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ALEXANDER SCHRODER PHILIP, ' STEPHEN NIEWIADOMSKI, FREDERICK EHENRY REES.
and -ANTHONY ERNEST SHUTTLEWORTH (54) IMPROVEMENTS IN OR RELATING TO
DIGITAL-.:. 'TELECOMMUNIATION SWITCHING SYSTEMS. (71)  We, THE  PLESSEY
COMPANY  aim  of the present invention to provide 45 LIMITED, of Vicarage
Lane, llford, Essex  arrangements in the exchange transmission IG1 4AQ,
STANDARD  TELEPHONES and  CABLES  interfaces which exploit the provision of
the LIMITED,of 190 Strand, London, W.C.2  duplicated switching planes to
enhance the 5  and  THE GENERAL  ELECTRIC  COMPANY  information handling
security of the Ex- LIMITED, of 1 Stanhope Gate, London WlA  change.    50
1EH, all British Companies, do hereby de-  . According to the invention
:there is pro- clare the invention, for which we pray that  vided 'a
digital switching exchange handling a .patent may be. granted to us,and the
digital information samples in time division 10  method by which it is to
be peRformed,. multiplex form carried by incoming and out- to be
particularly described in and by the  going exchange junction paths, the
exchange 55 following statement:-      -      comprising a receive
interface for each in- coming junction path and a transmit. inter- The
present' invention relates to telecom-  face for each outgoing junction
path and 15  munications systems employing digital switch   first and
second time division multiplex ing.and is. more particularly concerned with
switching networks, each network providing 60 the. provision of security
arrangements in-  selectable connection between any one of volving
cross-office path duplicated connec-  the receive interfaces 'and' any one
of the -   tions for use in such systems .     .   transmit interfaces on a
time division multi- 20    The switching networks used in telecoi-  plex
basis and each receive interface; is munication exchanges which handle
digital  arranged to generate an error indicating code 65 data, ansmission
carrying connections (such  for each information sample received and as
Pulse code modulation handling. connec-  to pass each information sample
accom- - tions) are organised i accordance.'with so-  panied by its error
indicating .code to both 25  called time division switching involving both
the first and second switching networks and time and space division
switching techniques.  each' transmit interface is arranged to com- 70
Security in' such. switching networks is al-'. pare each .sample received
from the: first ways a significant-problem because of "the  switching
network with that received from high traffic carried by the time-shared
high-  the second switching network and when the 30  ways and switching
stages constituting the  samples differ to use the error detecting
switching network. Schemes have been pro-  codes of each sample to
decidewhichsample 75 posed in the prior art in which  "M"   in N"  should
be used. for transmission over the types of sparing are provided for the
various  outgoing exchange junction path served by component'parts.of.the
switching network.  thetransmitinterface. 35   However, such procedures
pose severeprob-    Each transmit interface, according to a lems of cabling
and timing between main  feature of the'invention, includes alarm indi- 80
and' spare units and addappreciably to the  cating means -arranged to
,signal to an ex- complexity of 'switch path selebtion arrange-  change
common pontrol device the detection . ments
of each information sample corrupted by 40        overcome such problems it
been  its passage trough a switching network and suggested that the
trunking in .a digial  when the number of. corruptions.signalled  85
switching network should be completely  from one of the switching-networks
exceeds duplicated between the exhange receive and  a predetermined
threshold the common con- transmit, transmission interfaces and it is an
trol device causes the transmit interfaces to    2 



be biased to accept only information samples    ware module(CH), a waveform
generator from the other switching network.      module (WG) and an error
rate monitor One embodiment of the invention will    module (ERM) together
with a control soft- now  be described  with reference to the  ware module
(CS). 5  accompanying drawings which, at fig. 1,   -The switchblock  SB
consists of three 70 shows an abbreviated block diagram  of a  modules
