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Common User Data Network - Part 1

G. P, TAYLOR, B. Sc. (Qld.), MIE (Aust.}), Cert. Public Admin. (RMIT).

The Australian Common User Data Network (CUDN) is a store and forward message switching
system designed to transfer data quickly and reliably from one location to one or more specified
distant locations. Magnetic disc packs perform the storage function and computers perform the
routing function. Several customers with independent sets of conventional and modern terminal
devices can use the equipment concurrently and continuously without affecting one another in

any way.

This is the first of three articles on CUDN and will describe the network facilities and the
hardware used to implement them, The second article will describe the software programs
necessary to conirol the hardware and switch the data from input to output. The third article will
describe how the APQO and the customers supervise the flow of traffic through the network,

INTRODUCTION

The schedule for the Common User Data Network
(CUDN) was issued by the APO in 1969 and several
tenders were received from suppliers of computer
based communications systems. The Sperry Univac
Division of Sperry Rand Australia (UNIVAC) was
awarded a contract in 1970, and has complete
design responsibility. The APO provides personnel
who work full-time under UNIVAC direction in a
joint development team. This will ensure that the
APO has a sound knowledge of the system when
it is fully commissioned-

CUDN is concerned only with switching messages
and data. Customers who require data processing,
e.g. preparation of accounts, must provide their
own customer computing units (CCU) connected to
CUDN by a CCU link. Both messages and data are
information fransmitted in digital form and the
terms will be used synonomously in this article.
CUDN input and output uses CCITT No. 2 alphabet
(5 unit) or CCITT No. 5 alphabet (7 unit plus parity).
All 5 unit code input is immediately converted to 7
unit code for storage and routing through CUDN
and if necessary reconverted to 5 unit code for
delivery.

Message switching is performed on a store and
forward basis. Input is accepted continuously and
stored immediately to prevent loss or mutilation.
Preceding the text of each message is a heading
which contains the required output addresses and
this is analysed to determine the output routes. A
message is delivered when it reaches the head of
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the output queue. There is never any physical con-
nection between input and output terminals as
there is in the telex and telephone networks. The
terminals need therefore be compatible only with
the switching equipment, not with one another. It
is this feature which enables such a wide variety of
terminals to be used. However communication is
restricted to one direction only and if communica-
tion is required in the opposite direction another
message must be sent.

The proposed initial network configuration is
shown in Fig. 1. There is a CUDN centre in each
mainland capital city and they are interconnected
by CUDN links. There is provision for three initial
customers each with a CCU for data processing.
Two CCU's are connected to Melbourne and one
to both Sydney and Melbourne. Each customer has
many terminals connected to each centre. The Mel-
bourne centre has interfaces with the telex network
and TRESS. The types of terminals used depend on
the traffic patterns involved and will be discussed
later. The requirements of the initial customers are
under constant review and are expected to change
frequently. They may not always be provided as
shown, or even by CUDN.

FACILITIES

The facilities provided by CUDN are largely
determined by customer requirements and cost. All
the usual facilities associated with conventional
fow speed message switching are provided in
addition to new facilities associated with modern
high speed data switching.
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Fig. 1 — Proposed Initial CUDN Configuration.

Output Priorities

Customers may specify that some messages are
delivered before other messages by allocating them
one of four output priorities. The highest is Priority
A and this is reserved for a special type of traffic
called Interrogation and Response (I/R) which uses

Visual Display Units (VDU) and will be described
later. All other traffic is allocated Priority B, C or D.
No priority C message will be delivered to a line
until there are no priority B messages waiting for
delivery to that line and so on. Thus each line
requires a separate output queue for each priority
that the customer decides to use on it.
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Formats

The format is the specified sequence of characters
which constitutes the message. Specification s
necessary to enable the hardware and software to
be designed to analyse each character in turn and
know what it represents. Three standard formats
are used namely the CUDN format for general use,
the International Airline Transport Association
(IATA) format for airlines and Priority A format.
These will be described later.

Sequence Numbers

Input messages can be numbered sequentially
either manually by the operator, automatically by
the terminal equipment or automatically by CUDN
and output messages are numbered sequentially
by CUDN, This enables lost messages to be detected
quickly and is convenient for statistical purposes.

Multi and Group Addresses

Each message can be delivered to several output
terminals. If the required outputs are specified
individually they are referred to as a multi address.
If the same set of addresses is used regularly they
are given a special single address code called a
group address. When this single group address is
used messages are automatically delivered to all
the terminals it represents. This feature is particu-
larly useful, for example, for the distribution of
statistical reports.

Commands

Commands are short messages input from
specially designated terminals which enable lines
to be opened and closed to traffic, routes to be
diverted to other routes and so on, They are the
means of supervising traffic flow throughout the
network and can be used by customers for their
own routes and by the APO for common routes,
and if necessary for customer routes.

Alarms

Alarms are short messages generated by the
CUDN software and delivered to specially desig-
nated customer and APO terminals. They advise
the operators of malfunctions which occur during
operation such as incorrect formats, sequence
number errors, and so on, so that appropriate
corrective action can be taken.

Held Traffic

If a customer’s computer is unable fo receive
data due to line or equipment failures, CUDN can
store data temporarily on magnetic tapes to pre-
vent disc storage being filled up too quickly and
to enable the customer’'s terminal operators to
continue to input data. Lafter the stored data can
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be delivered to the CCU at high speed and the
backlog quickly overcome.

On-Line Retrievals

All messages can be retrieved, i.e. located and
redelivered by the customer up to about three
busy hours after they were input. This facility is
necessary when messages are not delivered cor-
rectly due to mutilations, paper shortage, line
faults, etc., and means that the disc packs used
for storage must have capacity for three busy
hours of traffic.

Cff Line Retrievals

Priority B, C and D messages can be retrieved
for the customer by the APO up to five days after
they were input. About every three hours all the
messages stored on disc are transferred to mag-
netic tapes. These are called history tapes. When
a message is required the appropriate tape is
selected from the tape storage area and mounted
on the tape drive. The computer scans the tape
for the required message and delivers it to the
nominated retrieval terminal which may not neces-
sarily be the terminal to which the message was
originally addressed.

Recovery

All CUDN hardware which is used by more than
one line is duplicated to improve reliability. One
computer is switching (on line) and the other is
spare ({standby). The condition of the on line com-
puter is continuously monitored by hardware and
software. If a malfunction is detected the on line
computer is stopped and the standby automatically
assumes on line status without operator interven-
tion and without any interruption to input. Messages
which were being delivered are repeated in full.

Accounts

History tapes contain a record of all messages
switched by CUDN and are therefore used to extract
sufficient details for the preparation of customers
accounts as well as for off line retrievals. Every day
a special acounts tape is prepared in the Melbourne
CUDN centre and delivered by hand to the ADP
Branch. The accounts tapes are processed on ADP
computers and monthly accounts are sent to each
customer. CUDN charges are additional to the nor-
mal charges for teleprinters, private lines, telex
sevices, etfc., associated with CUDN, and are cur-
rently being reviewed.

TYPICAL TRAFFIC PATTERNS

The CUDN caters for conventional message
switching using low speed teleprinters and modern
data switching for collection, distribution, correc-
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tion, and enquiry using higher speed terminals
such as data-printers, data entry stations (DES) and
visual display units (VDU). Each customer usually
has more than one type of traffic.

Conventional Message Switching (Fig. 2)

This type of traffic is generated by teleprinters
at widely dispersed locations. Each teleprinter has
frequent direct communication with many other
teleprinters in the customer subnetwork. A large
national transport company could use this arrange-
ment for operational control of its vehicles and for
administrative purposes such as payroll. In the past
this type of traffic has been handled by electro-
mechanical equipment and paper tape telegraph
machines, e.g. the TRESS network for public tele-
grams. Initial customers 2 and 3 can have this type
of traffic.

Data Collection (Fig. 3)
This type of traffic is usually generated by data
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entry stations (DES) located in groups in Capital
Cities. Information concerning accounts, spare paris
or payroll, etc., is required at the customer comput-
ing unit (CCU) from the various locations. Llarge
quantities of data are switched from the remote
terminals to the CCU which processes it and subse-
quently produces account payment cheques, spare
parts replenishment lists or salary cheques, etc. All
initial customers can have this type of traffic.

Data Distribution (Fig. 4)

This type of traffic is the opposite to data collec-
tion. It is very useful for the distribution of statis-
tical reports which the CCU has produced by pro-
cessing the raw data collected. Usually data would
be distributed to terminals other than the originat-
ing ones, e.g. stock market details collected from
Stock Exchanges would be distributed to stock
brokers. Initial customers 2 and 3 can have this
type of traffic.

TJA, Vol. 25, No. 2, 1975
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Data Display and Correct (Fig. 5)

When large amounts of data are being collected
for transmission to a computer it is inevitable that
the source of data will contain mistakes which the
operators will repeat and that the operators them-
selves will make mistakes. In the past some form
of manual checking or duplication was used to de-
tect these mistakes but CUDN allows the CCU to
detect them. Incorrect messages are returned to the
operating area and displayed on a VDU. The VDU
operator can correct errors using the sophisticated
editing featues of the VDU such as backspace and
overwrite. The corrected message is then sent back
to the CCU via CUDN, Initial customer 1 can have
this type of traffic.

Data Interrogation and Response (Fig. 6)

The operations of large companies such as banks
and airlines are too complex and variable to main-
tain in written form and be suitable for quick easy
access and quick reliable updating. Customers with
a large computer and widely dispersed VDU's can
overcome these problems. The operator interro-
gates the computer for information or alteration and
the computer responds with information or con-
firmation of the alteration. Since the operator may
be handling enquiries from clients who are waiting
on the telephone for an answer, the turnaround
time must not exceed a few seconds. This means
the messages must be kept short and switched via

TAYLOR—Cemmon User Data Network

core memory rather than the slower mass storage
disc. Switching via core memory however means
that in the event of equipment failure the data is
lost. These are the fastest switched messages and
are the only ones allocated Priority A. Initial cus-
tomer 2 can have this type of traffic.

LINE CONTROL PROCEDURES

Standard telegraph or datel circuits are used for
all CUDN connections. Since several types of ter-
minals are used, different line control procedures
are necessary to enable them to communicate effec-
tively with CUDN.

Free Wheeling Procedures

Free wheeling means that input can occur at any
random time. CUDN must always be ready to accept
input from these lines without loss or mutilation.
Considerable design effort in both hardware and
software has been necessary to achieve this re-
quirement,

Low Speed Polling Procedures

Low speed polling procedures enable up to nine
geographically distant low speed stations to use the
same line with input from only one station at a
time and output only to designated stations. Each
station has a unique address code comprising sev-
eral characters which can be recognised by its selec-
tive calling unit (SCU). When a station address is
recognised at the head of a message from CUDN
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that station’s teleprinter will be activated and the
message delivered. If more than one station started
input at the same time the messages would be un-
intelligible. To ensure that only one station inputs
at a time CUDN has control over input as well as
output. CUDN sends a special short message called
a “poll” to each station in turn. The SCU recognises
the unique poll address and interprets it as a “re-
quest to send”. The input is in the form of paper
tape inserted in the gate of a tape transmitter
(T108). If there is no tape waiting a special short
message called a “no traffic response” is sent. This
APO designed T108/SCU equipment has many op-
tions and many applications outside CUDN. With
polling, input is no longer random and can be
stopped if necessary during faults or traffic peaks,
simply by not sending the polls.

