indicating the presence of D - A DTMF
signal may take one of sixteen states, erefore four out put bits are

produced by a DSP §or egﬁﬂtg dhg ch ggh 'u% or; erdy f g cul ar
30 DTMF detected code cﬂ %k ?I on ? t a@%&#iéirgdb:l{d | )sé%slg‘a &
e

provi de a valfgerel L EE&d EYBﬁaI"%n(PrPF@srﬂ%pF‘SE%sor B |1§

arranged to eamﬂam@e&heetErélc\eQVe a Ppicgrdim 81 rept Dy de8mbyagdcizelaldon

each of the Soshane! 3830089 MNefAS" (38) “thereby avoiding saia

5 cross-point switch (47).

6. Switching apparatus according to claim 5,
wherein said second type of processing means (38) is
arranged to download programs to said first type of
processing means (52) directly” by using first

10 predetermined addressing signals.

7. Switching apparatus according to claim 6,
wherein said second type of processing means (38)
downloads programs to said first type of processing means
{52) via respective latching means (272).

15 8. Switching apparatus according to claim 7,
wherein said latching means (272) are enabled by decoding
means (271) connected between said second type of
interface means (57) and said latching means (272).

9. Switching apparatus according to any of claims

20 1 to 8, wherein said second type of processing means (38)

communicates with said first type of -processing means (52)

via said cross-point switch, by using second predetermined
addressing signals.

10. sSwitching apparatus accorxding to any of claims
25 1 to 9, wherein said first type of:processing means are
d‘igital signal processors (52, 53,-54, 55).

11, Switching apparatus according to any of claims

1 to 10, wherein said first type of processing means is
arranged to .detect signals present in external

30 communication channels and said secend type of processing
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Thus, during comunication, a custoner- using a channel supplied to line

i nterface circui key resulting in a DTMF signal being
suppl i audi o signal may corR(E/GRsMII822 -
information in . D'IL%F code, but by inplenenting a fourier
transform on ea N o- channel s supplied to each of the

DSPs, it is ssible. t ct the res nce e re ni sabl e DTMF
t ones and “‘?&?‘ g 8?F§n9§? ?ﬁ PRPRL n?‘%f?rﬁ??ﬁﬁq‘ deﬁ%ved g"r']‘i'g"b Sbcessor
system 38de’l:les:s:,ed/\/lse4gnaies DOVR toent radd ednt mpdn rdoai s iiny meand)SP 52

detects the presence of this DIMF tone and returns the relevant four bit

representation to the cross-point swtch 47 on a respective channel
associ ated 10 -t h h@esded cafar PERERASANGC abgnapsl i tnl \a a ltime | i ne

i nterface jge¢#acetéardhfor 2 s@?%ﬂ:@‘ﬁbﬂb%wi@@hf 'd’ﬁa%éétg- ed $P9Ni tion

Si gg t hr oughout é e tine that DIMF tone el ng recogri sed.
ally a DTRBEPP ar&%sarwa& eéEﬁFrBGEF-"ﬁsp@Pi Rl §¥~r$'Fm§YDsf (Qfe it is
consi deregbrb&bsé:.hg nieans Brun £0séb6hdASE éobi' Priovesy Ifeas speech

1990
pause ait da A ehzst HBe T AGe (S35 A8 on. for Tong enough to
ensure that |tcbamulneeat1ng data . between said first type of
processing means and said second- type of processmg means
10 via a cross-point switch wherein
said first type of processing means communicates with
said cross=-point switch over a second interface and said
second type of processing means communicates with said
cross-point switch via said first interface.

. 15 13. A method according to claim 12, wherein said.
cross-point switch is configured by one of said processing
means. '

14. A method according to claim 13, wherein said
cress-point switch is configured by said second type of
20 processing means via said second interface means. -

15. A method according to any of claims 12 to 14,
wherein the first type of processing-m‘earis is programmed
by said second type of processing means.

16. A method according to claim 15, wherein the
25 first type of processing means receives a program directly
from the second type of processing means, thereby avoiding

the cross-point switch.

17. A method according to claJ.m 1s, where:.n programs

are downloaded to the first type of processing means
30 directly by using first predetermined addressing signals.

TR




del i berately intended. Ther eafi &itii$ BHEDEPASBIfher at es the five bit
recogni ti efpssazepde once for jeach dHflédiidhdi ng audi o sanppepch f}oﬁbl;pm i es
it to the cross-point SWi t tone is correc

recogni sed by a DSP, there will be a 20 3per|od of .time during WhICh t he
recognition signal is continuously generat ed. Wthin this tinme period
the microprocessori@8 rasmeithodr ragrdifg coossiain n11‘7, witardish the

capture DTMF 1 t he tile. .
ctccesst Ul T AT DFSPL.SoeREsP Ry BYeas prifbddd sandFane tresnid.

bit signal befimsyehgpet of fRrocessingunepssi vdaofraPpettivectandsinghus,
in order 25 go ensure successful capture of all recognised DTM- codes, the
m croprocessor nmust sanple a DSP out put channel once every 16
mlliseconds. In order to successfully capture DTMF recognition for any
of the ghirty chame|s xomaeﬁbad 4&0:&@ D@B Aldint hlét}’viﬂé:teﬁﬁ grap! ed

wthin the 16 nmlljsecond tine . order to ensure reliable
capture of al 12 GFHADT BEFRP ASRs %%?&]thg Fﬁﬁgdllﬁﬁer‘?%ﬂ%s SWEﬁ?Hegt he

M cropr ocess Wetifeanisttheangleeond t#feaudf o niturfdce Wniddns caal lthe

mllisecond t ﬁér ﬂggd this represents a substantial conputational
requi r ement jra‘i xﬁf%e ocessor 38.

20. A method according to any of claims 12 to 19,

10 wherein the second type of processing means communicates

with the first type of processing means via the cross-

point switch, using second predetermined addressing
signals.

mﬁﬁmnm nmm I mu lllllull



14 In the preferred enbodi ment, each sanple of an out put

channel féﬁyg DSP is placed into a circular buffer a i t he
rul es define fﬁuthe fl owchart shown in Figure 5. Thugﬁﬁgﬁhﬁgﬁgﬁ t he

i ntensive task of sanpling all the audlgz channel s is perforned at the
required rate, the processing of the r lting data 5 may be perforned
over a longer tine period by nore conplex software. The flowchart in
Figure 5 details the operations of an interrupt routine running on the

m croprocessor 38 which is called at sixteen mllisecond intervals. Thus,

regardl ess of whatever functions the m croprocessor is otherw se doing,
this routine wll be call ed every sixteen mlliseconds. 10
Step 1 51 signifies the generation of the sixteen mllisecond periodic

11

14

16

17 ~15

18

Figure 1



interrupt, which will force the m croprocessor 38 to suspend ot her
operations and execute the interrupt routine. At step pch&poloisapannel
index N (WOPHEF2t 5 zero. The channel index will be used subsequently
to define access to a particular channe%£7 wi thin the cross-point swtch
47 which is used to convey data from a ‘CThannel 15 output froma DSP. The
channel index is also used to access the circular buffer and ot her
menory | ocations within the 286 m croprocessor system 38 which are
associated with a particul ar audi o channel . . At step 153 bit 5,
the validation bit, of channel (N) is conpared with its previ ously
recorded value to see if it has changed. If bit five is unchanged, the 20
other four bits of the DIMF recognition code are either valid or invalid.

Ei t her way, no actions EIMBRNETbe taken for the current channel.
However, if bit five has changed, step 154 decides whether bit five
indicates a valid or an invalidj|signal. If bit five indicates an
invalid signal, a valid rkgogni ged DTMF tone has just ended and step
155 may pl ace the previougly valliid four bit DIMF recognition code into a 25
circular buffer for the~urrent [channel. In other s, valid DTMF tones
are only f 1 groprocessor 38 at t end of their

duration. A ci one where-a nunb of nmenory | ocations,
for exanple 64s count er ' tomatically increnents
every time a data itemis wittdn jnto the Hgiét'

Y SIGNALLING

25
/_/ 26
7

20 SWITCH :/:> PSTN
256 x 2Mbit/s

S— 27

N A DN /\ ,

, 21
i

PERIPHERA

Ly |
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23
_ A Y
PERIPHERAg
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whi ch is indexed by it. The counter has the property that only a

fhe countBPPAd 65 © it impossible. Thus, conput ati ondE USRI ang

menory are saved. The di sadvant aggfp t hat anot her counter nugt be used
to read out values fromdata locattons within the buffer_ it is
overtaken by the buffer input counter. A i !
15 suitable size for the circul arg)uﬁfer @ Megh, such that,
gi ven a set of reasonabl e operating canditi g qrgrrely
unlikely for this to happen. I t:he t,el&cﬁ54 deci des
that bit five indicates the presence of a | ST
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valid tone, no significant action need be taken. 5 Step 156
i ncrement syphgpgsgannel index N, so that the steps 153, 154 %E% 155 may

operate simlarly on data associated with the next channel. S/OLf3? ng
so, however, step 157 ensures that the re still audio channels to be
processed. If there are sone left (Nis less than 120) control is

returned to step 1 53. 1¥gll 1 20 audi o channel s have been sanpl ed,

control is returned to tEﬁEéﬁo e$s v@y ﬂs 10 el ng exeAitled at the tine
the interrupt was calledsSg&=2 tu.arru routi nefshown in Figure
5 represents a highly effNTi-ent gj,interr ting and
storing DTMF recognition cod of s in rea
time using a m croprocessor been
stored in circular buffer§;. hﬂ<u:‘ e the
defined by
card is
ovided to

a scan pattern. Thus the m
able to record and mat DT

it by the m croprogessor ST e rs~1 ecei ved the

scan pattern andﬁ§§b00|at ,o Y ol ructfo s fron1thF control

conputer 24, FurthermpEk, t he 20 scan pattiernf ady speciflyi a range of
3_Nay _Jecogni se a

possi bl e condi ti ons, éﬁo) t hat : I cr pdr oceggsor
variety of incQging pattern as
o
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meeting the required conditions, rather than sinply searching for an

