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equipment

601’ DM, a 60-channel telex,

time division multiplex

T. Gills, B.Sc(Hons)

Summary The article describes an
equipment with the capacity to
connect 60 telex users to the syn-
chronous digital network. Alterna-
tively it can be used simply to give a
cost effective connection to the exist-
ing telex network where normally
the number of customers would be
too small to warrant a local telex
exchange. The equipment conforms
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to CCITT Recommendation R111
te form a G4kbit's bearer for the
60 telex channels. This makes the
multiplexer transparent to the code
or speed {up to 300 baud) of the
tclex input. Dual independent bear-
ers with automatic changeover
facilities are provided to give space
diversity for increased reliability,

Introduction

The telex network, by far the largest
data network in this country, has been
in use since 1932, However, in the last
few years the National Private Circuit
Data Network (NPCDN) has come
into being and is sct to expand rapidly
in the near future"®? A method of
interfacing  the anisochronous telex
signals to the synchronous data net-
work serves to make the overall net-
work more efficient.

This article discusses the design of a
60-channel Time Division Multiplex
[B0TDM) equipment which enables
telex traffic to be carried over the
NPCDN. Since the equipment is small
it can be sited in remote exchanges,
where the cost of providing a small
number of telex lines over large dis-
tances would normally be prohibitive.
It can also be used for point-to-point
links. Figures | and 2 show some of the
uses the equipment may be put to. It

affers  space  diversity wvia  dual

independent G#khit/s bearers and also
code and speed (up to 300bit/s) in-
dependence for the telex interface, The
means of achicving these system
paramcters are fully described helow.,

60-channel time division
multiplex

The unit takes 60 telex (=12V tele-
graph) signals and multiplexes them
into one B4kbit/s ageregate signal. It
also converts the 6dkbit/s aggregate
into 60 telegraph signals. Figure 3
shows how the various functions
required are carried out by the differ-
ent units,

[t should be noted that the equip-
ment conforms to CCITT Recom-
mendation R111. This lays down the
rules for encoding the telegraph data,
and defines the way in which the data
bits and framing bits are structured to
give an overall frame of 256 bits. OF
this, 240 bits are encoded telegraph
data bits, 12 bits are used for framing

purpases, while the remaining four bits
can be used for alarm and signalling
information, Thus the 64kbit's aggre-
gate is divided as follows:
Blkbit encoded data

3kbit frame word

lkbit alarm and signalling informa-

ton

Mechanical construction

All the units which go to form 60TDM
equipment are housed in a single
TEPIE {Telecommunications Equip-
ment Practice) 8VU shelf and all
connections are accessed from  the
front. The system will normally be
accompanied by a second shelf (Line
Terminating Shelf) of the same dimen-
sions which gives access to the fkbin/s
and 1+536/2-048Mbitfs hearers. This
provides easy access for cross-patching
and looping back of signals to aid fault
finding but it is not described here as it
does not form an integral part of
GOTDM.

Telegraph data encoding
Telegraph data is inherently aniso-
chronous (i.e. start-stop). For this to be
sent over the synchronous data net-
work it must be encoded in some form.
One method is to sample the wavelorm
at a much higher rate than the speed of
the data and simply transmit a bit of
data for each sampling pulse. This is
very inefficient in terms of the band-
width required for any given data rare.
R111 recommends the use of transition
encoding  to  reduce bandwidth
requirements while keeping distortion
to a minimum. A pictorial view of
transition encoding is shown in fig-
ure 4, and a brief description follows,

The data is sampled at a rate of
#kHz, and the sample pulses are
divided into groups of four, Each group
gives rise to one bit of data to be sent as
part of the R111 frame. Whien a transi-
tion oceurs, the position is noted and
the following three bits form a code
word indicating in which quadrant the
transition occurred. Three bits are
enough to define any transition [+ve
or —ve] in any quadrant. For correct
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Figure 1. 60TOM as an interface to the national network

encoding of data the minimum time
between transidons must be three
groups of sampling pulses. Thus the
maximum data ratc which can be
encoded with 4kHz sampling is:
4000/ (3¢4) =3333bit/s

The maximurm distortion which might
arise from transition encoding is
inversely proportional to the sampling
rate. For 4kHz sampling the distor-
tions produced are 7+5% maximum at
300 baud or 1-25% maximum at 50
baud.