Telex Procedures

Telex is a circuit switching system using con-
ventional teleprinters and LM Ericsson crossbar ARB
and ARM exchanges. The Metbourne CUDN centre
interfaces with the Melbourne ARM exchange using
software equivalents of the ARM line relay sets.
This enables customers to have automatic access to
their CCU’s from their telex terminals as well as
from their CUDN terminals. Each telex terminal
which requires access to CUDN has telex category
K8. The APO service centre with category K1 also
has access to CUDN. Each customer is allocated a
telex calling number in the range 070 to 099 so
that his particular format can be used on his telex
terminal as well as on his CUDN terminals. Telex
ensures that the caller has the correct category and
CUDN ensures that the caller has used the correct
customer access number.

VDU Procedures

VDU’s are high speed terminals and because
manual operations are relatively slow many VDU's
can be connected to one line. VDU procedures allow
for polling and selective calling as described for
low speed polling. Since higher transmission speeds
increase the probability of errors VDU procedures
also allow for error detection and retransmission.
This is done by a compelled sequence of acknow-
ledgements., When a message sent in one direction
is received correctly a special short group of char-
acters called an "acknowledgement” is sent in the
opposite direction and the sender then knows his
message was not lost or mutilated. If either the
original message or the acknowledgement is lost
or mutilated the message is retransmitted.

Once a message is sent no other messages can
be sent in either direction until it is acknowledged.
After several unsuccessful attempts an alarm is
generated,
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Link Procedures

A link is the connection between a CUDN centre
and another CUDN centre (CUDN link) or a CUDN
centre and a customer computing unit (CCU link).
Each link can have up to seven full duplex circuits
operating at 4800 bit/s using APO modems. The
link procedures are implemented in software and
all computers in the network must use them. They
arrange the orderly transmission of messages on a
priority basis and provide for error detection and
retransmission.

All messages are split up into information blocks
of 240 characters of text plus 10 characters of iden-
tification. Priority A messages must not exceed one
information block in length otherwise they are
automatically changed to priority B. Priority B, C
or D messages must not exceed 16 information
blocks. Every information block must be received
correctly and acknowledged. When all blocks of a
message have been received correctly an acknow-
ledgement is sent for the whole message. The
blocks comprising a message may use different cir-
cuits on the link and may therefore arrive out of’
sequence but must be reassembled in correct se-
quence. Control blocks of é characters are used for
acknowledgements and other functions. If data re-
ceived is faulty a negative acknowledgement is
sent and the block is retransmiited. If no acknow-
ledgement is received in a specified time either the
block or the acknowledgement was lost and the
block is retransmitted.

FORMATS

CUDN has three standard formats — CUDN, IATA
and Priority A.

CUDN Format (Fig. 7)

The CUDN format has been specially designed
for general use in CUDN. It has five sections the
main contents of which are given below.

Preamble

This section contains the input terminal identity
and input sequence number. This information
uniquely identifies the message and is used for
reference and retrieval purposes.

Address

This section contains the addresses of the ter-
minals to which delivery is required, the priority of
the message, and the type of message (normal,
command, diverted, etc.). This information enables
all the routing requirements to be extracted and im-
plemented.

Reference
This section contains the input details and the

TIA, Vol. 25, No. 2, 1975
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PREAMBLE SECTION:

1. START OF ADDRESS CHARACTER

2. INPUT CHANNEL IDENTITY (4 CHARACTERS)
3. INPUT SEQUENCE NUMBER (3 CHARACTERS)

ADDRESS SECTION:

oo

REFERENCE SECTION:
9. INPUT CHANNEL IDENTITY.

STATUS CHARACTER (N = NORMAL, ETC.)

PRIORITY CHARACTER (A,B,C OR D)

SECURITY CHARACTER (A,B OR C)

ADDRESS OF REQUIRED TERMINAL (4 CHARACTERS)
SECOND ADDRESS REQUIRED ETC.

10. INPUT CHANNEL SEQUENCE NUMBER.
11. INPUT TIME IN DAY, HOUR, MINUTE FORM
12. NATIONAL SECURITY (3 CHARACTERS).

TEXT SECTION:

13. START OF TEXT CHARACTER.

14, TEXT OF MESSAGE (MAX., 3840 CHARACTERS.)

ENDING SECTION:
15. END OF TEXT CHARACTER

Fig. 7 — CUDN Format.

time of entry. It enables customers to have input
details delivered with the message so that the re-
ceiver knows where the message came from and
when it was input.

Text

This section contains the text of the message.
Ending

This section contains the ETX {end of iexi)
character.
IATA Format

The IATA format is an international standard
airline format. |t also has five sections with con-

JAYLOR—Common User Data Network

tents similar to the CUDN format, but there are
different indications between sections, seven
character addresses rather than four character
addresses, and a different arrangement of spaces
and line feeds.

Priority A Format

Priority A format is used by interrogation and
response VDU’s. There are three sections:
Heading

This section is made up by the CUDN and has
five characters containing similar information to
the preamble and address sections of the CUDN
format.
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Text

This section contains less than 240 characters or
the CUDN will convert the message to Priority B.

Ending
This section contains the ETX character.

Format Options

It is usually desirable to reduce operator activity
to a minimum by avoiding repetitive tasks. Some
of the information in the format is the same for
all messages from particular terminals and it is
annoying if it must be typed in for every message.
Parts of the format which can be fixed on a
customer basis or calculated by CUDN are there-
made optional and the customer may elect to
enter them manvally or have them automatically
inserted by CUDN. For example all items in the
preamble and address sections of CUDN format
are optional including the actual addresses be-
cause some terminals may be allowed to send only
to the CCU and this fixed address can be inserted
by CUDN. IATA format also has optional elements
but Priority A format is fixed.

TERMINALS
Teleprinters

Conventional teleprinters with keyboard and
page copy and with or without paper tape attach-
ments are used for message switching. They use
CCITT alphabet No. 2 and operate at 50 or 75 bit/s.

Tape Transmitter (T108) and Selective Calling
Unit (SCU)

When many teleprinters are connected to one
line, input and output is conirolled by CUDN using
a T108 and an SCU at each station. Output can
be directed to particular terminals and input is
accepted from one station at a time by polling
them in turn. Automatic numbering and header
generation is provided by the T108.

Dataprinters

Dataprinters are modern types of teleprinters
used in CUDN mainly for subnetwork supervision.
They use CCITT alphabet No. 5 and operate at
110, 150, or 300 bit/s.

Data Entry Stations (DES)

Data entry stations are modern keyboards with-
out page copy used for entering large volumes of
data and requiring very competent operators. They
were specially manufactured by a private contractor
for an initial customer. They use CCITT alphabet
No. 5 and operate at 150 bit/s.

Visual Display Units (VDU)
Visual display units comprise a cathode ray tube
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controlled as in a commercial black and white
television receiver. They display alpha numeric and
control characters by means of dots or strokes.
A 7 x 5 dot matrix can be used to form all the
characters either received from the line or typed
on the associated keyboard for transmission to
line. They use CCITT alphabet No. 5, operate at
speeds up to 4800 bit/s, and require APO modern
interfaces. They have sophisticated editing facilities
which enable errors to be corrected quickly by
backspacing and overwriting. The cursor shows the
position on the screen where the next character
received from line or keyboard will be displayed
and this position can be set from the keyboard
or by the distant computer.

Customer Computing Units (CCU)

Since CUDN only switches data from one location
to another customers must provide their own
computers to perform any data processing they
require. These computers are not necessarily the
same type as the CUDN computers. Provided they
support CUDN link procedures there is no
restriction on the type or size of customer com-
puters.

Concentrators and Multiplexers

Maximum utilisation of a line usually cannot be
achieved unless many terminals are connected to
it. Several low speed terminals may be concentrated
into one high speed line so that all can operate
simultaneously. Parallel low speed inputs become
a series high speed output. Mini computers are
ideal for this purpose. Also several high speed
terminals may be connected to one high speed
line so that only one uses the line for transmission
at any fime. VDU multiplexers are ideal for this
purpose because each operator spends most of the
time typing or waiting and this time is available

for transmission to and from other VDU's.

Telex Telemetry Stations (TTS)

These are ordinary telex services with a code
recognition unit which activates a special attach-
ment. After a telex call has been established receipt
of the code S$SSS will cause the attachment to
transmit previously automatically recorded in-
formation to the caller. An approved attachment
can be connected to an unattended telex terminal
and interrogated when required by CUDN.

SWITCHING EQUIPMENT

Switching equipment is installed in Brisbane,
Sydney, Melbourne, Adelaide and Perth, and a

“typical configuration is shown in Fig. 8. There are

four types of equipment — communications, com-
puter, mass storage and support.

TJA, Vol. 25, No. 2, 1975
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Communications Equipment

There are two types of communication equip-
ment — telemux (telegraph multiplexer) and
CTMC (communications terminal module controller).
Both types send to both on line and standby com-
puters but receive only from the on line computer.

Telemux

The telemux has been specially designed for
CUDN to reduce hardware cost per line. It caters
for inputs of 50, 75 and 150 bit/s in No. 2 and
No. 5 alphabets and outputs of 50 or 75 bit/s in
No. 2 alphabet. Bit serial information on the single
input line is recognised as changes of state from
mark to space or space to mark. The computer is
notified every time any line changes state, and
the software uses this information plus regular
time pulses to reassemble characters for further
processing. For output the lines are arranged in
rows of 16 lines each and the computer sends line
states row by row which the telemux gates to the
appropriate lines. Telemuxes are .equipped with
128 or 512 lines (8 or 32 rows) and the software
must output the line states at the correct times.
Since stop pulses in No. 2 alphabet can be one
and a half elements (30 ms for 50 bit/s and 20 ms
for 75 bit/s) the computer must specify the output
state of every line once every half element ie.
10 ms for 50 bit/s and 6.67 ms for 75 bit/s. All
lines in the same row must have the same speed.

Communications Terminal Module
Controller (CTMC)

CTMC is a multiplexer for up to 16 CTM’s each
of which has two input and two output channels.
CTM is a serial/parallel convertor interfacing be-
tween the bit serial information on the communi-
cation line and the bit parallel information on the
18 wire connection to the computer. Two speed
ranges are used — low speed up fo 300 bit/s,
and high speed up to 4800 bit/s. Low speed lines
are connected to the telemux if possible but
special lines such as 110 bit/s lines are connected
10 CTMC. High speed lines comprise VDU and link
circuits. CTMC has been extensively modified for
CUDN to check parity and substitute for illegal
characters. Previously these functions were per-
formed by the software so the modification has
saved significant computer time.