I denti cal WO 96/ fh between a pattern and i ncom ng DTMF codes. Thus a

| tnited formo pattern recognition may be perforned byPCREBIFRIS22

i nterface card processor 38. 25 e procedure shown in Figure 6
outlines the operations perforned in ifferent parts of the service
node in order to set up and respond to a DTMF scan pattern. At step 161
the control conmputer generates a comrand streamfor a parti cul ar
custoner call. The command streamincludes the scan pattern, which is

an enbedded string of characters. These characters define the set of
conditions 30 which an incom ng DTMF sequence fromthe custoner nust
satisfy before sai, ' ' articul ar
pattern. The for gt 0f1ﬁ*&ﬁL§@E’CONDP@F§I@E§ld NTESRUBYed }(er 18the command
streamis passed qver 0 LN face to the swWtch shelf

m croprocessor 33. At step 162 the swijtch shelf
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< BIT 5 INDICATES A VALID DTMF CODE ? >/\“-/ >

lNo YES
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16 m croprocessor 33 redirects the command stream again over the

et her net, % line interface card. At step 163 the I|ne
interface card m croprocessor 38 int erprg t he command, PEFBYHg22
signalling informati on such as the chann nunber fromthe 5 command

stream Al so at step 163 the m croprocessor 38 translates the
scan string into t format in order to provide nmaxi num speed
ef ficiency due Q&ﬂ%@k%&&&%@éﬁﬁ of atterrptl ng to rratch a DTMF code
sequence, which occurs—a : codes stored
in the circular buffdr assocGElNﬁRMEtC@MMAN&SFEE%\MO q

conpared with the speged- efflcC@N d g met her t he
conditions are net. step 1 64 | oops back
t0ilS | ;e cccmcmccecctcac e e ek e e c e e e rcm e e e e ————-

SWITCH SHELF PROCESSOR ETHERNET

SEND COMMAND STREAM TO A A_ 162
LINE INTERFACE CARD
LINE INTERFACE CARD \t ETHERNET
MICROPROCESSOR ‘L

INTERPRET COMMAND STREAM TRANSLATINGA~_ 163
SCAN PATTERN INTO SPEED OPTIMISED FORM {

h,
r o

N
DTMF CODE PATTERN IN CIRCULAR 5\/
NO BUFFER MEETS CONDITIONS ?

lYES
GENERATE RESPONSE STREAM 165
CONTAINING MATCHING DTMF CODES
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SEND RESPONSE STREAM A~_ 166
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1 RESPOND TO RESPONSE STREAM |~ 167
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begi nni ng agai n.

mat ches aygoasREt tern,
card m croprocessor 38 gener at
mat chi ng DTMF sequence.

response

contr ol

The response st
20 to the switch shelf m croprocessor 33, mhlch at step
conmputer 24 over the ethey

es a 15

onse

hat are required to
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When a DTMF sequence in the circular buffer
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30 A constant specifier may be used to define specific matching

characters. A constant specifier may be 0 through 9, A through D, # or
% An exanple of this Is "##22", which requires a custoner generated
D'CIi'I\/F sequence of "##22" to achieve a positive match - it nust be

I denti cal .

An equal specifier defi
sanme as the one which p FOT 1o =2 :
A variabl e specifier follows the form‘%{n {m}p. V\here pis one of "a",

The present invention relates to a service node connectable to a telephony

network, in which a plurality of peripheral devices are provided, along with
5 switching means for connecting said peripheral devices to external communication
means under the control of control processing means.

Over recent years, telephony networks have become more sophisticated
and it has become possible for an increasing number of services to be provided, in
addition to the fundamental provision of allowing a first customer to be connected

10 to a second customer. . _

Telephony systems of this type are often referred to as intelligent
networks, and provide such services as automatic call distribution, store and
forward, fax to speech, call queuing, voice menu systems, call diversion, follow-on
and voice prompts, etc.

15 Service nodes are units within the network where intelligent services are
concentrated and made available to‘ customers connected to the network via
switching mechanisms provided within the network. At the node itself, a large
switching device is provided which allows customer calls to be connected to
peripheral devices under the control of central control processing means, such as a

20 mini or mainframe computer. In known systems, it is necessary for the control
computer to analyse signals generated by calling customers, in order that
peripheral devices may be connected and, as necessary, disconnected etc. Thus,
once a particular service has been established, this is generally driven under the
control of a particular peripheral device. However, it is necessary for the central

25 control computer to observe the operation of a connection between peripheral
devices and external lines, in order to ensure that the integrity of the overall
network is maintained.

A problem with known service nodes is that it is desirable to have large
switches at the nodes, so that maximum benefit may be gained from a large

30 number of shared services. However, as the number of shared services increases,
with a resulting increase in the size of the connecting switch, the size and power
of the control computer must also increase, along with the bandwidth of the

communicating link between the computer and the switch.
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"n", "m or "[digits]" 5 "a" sEemfles any DTMF digit.

“n" specifies any nurrerl c DTMF digit 0 9. "m' specifies any
runeric digits ternminated by #. "[digits]" specifies any DTM-
digit in the string "digits", except when the first character is a *,
Itﬂ which case it speC|f|es any DTMF digit except those in the 10 rest of

e string. tlonal al ( | C sed
to specify detect i Pate"tofA%{RF?& Gl 'H%nbéeﬁp‘o %6 aeﬁ%&m‘%p dn’ i?rﬂ:r@@ed‘

specified a%wn{wzﬁge@q@tahesmblen@; ue Bt £ RABX. The abmaahscampieseera eurlnbyr of
the nth DTMF digit by the caller. The optional val ue

%n. {mM}p.) b@uﬂ eseh libiser by & FRPMYPICAtioR, Nk 1A A AGLE %ﬁ’“‘g’r’kﬂﬂ "Zﬂ‘{j%‘ fontraligh, 1

5 i nput by i FQr. | S | [
i nput of 5 nurrerl c SP?gﬁlrr? spr'f) (e:?sr?loﬁatEeagh d?th@ifﬁ ¥ Cg'mpa@; g¥ ge?aemgbﬁﬂg that#,

't') 98.5m I8 matctmyentional intartacectiraiitsoe®ininterfagn@mvpiuRgY 1 epfinmiiaes

diyg?t #1 ar ?@%ttgt%tggl e%&? ment, e.g. teldphdrfebets! %pﬁ%#ﬁ%@i& fafé cﬁt?gleﬁng?g%gd

by the pat t 2B intéffade ,curééﬁ#ib% ngoairrdriged@Xb. convert voice signals to PCM signals, and
to detect status signals and send corresponding control signals to a bay control
processor via a control bus.

10 The main control processor can, by write access to the appropriate
connection memaory, cpnfigure the circuit switching matrix to establish a
transmission path between two bays, and also the bay switching matrices to
extend the transmission path to the respective terminals involved in the particular
communication. The bay control processor has similar write access and can send

15 message signals, e.g. off-hook and rir:ging, in a dedicated message channel to the
main control processor which can read the channel at the circuit switching matrix.
This avoids a prior art problem of handling message signals in the T1 carrier
convention, i.e. channel associated signalling.

UK Patent Application No. GB-A-2 200 816 discloses a switching system

20 comprising a main controller, a circuit switch matrix, a plurality of interface circuits
connected to the circuit switch matrix , and a plurality of programmable digital
signal processing modules (DSPs} connected to the switch matrix. Each DSP is
associated with two PROMs containing a bootstrap program which generates an
interrupt signal to the main controller for initialising transfer of message signals

25 between the main controller and the DSP circuit via a switching matrix.
Applications programs for implementing predetermined service features, e.g. DTMF
tone detection and digital conferencing, are downioaded from the main controller
via the circuit switch matrix to one or more of the DSPs for storage within internal
memories.