The transition encoding is carried
out by the Multiplexcer BA unit which is
the heart of the 60TDM system. This
unit also performs the multiplexing,
demultiplexing and decoding  func-

tions. All the units required o make a
complete system are described in the
following sections. Also described are
the three different types of interface
which may be employed on the
B4kbit/s aggregate signal, using the
Miscellancous  Interface Conversion

(MIC) units.
Telegraph interface

The unit accepts and rewurns =12V
(V28) telegraph signals. This is a
commonly found interface in telex
exchanges and it is also reasonably
simple to implement, so that four send
and return channels can be accommo-
dated on one 4V1U card (this is half the
size of all the other units in the system).

Thus only 15 Channel Card 1A units
are required to service all 60 channels,
Each telegraph input uses two opro-
isolator devices to convert the £12V
signals to the TTL levels required to
interface to the Multiplexer 8A, One is
used to detect positive transitions and
the other negative transitions. This
reduces distortion that would ocour if
only one device were used to detect
both transitions, because the switch-on
time of the opto-isolator device is much
faster than its switch-off time. Should
the input go open-circuit the signal
sent to the Multiplexer BA can be pre-
programmed to a logic | or 0 by means
of a link. Each channel has this prog-
rammed separately. The unit also per-
forms the inverse function of convert-
ing TTL levels to telegraph signals,
Should the multiplexer fail, these out-
puts can be individually programmed
to return 2 mark or space condition to
the customer.

Facilities are provided so that any of
the telex interfaces can be examined by
a separate unit in the system, the
Monitoring Unit 29A. This is to aid
fault finding of the telegraph interface
and is discussed more fully in the Tele-
graph Monitoring Facilities section.

The Multiplexer 8A

This performs most of the functions
required toform an B1 11 multiplex. As
well as the multiplexer/demultiplexer
functions for two Gikbit/s aggregate
bearers, it monitors the incoming sign-
als for errors or faults, It also performs
the automatic changeover from a
faulty line w a good fine. The two
t4kbit/s bearcrs are known as the
main and standby lines. Both lines are
identical except for certain alarm bits
in the frame structure, explained fully
later. When a fanlt occurs causing a
changeover from the main line, the
other bearer assumes main line status,
When the faulty line comes back into
service it assumes standby line status,
A manual method of changing the
status of the lines is provided by means
of a push-button.

At the heart of the system are three
single-chip micro-computers. These
are Intel BO51 devices, They require a
clock at 12MHz and contain 4Khytes
of mask programmed ROM (read-
only-memory) and 128bytes of BAM
(random  access memory) for  use
during program execution. Extensive
use was made of in-circuit emulators
and EPROM versions of the 8051
device during development to check



GOTDM, a 60-channel tefex time division multiplex equipment 37

1 -Tl Tl
| i
UTsAA : I
T SovE !
ﬁp_m 5 Loisl lirm 12 : BETOM Gkt hearar SOTDM : 17 12¥ :r::h
[ Ly i | gushangs
|
| |
I
[ H—&n
I—r| T1
! 1
I
UITEAA i 1 UTE2A
B SOVF I ] : 2 il
TPTR E Local lina L : EI0T Balkbit's e BTN 1 ROV |m
[ LE | : Aoy sxchanps
|
| |
1 [
Fra - 60
L] -1 T1
I I
| I
1 I
e LE ) e o || i | see
WERBN G ] | ralox
i | necharge
| |
| I
e -1 - g0
1= -rl
' 1
|
LThaa, | !
] SCWF 12 ]
ﬁ,.m € [Losal ne 12 : sorow | o baarer | ooy, |iav Local | € | 1orn
i
H 12y I l’ SCvF F
l |
1 I
0L Heso
!—I— TI =
1 I
: I T‘ Privats
5 SCWF ! I 1 SOV I Tedax
]
TR E Laszal ling i ”'IIH'T BOTON B4k boarer pen i lypw Imu- : anr.:‘
H 12v | : SovE| z i ipaTEx
o
I | ek | messa
IV ar BOV
| | ¥ raguired - switc
TFTR-Tal 80 -1 e
EPC=Sinend program control
SCYF = Singla charnnel woioe frequency