Computer Equipment

UNIVAC type 418 Ill computers are used. They
have ferrite core memories with a maximum
capacity of 131,072 eighteen bit words. The cycle
time is 0.75 microseconds and a typical command
such as an addition requires two cycles. Parity is
checked on every read operation and calculated
on every write operation. The memory is expand-
able in modules of 16384 words to a maximum of
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8 modules. The command/arithmetic (C/A) section
which interprets instructions and performs com-
putations and the input/output (1/0) section which
interfaces with the communication, mass storage,
and support equipment both have direct access to
the memory. This minimises the involvement of
the C/A section and enables computations to be
performed during data transfers. Fig. 9 shows the
major sections.

COMMUNICATIONS
+—1r EQUIPMENT
INPUT |  mAss STORAGE
OUTPUT EQUIPMENT
SUPPORT
CORE EQUIPMENT
MEMORY
COMMAND
ARITHMETIC
D
<+—>

DATA TRANSFERS

Fig. 9 — 418 lll Computer; Major Sections.

Mass Storage Equipment

Mass storage equipment is necessary because
ferrite core memory is expensive. Data which has
to be stored for relatively long periods without
alteration cannot be economically left in core. The
mass storage equipment comprises a magnetic disc
drive, disc control unit (CU) and mulii subsystems
adaptor (MSA). Each part is duplicated and both
sets are available to each computer. Information
is normally written on both discs but read from
only one disc.

Magnetic Disc Drive

The magnetic disc, shown in Fig. 10 is a stack
of eleven coaxial discs coated with a magnetic
material similar to that used on magnetic tapes.
For protection purposes the top surface of the top
disc and the bottom surface of the bottom disc
are not used leaving 20 surfaces for recording
data. Each disc has 200 concentric circles or tracks
on each of which magnetic heads can read or
write 60,000 bits of information as the disc rotates
at a constant speed of 2400 rpm. A hydraulic
actuator positions the twenty heads fixed to ten
arms between the discs over any track specified
by the computer. The magnetic heads do not
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2400 R P.M. Support Equipment

—

Support equipment is necessary to insfall, main-
; tain and expand the software. Programs are
initially assembled and entered into the system
from a high speed card reader and copies are
produced in the high speed line printer. These
are conirolled by a small UNIVAC type 9200
computer. Hardware and software diagnostic fault
routines also require the line printer. Magnetic

- tape drives are provided for history and account-

-2 ing purposes in the larger cenires. Support equip-
10 ment is not duplicated.

.
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CONCLUSION

CUDN offers attractive message switching faci-
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creates a very thin film of air which keeps the It is & very large complex system and has
heads separated from the disc or “floating” required many man years of effort. This articie
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Fig. 10 — Magnetic Disc Pack.

Precision mechanical construction is necessary to
ensure reliable operation.
Control Unit

The control unit enables up to 8 disc drives to
be connected to one computer connection.
Multi Subsystems Adaptor (MSA)

The disc is designed fo use 8 bit "bytes” and
the MSA is necessary to convert these to 18 bit
computer “words”, and vice versa.

attempts to explain what CUDN does (facilities)
and what equipment it uses to do it (hardware).
The next article will explain in general terms the
software programs necessary to control the hard-
ware, accept input, analyse headings, store dats
on disc, and deliver output. At any fime there
may be hundreds of messages being switched at
different stages and the software necessary to
perform the various tasks in an orderly manner
is complex but extremely interesting.
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An Historical Survey of Communications Satellite Systems

(Part 2)

M. BALDERSTON, B.S.E.E., M.S.E.E., M.L.LE.E.E., M.A.C.M.

Part 1 of this Survey discussed the early history of communications satellites and discussed the
characteristics of the Intelsat, Western military, and Russian Orbit satellite systems. Part 2 reviews
the different types of satellite systems and outlines experiments which have been undertaken on
certain advanced technical and operational features. The Canadian domestic satellite system is

discussed.

INTRODUCTION

Part 1 of this survey described the early history
of communications satellites and discussed the
characteristics of the Intelsat, Western military, and
Russian Orbita satellite systems. Before continu-
ing with the description of existing and planned
systems, it will be useful to review and compare
the different types of communications satellite sys-
tems. For example, each different satellite orbit—
low random, geostationary, pseudosynchronous—
has its own advantages and disadvantages, and
imposes different requirements on the system and
the spacecraft.

Although satellites are well into the operational
deployment stage (it is nearly ten years since the
first commercial communications satellite went into
service), the need for experimentation with ad-
vanced technical and operational features con-
tinues. Some of the more significant completed
and proposed experimental satellite programs are
described.

The last section of Part 2 discusses the Canadian
domestic satellite system. This is the Western
World's first national system, and of particular
interest for Australia because of the similarities
between the two countries.

In the third and final part of the survey, descrip-
tions of several other systems and discussions of
operating frequencies and launch vehicles will be
followed by a concluding section summarizing
present trends in satellite communications and
their significance for Australia.

COMPARISON OF DIFFERENT SYSTEM TYPES
Passive Reflectors

The simplest satellite is a passive reflector, and
the superficial appeal of this simplest system led
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to the Echo and West Ford experiments, as well
as a demonstration by AT & T which used the moon
as a reflector.  The orbit must be high enough to
eliminate all atmospheric drag, but it must be as
low as possible to limit the free-space transmis-
sion loss which increases as the square of the
total length of the signal path, in both directions.
The best compromise between these requirements
still results in an unacceptably high transmitter
power, too narrow d bandwidth, or both. In addi-
tion, most of the disadvantages of the medium-
orbit system apply to these passive reflector sys-
tems as well.

Low-orbit Systems

The low- and medium-orbit active repeater sys-
tems such as Telstar and Relay have three advan-
tages over the geostationary repeater. These are
the lower launch vehicle capability required (or
alternatively the greater payload capacity of a
given Jdaunch vehicle), the much lower transmis-
sion loss because of the shorter path length,
and the negligibly small signal delay. On the
debit side, whereas a single geostationary satel-
lite can provide continuous coverage for a whole
country or region, many lower-orbit satellites
would be required (between 8 and 20 depending
on the particular orbit chosen). Since an earth
station must track the satellite as it crosses the field
of view, and switch to the next as the first passes
outside that field, two antennas each providing a
relatively high tracking rate are required. Two
stations communicating with each other must
switch from one satellite to the next simultaneously
in spite of the fact that their fields of view in gene-
ral are quite different. This synchronization problem
becomes much worse as more stations are added,
for example a TV transmission from one station to
several others. Partly offsetting the lower path
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loss is the requirement for broader coverage and
therefore lower gain from the spacecraft antenng,
as compared -with the geostationary case. And
finally, the few hundred to few thousand kilometre
altitude of these orbits puts them in the earth’'s
radiation belts, which degrade the performance
of the electronics unless special measures are
taken. In the case of the solar cells which pro-
vide power to the spacecraft this is a particularly
severe problem since the protective measures
(shielding over the cells} themselves degrade the
performance. On balance, then, lower-orbit sys-
tems are distinctly inferior to the geostationary
one.

As the orbit altitude of a random-coverage ‘sys-
tem is raised, it approaches the characteristics of
a geostationary system. The US military 1DSCS
was such a near-stationary system, the apparent
drift of a typical satellite being about 20 degrees
per day. This low drift rate greatly simplifies the
tracking, switching, and synchronization problems
and, of course, the satellite is no longer in the
radiation belts. Compared with the geostationary
case the chief advantage is that the spacecraft is
much simpler. No provision for stationkeeping
is required, which means typically a saving of
perhaps 100 kg and the complexities of a con-
trol system. This control system and the possibili-
ties it offers for hostile interference is of great
concern to the military. By setfing the orbits such
that any earth station always sees at least two
satellites spaced by at least 20 degrees, no provi-
sion of eclipse operation is necessary, saving about
25 kg for batteries and charge-discharge elec-
tronics. It is possible to provide high-gain satel-
lite antennas and thus partially offset the greater
path loss compared with a lower orbit system
although this was not done in IDSCS. The chief
disadvantage of the near-synchronous compared
with the geostationary system is that many satel-
lites {about 20) are required for continuous cover-
age. [IDSCS used 26 for global coverage, but al-
most as many would still be necessary for «a
limited area such as Australia. Because of this
the geostationary system turns out to be more
desirable economically.

Geostationary Systems

The geostationary orbit proposed by Arthut
Clarke has several advantages compared with the
other systems. Earth station antenna tracking re-
quirements are much reduced, in fact with present-
day satellite stationkeeping most of the antennas
in a national system do not need any tracking
capability. Only one spacecraft is required for
such a system although more might be provided,
for example to increase system capacity by re-use
of the frequency spectrum, or for redundancy to
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increase system reliability.  In Australia’s case,
the satellite can be positioned so that it is at a
high elevation angle at all earth stations, which
reduces interference with the terrestrial network,
and also avoids propagation problems associated
with near-horizontal signal paths. There are many
disadvantages but as far as Australia is con-
cerned none is serious. The large transmission
loss for the geostationary altitude may be over-
come with high gain antennas and low-noise re-
ceivers. The signal delay of about a third of a
second was of great concern initially, but this has
not turned out to be serious. Double hops such
as might be experienced by a caller reaching an
international port via domestic satellite and then
overseas via an. Intelsat spacecraft are a problem.
It is possible to incorporate protective routing to
prevent this situation. However, in some circum-
stances even o double hop may be acceptable, as
shown by the fact that in the Intelsat network
there are a number of permanent double-hop cir-
cuits.

There are two control problems which must be
taken care of. First there is the need for station-
keeping, that is, maintaining the position of the
spacecraft at a particular longitude and at the
equator. It would be possible to provide facilities
in the satellite to do this automatically, but the
more usual procedure is to provide tracking and
command earth stations, which can be co-sited
with communications terminals. Even with a self-
contained stationkeeping system it would be desir-
able to monitor the satellite’s position, and some
command functions would still be necessary (for
example, fo turn transponders on and off as
needed). Since the ground facilities would be
provided in any case, it makes sense to keep the
spacecraft simple and put the stationkeeping con-
trol on the ground.

While the ground facilities provide the "brains”
for stationkeeping, the satellite must still supply
the “muscle”. This is in the form of several small
jets which manoeuvre the spacecraft by reaction.
A number of advanced reaction systems such as
jon drives are under investigation. For the fore-
seeable future, however, the tried and proven
hydrazine monopropellant system is likely to re-
main the standard stationkeeping mechanism.
Hydrazine alone is very stable, but when passed
ovel a catalyst it dissociates into hydrogen and
ammonia with a great increase in pressure. The
tanks, lines, valves, and jets of this system now
have an indefinite life, and the spacecraft elec-
tronics expected life is over 20 years, so at present
the limit to a satellite’s lifetime is determined by
the amount of hydrazine fuel it can carry. It would
be possible to build a satellite with a very long
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lifetime by providing a large amount of hydra-
zine, but this would mean a very small communi-
tations capacity. Conversely, higher capacities
than used at present could be provided at the ex-
pense. of stationkeeping fuel and thus lifetime.
The typical present-day satellite lifetimes of 7
to 10 years represent a compromise between
capacity and stationkeeping fuel.