30 According to a first aspect of the present invention, there is provided a
service node switching apparatus for routing channels within a service node,
comprising a switching matrix and a plurality of line interface means, each of

which line interface means includes:-

REPLACEMENT SHEET

AMENDED SHEET 12 FEB H97
125 /EP |




I'n addition to the above met hods of speci f3i cation, a logical OR character
(I') may be used to specify a plurality of “matchi ng conditions, such that

anly one of  the conditions contained within the string need be met to
achieve a positive 25 match. This character is represented on sone
conputers as a single hori zont al line (wi t hout the usual enbellishments
associated wth letter | or

| i wop e
the ASCI 1 val ue 12@1‘3’085 point syiteh, H’)(j tYRe ﬁ%&éﬁ't%lsp%%?bpﬁér%%?%:m%dntsg% g? o

definition nagsR FQ &Iafé:lrﬁ duid #=9
type o § &%ré sing¥ieans, wherein; #=%[ 123] =
| *od[ 12345] 1 %44.0. 20m | % i% whi ch enabl es the custoner to generate one

of four different %ﬂ%sﬂfﬁt éVﬁ%/[?ésd‘G‘ﬁa| signgleBINGASENG \INPE e (e FonRAgiBhde $3d
cust orer gener% E8inMsWixd erg\ﬁgsfﬁ‘?tdp}rb 30 J’uperf{% S%fns?m%&w@'an%ﬂgpd’rt@rreéél\/é he

response st ré88 and "t hus e con conpu
REPLACENVEBT Gbiiain directly from said second type of digital signal processing means, thereby
avoiding said cross-point switch,
said second type of digital signal processing means is connected to said
cross-point switch by a second type of interface means, and
said cross-point switch includes means for facilitating a communication
10 between said first type of interface means and said second type of interface
means, and is arranged to belconfigured by said second type of digital signal
processing means via said second interface means.
The present invention avoids the use of the external PROMs of GB-A-2
200 816 and thereby saves a considerable amount of board space {typically an
16 area of about 0.056m by 0.05m for egch line circuit). Furthermore, in a preferred
embodiment where there are four line circuits on a single board, there is a cost
saving by the use of four latches and a state machine instead of eight PROMSs.
According to a second aspect of the present invention, there is provided a
method of processing signals in a line interface card for a service node switch,
20 comprising the steps of :-
communicating data between a first type of digital signal processing
means and a second type of digital signal processing means via a cross-point
switch;
supplying program instructions to said first type of digital signal processing
25 means directly from said second type of digital signal processing means via a first
type of interface, thereby avoiding said cross-point switch; and wherein
said first type of digital signal processing means communicates with said
crc;ss-point switch over a second type of interface and said second type of digital
signal processing means communicates with said cross-point switch via said first
30 type of interface.
The invention will now be described by way of example only, with

reference to the accompanying drawings, in which:

P
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18 initiate one of four different  possible responses to the

custoner's DTMF sequence. In this way an intelligent dialogue my be
built up with the caller, so that the caller may navi gate through a
menu driven service. In the command string generated by the

control conputer, variables and 5 flags are provided to define various

aspects of the pr 15%3 g%ag)v-ls;%/%t @;ﬂ;[il esrvoitch.eddéefﬁcp H{/Lniee?v@brkTwﬁﬁgép/%%;na%)%ﬁgaliw

known as "firstdig™ l5ig {0

before a fi rgftcubitgrner itgrmigdl aiquipthentd Iddak enebinges) trune dxehavRs and a service
subsequent digits respectively. Wen inter dig to is exceeded, the DTM-
codes rrd}PdSe successful ly matched agai nst scan patterns defining a "#"

as the last digit,g £ROWE fthd RES/idAS ' '
Wien first dig to ﬁ’é&gxceeﬂgd,tht Egﬁné@ %ﬁ?gfﬁgﬁd ﬂﬁygf‘?ﬁégﬁgﬁﬁg%drﬁm

CONTI NUOUSSGaRfUtey resiphaed dewicen.arha $wisgs for conmedtingeexternal Hises damasidi
string are: sC;LEAR BUFFER - Causes any previously detected but

unchecked D ipheral device

Figure 3 details the switch shown in Figure 2, including a switching matrix
and a plurality of line interface cards;

Figure 4 details a line interface card shown in Figure 3, including line

10 interface circuits, digital signal processors, a microprocessor and a cross-point
switch for connecting line interface circuits to digital signal processors;

Figure 5 details operations performed on the line interface card shown in
Figure 4;

Figure 6 details control operations for the service node; and

15 Figure 7 details the connectiops between the digital signal processors and
the microprocessor shown in Figure 4.

A telephony network is illustrated in Figure 1, including a plurality of
customer terminal equipment 11, including telephones and fax machines etc. Each
customer terminal equipment 11 is connected via a local line 12 to a local

20 exchange 14, thereby providing by-directional communication between the terminal
equipment and the local exchanges.

Local exchanges 14 are connected to trunk exchanges 15 and bi-
directional communication between said exchanges is effected over trunk cables
16. Similarly, trunk exchanges are bi-directionally connected by trunk lines 17,

25 again arranged to convey multiplexed signals.

In the preferred network, conversion between analogue signals and digital
signals occurs at the local exchanges 14 and communication throughout the trunk
network is performed in the digital domain. Thus, each trunk line 16 includes
physical communication links each arranged to convey 30 speech channels over a

30 2 megabit per second multiplex. In addition, higher levels of multiplexing may be

achieved using optical links, which are particularly suitable for connecting trunk

exchanges 15.
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digits to be discarded on initiation of agditional pattern recognitions. 15
FI RST DI A TNOTI FY - Causes the line card interface m croprocessor 38 to
generate a response streamon receipt of the first DTM- digit code after a
pattern recognition has been initi ated. - CONTI NUOQUS SCAN -
Causes the operation to restart automatically either after a successful

pattern match, or aft ok the tjme out defi the "fi to" as
been exceeded. IR addition mﬂ'ﬂ? g ggwtlgﬂgﬁez%&opgrcop mﬁ’zﬁ\/lfhg
pattern recogiivorioshbwealid re 1 aBoligdipded & p&nﬁmﬂyfcbfcﬁddeﬂmaﬂlﬁé sérg;cevamabl es

and flags, and associ ated channel, and service |dent|f|cat|on data. A
response st raigMy FEERMETR tPl"ﬂf@'ﬁ%t"é‘I‘ ice RERYP. receing FpcRifeR dfeppation ggg\ 8ned

the task wi léen‘t%ﬁ's‘éﬁﬁ:et hecarel Hilssdge¥Fald® J8Seili@ treddragd %ﬁesstaass,s sﬁ@ e%HHh@H

and associ at ed annel and service identification data, so th
control pBocephiaticated calsdiversion precedwrepowberein. ravgmaviayh celie rrmvu fgﬁ daezlerted

collar &' pRAR RN B RPIRE BEpudH of R FEhlef LBonfel R Wan
in Figure 4 fheqtérinasal equlmham carrekel addedensiuensdoeicpai ate tlocated atmaucéntod]

O UL T o LTRSSt 3Ll 305! S bt ol 585 ShERgh
connect the pardouss ¢hé MBEWSrkOfia tdVBlufdift¢ W 12 hig@BiE heplseebndTdigftal finks, such
10 that any customer connected to the network may obtain services via the central
service node by establishing an appropriate connection through the network of

exchanges.

The service node 18 is detailed in Figure 2 and comprises a plurality of
peripheral devices; three of which are identified by references 21, 22 and 23.

15 Each peripheral device is configured to perform a specific task. Thus, voice menu
services may be provided by a speech applications platform, allowing two-way
communication using recorded voice messages, voice recognition and DTMF tone
recognition.

Another peripheral device may be arranged to supply recorded information

20 to calling customers. A message is recorded centrally on the peripheral and
written to randomly accessible memory storage devices.

Thus, the same message may be played to a plurality of calling customers
and by addressing the memory devices individually for each call, the message may
be played to each calling customer from the beginning of the message, creating

25 the impression that a dedicated message has been recorded for that call.

A third peripheral device fnay be arranged to record messages left by
customers so that they may then be collected by a specific customer for whom the
se;vice has been created, effectively providing the customer with the services of a
virtual call answering machine. Thus, on receiving instructions from the customer,

30 all of said customers will be directed to the service node such that, under the
control of a control computer 24, voice data will be supplied to, say, peripheral 23,
whereafter, in response to a call made by the customer, said recorded information

may be replayed.
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be minimsed without sacrifici ng functionglity, in order that the line

I nterface card may fit on a single circuit board.

%9 Where el enments of the circuit are duplicated several
times, for exanple line interface circuit-41, or the circuitry
associ ated with each of the fout digital signal processors 52-54, it

particul ar advantageous to reduce .th eX|t '

nul tiplied by the 8F s&fvicy r?é%‘"g‘ffgf?vcg&&ﬂet gog '%s?@ﬂt 8?1 rgg\f/%‘{}i : aé]%
interface caruls, all calls to a pafifcutdr aduREbrRErcNag Usd Mwe&@éhooﬁhetéwv;de gioHa|and
processors 52-55 is a

si gnal

10

15

20

25

30

under the control of the control computer 24, the call is redirected out to a pre-
programmed destination. Thus, for each day, a customer may issue programming
commands, such that, at predefined points during the day, calls are directed to
different numbers, thereby following a customer from location to location.

A switch 25 is provided with 256 muitiplex lines. Thus, each of said lines
includes two coaxial cables, for bi-directional communication, and each of said
coaxial cables is capable of conveying 32 channels, transmitted at 2 megabit per
second. Thus, a plurality of coaxial communications are provided to the public
switch telephone network, identified generally by reference 26 and other 2
megabit links are supplied to each of the respective peripherals. Thus, in the
example shown in Figure 2, 2 megabit links 27 are connected to peripheral 21,
similar links 28 connect peripheral 22, while links 29 connect peripheral 23. Thus,
each peripheral 21 to 23 etc. is arranqed to receive voice channels in the form of 2
megabit muitiplex connections. In addition, the peripherals are arranged to receive
control commands from the control computer 24.

Preferably, common channel signalling is used, such as signalling which
conforms to the CCITT C7 recommendation and an interface for identifying and
generating C7 signalling information is identified in Figure 2 by reference 30.