Figure 2. 60TDM as a point-to-point telex link

the aperation of the software. All three
devices contain  identical Programs
even though they perform diflerent
functions on the Multiplexer 8A, This
is achieved by the device assuming a
different status depending on where it
is used on the Multiplexer 8A and
means that the device is not fully util-
ized in any one position. Some of the
software written into the device will be
redundant but manufacturing costs
are greatly reduced since only one

mask is required, and the total num-
bers of the single device are increased,
reducing the unit cost still further.
Assembly is also made easier since the
device cannot be put into the wrong
socket,

* The arrangement is such that two
8051 micro-computer devices are used
in identical roles to de-multiplex the
received G4kbivfs data. The other
deviee is used to perform the transmit
processing. The functioning of the

devices is more fully explained in the
following sections,

Encoding and multiplexing

One micro-computer is required to
process all the data appearing at the
60-channel inputs. The data is sam-
pled at 4kHaz, as previously stated, and
tramsition encoding is carricd out by
the software in the device. The 60
transiticn encoded channels give rise
1o 240 bits of the data frame. These arc
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Figure 3. (0TDM functisnal units, with transmit and receive sections shown separalely for simplicity

supplemented by 12 evenly distributed
frame hits and two other bits, one
maintenance bit, which can be used as
a low-rate data channel, and a justifi-
cation bit, always set to 1. This is the
data which is common to both transmit
paths. The remaining two bits are
alarm bits which signal ‘loss of frame’
and ‘bearer fail’ status to the distant
multiplexer. The meaning of these
alarms is discussed more fully under
the receive section.

This gives two indcpendent
64 kbit/s agpregate data  sireams
which are extended from the unit
under the control of a common clock

derived from (and synchronized to)
either the Line 1 or Line 2 receive
clocks, or from the line with main
bearer status at any one time. The
Multiplexer 8A can also produce its
own accurate Hdkbit/s clock derived
from a 2MBkbit/s This
allows the unit to act as the master
clock source or simply to free-run if it
loses a S}rm‘_‘hnmizing source. 15 it does
lose its synchronizing source it will
send an alarm to the Alarm Unit 68A.
This unit accepts all alarms detected
by the Multiplexer BA and displays
them to give fault information.

The two data streams and associ-

oscillator.
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Figure 4. RIT transition encoding

ated tming signals are converted to
V11 signals before leaving the Multp-
lexer 8A. The clocks transmitted with
the data can be individually program-
med to G4kbit/s or 128kbit's depend-
ing on which clock rate the MIC unitin
the system requires. The V11 signal is
a COITT-recommended  balanced
signal which enables it to be transmit-
ted not only to the MIC units in the
same shell, but also to MIC units in
other shelves, up 1o approximatcly
100m away if required,

Demuliiplexing and decoding
The other two micro-computers on the
Multiplexer 8A are required to per-
form the demultiplexing and decoding
on the two Gdkhit's receive data
streams, Only one line will be consi-
dered here as the ather will be perform-
ing cxactly the same function,