The second control problem is concerned with
the provision of a high-gain, limited-coverage
satellite antenna.  As the antenna beamwidth is
reduced, the accuracy with which it is aimed must
be improved. An elliptical antenna pattern suit-
able for coverage of Australia, is about 4 degrees
by 7 degrees, so the necessary pointing accuracy
is better than half a degree. As with the station-
keeping, it would be possible to provide for a
self-contained antenna pointing system using as-
tronomical references (sun, moon, stars, earth
horizon). A simpler system uses a beacon signal
fransmitted from one of the earth stations, which
the satellite can lock on to. The details of the an-
tenna pointing system will depend on the space-
craft stabilization method used, spinning or body-
stabilized. For a spin-stabilized satellite the motor
used to despin the antenna may be phased to
provide pointing control in one direction, and the
stationkeeping jets can be designed to give con-
trol in the other. For a body-stabilized satellite
the antenna would normally be fixed to the body,
so antenna pointing is accomplished by adjusting
the spacecraft attitude, and this could also be
done with the stationkeeping jets. For both types
of stabilization the amount of fuel required for
attitude/antenna control is a small fraction of
that for stationkeeping.

Sun Transit and Eclipse

Two further problems are shared by all com-
munications satellites. These are sun transit and
eclipse. For the geostationary system both prob-
lems occur only for short periods twice a year. Sun
transit occurs when the sun appears in the field
of view of an earth static.s antenna which is
directed at the satellite. Since the sun emits a great
deal of radiation at all frequencies, the result is @
large increase in noise at that earth station for
two or three minutes on each of two or three
successive days. The particular days and the time
of day will vary for different earth stations. The
simplest way of dealing with this problem is to
ignore it and include these short outages in the
system performance specification. It would be
possible fo maintain uninterrupted service by
switching to another satellite but this would in-
volve synchronization problems as well as a more
complicated earth station antenna system.
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Because the earth's equator is at an angle to
the plane of the ecliptic (its orbit around the sun),
a geostationary satellite is in sunlight for most of
the year. For several days around the equinox
it passes through the earth's shadow, remaining
in darkness for a maximum of about 70 minutes.
Since the satellite normally gets its power from
solar cells, this means that batteries or some other
energy storage device must be provided for any
services which require continuous operation. There
is no particular difficulty in providing batteries, but
their weight subtracts from the part of the pay-
load available for communications electronics.
General-purpose satellites such as the Intelsats
and the Canadian Aniks have enough batteries for
full capacity during eclipse. The eclipse period

is at midnight at the longitude of the satellite,
so by suitable positioning it is easy to think of
services which would not be needed during eclipse.

IFig. 1—The 350 kg ATS-1 Satellite was Launched
in December 1966. Around the body of the space-
craft may be seen the solar cells which provide
its primary source of power. The antennas project-
ing from the top and bottom of the satellite pro-
vide communications in several different frequency
bands.
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For example, by stationing an Australian satellite
about 15 degrees west of Perth, the longest eclipse
would be from 12.25 to 1.35 am there, and two
hours later on the east coast. Very little tele-
vision would be broadcast during these hours so
any transponders reserved for television would
not need eclipse power.

There is one disadvantage of the geostationary
system which cannot be overcome. Fortunately it
does not apply to national satellite systems such
as for Australia. This is the lack of coverage in
polar regions. The 12-hour pseudo-synchronous
orbit used by the USSR and being investigated by
the USAF retains some of the advantages of the
geostationary system while providing polar ‘cover-
age and so it is the only alternative to Arthur
Clarke's 1945 proposal which is planned for any
future communications satellite system.
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Fig. 2—This Antenna is Typical of those which
might be used for Providing Communications to
Remote Areas via an Australian National Satellite.
It is about 4 metres in diameter and uses a
relatively simple mount which allows it to be
manvally aligned with the satellite. In 1969-1970,
it was used in an APO demonstration experiment
with the ATS-1.
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EXPERIMENTAL PROGRAMS

During the time that the first operational com-
munications satellite systems were being infro-
duced, experimentation with new technigues and
technologies by no means decreased. In fact, as
more countries and organizations gain the neces-
sary skills, and as the area of potential applica-
tions widens, the number of experimental pro-
grams actually seems to be increasing.

Before discussing the known programs, we can
recognize that two groups in particular, the US
military and the USSR, carry on a great deal of
unpublicized investigation.  The experimental
satellites put into pseudo-synchronous orbit by the
USAF, mentioned above, are typical. Only their
existence and that they are communications satel-
lites are acknowledged.

NASA’s ATS Program

One of the most significant experimental com-
munications programs is NASA's Applications
Technology Satellite (ATS) series. The first, ATS-T,
was launched in December 1966, and the last,
ATS-6, in May 1974. Three further satellites, -G,
-H, and -1* have been cancelled because of budget
restrictions. Because so many other organizations
are now capable and willing, NASA has decided
to discontinue its communications experiments
after ATS-6 and CTS (discussed below).

The area of investigation in the ATS program
is very broad. It includes non-communications as-
pects such as earth imagery from synchronous
altitude, ranging techniques for tracking satellites,
and position location for terrestrial navigation.
The communications experiments include propa-
gation measurements at many frequencies, different
modulation and multiple access methods, satellite
antenna fechnology such as methods of despinning
and the use of large deployable structures, high
power transponders for TV “‘broadcast” (this wilt
be discussed more fully below), communications
with ships at sea and aircraft in flight, radio fre-
quency interference (RFl) between satellite and
terrestrial systems, and others. Most of the ex-
periments having to do with spacecraft technology
are applicable to communications satellites, for
example attitude control and stabilization tech-
niques, sensors to verify computer modelling of
spacecraft mechanical and thermal characteristics,
and measurements of the radiation environment at
synchronous altitude and its effect on spacecraft
electronics.

* 1t has been NASA’s custom to assign letter suffixes to
spacecraft in their order of construction, and change to a num-
ber after successful launch, Thus ATS-A, the first to be built,
became ATS-2, the second launched.
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ATS-2 and ATS-4 were both the victims of upper
stage failures in the launch vehicle, so neither was
placed in the correct orbit. ATS-5 has not stab-
ilized properly so that its success has been quali-
fied. ATS-1 and ATS-3 however have exceeded
all expectations, ATS-1 still being in use after over
seven years in orbit. Besides the experiments
mentioned, both satellites have provided many
demonstrations, such as TV relays of Apollo 11
splashdown, Expo 67, the Japanese Prime Minis-
ter's visit to Australia, Pope Paul's visit to South
America, and many others. Of particular interest
were the series of experiments with ATS-1 between
October 1969 and June 1970 performed by the
Australian Post Office, which demonstrated the
feasibility of a telephone service for remote sub-
scribers (Ref. 1).

European Program

Japan and Europe both plan experimental space-
craft as pre-prototypes of their operational satel-
lites. In Europe, there are three additional experi-
mental programs: the Franco-German Symphonie,
the Italian Sirio, and the British Geostationary
Technology Satellite (GTS). Symphonie has been
delayed several times because of troubles with
the originally intended launch vehicle, the Europa,
and then the change to a Delta rocket. It is true
that because of the delays there is little ir ths
program which has not been covered elsewhere,
although one feature will be unique: a time-divi-
sion multiple access (TDMA) telephony experiment
in which all earth stations are permanently syn-
chronized. Previous and present TDMA systems
are asynchronous, requiring a time interval be-
tween accesses to allow for separate synchroniza-
tion for each access. This reduces the system
utilization efficiency.

Sirio is a more modest satellite whose function,
aside from demonstrating the capabilities of Italian
industry, is to provide propagation data at frequen-
cies up to i8 GHz. The GTS will provide both 11/
14 GHz and 1.5/1.6 GHz transponders, the former
for future commercial communications such as
those of Intelsat and the European system, the
latter for maritime use. Another experiment is the
use of polarization discrimination for frequency re-

use.”

Symphonie and Sirio are presently scheduled for
launch in 1975, while GTS is planned for late 1976
or early 1977,

* “Polarization” refers to the direction of oscillation of electro-
magnetic signals such as radio and light waves. It is possible
to separate two similar signals if their directions of polarization
are mutuaily perpendicular. This principle is also used in Pola-
roid sunglasses, where only light of one direction of polariza-
tion is passed.
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The LCS Consortium

The Lockheed Communications Satellite (LCS) is
a unique program. Except for Telstar, most previ-
ous satellites have been commissioned by govern-
ment agencies or consortia, The LCS has been
funded by an international consortium of private
companies, led by Lockheed Missiles and Space
Company™. Since a launch vehicle would cost
$15-320 million, there are no plans at present to
launch the satellite. Rather it is intended as a
test vehicle for a number of advanced spacecraft
features such as electric propulsion for station-
keeping and attitude control, flexible substrate
solar arrays, multiple spot beam antennas, and
onboard transponder and antenna switching. A
full-scale satellite has been undergoing ground
tests using simulated space conditions for over a
year, The eventual goal of the program is profit
for the consortium members, which could come
about by the selection of a version of LCS for the
Intelsat V mentioned above or for the space com-
ponent of a US domestic system, or both.

NASA’s CTS

NASA's  final experimental communications
satellite is the Communications Technology Satel-
lite (CTS). This program is a joint effort with the
Canadian Department of Communications. The
main experiment is a very high power trans-
ponder with an operating frequency of 12 GHz.
The uses for this transponder which are to be in-
vestigated include TV distribution to smali com-
munities, TV transmission from remote mobile ter-
minals, sound broadcast to simple receivers, two-
way voice communications, and wideband digital
data transmission and distribution. In addition
to the experimental transponder, the CTS will
test several advanced satellite features, such as
extendable solar power arrays, liquid-metal slip
rings for transmission of power from the solar
arrays, new types of jet for stationkeeping, and the
use of the small Delta launch vehicle for a body-
stabilized synchronous orbit spacecraft. Launch
is currently scheduled for October 1975,

OSCAR

One program which deserves mention even
though it has little applicability to communications
satellite systems in general is the series of OSCAR
satellites.  Project OSCAR (Orbital Satellite Carry-
ing Amateur Radio) was founded in 1960 by a
group of American amateur radio operators. It
has since become the international Radio Amateur

* The members: Lockheed, AEC-Telefunken, Aeritalia S.p.A.,
Contraves A. G. (Switzerland), ETCA (Belgium), Compagnia
Generale di Elletricita Fiar (ltaly), GEC-Marconi, Mitsubishi,
Selenia $/S.p.A., SAT (France), SAFT (France), SEP (France), Spar
Aerospace Products Ltd. (Canada), Teldix GmbH (Germany), Thom-
son-CSF.
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Fig 3——Llockheed Communications Satellite. it would be capable of providing 48 communications
channels divided between the 6/4 and 14/11 GHz frequency bands. Horn Antennas would be used
for earth coverage and unfurlable 7 ft. diameter antennas for spot beams in the lower band.