shown in fig. l as a digital line digital switching exchange having a
switch-' termination module DLT, a time switch TS block of the type shown
in fig 2 which  and a space switch module SS. 10  incorporates a digital
line termination unit    Fig. 2 shows the constitution of a typical 10 of
the type shown in fig. 3.                switchblock SB in more detail.Two
planes A  digital switching exchange subsystem   of T-(s)-S-(s-T switching
SP1 and SP2 are DSS suitable for use with one embodiment.: employed in the
sP1 and SP2 are of the invention is shown in fig.  and it  only one such
plane SP1 is shown in detail comprises a combination of hardware and  fig
2. The second plane SP2 is arranged to 15  software modules which provide a
general  include indentcal modues to those shown  80 purpose switching
facility     .        . in SPA1 of  Fig 2. Each plane comprises a The
subsystem (DSS) provides full accessi-  number of receive time switches
RTSAI to bility between any two Channels terminating  RTSXN. a space
switching. network array on its switchblock SB and it is, arranged to
invving an (s)-s-(s) configuration together 20   grow  smoothly over a
range of conversa-  with a number of transmit time switches  85 tional
traffic capacities. Interruptions of ser-  TTSAI to TTSXN. The. (s)
sections are vice due to exchange extension are avoided  provided by the
receive primary switches by the use of a facility which allows one of
RPSA-RPSX and the transmit primary a pair of duplicated switchblock Planes
to  switches TPSA  to TPSX. The central S 25  be "biased to carry all
calls.             section iS formed by  matrices SMA  and 20 The Digital
Swiching Subsystem switch- - block, (SB) belongs to the Time Space Time
The time switching module TS IS is shown or so-called T-s-T, family.
Specifically, seg-  in fig. 1 as being fed  from a data point of mentation
of the central space stage reslts  view on one side by the digial line
termina 30  in a T(s)S(s)T format. The (s) component  tion modues DLT and
on the other side by denotes an access mechanism between T   the space
switching module SS. The actual stages and the central space with (s) seg
sub-sections used to form the time switching ments. Quality  of service
characteristics  module  TS  comprise: the  receive  time appropriate the
multiplexed nature of the  switches (RTSA1-RTSXN. in fig, 2) the 35
trafflc are satisfied by- duplication of switch-  transmit time switches
ing planes of the switchblock                  .  and The subsystem  DSS
maintains a record   le control 'store a               (cont sts) of the
busy/free state of each of its internal  is also used to provide addressing
infor- paths and in addition to selecting setting up  mation for the space
switch columns allow- 40  and clearing down connection% it is capable  ing
the passage of a demultipexed channel of tracing, busyingand reserving
paths        across the switching network into a selected Switching Is
performe with reference to  location   a   nsmit time switch store.The a
local timebase Qriginated by a Timing  transmit time switch location is
selected unit located in the Network Synhronisation  under the Control of
information   held is. 45  Subsystem  and  supplied' via  the digital  the
control store arrangement  also .        1l0 switching, subsystem' waver
generator    The control store aggrement comprises one control store for
each receive time All bit streams terminating on the sub-  switch.Each
control store is formed           of. 512 system DSS are frame aligned
external to locations each location being of 21 bits 50  the basic
switching mechanism. Alighnment  Each location is allocated to a
cross-office 115 induced information loss occurs in integral   slot and
stores a receive time switch  address frame units. The subsystem is
responsible  and a transmit time switch address together for insertion of'
all outgoing synchronisation   With a call status code.: patterns and
additionally transmits idle    Each receive time switch, such as RTSA 55
codes to free lines.                         comprises a serial-to-parallel
conversation logic The main switchblock SB also fulfils .the  and a receive
speech store RSSA having 512 role of an access switch, making connections
locations of 9 bits per location and serving to tone signalling maintance,
and other  the receive paths of a ground of up to.16 auxiliary units on a
semi-permanent or call- 60  by-call basis.