The C7 interface 30, the central switch 25, the peripheral devices 21, 22
and 23 communicate with the control computer 24 via an ethernet connection,
capable of conveying a data at a burst rate of up to ten megabits a second.

Calls are initiated in response to DTMF tones generated by a customer. In
order to establish a call to the service node, signalling commands are transmitted
over the common channel, by means of one of the channels forming part of those
generally identified by reference 26, which, at switch 25, are directed to the
sig‘nalling interface 30. The signalling interface 30 instructs the control computer
24, over the ethernet 20, to the effect that a calling customer requires service.
The signalling information will identify to the control computer 24 an identification
of the actual calling customer and, to some extend, an identification of the number
called by said customer. Thus, on the basis of this information, the control

computer 24 instructs the switch 25 to connect the call to a specified channel

i's
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TVB320C31 manuf act ur ed by Texas | nst rument.s, additionally it should be

not ed that the particular TMS320C31 chip that is used in the line
iznterface card runs at a cl ock speed of 33 negahertz, which is

necessary to ensure that the function of 10 DTM recognition may be
performed on 30 channel s sinultaneously by each DSP. Each

TMB320C31 digital sjgnal processor. | nclydes a program nmenor nd dat a
nNenory on thg"%'};?r‘f“_éedc% g‘edFeé’”é@ tﬂ?é'PhﬁﬁaLgaY‘{j?-t AﬁE 5385!?& FF%&%?@C%@%?%GF 24
conponents. iy $ndtiuctS tiROESAINe pbApieraieasitolBR ndtiirelbfl the Gapaes Rqtired.

I npl ementi ng useful functions such as DTMF recognition while the usual

el ements of a DSP Yileig eystemenimmakingdisetafchasviRaM A FPBIMIROMACHER (PTathed
circuits may b& %egenerate l@%%?seﬁwgggfd??nokgfclp\?’fsrle!dé&qalﬁ‘e tdwgtﬂég stem.

interface card requires very liItt ti ogic in order

per f or m usef Theger sigestsi m@yoperiatarpreted by peripheral devices asi pdrtiaft thef acemalo
for connecting a.DSP.tg the cross-point switgch. 47 . requi res_no

addi 1 onal | ARRAHGR g teogreiesrd BP ' AR ot amah Th e poRssERe %o
ni cr opr ocessgiistfhet OgériveatetOSRMARI b By tetbgAisednbly t thecamhtrofl ddmepUREPs24,
52-55 is al so used for downl oadi ngwg{o%ram data jnto ?ach of the DSPs.

Unli ke the semitigplarly if itheser felgte fongUSSamAT RAtYCHPRS ryRih (fTacH¥eIBSE™ Netfufr es
a certain a”?&@fce?%ubﬁ‘ttﬁ‘"f]tf fHeScontrol l‘%!io’f’r}fdﬂté:* ¥ required to instruct swWitdhU28S ahd the

interface circuitry is shown for a our of the digital signal

10 relevant peripheral to the effect that the service has now been terminated and, if

required, to allow the customer to make further use of the services available at the
node.

In the telephony network illustrated in Figures 1 and 2, the service node

includes a plurality of peripheral devices in addition to switch 25 for connecting the

15 peripheral devices to external commgnicating channels 26. In order to establish

calls and to monitor signalling while calls are in process, a significant level of

processing capacity is required within the node. The service node is therefore

provided with a control computer 24 which provides overall control of the system

in an hierarchical manner. However, in addition to this, the switch 25 itself

20 includes distributed processing devices which are themselves responsive to

externally originating signals, such as DTMF signals generated by customers while

calls are in process. Thus, the distributed processing devices are arranged to

supply information derived from said signals to the control computer 24. Thus, in

this way, it is not necessary for the control computer 24 to scan incoming calls in

25 order to detect customer generated signalling. The detection and identification of

signalling commands is made locally at the switch 25 and data is only supplied to

the control computer 24 over the ethernet 20, when a customer originating signal

has been detected. Thus, the switch 25 includes local processing devices

responsive to external signals, such that information derived from said signals may

30 be supplied to the control computer 24, in preference to the signals themselves.

Thus, the computer 24 is relieved of the activity of scanning customer originated

calls, which provides two significant benefits. Firstly, for a given switch size, less

processing capacity is required on the part of the control computer 24.
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2°f5 processors 52 to 55 so that prograrg may be downl oaded from the
m cr oprocessor 38 over the parallel interface 57 to the digital signal

processors. The TMS320C31 digital signal processor used in the
line interface cards typically | oads progranms from an externa
read-only nenory after receiving a reset signal. In this circuit, for

each of the diqi i : ; i ' ' to
ol ate tnensaplield; Y qRbABRERRL, padt Hresnbh e Sl cohfh B A -
a program t omuble lafiggr tsalitchi magl bepusaks Ibe. advantadeatt ties 2,7 Por27 jvear size of

POy e ¢ O oo SRR B R R 03 e A o B Rl R
ggChi ne 271 héfNshatedy &0svtively providing a greater economy of scale. Secondly, given
5 that it is not necessary for scanning to be effected by the control computer 24,
communication between the switch 25 and the control computer 24 is significantly
reduced. Consequently, far less band width is required on the part of
communication channels connecting control computer 24 and the switch 25
which, in this example, is effected by means of an ethernet. Thus, as can readily
10 be appreciated, the level of band width available on the ethernet is significantly
less than the level of band width employed to effect communication between the
PSTN and the peripheral devices, via the switch 25,

Switch 25 is housed within an EMC 19" shielded rack, which stands 2

metres high and contains a total of seven shelves. One of these shelves is used
15 to house power supply units for the ethernet transceivers, while the remaining six
shelves are provided for component c;rds of the switch itself.

Within the switch 25 two types of shelf are provided which are identified
as line interface shelves and switching matrix shelves. In the preferred
embodiment, switching matrix shelves and interface line shelves are duplicated so

20 as to enhance reliability and a robust control computer, itself having duplicated
shelves, preferably connected to the system, again enhancing overall reliability
such that operation of the system is not dependent on a single card. Any of said
cards may be removed while allowing the system to remain fully functional.

At the heart of the switch 25 is a non-blocking digital switching matrix

25 configured from commercially available MITEL SMX/PAC chip sets. Switching
matrix 32 receives 256 2 megabit per second coaxial pairs, conforming to the ST-
BUS recommendation. Thus, each pair consists of a 32 channel multiplex for
supplying information to the switching matrix 32 and a similar 32 channel
multipiex for receiving information from said switching matrix 32. The switching

30 matrix 32 is arranged such that any channel on any of said multiplexed lines may
be switched to any other channel on any other of said multiplexed lines.
Generally, said communications are bi-directional; such that first of said pair is

arranged to transmit data from location A to location B while the other pair
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signals provided by the mcroprocessor 38 gnto control signals for each of
t he digital signal processors, in order to ensure that the
characteristics of a read-only menory, including tine-critical control
sequences, may be sinul ated correctly. The state nmachi ne provides three
control lines for each of the digital signal 5 processors. The sequence of

events for d%@é@&dk&%ﬁn%%héglcﬁg SoflsAL tfilecBOANAbM focaBbR LSS Wcavion ! |

now be descr i b of the three control |ines provided by
t he state na@hrtherr@dre, b thénghirty-tves gheamel 53 dikit/s preitielexothisy ehthe channels

associated latch 2 ar e gener at I r - I.n

mapped | ocat AEREsehia RRNARARS dhte T B 1B Reining 1 RRREE S Wt 1

pr olg_r amt I's t@]ghee\g@m:amaldeﬂa_ta Q'lelatialé‘:l:bo tH&ﬁtHDSP audit chenmeds ewhby the remaining
application of a 0 volt logic level to the reset pin of the djgital signal
p][ ocessor B2 channeljpaispddaiproyigpdrame SMQFW°8F3P%%® Vet tt}‘? é\?éit’%f‘o?af %\aclﬂ)"g?flod
of several mgfli Switil hultiBleRNPHY Bet ifed! '

been achi evrenél!“Jﬁ Kﬁ?gﬁmghils ?)etp‘iaotgﬁgf ltjliﬁrgnel?Q H&thebfttggg{ﬁegi %%grh@mq%]%%ﬁiecw
allowed to reirouitryto its previous level of 5 volts, resulting in 15 the

oper ati on consi ot & ST UHPIRY % 3215 -Prt e bl 8 IRRE Stiae micr e IR Rk

stored as  sysgadidentifledrgamersiipby réferetiogi 33| Thisgniaropooesses bases! sistegndid.

The boot S%(B ari)s configured to control the switching matrix 32 in response to commands received
over the ethernet line 20,

Signals transmitted through the switching matrix 33 conform to the ST-
BUS recommendation and may be considered as 5 volt TTL compatible signals.
Signals transmitted over lines 26 to the PSTN and other lines connected to the

15 peripheral devices, do not conform to this recommendation and may effectively be
considered as analogue-like signals, éiven the requirement for, in many situations,
transmission over significant distances. Thus, before signals may be supplied to
the switching matrix 32 and before signals emanating from said switching matrix
may be supplied to the outside network, it is necessary to perform a conversion

20 procedure, which is effected vi_a line interface circuits.