Satellite Corporation, or AMSAT. The purpose of
the program has been to use any spare payload
capacity of scheduled launch vehicles to orbit
small experimental satellites.  This procedure,
called "piggybacking', in effect provides a free
launch. The penalties, small satellite size and
no control over launch time and orbit, are of little
consequence for amateur radio experimentation.
OSCAR-1 was launched in December 1961, and
OSCAR-6, the most recent, in October 1972. The
latter had some Australian content, but of more
interest is OSCAR-5, launched in January 1970,
which was entirely built by a group of students at
the University of Melbourne.

Intelsat Programs

In addition to the satellite projects mentioned
above, several other experimental programs relate
to communications satellite systems. Intelsat spon-
sors a number of these dealing with spacecraft
and earth station technology. Comsat performs
some of the work for Intelsat, and also carries on
its own investigations. Two programs of particu-
lar interest are the digital television system called
DITEC-1 (Digital Television Communications}, and
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a new type of earth station antenna.

DITEC-1 combines use of digital techniques with
video signal processing to reduce the bandwidth
required for a TV signal by half or, alternatively,
to reduce the satellite power required by as much
as 90 per cent. Some beneficial side effects are
the ability to carry up to 29 telephone channels
along with the video and sound channel signals,
with no increase in bandwidth or power, and a
much higher tolerable level of interference. The
technique could be of some use in terrestrial micro-
wave systems since it would allow a doubling of
capacity, ‘but its importance to satellite systems
is even greater. To show its possibilities, Comsat
demonstrated TV transmission through an Intelsat
IV satellite to an earth station in central Washing-
ton, DC, consisting of a 5 metre antenna and a
small caravan containing all the station electronics.

The new antenna uses a fixed toroidal section
as a main reflector rather than the usual steerable
parabolic dish. Pointing capability is provided
by steerable feeds located in a separate building.
A demonstration unit measures about 10 by 18 m;
three feeds are provided, each of which can be
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pointed anywhere along o 20 degree arc. This
could replace three steerable 10 metre dishes, at
much less than half the cost.

TV Broadcast

The television broadcast demonstrations using
ATS-6 merit separate detailed discussion. Other
programs, CTS for example, will also test the
equipment necessary for "direct broadcast’. Such
equipment comprises both the satellite hardware
and the earth station antenna, preamplifier, and
signal converter. The ideal earth station would
be an unaugmented television receiver, but this
would require impractically high satellite trans-
mitter power, as well as intolerable interference
levels for terrestrial services. So the goal is a
degree of augmentation which could be afforded
by a small town, a mining community, or in, Aus-
tralia’s case even an outback station: a small an-
tenna and simple preamplifier which together
might cost from a few hundred to two or three
thousand dollars. The ATS-6 demonstrations in-
clude hardware tests, but their unique feature is
the attention given to ''software’, the uses to
which such a service might be put, the structure
of the earth station network, and most importantly
the programming and content of the transmissions.
The importance of these features may be deduced
from the estimates made for the cost of one part
of the” ATS-6 demonstration: $US 13 million
excluding hardware (Ref. 2). Program production
costs alone have ranged from $US2500 per hour
for educational TV by NHK in Japan to $US48,000
per hour for ""Sesame Street",

For the first year of its life, ATS-6 will be posi-
tioned at 94° West (over North America). During
this time it will be used to provide educational TV
broadcasts to three relatively remote areas and dis-
advantaged groups: the Indians, Chicanos ond
others in eight sparsely populated Rocky Moun-
tain, states; the coal miners and farmers in Appa-
lachia; and Indians and Eskimos in Alaska. At
the same time, demonstrations of the use of TV
for medical purposes are planned. These will in-
volve transmissions between, hospitals and clinics
in cities and those in country areas, giving the
latter some of the benefits of the technology and
expertise found in the former. The high power
2.5 GHz transponder can carry a video signal with
four audio channels on subcarriers, and also tele-
phone/data channels on separate RF carriers.
Several applications of this capability are possible.
For the Rocky Mountain educational demonstra-
tions, for example, the four audio channels will be
used for simultaneous sound in four languages
(English, Spanish, and two Indian dialects), while
the telephone/data channels will be used to test
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the most effective method of teaching for different
student groups:

(i) One-way television, sound and digital data.
(i) Two-way interactive sound and digital data.
(iii) One-way television with two-way sound

and data.

or (iv) Two-way interactive video, audio, and data.

After about a year, the satellite will be moved
to 35° East, where it will be visible from the con-
trol earth station in Europe and from India. Where-
as the US educational experiments are to be at
pre-school and primary school level, India is more
interested in adult education, her primary objec-
tives for the ATS-6 program being to contribute to
family planning goals, to improve agricultural
practices, and to aid national integration. The
use of television in support of these objectives has
been wunder study for some time. Conventional
terrestrial broadcasting and the use of circling

Fig. 4—The ATS-6, Launched in May 1974, is the
Latest in the Series. The umbrella-like antenna is
nearly 10 metres in diameter, and the spacecraft
mass is 1375 kg. ATS-6 is being used to broadcast
educational television to several areas. (Photo
courtesy of Fairchild Industries).
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aircraft have been considered and will probably
be used, but a satellite service is seen as indis-
pensable to complete TV coverage. ATS-6 will
provide a means for investigating the formidable
problems of the overall program. For a year, it
will be used to broadcast instructional TV to as
many as 5000 villages. About half will receive the
transmission directly, through community receivers
with the augmentation discussed above. For the
rest, the satellite will serve to distribute the pro-
grams to regional transmitters, which will broad-
cast to conventional TV receivers. The emphasis on
hardware (the TV sets themselves, the direct
reception antenna and front end, the power
supply, the maintenance problems) and unavail-
ability of any description of the programming and
operations for the Indian experiment are in marked
contrast to the U.S. and other experiments, but
after all the software represents the biggest
unknown in educational TV and it may be hoped
that India will find some solutions to these
problems.

Following the Indian experiment, ATS-6 will be
returned to 94° West where it will be available
for further experiments. Before it was cancelled,
ATS-G was to have been used by Brazil in another
educational TV experiment, and it is possible that
ATS-6 will be used for this purpose. In the mean-
while, Brazil has been engaged in a much more
modest program with Stanford University using
the ATS-3 to exchange data, voice, and slow-scan
visual communications for seminars and lectures.
Demonstrations such as this and a similar one in
the Pacific by the University of Hawaii with ATS-1
indicate that the use of satellites as an educational
aid is possible today.

THE CANADIAN DOMESTIC SYSTEM

In 1966 the Canadian government set up «a
project group to study and plan for a domestic
communications satellite. With a large sparsely
populated country, the government felt that a
satellite could offer much improved communi-
cations, particularly in the north, and aid in
implementing a two-way TV network. The
geostationary orbit satellite had been proven, and
Canada had some experience in satellites, having
built the Alouette series of spacecraft and sub-
contracted on several other satellites. It is also
likely that she wanted to ‘‘reserve’” some orbit
space ahead of the US, which had several domestic
systems under consideration.

Telesat Canada was established in 1969 as the
private corporation which would own and operate
the system, Ultimately, Telesat shares would be
divided equally between the government, the
common carriers, and the public. Telesat began
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designing a satellite which would have six trans-
ponders and would have an in-orbit mass between
220 and 270 kg. This was a result of the earlier
studies, which indicated that the most cost-
effective satellite would be slightly larger than
the Intelsat 1ll then in use, but still within the
Delta launch vehicle's capability. Two such
satellites would be launched initially, fully using
the available bandwidth and providing the desired
capacity with a little to spare.

Before .nis effort had progressed very far,
Hughes Aircraft Company, which had built the
Syncoms and Intelsat lls and was then building
the Intelsat Vs, proposed to Telesat a design
which would still fit the Delta but which would
have a capacity nearly that of Intelsat IV (see
Table 1 Part 1). The changes to the Intelsat IV
design which allowed a size (and cost) reduction
of 50 per cent were the elimination of redundant
power amplifiers, a simplification of the trans-
ponder antenna configuration, and removal of the

Fig. 5—The Canadian ANIK Spacecraft. Two have
been launched, in November, 1972 and April,
1973, and a third is scheduled for launch in 1975.
The body, covered with solar cells, rotates to
provide gyroscopic stabilization, while the antenna
on top of the satellite stays pointed at earth.
{Photo courtesy of Hughes Aircraft Company).
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delay equalization filters at the transponder out-
puts. Only the last has had any impact on the
Canadian system since it required the addition of
special compensating equipmeni at many of the
earth stations. Twelve transponders were provided
but because of the reduced power available com-
pared with Intelsat IV only ten could be used at
a time during eclipse at the end of the seven year
life (the worst-case situation; all twelve could be
used under other conditions). Besides these
advantages, the cost was lower than that pro-
jected for the original design. The proposal was
accepted and a contract for three spacecraft was
issued. The winner in a national contest to choose
a name for the satellite was ‘'Anik’, which is
Eskimo for “brother".

The system is intended both to supplement
existing telecommunications services and to aid
national  development by providing services
impractical by other means. In the first category
are heavy route telephone fraffic between east
and west, connection of the Cantat-2 transatlantic
cable to central Canada, and distribution of net-
work television to major centres in the relatively
populous southern part of the country. Examples
of the second are distribution of TV to northern
communities previously either served by video
tape flown in once or twice a week, or without
TV service; small group telephone service between
a few northern centres und the southern network;
and single channel telephony and radio to small
arctic communities. The earth stations to provide
these services include two heavy route stations,
near Toronto and Vancouver; six network TV
stations near other large cities in the south; two
northern telecommunications stations (Frobisher
Bay, on Baffin Island; and Resolute in the northern
most part of the country); twenty-five remote
television stations spread across the centre and
north; and two thin-route stations, to be increased
to nine in 1974 and to sixteen in 1975.

The heavy route stations are similar to the
stondard Intelsat earth stations, with 30 metre
dish  antennas. They are the only manned stations,

all the others being designed for wunattended
operation with fixed mount, 10 to 12 metre
diameter antennas. The network TV stations pro-
vide television reception and transmission, while
the remote TV stations provide reception only. The
design of the remote TV stations allows the
addition of other capabilities (e.g. telephony) if
necessary. The northern telecommunications stations
can provide up to 60 telephone circuits as well
as TV reception, and the thin route stations pro-
vide capacity for one telephone circuit with the
capability of expanding to include one or two
more plus TV reception.

Telesat is a ‘'carrier's carrier”, that is it only
implements services actually provided by others.
Thus its plans must be based on estimates not
only of projected traffic but also of the sort of
group which might want to lease capacity. lts
earlier plans called for launching two satellites,
with one used for backup, and keeping the third
satellite as a ground spare for launch if one of
the others failed. As it turned out, the capacity
of Anik 1 was fully leased before its launch in
November 1972, and between further growth in
Canada and lease of capacity to several U.S.
companies, Anik 2, launched in April 1973, will
shortly be filled also. Telesat has already request-
ed NASA for a 1975 launch of Anik 3. Similarly,
the initial ground network was to include fewer
remote TV stations and no thin route stations.
Further expansion of the earth station network is
a near-certainty.