systems emanating from  the corresponding The subsystem DSS as mentioned
pre-  digital line termination viouisly is forned of a number of modules
RSGA1  to  16. The information     is  written 



These  modules are shown in fig. l and com-  a channel at a time as it
occurs is written prise a digtal distribution frame (DDF) a  receive speech
store and it is extracted in 65  switchblock module(SB), a control hard-
parallel form  (i e. eight bits plis parity) 130    3
1,582,456                      -       - under: the ,ontro1 o the receive
time switchi R4.ALG - :.    -        : control ste  CONT? '-S . Each
receive    This CircUit provides frame a     t &   65 speeck store -(such
as: RSSA), includes .an  tween the local and remote docks and ai :.. output
buffer BOAwh*ich protides 4ueli:i ment induced: information loss is aged 5
catfd -outputs. .to the2x 2 :-space. switching  to occur in.integral frame
unitt;: :. stag  K;PS  which ,operates on its input at   -.~ ,  twice the
receve system p.e~m. bit rates, '-  TI. &: I: .'---;'.  70 &Ech trahsmit
spdech stre (such as TSSA)   . This circuit it used to insert remote ala
eomprisei t 512 location store having 9 bits  sig is into timne slots when
instrted byt 10fr eah loation ;aind inCddIn an inPUt the ,common control
over lead- ATRPU- or ; selector 'iSELA, forming the 2X2 s          i  the
alarm  eucoder AR  over lead: t . 's~itchT A          . . ,   An~r-
RE;                 - ..--75 The input selectorlTSELAand th "wrte- ' : - .
r>.. store  ddre~si~ng ate: contolec by a6dr    iTis circuit is used to
encide the binary   ' 15  informationirbom ithe correspopdin  O c PntwL
samplbspassed from the trapsit time switc store (such as CON? ST$.    . ,,,
,.-. , ' ,'stdres into the  BS lime transmission-code. 80 'E~ach control
stoipr (CO QN? ,STS>f as. prer   In additioi to the- basic line tmiatie -:
viously mentioned has o,.nc loaion for ,eah  actiiitiew'the IXJ plays an
im~ortaM'.rle crss-office slo3t-on an exchane bhighway  in. the'switch
assembly mechin-. 20  and :the, information to: select th  receivb
Following frame alignment, the MDLT in- speech stoie to, the transmit
speech- ste   serts parity on the received speech samples 85 for each
cross-office slot is rogrammed  using a parity bit generator PI: before
fed- Wmo the control store when & connectizii s  ing switch planes at RSPI
and -tTSP2, set. up by way of the input/output logie & ii trnsmit pa  of
the IL? function' '_- - - 25  such as I/O  CLA. The crossWoffice slot
refers to the outgoing parity silatat! p address  in~drmatiow. ii computed
in the  cheit circuits PCP1 and PMP  to decde! 90 ocetral control units Of
the hardware contrCo    which security plane TTSPI or TfSP2 of module HI
fi. L-                         the switch shod provide an output thre    -,
Each digita linec teiminatiotn Mnt DL   the plane selectors PS to the
transmit 3inie 30  provides. a number of basic lne termination, st     L'
activities sepgregated into four circuit ere- d The securty plane selection
will:   e perk 95 ments in a receive section (RS it Fig. ~3) and  formed in
a channel conscious  ma    for two circuit elements in a transmit section
each 32-channel transmit multiplex.'-Where T& These acivities wi be
consideredbriefly  the choice to be made .on a per-mulliplex 35  below
relative to the referenced E'lbck of basis) the broadeasting of a fault
from the fi& 'g.                                  receive side of the
trunkdng could -rapidlyr 100 affect many or all the transmit:' setectori -.