At switch-on the unit must first gain
frame alignment. It dees this by stor-
ing a whole frame of data and scarch-
ing it for the [rame word. Onee this has
been achieved successfully it searches
the next frame of data for the frame
word in the same place. When it has
found a third correct frame word it
assurncs it has gained frame align-
ment. Whilst this is happening the
data from the other line will be sent to
{hl‘.' Ehﬂ.ﬂﬂtl Eﬂ.l'&S-. If t".l.l'. ﬂt]'tl:l' I'.I.'IiEI'D—
computer is also searching for fame




alignment then a control sigrnal 1% sent
i the channel cards which causes
thern o go w their pre-programmed
levels as described earlier. The micro-
computers cannot decode the data
while they are searching for frame
alignment as the procedures take up
ton much processor time to be carried
out simul tancously,

Once demultiplexed and decoded,
the data from the main line is sent to
the correct channel positions o be
converted to telegraph signals.

While the micro-computer is de-
multiplexing and transition decoding
it can still monitor the line for faults,
as well as monitoring the hits in the
frame structurs which indicate distant
alarms.  Any local faults detected
{listed below) together with the alarm
hits in the receive frame structure are
sent to the Alarm Unit 68A in serial
form. This 13 to reduce the connections
between  the Multiplexer 8A  and
Alarm 68A units. There are two serial
alarm data connections to the Alarm
684, onc for cach line. These are
updated once every frame period, ie
4ms. The alarms detected on each line
are:

Loss of signal

when no data transi-

rransitions fions  occur i A
frame,

Becoive Alarm when  all data

Indication receive frame is set

Signal (AIS} to l,

Error ratio caleulated from

=110
Bearer Fail

errors in frame word,

st if any of the above
are sel,

The unit also indicates to the Alarm
68A when a line has lost frame align-
ment. This alarm together with the
Bearer Fail alarm are used to set the
relevant alarm bits in the K111 frame
sirucrare.

Alarm display unit

In order to aid fault finding of mis-
operating equipment, the Alarm Unit
68A displays all the alarms detected on
the Multiplexer 8A, together with
alarms forwarded by the MIC unis.
The conditions which may cause a
MIC alarm are discussed under the
relevant MIC unit description.

The unit also interfaces the alarms
to the alarm bus system in the rack.
Since the equipment is housed in
TEPIE equipment practice it must
connect to the 10-way alarm bus found
in this type of rack. This enables the

GOTTIM, & 60-cliunnel telex tme division multiples equipment 3%

H.tﬂ.]'ms- frnm dj.ﬁ‘f!'{'.]'lt t}'pl‘.ﬁ nf l'.\l.'l'l.li]:l-
ment to be accommodated on a single
alarm bus. There is an alarm indicator
on the end of the shelf which is visible
with the equipment front covers on,
thereby reducing the cabling in the
racks while still allowing the faulty
euipment to be found gquickly.

The cquipment also contains an
informationdfault l‘mding card, kept in
a spare card position, which gives
instructions in fow chart form on how
to narrow down a fault to a pardeular
unit when an alarm has been raised,

The alarms coming onto the unit go
to lamp-locked 1.e.d indicators at the
front of the unit. The lamp-lock faeility
enables momentary alarma to be cap-
tured. A display invalid indicator sig-
nifiecs whether the alarms shown are up
e date. The indicators are manually
reset by means of a push-button. The
alarms forwarded to the alarm bus are
not lamp-locked. The unit alse indi-
cates which bearer is operating as the
main line and if a changeover has
orcurred, A front panel is provided to
give some indication of what each indi-
CALDr IMCans.

Telegraph monitoring
facilities

Since the Alarm Unit 68A provides the
only  with an  indication of
G4kbit/s aggregate receive faults, a
means ol checking the transmit path
up to the 64kbit/s level and the return
telegraph data is required. This is
achieved by use of the Monitoring Unit
29A, which generates a known tele-
graph message (CVKS as recommended
in R111) at approximately 210 baud.
This can then be patched in any
channel position by means of a simple
cord connector from the monitoring
unit to the front access on each of the
channel cards.