REFERENCES

1. E. R. Craig (Editor): ‘Satellite Communications to Remote
Areas’; APO Research Laboratories Report No. 6660,
December 1971,

2. K. A. Poleyn: “Future United States Educational Broadcast
Satellite Experiments’; Educational Technology, August, 1973.

M. BALDERSTON is Engineer Class $ in the PMG
Research Laboratories, where he is conducting studies
into Satellite Communication Systems. See Vol. 25 No.
1, page 60.

106

TJA, Vol. 25, No. 2, 1975



The Melbourne Semi-Automatic Wake-up Service

D. JOHNS

The existing wake up service in Melbourne has for some years been experiencing operational
difficulties and financial loss. In order to overcome these problems a semi-automatic wake up
service based on magnetic disc memories with hard wired logic controllers has been developed.

Manual booking and automatic sending are used, the maximum sending rate being about 750

calls in five minutes:

OPERATION OF EXISTING SYSTEM

The existing system was introduced in Melbourne
in the early 1930’s and is entirely manual. It basic-
ally requires the subscriber to dial a service level
and provide details which an operator records on
a docket. The operator calls back to the subscriber
to verify that a genuine booking has been made
and that the details are correct. The docket is sorted
and stored until maturity, when it is handed to
another operator who calls the subscriber at the
requested time. After the call has been made, the
docket is forwarded to Finance and Accounting
Branch for charging to the subscriber’s account.

Need for New System

With the growth in population and telephone
density, demand for the service increased rapidly
and additional staff were needed just to cope with
the high peaks. Calling out presents the greatest
problems because 4000 to 5000 calls have to be
made in about two hours, and during the peak
hour of 6 am to 7 am up to 40 operators are
required.

Staffing costs resulted in the service running at
a financial loss, and demand for the service, which
has been increasing by about 15% annually, led to
increasing financial loss and operational difficulties.
Hence it was decided to overcome these problems
by means of a partially automated service.

THE SEMI-AUTOMATIC SYSTEM

A simple block diagram of the system is shown
in Fig 1. The main elements are a memory unit
into which operators load details of calls, a real
time clock and automatic senders. Each entry (word)
in the memory includes details of the date and
time the call is to be made. Every entry is checked
every five minutes against the real time clock, and
when a time and date match is achieved, the

JOHNS—Semi-Automatic Wake-Up Service

telephone number part of the word is fed to an
automatic sender which calls the subscriber and
transmits the number to accounting and service
printers. On answer, the subscriber is connected to
the speaking clock.

Choice of Memory

The most important part of the semi-automatic
wake up service is the memory because it deter-
mines the facilities which can be provided, speed
of operation and system reliability. Design of all
other parts of the system is also greatly influenced
by the type of memory. Disc memory is the best
compromise between cost, speed and reliability.
In order to provide high reliability, two discs are
used, one is a standby; Fig. 2 shows the discs in-
stalled in the equipment cabinets,

Word Format

Fixed length words of 88 bits are used, made up
as shown in Table 1.

TABLE 1.
Name Function No. of bits
Operator Identifies Console from
Code which call booked 4
Digit 1-9 Telephone Number to be
called 36
E.O.N. End of Number Code 2
Start Date Date call to be made 1
Time Time call to be made 10
Sfop Date Date regular booking
stops 11
Public Stops regular calls on
Holiday those days 7
Day of Week Used for regular
(1=7) bookings 7
Total 88
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Fig. 1 — Simplified Block Diagram of Wake Up Service.

Data Packing

The actual word length received from the oper-
ators is 106 bits because full 4 bit BCD (Binary
Coded Decimal) characters are used. Storage effi-
ciency is improved because some characters have
bits which are always zero and hence can be
omitted. For example the days tens digit can be
only 0, 1, 2 or 3 and so only two bits are required
instead of the normal BCD character of 4 bits. By
removing the constant zeros the 106 bit word is
packed down to 88 bits. On readout the reverse
process occurs so that the normal word format is
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available for operators and test panel displays.

Types of Call

By using different parts of the word, three types
of call can be made; these are:

Casual Call

A single call is sent and then erased from the
memory. About two thirds of the calls are of this
type and are mostly booked on the preceding even-
ing. The operator inserts only the start date and time
parts of the word and this causes the disc control
unit fo recognise it as a casual call.
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Fig. 2 — Disc Memories.

Fig. 3 — Operators’ Consoles with Monitor's Post.
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Permanent Call

If data is enfered as for a casual call and one or
more of the Day of Week keys is pressed then the
call is recognised as permanent. If, for.example the
start date is a Monday and the Monday key is
pressed the call will be made on the start date and
on every Monday thereafter. f any of the other day
keys are also operated then calls will be made on
those days as well. Operation of any of the seven
public holiday category keys will result in calls
being inhibited on those days.

Regular Call

Similar to a permanent call but is for a fixed
period of from 2 to 365 days. This is achieved by
including a stop date in the entry. When this date
is reached the call is made and the entry is then
erased from the disc.

OPERATOR’S CONSOLE

The operator’s console shown in Fig. 3 consists
of an AFG type framework modified to house
equipment necessary to input data to the discs,
cancel data or interrogate as required. The equip-
ment consists of a keyboard, storage registers with
displays and an automatic dialler. The system has
a maximum capacity of 30 consoles which are con-
nected to the discs via a common data and control
circuit bus.

Booking a Call

On receipt of a booking call the operator obtains
the information from the subscriber and keys it info
the console registers; it then appears immediately
on the console display. On completion the details
are read back to the subscriber to verify accuracy.
The LOAD key is then pressed and the data is trans-
ferred to the disc memories.

The disc controller carries out a read-after-write
check and sends the data read off the disc back to
the operator. In the meantime the subscriber has
hung up, so the operator presses the RECALL SUB
key which causes the automatic dialler to call the
number using the data returned from the disc. This
call to the subscriber thus guarantees that the data
has been correctly entered on the discs. The nor-
mal booking procedure outlined above does not
entail the preparation of dockets or other paper
work and so results in a reduction in booking time
and an increase in accuracy.

Cancel

The same basic procedure described for booking
a call is followed except that the CANCEL key is
operated. This results in the entry being found and
erased from the discs. As an indication that the
correct entry has been erased, the data read off the
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discs is returned to the operator for calling and
verification with the subscriber.

Check Data

This facility enables a check of the disc to see if
a particular word exists. The operator keys up the
complete word and operates the CHECK DATA key;
if the word is on the disc it is returned to the
operator, if not, the display shows all zeros.

Search

This facility is similar to CHECK DATA but is used
in the case of multiple entries against one telephone
number. The operator keys up only the telephone
number and presses the SEARCH key. This causes
a check of the disc for all entries associated with
that number. If after the first entry is returned the
search key light glows, then further entries re-
main and the SEARCH key is pressed again which
results in the second entry being returned. The
process is repeated until the search light ex-
tinguishes indicating that all entries have been
returned.

Other Facilities

Two further facilities for operating staff have
been provided. These are:

® ‘Peak Time Slots Display’ which shows the num-
ber of calls booked for busy time slots for the
next mornings’ calls. This allows operators to
control bookings so that the sending capacity
is not exceeded.

® 'Daily Dump’ gives a print out of all calis due to
be sent for the next 24 hours from 4 a.m. each
day. This provides a valuable service aid for
dealing with subscribers’ complaints, and could
also be used as a listing for a last resort manual
back up in the event of total failure of the auto-
matic system,

SENDING

Calls are made by 64 automatic senders. This
enables about 500 calls to be sent in a 5 minute
time slot. Calls can approach 1000 at the peak time
which is usually 6 a.m. or 6.30 a.m. At these
times traffic is spread over more than one time slot
rather than increase the number of senders, al-
though if necessary up to 96 senders can readily be
provided. Data, clock and control signals from the
discs are connected to all senders by a common
bus. A multiplexer continuously scans, searching
for a free sender which when found is enabled on
to the bus. When a call is to be sent, one revolution
of the disc (40mS) is allowed to elapse. This pro-
vides time for checks to ensure that data has been
transferred correcily to the sender and for the multi-
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plexer to find another free sender. If all senders are
busy, a signal (No Free Senders) is returned to the
disc which then goes into standbv until a free
sender is available.
Sending Reliability

Ineffective calls due to network switching loss
and congestion average 1% to 2%. Assuming a loss
of 1%, since congestion is unlikely in the early
morning hours, then up to 50 calls a day could be
lost. As this is not acceptable, something more than
a single call is necessary. One solution would be
to make two separate calls from different senders
which would reduce the loss to an acceptable level
of 0.01%. However, this has a serious disadvantage
in that up to 100 subscribers a day stifl called in
error would be subject to the annoyance of a full
length wake up call which rings for 90 seconds.

Dual Call Sendirg

Two calls are sent to each subscriber, the second
being delayed by a period of 0.8 seconds. Under
normal circumstances the delayed call should re-
ceive busy tone, and unless a positive identification
of busy tone is made, then both calls are cleared
down and further attempts are made. After three
failures the call is printed out for operator attention.
For this method tc fail, the second, delayed call
must not only reach a wrong number, but one that
is also busy and the probability of this occurring is
low. Some minor annoyance is still possible because
about 8 seconds must be allowed for post dialling
delay and for busy fone identification.

Busy Tone Detection

Busy tone is detected by counting pulses. This
has advantages over analogue methods in that
cheap digital integrated circuits can be used, no
critical adjustments are necssary and a very high
degree of noise immunity is achieved. Many prob-
lems were encountered because the quality of busy
tone in the network was found to be in general,
very poor.

These problems have been solved by replacing
capacitors, fitting new cams and replacing tungsten
with precious metal contacts on all ring and tone
machines in the Melbourne network. A regular
programme of checking tone quality from all ex-
changes has been started.

SYSTEM RELIABILITY

One of the major considerations was to ensure
a very high order of reliability. Electronic com-
ponents taken individually are extremely reliable,
particularly after an initial “burn in” period, how-
ever, they still have a finite probability of failure,
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and in a large system the sum of the individual
probabilities can be quite high. Hence at some stage
components will fail and if the system is to be kept
operational, redundancy must be provided so that
failure of a single component or unit does not
result in total failure of the system.

Reliability of Discs

The disc memories are, because of the problems
inherent in all mechanical devices, probably the
least reliable part of the system. To improve re-
liability and to ensure that error-free data is always
available for sending calls, the system has been
designed as follows:

® Two discs are used, one of which normally drives
the senders while the other is on standby. Both
are loaded in real time by operators, so that the
standby is always vpdated and can immediately
take over the send cycle if the operating disc
fails.

® Each disc is divided into two separate memories
with separate read/write and control hardware.
A common clock track is used for the two
memories on each disc surface — hence the two
outputs are synchronous and equivalent words
can be compared as they are read off.