R1.CR/LCD                            puffing one complete. transmit plane
out of  - . Thbis circuit provigs a eecto recoverypseim  There 'would then
be a sicant 40  and line code conversion function. The   probabilityr of an
unacceptabletwult ..inciden mike temaining plan&                   :105
covered clock RECL provides-a clocic diive    MrT seinctor on- a transiFt
32-cAmne-l for the rest of the. receive section whereas  m the ink ode
onvesio lingesthe  DB3 ultipiux will only adopt a continuous. pre-. the
link code copure binachanges the HDB3  feire under the control of -the
security 45icoe decal odepr aioinclues  line fai alarm    Ih2ngeme sfgnal;
SF0 for onfe ~plane; 45  code decoder also: includ es a  The  Imo  p~ane
monitor indicates a regular 110 (signal LFz generator.  -    '-funk
incidence o a. siiniliintr proportion i   .  .*            - !  D   D
'.  o ' f chbanneh from the bdth&r plan. This fault :tR2.SS&R
- -                 resko  will be presettable to a level which This.
circuit provides for. synch searching  will be determined by experience of
proto- 50  and. recovery. after the loss of a single frame  type
equipments.                 115 synchronisation pattern is detected (signal
Locking of the selector to one plane can ERR) or when a total loss of frame
synch-  also be used as an aid to maintenance and ronisation is detected
(signal LS). The synch. extension operations. 



search and recovery circuit is also used to    Also included in the Digital
Line Termi- 55  detect an alarm from the remote terminal nation Function is
data comparison of the 120 (signal AFR).                            samples
emerging from  the two security planes TTSPI and TTSP2 using comparator
R3.RDSFD                                 COMP. This detects the convergence
of two This circuit .is used to detect a remote  different (but
parity-correct) paths on one 60  digital section failure which is the
detection  outlet channel.                   125 of no information being
received (i.e a good    The various alarm conditions detected by line
signal carrying a frame synchronisation  the parity check circuits PCP1 and
PCP2 pattern but no information in any time slot). and the comparator COMP
are passed to    4,                                          1,582,456
4 the alarm  encoder AE  This encoder pro-  ing codes of each sample are-
testedtodecide duces encoded alarm  signals -on leads EAS   which. sample
should be Used for transmis- and these signals may be priority encoded.
sion over. the ;-6utgoing exchange junction according to the significance
of the fault to- path served by: the transmit interface   '  50 5  the
performance of the switchblock.               2. A   digital-switching
telecommunica Typically the parity generatory and parity  tions exchange
according to claim-1 in which check circuits use integrated circuit
devices. each transmit interface includes alarm indi- of the type prodced
by Texas Instruments  cating means arranged to send-si gnals to an Ltd   .
unde r the trade name SN74180 whereas  exchange cmon    trol device
indicative. 55 10  the eo coMparator use devices having thetrade  of the
detection of a corrupted -information name SN7485. Obviusly
alternative:devices   sample and each transmit interface includes providing
the same function could be em-  means for each   transmit interface to
ployed. Further embodiment of the inven-   accept only information samples
from one tion has been described with reference t0  of the switching
networks.'                - 60 15  a digital switching arrangement using a
time-   3. A   digital-switching  telecommunica- space-time switching
network having a pard-  tons exchange according to  claim  1 to 2  in cular
space switch configuration.- It will be.  which the error code
generatintmeans is a apparent to those skilled in the.'art that  parity
generator and each sample is accom- alternative switching networks handling
time  panied by a parity bit                     65 division multiplex
channels could readily be    4. A   digital-switching  telecommunica-
employed.                                                     tions
exchange according to claim 3 in which - each transmit interface includes
first' and WHAT WE CLAIM IS:-                        second  parity
checkifig  arrangements to 1. A   digital-switching  telecommunica.; which
each sample and parity bit from the  70 25  tions exchange handling digital
information -fist and- second switching network respec samples in time
division multiplex form   tively is: applied.- carried by incoming and
outgoing junction      5. A: digital-switching  teleommunica- paths, the
exchange comprising a receive  tions exchange according to any one of the
interface for each incoming  junction path  preceding claims in whicheach
receiveinter-  75 30  and a transmit interface for each outgoing face
includes means for generating line fault junction path and first and second
time divi-  condition and synchronisation failure alarm sion
multiplex-switching networks each net-  signals for communication to the
common work-providing selectable connection between  control device. - -
any one of the receive interfaces-and any      6. A   digital-switching
telecommuica.  80 one of the transmit interfaces on a time.divi-  tions
exchange according to any one of the 80 sion multiplex- basis and each.