The rack contains four line interface shelves identified in Figure 3 by
reference 34. Each line interface shelf may have a total of 16 line interface cards
37 and on each line interface card there is provided a resident Intel 80286
microprocessor system 38 and four bi-directional line interface circuits. Thus,

25 within the four line interface shelves there is capacity for 256 bi-directional
interface circuits.

In this example, customer originating signalling effected while calls are
connected take the form of DTMF codes. Each DTMF code (dual tone multi-
frequency) consists of two simultaneous tones, each selected from a different set

30 of four possible tones. Thus, there are 4 x 4 permutations of two tones, providing
a total of 16 different codes which the system may recognise. However, other

modes of signalling may be employed consisting of audible signals of some form

which may be detected by the system.
REPLACEMENT SHEET

12 FEB 1997

araeNDED SHEET
~Tafgp -




program contains instructions for the digipal signal processor to fetch
data from an external nenory for storage on random access nenory on the
di gital signal 20 processing chip. In this way a program for the digital
signal processor is downl oaded. The bootstrap program
operating on the digital signal processor performns oper ati ons of

accessi ng sequenti glryaxpgfn ﬂ!)n %Eag%nl SALINGSte ?ﬁgﬁtcra%gé?;@élr t'h@g:oﬂﬂ[)faof the

fromthese locations into e internal nmenory o hus
necessary f oreskient 286 cirogeensyedteme3®71 and the nicroprocessor 38 to

coor di nat e downl oadj ng dat a t].tlm; har act er.j of ap external
read-only memory aﬁi naﬁm & 08P partlculllar D d%ﬁ%am cif‘é’gggo?n§ p?‘BV?'des
data over it appiRatibh @eirgirideadifirigOa tpagtidutdrChuall conne%?ﬁanwhnh@ ntahﬁelcﬁt@’nw

| at ch enabl e I|ne (LE) is set at zero volts. Shortly thereafter

| at ch enalft ecPdeserequired fort paricylar spRiisationsAte held yathe 6PNtER! RaMAMtE 3%@@9 at
the 30 |atCQreSBTéBQHFbié’VbWsyrs?ém%rbp%]"zﬂ&lse o o gﬁﬁlohgfcplgpéclﬁ UPHUF dJAdS, it is

providing a stable 8 data yte for the diglt S|gna processor.
During this possiblete pregram ﬂhnmﬂntmbcomeuw G4t ol detect sxmp@nb:lglq@i ccmbietions| |

have been helg hata %4 SYfwed by ah \r/ng)#r tﬁér nuﬂ‘ﬁ)'e??ﬁ' r‘% Voliéﬁ tegcf é%:s on llaé%e egalled

si gnal proceSsor hat ext ernal s not yet
resul ting i nsubsequently. When a detection sequence of this type is required for a particular

10 connection, it is necessary for the detection commands to be down-loaded to the
respective line interface card. This is achieved over the ethernet 20 and, initially,
high level detection codes are supplied from the control computer 24 to the 2886
microprocessor system 33 resident within the switch shelf. Switch shelf
microprocessor system 33 is responsible for identifying a particular line interface

15 circuit and after receiving such information from the control computer 24 over the
ethernet 20, the information is rela;yed to the respective 286 microprocessor
system 38 resident on the respective line interface card. Thus, the transfer of
DTMF detection programming from the control computer 24 to a line interface card
37 occurs in two steps, firstly from the control computer 24 to the switch shelf

20 microprocessor system 33 and secpndty from the shelf cell processor 33 to the
respective line interface card microprocessor system 38. Thus, although it is
possible for the control computer 24 to communicate directly with the line
interface shelves, this is not done in practice as a hierarchical software structure
exists whereby the control computer 24 communicates with the switch shelf

25 microprocessor system 33, and the switch shelf microprocessor system 33
communicates with line interface card microprocessor system 38. Thus as far as
the control computer 24 is concerned all transfers to the switch 25 may be
considered as transfers to the switch shelf microprocessor system 33, thereby
simplifying the way in which control computer 24 communicates with the switch

30 25.

A line interface card 37 is detailed in Figure 4. The card includes 4
interface circuits 41, 42, 43 and 44, each connected to an input 2 megabit per

second trunk line 45 and to an output 2 megabit per second trunk line 46. The line
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21 suspensi on of access by the baogtstrap programto the current

menory location it is | ooking at. Once the |atch data has stabilised
the state nachine automatically rel eases the ready line setting it to
O volts, thus indicating to the digital -signal processor that external

menory i s available for access, resulting in execution of 5 the bootstrap

program bei ngyalshORclies %@Féé&%ﬁsnb@hﬁrtédﬁvkhﬁ{ e@éngﬁ% s t s%ni@éisn 5@5@ ne

will set the ready Iine to +5 volts once againso next yte
may be suppl isithatscanchd2 ichawrrel 27megabit per second Sﬂ—ausmrwwa&aawhmmramuoahecbw

beteen the, ThASRHIREREY R AAMS 0K Up aroRhSTEbr BAFRIE oo
characteri st iapd mﬁegawwm@hdwmw& linves dDed for bootstrapping
5 The cross-point switch 47 consists of a Mitel SMX/PAC switch, similar to
switching chips empioyed within the main switching matrix 32. However, it
should be appreciated that the cross-point switch 47 does not effect switching on
a call-by-call basis. The cross-point switch 47 is permanently configured during
normal operation although said configuration may be modified to take account of
10 upgrades and reconfigurations etc.

As shown in Figure 3, the line interface board 37 includes a 286
microprocessor based system 38, connected to the ethernet link 20. The address
and data bus of the microprocessor system 38 is connected to the configuration
interface 39 of the cross-point switch, such that said cross-point switch 47 is

15 configured in response to conf:guranon data supplied from the microprocessor
based system 38, as is known in the art Thus, in response to this configuration,
each ST-BUS output and input line (48, 49) is connected to similar lines 51 on the
switch shelf side of the cross-point switch 47. Thus, during normal operation,
each channel supplied on an output line 48 from the line interface circuit from the

20 cross-point switch, will be switched to a particular channel on a particular
multiplex of the ST-BUS on the switching matrix side of the cross-point switch.
Similarly, a parallel return path will be provided through the cross-point switch,
thereby allowing all calls to be directed through line interface circuits, via cross-
point switches resident on line interface cards, out to the main switching matrix 32

25 and then back to any selected line interface card via a further cross-point switch
based on said interface card and out of the main switch 25 via a predetermined
line interface circuit.

- in addition to providing configuration codes for the cross-point switch 47,

the 286 microprocessor based system 38 is also capable of observing any

30 communication channel being passed through the cross-point switch 47 by
applying suitable address codes to the address bus connected to interface 50.

In addition to connecting interface circuit side channels to switch shelf

side channels, the cross-point switch 47 may also connect each input line 48 from

REPLACEMENT SHEET

' AMENDED SHEET 12 FEB 1997
- |PEA/EP




di gital signal processing software. 12 The state nmachine 271

provi des nmenory mappi ng of the coordinating signal lines for each of
the digital signal processors so that any of the digital signal

processors 52-55 may be individually reset and have new software downl oaded
at 15 any tine. Referring once again to Figure 4, it can be

seen that th he . the r. digital sianal. pr.ocessors_52-55
connect ed toetp %ehn%pg%g{% g%icﬁ{cu'st\s/vi“ﬂcﬂ) ﬁ%% 8 péas 8“{‘1%35#86%38%0%'8%%5?03g?' 55"
provi de an ex34 ameBg. fThess| bheeclosp oty yswitthcd7 iy HeeconfigudédSudtothat the input

I mpl enenti ng funct?i O%jg ot h?,r t han DTME recqognition. In particular, 20
because each BIUPEE 4 §iam ing igfeace CHEHL 4y § FRONeRted B8R oHIRMtYBUItBleX B ed

i ndependent | ygipblidd td @S&igRAIEsiGRaICRBELer BONRItRIsihilg SRctionPBERY HEde to
di fferent task while the other three are still operating. One exanpl e

of an al t eBnathewsherstéraeovignal precegisgiist al si gnal processor is conference
bri dgi ng. o A 165 REb 09 BTES PliSTORR UL e

connected so that a peak "t o each ot her-as
room |t showydTheanbisedintdras adntd isspregtammed rosise bk t® detgiitDEMIF codes on

conter e DIy 415t Rk A e R bR A et
three callers requilf il Be appreciated that signals conveyed through the cross-point switch
10 47, along with signals conveyed through the main switching matrix 32, are
conveyed in digital form. The 2 megabit per second ST-BUS is arranged to convey
32 time multiplexed channels. Thus, each channel has an identifiable time slot
within each frame and during this time slot 8 bits of data may be transmitted.
Thus, when transmitting conventional speech signals, each of these 8 bit words
15 convey a digital representation of an audio sample.

The digital signal processors ‘52 to 55 receive information in the ST-BUS
format and produce an output in similar format., However, the output from each
DSP does not represent an audio signal but represents an indication of information
contained within an audio signal; in particular, the presence and identification of

20 DTMF tones. Thus, in the previously suggested configuration, DSP 52 examines
30 speech channels received via line interface circuit 41, while said channels are
being supplied to the switching matrix 32 via the switch side communication buses
51. The digital signal processor 52 is programmed to effectively convert signals
received in the time domain into frequency domain signals, and then to provide an

25 indication when these frequency domain signals correspond to recognised DTMF
tones. Thus, the digital signal processors produce outputs indicating the presence
of DTMF codes.