® Operators load new data into both halves of the
disc so that there are normally four sets of up-
dated information, any one of which can be used
to drive the senders.

Tests are carried out to establish that data read
from the memories is error free, and in the event
of errors, which memory is faulty.

Configuration of Supervisory Circuits

The basic configuration of the two dual memory
discs, various supervisory units and senders is
shown in Fig. 4. The senders are divided info two
groups, one of which is fed from memories 1A or
2A and the other from 1B or 2B. Thus the senders
are not dependent on a single highway or line
driver and receiver. Under normal conditions with
disc 1 operational and disc 2 on standby, memories
1A and 1B both send data to the senders. The status
of all supervisory checks is continuously monitored
by the Supervisory Test and Automatic Changeover
(STAQ) unit. In the event of a fault on disc 1, the
STAC unit automatically transfers the senders to
disc 2 which takes over the full load. If a fault
arises on disc 2, the STAC identifies which memory,
(2A or 2B) has failed and disables it. All functions
are still available except that the number of senders
is halved. During the peak call time this could result
in some calls being up to 5 minutes late. However,
this would require two simultaneous faults so its
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occurrence is likely to be very infrequent. If both
memories 2A and 2B should fail, that is, three
simultaneous faults, then manual control can be
used to switch back to the remaining good half of
disc 1.

System Partitioning

As far as is possible, the system has been parti-
tioned info two equal sections, both normally shar-
ing the load, but either on its own able to maintain
a reasonable grade of service. Each section consists
mainly of half the operators’ consoles and senders,
a disc memory, real time clock and power supply.
Two power feeds from a “No break” power supply
are used, one for each section.

MAINTENANCE AIDS

Results of the automatic supervision exercised
by the STAC unit are displayed on the test panel
in the form of memory number and nature of the
fault. The test panel also provides the following
facilities:

Word Display

By means of thumbwheel switches any sector
in any of the four memories may be addressed and
its contents shown on the test pane! display. This
enables rapid identification of faulty memory
following an A-B or disc-disc mismatch.

Write Sector or Track

Any sector or track may be written into with
‘I's, ‘O’s or patterns. This is for busying sectors,
clearing contaminated sectors or loading test words.

Update

Any memory may be completely updated from
any other memory.

ACCOUNTING

Accounting is by means of a paper printout of
chargeable calls. This is processed by Finance and
Accounting Branch in much the same way as the
paper dockets arising from the manua! system.

POWER

Power for the wake up service is supplied from
a “No Break” 50 Hz 3 phase system. The 3 phase
power is transformed to 9 volts and full wave recti-
fied to produce the raw dc for the system power bus.
An integrated circuit voltage regulator is used on
every printed circuit board to provide the regulated
5 volts needed by TTL integrated circuits.

REAL TIME CLOCK

To automatically send calls at the correct times a
real time clock is needed, and this provides the disc
controllers with the date, time and day of the week
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number (1-7). The basic time period is 5 minutes,
and this is derived from the 50 Hz power mains.
If the mains fails, an internal oscillator confinues
functioning, but is free running. The free running
frequency is set as closely as possible to 50 Hz and
this provides sufficient accuracy to keep the system
operating until the mains is restored.
Reliability

Two separate clocks are used and their outputs
are continuously compared. If a mismatch occurs, an
alarm is given and the faulty clock is quickly identi-
fied by checking the clock panel displays. Normally
one clock is used for each disc but under fault con-
ditions either clock can drive both discs.

Public Holiday Categories

Regular bookings usually require the call to be
inhibited on public holidays. Automatic generation
of public: holiday dates is not convenient because
of variations from year to year and also the possi-
bility of unexpected proclaimed holidays. Hence,
public holiday dates are generated manually by the
operation of keys on the operators supervisor’s
console.

HARDWARE
General

The equipment cabinets and rack are shown in
Fig. 5. The discs, disc controllers and power supplies
are in the two left side cabinets and the senders in
the right side cabinet and rack. The centre cabinet
houses the test panel and miscellaneous units. Print-
ed circuit boards are mounted in standard ‘ISEP’
frames and most boards use plated through holes.
The cabinets are enclosed by front and back doors
and therefore subject to build up of heat. Fans are
used to keep the temperature at about 28°C, the
maximum allowable being 40°C, which is the upper
limit of the discs. Contact thermometers are installed
in the cabinets and if the temperature rises to 32°C
an alarm is given.

Components

The main components used are 74N and 74L series
TTL infegrated circuits, also used are P MOS static
shift registers and fusible link Proms, (programmable
read-only memories). All data highways are balanced
using tightly twisted conductors with differential
line drivers and receivers. This technique, together
with the use of a voltage regulator on each printed
circuit board, has ensured that the system is free of
noise problems.

FIELD TRIAL

In December 1973 field trials. were commenced in
which about 800 regular type calls were made each
working day of the week. The intention was to hold
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the trials for a numker of months and then to take
over the whole load of 4000 to 5000 calls. Un-
fortunately problems arose with the printers which
produce the paper tape for accounting such that
consistent quality of print could not be guaranteed.
Naturally, as subscribers accounts are involved, this
was not acceptable, and following a total failure of
the printer and long delays in obtaining service from
the manufacturer, the decision was made to change
to a different type of printer. This required further
design and development to produce the necessary
interface, resulting in delay in full implementation
of the system. At the time of writing trials with the
new printers are underway and it is expected that
the system will be fully operational by mid 1975.
Trials of booking calls live from the operator’s
consoles have also been conducted and no prob-
lems were encountered.

Fig. 5 — Equipment Cabinets and Rack.
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Results of Trial

In a 15 month period, about 243,000 calls to
subscribers have been made with the following
results:

Automatic Call Successful 89.1%
Reverted to Operator — Sub not answering 6.8%

Reverted to Operator — Busy tone not

detected 2.9%
Unsuccessful due to printer faults 0.6%
Unsuccessful due to No Break Power Supply

problems 0.5%
Unsuccessful due to Wake up service

equipment 0.1%

The majority of failures were in the early months
of the trials and the causes have been isolated and
remedial action taken. It is therefore confidently
expected that future failure rates will be much
lower. Improvement is also expected in the revert
to operator figure due to busy tone failure as the
busy tfone upgrading programme removes the few
remaining weaknesses.

CONCLUSION

Full implementation of the system has taken
longer than originally foreseen largely due to the
difficulty in producing printed paper output for
accounting purposes. The equipment described will
however continue to provide the service in Mel-
bourne for a number of years during which time
stored program controlled trunk exchange equip-
ment will gradually take over first the growth com-
ponent and later the facility totally. The locally
developed equipment will at that stage be avail-
able for use in a large country or small capital city.

Experience gained in designing and developing
the system has been invaluable and will be of
great help in many other applications.
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Dynamic Programming — An Application To
Telecommunications Planning

C. W. A, JESSOP, B.Sc., M.Eng. Sc.

The technique of

“Dynamic Programming” is briefly described, and its use in

telecommunications planning is illustrated. The technique is a powerful planning tool, which could
be utilised more frequently than it is, in the planning of telecommunications projects.

INTRODUCTION

Decisions related to the economic development
of telephone networks often require the under-
taking of a cost/benefit study to determine the
most economic method of providing service to sub-
scribers. Such a study could well require analysis
of the comparative cost of telephone plant to be
provided according to two or more different tactical
plans. Within the APO this provision would be
planned on a yearly basis, and the typical period
of the study would be 20 years.

An efficatious method of undertaking such a
study is by the use of Dynamic Programming, and
this article is written with the intention of describing
this technique, and giving an example of its use.
Dynamic Programming is basically a simple tech-
nique which optimises a multi-stage problem. lts
application can involve complicated mathematical
functions if required; the example in this article,
however, involves only simple arithmetic. Use of
the technique usually requires a computer, as even
a small problem requires a large amount of storage
memory, in fact the application of Dynamic Pro-
gramming is mainly limited by the amount of com-
puter memory required, as we shall see.

The example in this article involves the use of
Dynamic Programming to find the optimal method
of providing service for subscribers in a newly
developing area, adjacent to an older established
area, over a period of 20 years. This is by no means
the only way in which this technique could be used
in Telecommunications planning, for example the
technique has been used successfully to determine
the spacing of telegraph poles where time is not
a factor in the problem, but the optimal provision
of equipment over a 20 year period is a common
planning problem, and will thus serve as a satis-
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factory vehicle for an explanation of Dynamic Pro-
gramming.

“DYNAMIC PROGRAMMING” DESCRIPTION

Despite the esoteric sounding name, Dynamic
Programming is a fairly simple technique. The
mathematics can be as simple or as complex as
desired, but in this case they are fortunately simple.
With Dynamic Programming, instead of calculating
the cost of every combination of events starting at
the beginning, we work backwards from the end
of the problem to the start, recording at each point
the lowest achievable cost at each stage. Thus the
technique optimises a multi-stage problem.

The concept is best explained by example, and
we will consider the case of a car driver who
wishes to get from a — b in the shortest possible
time (see Fig. 1).

He can go via any of the routes shown and will
take.the times shown by each route. If he takes the
quickest section from each point his route will be:—

a—c=1min.
¢ —f = 3min.
f—b = 4min.

Total 8 min.

However it is easy to see that by sacrificing a
little time on the first section he can save time on
a later section. In fact with a problem of this size
we can quickly calculate the times for each route:—

a—c—d—b=8min.

a—c—f—b=8min.

a—e—d—b=7min.

a—e—f—b=9min.

and thus select route 8 —e —d —b as being the
quickest,
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Using dynamic programming we would start at
b and work backwards, vizi—

d—b = 2min.
f—b = 4min.

From ¢ we have two alternatives

c—d—b=5+2=7min,
c—f—b=3+4+4=7min.

hence from ¢ whichever route is taken the time
required will be 7 minutes.

From e we. also have two alternatives

e—d—b=24+2=4min.
e—f—b=244= 6min.

hence from e our best time is 4 minutes via d and
we will use this time when we consider point a

From a we have two alternatives

a—c—b =14 (best fime c—b)=1-47 = 8min.
a—e—b =234 (besttimee—b)=3-+4=7min.
hence the best possible time for the trip from a — b
is 7 minutes, starting with a — e, and looking back
to the next step e —d — b.

The explanation of dynamic programming may
appear to have taken longer than simply calculating
all the alternatives, but in fact only required 6
additions, whereas the full calculation required
4 x 3 = 12 additions. It can be appreciated that as
the complexity of the problem increases, the num-
ber of calculations required for full enumeration
increase atarmingly, while those for the dynamic
programming method increase linearly.

Further reading for a more complete description
of the theory of dynamic programming can be
found in most text books dealing with Operations
Research, and specific references are given later.

EXAMPLE OF APPLICATION OF DYNAMIC
PROGRAMMING

The Problem

The problem to be considered is that of provision
of telephone service to a newly developing area.
Should the area continue to be served from the
existing exchange, or should a new exchange, in
a new building, be provided to serve the area?