This achieved, the unit can be em-
ployved to check that the signal at four
separate stages in the system is still
correct. The channel that the signal
has been sent to is selected on the
momtorng unit by means of thumhb-
wheel switches indicating 0 to 60. A
four-position  rotary switch  then
enables separate stages of the system to
be investigated. Only one channel is
alfected during this procedure so that
the other 59 are still available to carry
traflic. Two Le.ds indicate the presence
of data on the tansmit and receive
highways between the channel card
and Multiplexer 8A. Two luriher Le.ds

URCT

indicatc whether or not the data at the
stage of the system being investigated
is the same as that generated by the
monitoring unit. The stages which can
be investigated arc;

a) wansmil interface between
channel card and Multiplexer 84,
b} multiplexed transmit data at the
Gidkbit!/s interface,

) recerve interface between the Mul-
tiplexer 8A and channel card,

d} telegraph output of the channcl
under test.

A manual loop-back switch enables
the test signal te be investigated at
stages ) and d) without n:qu'tring any
connections at the distant end to be
made. Thus if the looped back signal is
still correct at stage d, the channel can
be said to be operating correctly.

Interface units

The equipment has available three dif-
ferent MIC units to connect to the V11
interface of the Multiplexer 8A. These
provide interfacing to the synchronous
digital network at various levels and
can also be used independently for
point-to-point links. These three units
come under the titles:

a} Signal Conversion Unit 2A,

b) Modem Umit 164,

e} Multiplexer Unit 9A.

The first two units offer differing
fdkbit/s links while the third enables
up to eight Multiplexer BA agpregate
signals to be multiplexed wgether @
form a single 1-536/2-(4BMbit/s digi-
tal link. In all cases two MIC units are
provided 1o give the space diversity for
two independent bearers,

the

Signal Conversion Unit 2A

This unit converts the V11 signals
from the Multplexer 8A w0 a 64kbit/s
co-directional signal compliant with
CCITT Recommendation G703, This
i5 a standard signal used to interface
different equipments in exchanges for
distances up to [50m. Only two wires
are required to send information in
cach dircction as timing can  be
extracted from the data. The interface
can be used to connect o the KiloS-
tream {NPCDN) network or 2nd Gen-
eraton 30-channel p.eom equipment,
when they are situated in the same
exchange building. If power to the unit
is lost, & MIC alarm is extended to the
alarm unit.

Modem Unit 16A
Where the 60TDM equipment in, say,
an outlying exchange has to connect to
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the natinnal network, the Modem 16A
may be used. This is a 6dkbit's
baseband modem uvsing WALZ di-
phase modulation. WALZ refers to the
coding carried out on the data before
being filtered, amplified and sent over
a pair of wires, Four wires are
reqquired for hothway transmission,

The unit requires no manual or
automatic equalization to accommo-
date different line characteristics, and
can be used for distances up to 4-5km,
It is compatible with the modem used
on KiloStream network multiplexers,
If the input level falls below —454dBm
the unit extends AIS w the Mult-
plexer 8A and a MIC alarm to the
alarm unit.

Meltiplexer Unit 9A

This unit will take the 64kbit/s apere-
gates from up to cight 60TDM equip-
ments and multiplex them together
into one 5362048 Mbit/s  digital
signal.

A frame word and spare bits are
added since the full capacity of the
d'!gi[al link 1% net wtilized either at
1-536Mbit/s or 24048Mbit/s. The
2-(MEMbit's signal 1s (G703 compatible
g0 that it can use the network as it
stands, The 1-336Mbit/s signal is also
compatible with older parts ol the
British Telecom line system.

The unit has its own faal detection
circuitry, and indicates when the
received signal has a high error rate, or
if it loses frame alignment. These con-
ditions cause AILS to be sent to the Mul-
tiplexer BA and a MIC alarm to the
alarm unit. The unit can synchronize
to the network in various ways. It can
synchronize to the recovered receive
clock or to a separate synchronizing
input. Should the synchronizing
source be lost an alarm 15 indicated.