' A DTMF signal may take one of sixteen states, therefore four output bits
are produced by a DSP for each audio channel in order to identify a particular

30 DTMF detected code. In addition to this, a further bit is used to provide a valid
code detected signal and the microprocessor 38 is arranged to examine these five

bits of data provided by each DSP on each of the 30 channels examined by each
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speak to each other thus generating six sikgnals which nust be conbined in
sone 30 way. Caller A receives an incom ng signal RXA, and generates an

out goi ng si gnal TXA; caller B receives incom ng RXB, and gener ates
out goi ng signal TXB and call er C receives incom ng signal RXC and
generates outgoing signal TXC. In a digital exchange sanpl es of audio

signals are stored TRgs 8dL9'h'Fg %Eﬁ:at; ana Q:ru%?trnéér u%m%aa cl‘rannel sv.g)péiﬁcéotae!gwe

22 achleve a hlg sI gha qua ity t es ar
usi ng a non- interf&re circuit ﬂanuai/@ieprdssowvheasedwt:mwn 'EhD§Mﬂ=hﬁgmﬁlgidimJ sapmﬂeﬂ
sanpl es passi Cross;point switch re stored. in a

non- | i near f8\(%3%hr;]sr gﬁ%wqﬁtﬁsf‘r I}geaté%?]\;éqr{aéglqynfzgnvey audio mf%rmatlon in addmon to

the DTMF code, but by implementing a fourier transform on each of the thirty

5 audio channeis supplied to each of the DSPs, it is possible to detect the presence

of the recognisable DTMF tones and successfully return this information to the

microprocessor system 38. Thus, when the DTMF tone code is generated', the

DSP 52 detects the presence of this DTMF tone and returns the relevant four bit

representation to the cross-point switch 47 on a respective channel associated

10 with the particular channel being supplied via the line interface circuit 41. The

DSP generates the five bit DTMF recognition signal throughout the time that the

DTMF tone is being recognised.

Generally a DTMF tone must be present over a period of time before it is

considered valid by the system, so that spurious noise signals or speech cannot

15 wrongly trigger recognition of a DTMF code. Thus the DSP 52 will pause after

recognising a DTMF tone combination'., for long enough to ensure that it has been

deliberately intended. Thereafter the DSP 52 generates the five bit recognition

code once for each corresponding audio sample, and supplies it to the cross-point

switch 47. Thus, when a tone is correctly recognised by a DSP, there will be a

20 period of time during which the recognition signal is continuously generated.

Within this time period the microprocessor 38 must interrogate the cross-point
switch to capture DTMF recognition signals as they occur in real time.

A successful recognition of a DTMF tone by a DSP will result in the five

bit signal being generated for a minimum peﬁod of 32 milliseconds. Thus, in order

25 to ensure successful capture of all recognised DTMF codes, the microprocessor

must sample a DSP output channel once every 16 milliseconds. In order to

successfully capture DTMF recognition for any of the thirty channels connected to

a DSP, all thirty must be sampled within the 16 millisecond time frame. Thus, in

order to ensure reliable capture of all DTMF recognitions within the line interface

30 card, the microprocessor 38 must sample all 120 audio channels within each 16

millisecond time frame; and this represents a substantial computational

requirement of the microprocessor 38.
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a l'inear format before conference bridging,can be perfornmed. The first step
in a 5 conference bridge is conversion of each of the three outgoing

si gnal s TXA, TXB and TXC fromA-law forminto linear form This is
done by neans of a | ook-up tabl e al gorithm operating as part of the
DSP conference bridge program Once linearised the three incom ng

signal s RXA RXB apd f%%rg@(regeembodi%%g{ Cé’alc%t %81% Inp Ia;x.(ch\;k\%::utlghannel from BxC

RXA = TXB +
= TXA  +DSP ifXBacedlipto a circular blifer facoeddirgy ﬁpthwrmcéfateldﬂﬁ thB&lowchart

conference brjdge is_to tra IateF‘hethe I ncom ng g]nalsRXA RXB
and RXC i nt o0 S8°¥Bnin figues S¢ &lthaugh Ahe dptgngive ttRek ot sﬁﬁ%ﬁ' Rer &l the, adioach

of the threecRagHEM $s B¥AordRedB.at RKE ﬂeau.fréoamaleattﬁel pwc@ssin@OKf e resusﬁr?%ghsta

algorithminto the non-linear A-law form A programto perform al
above Dparayt beneerfrsad Beer olongehtigte ReEobhrivigrerg eayprlies softweneedihen a

glsglt E)a'&_)&_)sgggﬁggfc&rt%%&ééoé detaildithk el Gidds "G aflbfibh b HLR8! ruRRRG RO S

microprocessor 38 which is called at sixteen millisecond intervals. Thus, regardless
of whatever functions the microprocessor is otherwise doing, this routine will be
called every sixteen milliseconds.

10 Step 151 signifies the generation of the sixteen millisecond periodic
interrupt, which will force the microprocessor 38 to suspend other operations and
execute the interrupt routine. At step 152 the channel index N is reset to zero. The
channel index will be used subsequently to define access to a particular channel
within the cross-point switch 47 which is used to convey data from a channel

15 output from a DSP. The channel ind?x is also used to access the circular buffer
and other memory locations within the 286 microprocessor system 38 which are
associated with a particular audio channel.

At step 153 bit 5, the validation bit, of channel{N} is compared with its
previously recorded value to see if it has changed. If bit five is unchanged, the

20 other four bits of the DTMF recognition code are either valid or invalid. Either way,
no actions needs to be taken for the current channel. However, if bit five has
changed, step 154 decides whether bit five indicates a valid or an invalid signal. If
bit five indicates an invalid signal, a valid recognised DTMF tone has just ended
and step 155 may place the previously valid four bit DTMF recognition code into a

25 circular buffer for the current channel. In other words, valid DTMF tones are only
recorded by the microprocessor 38 at the end of their duration. A circular buffer is
one where a number of memory locations, for example 64, is indexed by a counter
which automatically increments every time a data item is written into the location
which is indexed by it. The counter has the property that only a pre-defined |

30 number of bits are used for the index, so that incrementing the counter beyond 63
is impossible. Thus, computational overhead and memory are saved. The
disadvantage is that another counter must be used to read out values from data

locations within the buffer before it is overtaken by the buffer input counter. A
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DTMF recognition or other different operatigons. As noted in the
conference bridging exanple, digital telephone signals for audi o are
conveyed in a non-linear format. Two different non-linear formats exist:
in Europe A-law is used, while in the United States Mu-law is used. Thus
when 25 comunicating between two different tel econmunication networks
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conveni ent_way of inplepenting this, especially when th gl tal signal
processor Forms paPterf o8 nFeEaRisynemasne! 'F%’F N, #Rehat fh‘FeStéPi;;ﬂ 8l 154 and

155 may operate similarly on data associated with the next channel. Before doing
so, however, step 157 ensures that there are still audio channels to be processed.
If there are some [eft (N is less than 120} control is returned to step 153. If all 120
audio channels have been sampled, control is returned to the process which was

10 being executed at the time the interrupt was called.

The interrupt routine shown in Figure 5 represents a highly efficient way
of sampling, interrogating and storing DTMF recognition codes from a large number
of channels in real time using a microprocessor 38,

Once DTMF codes have been stored in circular buffers, the microprocessor

15 38 may analyze the stored codes to see if the pattern of codes meets conditions
defined by a scan pattern. Thus the m‘icmprocessor 38 on the line interface card is
able to record and match DTMF patterns against a scan pattern provided to it by
the microprocessor 33 in the switch shelf, which has received the scan pattern
and associated control instructions from the control computer 24. Furthermore, the

20 scan pattern may specify a range of possible conditions, so that the
microprocessor 38 ‘may recognise a variety of incoming DTMF code patterns as
meeting the required conditions, rather than simply searching for an identical
match between a pattern and incoming DTMF codes. Thus a limited form of
pattern recognition may be performed by the line interface card processor 38.

25 The procedure shown in Figure 6 outlines the operations performed in
different parts of the service node in order to set up and respond to a DTMF scan
pattern. At step 161 the control computer generates a command stream for a
particular customer call. The command stream includes the scan pattern, which is
an embedded string of characters. These characters define the set of conditions

30 which an incoming DTMF sequence from the customer must satisfy before said
sequence is considered to match a particular pattern. The format of the scan
pattern is described later. The command stream is passed over the ethernet
interface to the switch shelf microprocessor 33. At step 162 the switch shelf
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processor is not dedicated to performng thgt task, and may be reconfigured
to perform ot her operations when Mi-law to A-law conversion i s not

requi red. Since four digital signal processors are provided in
the line interface card these may take account of dynam c custoner

requirenents so that at tal.n tines 5 of the day, for exanple during
busi ness hour@’,cr?RXBC%ﬁsﬁft%g r%d'rﬁﬁéﬂ {%88@5?89553%'\/' agye W&ﬁgﬁﬁlﬁtgﬂ"t’a’f} to a
per f or m Mi- | gietiRteftdcawaepnver sion while the other two are configured to

perform DTMF recogni tion, and reconfiguration to a nunber of di fferent
tasks may be perforNedtes &hdheilses itipeeeg ccard microprocessor 38 interprets the

command, deriving signalling information such as the channel number from the
5 command stream.’