receive inter-  preceding  claims i  which each transmit the face includes
error code generating means  interface includes means for inserting alarm
arranged to generate an error indicating code  signals into selected
outgoing time division for each information sample received and to
multiplex channels.                         85 40  pass each information
sample acdompanied      7. A   digital-switching  telecommunia by its
-error indicating code to both the first  tions exchane substantially as
described and second switching .networks and each  with reference to and as
shown in the accom- transmit interface includes comparison means  panyig
drawings. arranged to compare each sample received 45  from the first and
second switching network               For the Applicants: and when the
samples, differ, the error detect.             R.J HART            ,
Chartered Patent agent. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1981 



Published at-The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from  which copies may be obtained.    4 the alarm encoder AE. This encoder
pro-  ing codes of each sample are tested to decide duces encoded alarm
signals on leads EAS  which sample should be used for transmis- and these
signals may be priority encoded  sion over the outgoing exchange junction
according to the significance of the fault to  path served by the transmit
interface.  50 5 the performance of the switchblock.         2. A
digital-switching  telecommunica- Typically the parity generatory and
parity  tions exchange according to claim I in which check circuits use
integrated circuit devices. each transmit interface includes alarm indi- of
the type produced by Texas Instruments  cating means arranged to send
signals to an Ltd. under the trade name SN74180 whereas  exchange common
control device indicative 55 10 the comparator use devices having the trade
of the detection of a corrupted information name SN7485. Obviously
alternative devices  sample and each transmit interface includes providing
the same function could be em-  means for biasing the transmit-interface to
ployed. Further eMbodiment of the inven-  accept only information samples
from one tion has been described with reference to. of the switching
networks.             60 15  a digital switching arrangement using a time-
3. A  digital-switching  telecommunica- space-time switching network having
a. parti-  tions exchange according to claim I or 2 in' cular space switch
configuration. It will be  which the error code generating means is a
apparent to those skilled in the art that  parity generator and each sample
is accom- alternative switching networks handling time  panied by a parity
bit.             65 20  division multiplex channels could readily be    4.
A  digital-switching  telecommunica- employed.
tions exchange according to claim 3 in which each transmit interface
includes first and WHAT WE CLAIM IS: -                    second parity
checking arrangements to 1. A  digital-switching  telecommunica-  which
each sample and parity bit from the 70 25  tions exchange handling digital
information  first and- second switching network respec- samples in time
division multiplex form  tively is applied. carried by incoming and
outgoing junction    5. A  digital-switching  telecommunica- paths, the
exchange comprising a receive  tions exchange according to any one of the
interface for each incoming junction path  preceding claims in which each
receive inter- 75 30  and a transmit interface for each outgoing  face
includes means for generating line fault junction path and first and second
time divi-  condition and synchronisation failure alarm. - sion multiplex
switching networks, each net-  signals for communication to the common work
providing selectable connection between  control device. any one of the
receive interfaces and any    6. A  digital-switching  telecommunica- 80 35
one of the transmit interfaces on a time divi-  tions exchange according to
any one of the sion multiplex basis and each receive inter-  preceding
claims in which each transmit face includes error code generating means
interface includes means for inserting alarm arranged to generate an error
indicating code  signals into selected outgoing time division for each
information sample received and to  multiplex channels.                 85
40 pass each information sample accompanied    7. A  digital-switching
telecommunica- by its error indicating code to both the first  tions
exchange substantially as described and second switching networks and each
with reference to and as shown in the accom- transmit interface includes
comparison means  panying drawings. arranged to compare each sample
received           For the Applicants: 45  from the first and second
switching network           R. J. HART, and when the samples differ, the
error detect-    Chartered Patent Agent. Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-1981. Published at The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, fiom which
copies may be obtained.    