A MIC alarm iz extended o the
alarm unit if it is due to the loss of the
receive clock, The unit can alsa free
run accurately at 536/2-048M bitfs
in which case it is considered to he the
master clock of the system.

Power supplies

A single [LC-D.C Converter 444 sup-
plies all the power requirements for the
equipment in the shelf. Tt converts the
MV/0V de supply, standard in
cxchanges, to the +5V and =12V
required by the units, The power unit
hias automatic shutdown protection on
its outputs, I any of the outputs cause
an overload, all the outputs arc shut
down. They are then restored periodi-
cally {every 250hms) to see if the over-
load is sdll present. If a faulty unit
causing the overload is removed, the

supplies will automatically  be
restored,
Conclusions

The 60TDM equipment is a versatile,
cost-cffective interface  between  the
telex and data networks as they exist
today, as well as being equally suitable
for combining small numbers of users
into the relex network, The uses for the
efquipment can only increase as the
NPCDN expands to cover more of the
business commumnity across the coun-
try: The compliance with international
regulations makes it equally suitable
for use in other countries with expand-
ing data networks.
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RESUME

L'article décrit un matériel capable defleciuer le
raccordement de B0 utilisateurs wélex au résan
numérique synchrone. Par aillears, il peut éuwe
utilisé tout simplement pour réaliser un rce
cordement peu cofiteus aw réscien WElex existang
dans les cag ol be nombre de clents se troove Gre
selon kit noeme trop petit pour justfier un central
t1élex lacal, Le matériel s conforme aux recon-
mandations K111 du CCITT pour constituer
une portewse G4 kbinfs pouwr les 80 canaux (é&lex,
Clect rened le multiplexewr Lransprrent au el oz
i la vitesse du sgnal d'entrée télex (justu’a 500
baods), Dhvs porteuses indépendantes doubles
aver fomction de commutation automatigue soat
disponibles de fagon & offrir une  diversite
d'espacerment permetlant d'améliorer la fahi-
Lin,

ZUSAMMENFASSUNG

Dicser Anfeacz beschreibl ein Gerit, wielcles &0
Telexteilnehmer an das synchrone Telexnetz
vermitteln kinn. Wahlweise ermiglicht es auch
cinen kostenginstigen Anschlull an das bes-
tehende Telexnetz, bei dem die Anzahl der Teil-
nehmer normalerweise 2o klein ist, um ein
Orig-Telexame zu rechifertigen. Das Gerit
entspricht der CCTTT-Empdfehlung R111 und
stelle einen &4 kbat/s Triger fiir dic 60 Telex-
kanale dar. Dadurch wird der Mubtiplexer fii
den Kode baw, die Kate (bis zo 390 baud) trans-
parent.  Doppelte unabhingige Triger mit
auksnatizcher Umschaltung sind vorgeschen,
uim durch Raumdiversity die Zuverlassigheit zu
werbessermn,

RESUMEN

kI articulo describe un equipo con la capacidad
de unir a 60 usuarios del élex con la red digital
simcrinica. Por otra parte, peude ermplearse sim-
plemente para dar una conedon rentable o la red
tiElex exastente, donde normalmente o nimero
de clientes seTin SUMamMente Pequcio para jus-
tificar una central local de @ex. El equipo s
ajusta a la recommendacidn del Comité Consul-
tive  Internacionsal Tﬂ]:‘griﬁq'lJ vy Telefinicn
(CCITT} RIED para formar an poartador - de
64 kbiv's destinadn a los 60 canales télex. Exio
hace al multiplexor transpanente al codigo o vel-
oeidad [(hasta 300 bawdios) de la entrada elex,
portadores  independientes
dobdes con instabiuciones de conmutacion aoto-
mitica para dar diversidad espacial v bograr asi
mavyer fiabilidad,

Se  suministran

5 The Masceai Company Limiced 1584