Also at step 163 the microprocessor 38 translates the scan string into a
different format in order to provide maximum speed efficiency during the process
of attempting to match a DTMF code sequence, which occurs at step 164. At step
164, the DTMF codes stored in the circular buffer associated with the customers

10 channel are compared with the speed-efficient scan pattern to determine whether
the conditions are met. If these conditions are not met, step 164 loops back to its
beginning again.

When a DTMF sequence in the circular buffer matches a scan pattern,
control is diverted to step 165, where the fine card microprocessor 38 generates a

15 response stream, including the métchjng DTMF sequence. The response stream is
sent over the ethernet 20 to the switch shelf microprocessor 33, which at step
166 directs the response stream to the control computer 24 over the ethernet. At
step 167 the control computer uses the information contained in the response
stream to direct further actions that are required to complete the customer service.

20 The control computer 24, having sent a command stream to the switch
shelf, may return to other tasks until the remote processors send back a positive
response stream. Thus, sophisticated DTMF pattern matching is provided without
the danger of computational resources being overwhelmed by a coincidence of
numbers of callers requiring a similar service at the same time.

25 As described previously, the control computer sends a command stream
containing a scan pattern defining the conditions for a positive match. This scan
pattern is a string of characters in a relatively legible format to aid service software
writing and debugging. The format includes specifiers, and is defined in the
following way:

30 A constant specifier may be used to define specific matching characters.
A constant specifier may be O through 9, A through D, # or *. An example of this

is "##22", which requires a customer generated DTMF sequence of "##22" to

achieve a positive match - it must be identical. REPLACEMENT SHEET
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An equal specifier defines that the DTMF incoming character must be the
same as the one which preceded it. For example "#=2=" requires "##22".

A variable specifier follows the form %{n.{m}}p. Where p is one of "a",

. 'Inﬂ' "mll or ﬂ{digits]ﬂ‘

"a" specifies any DTMF digit.

"n" specifies any numeric DTMF digit 0-9.

"m" specifies any numeric digits terminated by #.

"[digits]” specifies any DTMF digit in the string "digits”, except when the
first character is 2 %, in which case it specifies any DTMF digit except those in the
rest of the string.

The optional value n (as in %{n.{m}}p.} can be used to specify detection
of a fixed number of digits. If only n is specified as the template string, a match is
always made on entry of the nth DTMF digit by the caller. The optional value m (as
in %{n.{m}}p.) can be used to specify a maximum number of DTMF digits to be
input by the customer.

For example "%5m" is matcr;ed if an input of 5 numeric digits terminated
by a "#" are detected.

*04,3.5m" is matched if an input of 3 to 5 numeric DTMF digits terminated
by a "#" are detected.

"9 1{1231" is matched if a singte DTMF digit "1", "2" or "3" is detected.

"#=9%1[123] =" is matched by the patterns "##11", "##22" or "##33".

In addition to the above methods of specification, a logical OR character
(]} may be used to specify a plurality of matching conditions, such that only one of
the conditions contained within the string need be met to achieve a positive
match. This character is represented on some computers as a single horizontal line
{without the usual embellishments associated with letter | or numeral 1), shown
herein as "|", and has the ASCIl value 124.

- Thus using the logical OR character a template definition may be
constructed thus:

"#=%1[123]=]*%1[12345]| % 10.20m| % 1{*0}"
which enables the customer to generate one of four different possible types of
response. Whichever response the customer generates will be passed back to the

control computer in the response stream, and thus the control computer 24 may
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initiate one of four different possible responses to the customer’s DTMF sequence.
In this way an intelligent dialogue may be built up with the caller, so that the caller
may navigate through a menu driven service,

In the command string generated by the control computer, variables and
flags are provided to define various aspects of the process of DTMF pattern
recognition. Two variables, known as "first_dig_to" and "inter_dig_to", define the
maximum time before a first digit is received and the maximum time between
subsequent digits respectively. When inter_dig to is exceeded, the DTMF codes
may be successfully matched against scan patterns defining a "#" as the last digit,
even if this has not been provided by the caller. When first_dig_to is exceeded, the
operation is defined by the CONTINUOUS_SCAN flag defined below. The flags
included in the command string are: ' '

CLEAR_BUFFER - Causes any previously detected but unchecked DTMF
digits to be discarded on initiation of additional pattern recognitions.

FIRST_DIGIT_NOTIFY - Causes the line card interface microprocessor 38
t0 generate a response stream on r‘eceipt of the first DTMF digit code after a
pattern recognition has been initiated.

CONTINUOUS SCAN - Causes the operation to restart automatically either
after a successful pattern match, or after the time out defined by the "first_dig_to"
has been exceeded.

Thus a command stream for initiating a DTMF pattern recognition includes
a template specification string, variables and flags, and associated channel, and
service identification data. A response stream from the line interface card
microprocessor 38 assigned the task will include the actual DTMF codes matching
the scan string, and associated channel and service identification data, so that the
control processor may associate the response stream with the original command
sfring and a particular service for a particular connected caller,

- The design of a line interface card such as that shown in Figure 4 requires
that careful attention be paid to the amount of circuitry required to implement all
the functions that are shown. In particular the number of separate integrated
circuits required to connect the various elements of the circuit to each other must

be minimised without sacrificing functionality, in order that the fine interface card
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Where elements of the circuit are duplicated several times, for example
line interface circuit 41, or the circuitry associated with each of the four digital
signal processors 52-54, it is particular advantageous to reduce the complexity as
the savings are muitiplied by the number of times such circuits are used on a line

5 interface card.

As stated previously, each of the digital signal processors 52-55 is a
TMS320C31 manufactured by Texas Instruments, additionally it should be noted
that the particular TMS320C31 chip that is used in the line interface card runs at a
clock speed of 33 megahertz, which is necessary to ensure that the function of

10 DTMF recognition may be performed on 30 channels simuitaneously by each DSP.

Each TMS320C31 digital signal processor includes a program memory and
data memory on the same chip die as the main digital signalling processing
components. Thus it is possible to have a DSP which is capable of impiementing
useful functions such as DTMF recognition while the usual elements of a DSP

15 circuit such as additional RAM and/or ROM integrated circuits may be omitted.
Thus, each of the DSPs used in the ii;te interface card requires very little additional
{ogic in order to perform useful processing operations.

The serial interface 56 for connecting a DSP to the cross-point switch 47

requires no additional interfacing logic. The parallel interface 57 connecting the

20 microprocessor 38 to the cross-point switch 47 and to each of the DSPs 52-55 is
also used for downloading program data into each of the DSPs. Unlike the serial
interface the parallel interface to the DSPs requires a certain amount of interface
circuitry.

In Figure 7 interface circuitry is shown for all four of the digital signal

25 processors 52 to 55 so that programs may be downloaded from the
microprocessor 38 over the parallel interface 57 to the digital signal processors.

The TMS320C31 digital signal processor used in the line interface cards
typically loads programs from an external read-only memory after receiving a reset
signal. In this circuit, for each of the digital signal processors, a latch is provided

30 in order to simulate the characteristics of an external read-only memory supplying
a program to the digital signal processor. Four latches 272-275, are provided for
supplying program data to each of the DSPs 52-55. In order to simuiate the

operation of an external read-only memory a state machine 271 translates control
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1. A service node sw tching apparatusj;§25) for routing channels wthin
a servi ce node, conprising a SMAtChIng matrix (32) and a plurality of

kine interface 5 neans (34), each of which line interface neans includes:-
a cross-point switch (47), a first type of digital signal processing neans
(52, 53, 54, 55) and a second type of digital signal processing neans (38),
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interface megagn:al( 5192\al processor 52 and its associated latch 272 are generated in response

to accessing memory mapped locations in the memory area of the microprocessor

10 38. When a program is to be downloaded to a DSP, the DSP must be reset by an

application of a O voit logic level to the reset pin of the digital signal processor 52.

The reset signal is held at the O volt ievel for a period of several milliseconds in

order to ensure that a full chip reset has been achieved. After this period of time

the reset signal will be allowed to return to its previous level of 5 voits, resulting in

15 the digital signal processor performing a bootstrap operation. The bootstrap

operation consists of running a short .section of bootstrap code which is stored as

read-only memory on the digital signal processor’'s chip die. The bootstrap

program contains instructions for the digital signal processor to fetch data from an

external memory for storage on random access memory on the digital signal

20 processing chip. In this way a program for the digital signal processor is
downloaded.

The bootstrap program operating on the digital signal processor performs
operations of accessing sequential external memory locations and transferring data
from these locations into the internal memory of the DSP. Thus it is necessary for

25 the state machine 271 and the microprocessor 38 to coordinate downloading of
data such that characteristics of an external read-only memory are simulated.

The microprocessor 38 provides data over its paralie! interface to the latch
272 while the latch's latch enable line (LE} is set at zero volts. Shortly thereafter
the latch enable line will return to 5 volts and the data originally present at the

30 latch's input will remain stable on the latch's output, thus providing a stable 8 data
byte for the digital signal processor. During this time fhe ready input to the digital
signal processor will have been held at a level of +5 voits, indicating to the digital

signal processor that external memory is not yet available for access, resulting in
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20 2. Swi t ching apparatus according to claiml, wherein said second

type of digital signal processing neans (38) is arranged to downl oad
prograns to said first type of digital signal processing neans (52, 53,
54, 55) directly by using first pr edet er mi ned addressi ng signals. 25
3 Sw tchi ng apparatus according to claim2, wherein said second type
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first type o processing
respective | sabakmgn@at.re@nee the 1§2F2Jata ha¥Ostabilised thSvéthtdhnighmepatteisically
according to claim wherein said | atc are_enabl ed by
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ecodi ng nmeargepser e BgY e SERINALIE 0 PSe dBYRI iRdigating to thy digital sfagek
means (57) apfo&Rbsh ttChltBGhalMBdSor( 2¢ ZAvailable for access, resulting in execution of
5 the bootstrap program being aliowed to continue. Shortly thereafter the state
machine will set the ready line to +5 volts once again so that the next data byte
may be supplied to the latch 272.

In this way communication between the microprocessor 38 and the digital

signal processor 52 over the parallel interface 57 is coordinated in order to
10 simulate the characteristics of a ROM which would be used for bootstrapping
digital signal processing software.

The state machine 271 provides memory mapping of the coordinating
signal lines for each of the digital signal processors so that any of the digital signal
processors 52-55 may be individually reset and have new software downloaded at

15 any time.

Referring once again to Figu;e 4, it can be seen that the arrangement of
the four digital signal processors 52-55 connected to the cross-point switch 47
and the microprocessor 38, provide an extremely flexible topology which may be
used for implementing functions other than DTMF recognition. In particular,

20 because each of the digital signal processors may be reset and bootstrapped
independently it is possible to configure one of the DSPs to perform a different
task while the other three are still operating. One example of an alternative use for
a digital signal processor is conference bridging.

In conference bridging three or more callers are connected so that all three

25 may speak to each other as if in the same room. It should be noted that it is not
possible to implement conference bridging without the use of some form of'digitai
signal processing.

In the minimal conference bridge configuration three callers require to
speak to each other thus generating six signals which must be combined in some

30 way. Caller A receives an incoming signal RXA, and generates an outgoing signal
TXA; caller B receives incoming RXB, and generates outgoing signal TXB and caller
C receives incoming signal RXC and generates outgoing signal TXC. In a digital

exchange samples of audio signals are stored as 8 bit numbers. [n order to
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5. Swi t chi ng apparatus according to any, of clains 2 to 4, wherein said
second type of digital signal processing neans (38) comrunicates with said
fdrst type of digital signal processing neans (52, 53, 54, 55) via said
Cross- poi nt switch, by using second predeterm ned addressi ng signals.

5 6. Swi t chi ng apparatus according to any of clains 1 to 5, wherein

said first chie¥B€a MighlisliraPlquahigNHe BN BEESRIINE TRAGcbds u?f\gr; éh?narrf?e LS

arranged to det ect si gnal s present i n extérnal comuni ca annel's
and sai d secdudctiopeknoiwnliagi Addw. Thgs ghaldigitab@edii sgmpleansassiBg) thrsugh the

arranged to Sc?@&'—ﬁ’oiﬁtni\g{tgﬁ t‘4-.[70::1r}e% orrie ?rg afnro?mmnsegri Hnrmat, and must be converted into
a linear format before conference bridging can be performed. The first step in a
5 conference bridge is conversion of each of the three outgoing signals TXA, TXB
and TXC from A-law form into linear form. This is done by means of a look-up
table algorithm operatiné as part of the DSP conference bridge
program. Once linearised the three incoming signals RXA, RXB and RXC may be

calculated as follows:

10
RXA = TXB + TXC
RXB = TXA + TXC
RXC = T™XA + TXB
15 The final step in generating the conference bridge is to transiate the three

incaming signals RXA, RXB and RXC‘ into a non-linear form as is standard on the
network. Thus each of the three signals RXA, RXB, RXC is translated by a look-up
table algorithm into the non-linear A-law form. A program to perform all the above
operations described for conference bridging may be executed on a digital signal

20 processor 52 while the other digital signal processors 53 to 55 are performing
DTMF recognition or other different operations.

As noted in the conference bridging example, digital telephone signals for
audio are conveyed in a non-linear format. Two different non-linear formats exist:
in Europe A-law is used, while in the United States Mu-law is used. Thus when

25 communicating between two different telecommunication networks where
different non-linear formats are used, it is necessary to convert Mu-law to A-law
and vice versa when a two-way conversation is required. This may be performed
on’ a digital signal processor by using a look-up table which converts directly from
A-law to Mu-law and another look-up table which converts directly from Mu-law to

30 A-law. This process may be done very quickly. However, a digital signal
processor may be a convenient way of implementing this, especially when the

digital signal processor forms part of a reconfigurable circuit where the digital
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10 detected signals to a central control ogrocessi ng neans. 7. A
nmet hod of processing signals in a line interface card for a service node

switch, conprising the steps of :- : comuni cating data between a
first type of digital signal processing 15 neans (52, 53, 54, 55) and a
second type of digital signal processing neans (38) via a cross-point
swtch (47);
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interface (56) and said second type of digital signal processing neans
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configured to perform DTMF recognition, and reconfiguration to a number of

different tasks may be performed as conditions dictate.
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conflgured by said second type of digital,gignal processing neans (38) via

sai d second type of interface (57). 30 9. A net hod according to
either claim?7 or cIa|m8 ‘'WheT€i n prograns are downl oaded to the first
typelof_dlglta ng neans (52, 53, 54, 55) directly by
x:/:i&%E]ICDI rst pr IIH ﬂﬁ m{sm ng signals.

SHEET CLAIMS

1. A service node switching apparatus (25} for routing channels within a
service node, comprising a switching matrix {32} and a plurality of line interface
5 means {34}, each of which line interface means includes:-
a cross-point switch (47}, a first type of digital signal processing means
{52, 53, 54, 55) and a second type of digital signal processing means (38),
wherein;
said first type of digital signal processing means {562, 53, 54, 55} is
10 connected to said cross-point switch {47} by a first type of interface means {56}
and is arranged to receive a program directly from said second type of digital signal
processing means {38}, thereby avoiding said cross-point switch {47},
said second type of digital signal processing means {38} is connected to
said cross-point switch {47} by a second type of interface means {57}, and
15 said cross-point switch includes means (50} for facilitating a
communication between said first ty;ae of interface means {56} and said second
type of interface means {67}, and is arranged to be configured by said second type

of digital signal processing means via said second interface means {57).

20 2. Switching apparatus according to claim 1, wherein said second type of
digital signal processing means {38} is arranged to download programs to said first
type of digital signal processing means (52, 53, 54, 58) directly by using first

predetermined addressing signals.

25 3. Switching apparatus according to claim 2, wherein said second type of
digital signal processing means (38} downloads programs to said first type of
digital signél processing means {52, 53, 54, 55) via respective latching means

{272).

30 4. Switching apparatus according to claim 3, wherein said latching means
(272) are enabled by decoding means {271) connected between said second type

of interface means (67} and said latching means {272}.
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26 ordi ng to cl gém 9, wherein the second type of
digital si gnﬂ““‘ém Wg means ( 38) wnl oads prograns to said first

type of digi rocessi ng means (52, 53, 54, 55) via respective
| at chi ng neans (272). 5 11. A nmet hod according to claim10, wherein
the latching nmeans (272) are enabl ed by decodi ng nmeans (271) connect ed
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the second tyagref tybe ofdd:gitauaéxg.sazgd?aéeslarr@cle.%ah@ga@ieaémnma&)atesomnémtfe&
with the first type of digital si gnal processin rreans (52, 53, 54, 55)

vi a the cros&Rsoiohtdigitalt signalaprocessing gneans (62, 83, ., 55} via said cross-point
switch, by using second predetermined addressing signals.

6. Switching apparatus according to any of claims 1 to 5, wherein said first
type of digital signal processing means (62, 53, 54, 55} is arranged to detect
signals present in external communication channels and said second type of digital
signal processing means {38) is arranged to supply information derived from said

10 detected signals to a central control processing means.

7. A method of processing signals in a line interface card for a service node
switch, comprising the steps of :-
communicating data between a first type of digital signal processing
15 means (62, 53, 54, 55) and a second type of digital signal processing means (38)
via a cross-point switch {47};
supplying program instructions to said first type of digital signal processing
means {52, 53, 54, 55} directly from said second type of digital signal processing
means {38) via a first type of interface {57), thereby avoiding said cross-point
20 switch; and wherein _
said first type of digital signal processing means {52, 53, 54, 5b5)
communicates with said cross-point switch (47} over a second type of interface
(56) and said second type of digital signal processing means {38) communicates
with said cross-point switch (47} via said first type of interface {57).
25
8. A method according to claim 7, wherein said cross-point switch {47) is
configured by said second type of digital signal processing means (38) via said

second type of interface {57).

30 9. A method according to either claim 7 or claim 8, wherein programs are
downloaded to the first type of digital signal processing means (52, 53, 54, 55)

directly by using first predetermined addressing signals.
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second predeterm ned addressing signals. 26
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10. A method according to claim 9, wherein the second type of digital signal
processing means (38) downloads programs to said first type of digital signal

processing means (52, 53, 54, 55) via respective latching means (272).

11. A method according to claim 10, wherein the latching means {272} are
enabled by decoding means (271} connected between said second type of

interface {56) and the latching means {272}.

12. A method according to any of claims 9 to 11, wherein the second type of
digital signal processing means {38} communicates with the first type of digital
signal processing means {62, §3, 54, 55} via the cross-point switch (47}, using

second predetermined addressing signals.
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