Residential development around the city of Lis-
more, in the north east corner of NSW, is mainly
concentrated along the Ballina Highway between
Lismore and Ballina, and it is expected that this
trend will continue. Close to Lismore the develop-
ment is in the Lismore Heights — Goonellabah area
(see Fig. 2). This newly developing area referred
to simply as the Goonellabah area in this article is
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Fig. 1 — Car Driver Problem.

part of the present Lismore telephone exchange
area and existing subscribers are connected to Lis-
more telephone exchange via a 1200 pair 0.64 mm
cable which is nearly fully occupied.

If the Goonellabah area is retained as part of the
Lismore area, a large 0.64 mm cable would need
to be provided to serve the area, and some sub-
scribers would still be beyond the transmission
limits. These subscribers, approximately 130 by
1990, would require 0.90 mm cable to be within
transmission limits. In addition to this expensive
method of providing cable pairs for Goonellabah
subscribers, an extension to the Lismore telephone
exchange building would be soon required. This
building extension, involving the re-location of a
radio tower, would also be expensive, and ifs
deferment is economically advantageous.

The First Approach

From the conditions described it can be appreci-
ated that the provision of a telephone exchange
at Goonellabah is an attractive proposition. It would:

* Avoid the need for major cable relief

* Defer the extension of Lismore telephone ex-

change building

* Simplify subscriber cable reticulation and trans-

mission problems.

Despite these obvious advantages, economic
studies perversely showed that provision of an ARF
telephone exchange to serve the Goonellabah area
was a less economic approach than retaining the
area as part of Lismore, and undertaking the major
relief projects for cable and building. Further
analysis indicated that the reason the alternative
scheme was uneconomic was due to the poor utilisa-
tion of existing equipment. Approximately 1000
lines of subscribers equipment at Lismore and a
large part of the 1200 pair cable would become
spare if an ARF exchange were provided at Goonel-
fabah, and it would be some appreciable time be-
fore all this equipment would be re-utilised.
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Fig. 2 — Lismore and Goonellabah Exchange Areas.

The Second Approach

From this analysis emerges the kernel of a third
scheme. Could some of the Goonellabah subscribers
be served by a portable exchange initially, thus
avoiding the major relief projects, then, over a
period of years, transfer Goonellabah subscribers
from Lismore exchange to Goonellabah exchange
to maximise utilisation of existing equipment. As
part of this scheme a permanent building would
be erected at Goonellabah at a later date. An attrac-
tive common sense approach, but considering a
20 year period and dividing Goonellabah area into
6 separate areas, there are aproximately 3 million
possible combinations. Many of these could be
eliminated by inspection but there would still re-
main a large number of feasible possibilities, far
too many for each one to be studied individually.

For a compromise scheme, as suggested above,
to be successful there must be more than one
economic solution, Circumstances will change to a
greater or lesser extent over a period of 20 years,
and a plan to cover that period can only be regard-
ed as a basis for further planning. Thus, of the
feasible possibilities, we would expect several, not
just one, to be economic. It was felt, however, that
a lot of effort could be involved in discovering an
economic solution by hand and that using a com-
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puter and by dynamic programming would be pre-
ferable.

Re-examination of the Problem

At the time of the study the following informa-
tion was known:

* 5000 lines of subscribers equipment existing
at Lismore.

¢ Lismore building capable of housing 7000
lines.

® 1200 pair / 0.64 mm cable existing to Goonel-
labah with capacity for 1000 subscribers.

* Survey of subscribers development for Goonel-
labah and Lismore for a period of 20 years.

To provide an economic solution, answers were
required to the following future events:

* Year of the Lismore building extension.

* Year of the Goonellabah permanent building.

®* Year of the cable provision.

* Equipment provision each year at Lismore.

* Equipment provision each year at Goonellabah.

* Pillar areas served by Goonellabah exchange.
For the sake of simplicity the following assump-
tions have been made:
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* The Goonellabah exchange will be located at
the ultimate copper centre for the area.

* Goonellabah can be partitioned info six sepa-
rate areas by the locations of existing pillars.

* Subscribers reticulation cost is unaffected by
the various schemes. (It is expected that reticu-
lation will in fact, be most economic following
the scheme proposed).

* The cost of the major projects (i.e. Lismore
building extension, Goonellabah new building,
and large 0.64 mm cable) will not vary, but
will be the same in whichever year the work is
undertaken.

Equivalent annual costs were used throughout
the study, and a suitable loading applied to the
first installation cost of ARF at Goonellabah to allow
for the recovery costs of a 1000 line ARK portable.

Using the Computer

Having described the dynamic programming
approach we will now apply it to the problem under
discussion. If we use the classic approach and choose

TABLE 1—COMPUTER SOLUTION

Lismore Goonellabah

years as the variable, then each year we have the
possibility of: 30 equipment configurations at Lis-
more; 20 different equipment configurations at
Goonellabah; 6 different possibilities for the pillar
areas, and 2 different configurations for each of
the three major projects. This gives a total of
30 x 20 x 6 x 2 x 2 x 2 = 28,800 different possi-
bilities each year — too large a problem for the
available computers at that time to be able to store
in main memory.

As the proposed site for Goonellabah exchange
is at the end of the Goonellabsh area distant from
Lismore, another approach suggested itself — use
the pillar areas as the multi-stage variable. A com-
puter program was written which performed the
calculations, and derived an optimum solution in
the following manner.

Firstly the costs for 20 years were calculated
with no pillar areas available to be served by
Goonellabah exchange, i.e. all subscribers retained
at Lismore exchange. The years in which the major
events occurred were retained for future use. Next
one pillar area was allowed to be connected to

TO LISMORE/GOONELLABAH PROBLEM

¥ Equipment Equipment RemaEs
1 5000 200 Establish Goonellabah ARK with area 1
2 5000 500 Add area 2
3 5200 500
4 5400 600
5 5600 600
6 5800 700
7 6000 700
8 6400 800
9 6600 800
10 6800 900 Goonellabah permanent building
LR] 6800 1400 Establish Goonellabah ARF add area 3
12 6800 1600 Add area 4
13 6800 2000 Add area 5
14 6800 2400 Add area 6 to Goonellabah
15 7200 2400 Extend Lismore building
16 7600 2600
17 7800 2600
18 8200 2800
19 8400 2800
20 8800 3000
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Goonellabah, and starting at year 20 and working
backwards fo year 1, the costs of this scheme were
compared with the first scheme and the second
scheme adopted wherever it became more econom-
ic than the first. In fact the connection of one pillar
area to Goonellabah exchange proved more econ-
omic for all 20 years.

The more economic scheme and associated major
projects dates were retained in memory as the
current basic scheme and the process repeated
allowing the possibility of 2 pillar areas to be con-
nected to Goonellabah. Again the more economic
scheme was retained as a base (2 pillar areas at all
but year 1) and the process repeated for 3, 4, 5,
and 6 pillar areas in that sequence. The final com-
puter result is shown in Table 1.

LEGEND
EQUIPMENT
SUBSCRIBERS

RESULTS AND CONCLUSIONS

Inspection of the computer results in Table 1
shows that some variation can be made to improve
the scheme in practice. It is APO praciice to install
equipment capacity for a two year period, and in
Fig. 3, the scheme finally proposed, equipment
extension sizes are for a minimum period of two
years. Also by allowing for equipment utilisation
at Lismore to be above the normal 95% of the in-
stalled capacity in year 15, the Lismore building
extension has been deferred by 2 years. Note
that the Goonellabah and Lismore building projects
should be completed a year before the equipment
is required to allow time for installation of that
equipment.

Another feature of the scheme is that the large
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Fig. 3 — Scheme Finally Proposed.
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cable relief project has been avoided entirely, and
that the subscribers outside the fransmission limits
of 0.64 mm cable from Lismore are part of the
initial areas connected to Goonellabah exchange.

The proposed scheme will serve as a basis for
detailed planning of the Lismore and Goonellabah
areas during the coming years but changes will
probably be required as the actual subscriber de-
mand varies from that originally forecast. However,
as this scheme is considerably more economic than
the two alternatives originally considered (i.e. all
or nothing at Goonellabah) there can be consider-
able fluctuation in Subscriber demand before a
revision of the fundamentals is required.

The computer program was written and results
obtained during a period of two weeks, and most
of this time being spent waiting for cards to be
punched, or output to be returned from the com-
puter. Although the proposed scheme appears
straightforward, and, with hindsight the obvious
solution, to explore the economics of all the more
feasible schemes would have occupied a longer
period than two weeks, and even then one would
have been left with the suspicion that something
had been overlooked.

C.W.A. JESSOP graduated from London University in
1963 with a B. Sc. {Hons) in Electrical Engineering and,
after spending two years with Phillips (UK) in their
design laboratories, joined the APO in 1966. Until 1970,
he was involved in traffic measurement and analysis for
the Sydney area with the NSW Traffic Engineering
Section. During this time he developed a suite of
computer programs for traffic forecasting and junction
dimensioning in the Sydney Metropolitan area. From
1970 to 1973, while in the NSW Switching and Facilities
Section, he was involved with the planning of various
exchange areas in metropolitan and country regions, and
it was during this period that the work described in this

article was completed.

To further his knowledge

Telephone Switching and Facilities
planning of the interstate

production of the National STD Newsletter.

of planning and
administrative techniques, he undertook a part-time
post-graduate course at the University of NSW, and
graduated in 1973 with a Master of Engineering Science
degree in Industrial Engineering (Operations Research).
In the same year he was promoted to Senior Engineer,
Planning,
Headquarters, assuming responsibility for the forward

trunk network, and

Use of a computer and the dynamic program-
ming technique, as described in this article, enabled
an economic study, with an alarmingly large num-
ber of computational steps, to be solved with a
minimum of manual effort. In this example the
computer has clearly been used to perform the
tedious and time consuming computational aspects,
and to present information which can be utilised
by the planner to derive a scheme which suits the
requirements of the APO.

it is suggested that this technique could be
applied to many telecommunications situations,
both within and outside the planning area, as
multi-stage projects are a common aspect of our
industrialised society, and provision of telecom-
munication services is one of the more complex
aspects of this society.
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A New Letter Sorting Machine for the Australian Post Office

D. Y. McFADDEN, AMTC, AFAIM, MIREE (Aust.}, FIE (Aust.) and I. W. PAYNE, Dip. EE,

The Australian Post Office was one of the pioneers in the advancement of mail handling
technology when it installed the Australian made letter coding equipment in the Sydney Mail
Exchange in 1966. The new letter sorting machine described in this article has been developed in
Australia as a joint venture between the APO and an Australian manufacturer as a result of
experience gained from the operation of this plant. It employs a number of novel techniques in
performing its sorting function, and is being considered for use in new letter handling installations,
and for the eventual upgrading of the Sydney system, which has been in operation since 1966.

INTRODUCTION

It has been recorded that a State Postal Service
existed in China under the Tchu dynasty in 1100
BC (Ref. 1) and there is evidence of the use of
postal communications in biblical times (Ref. 2).
However, it was only in relatively recent times that
the concept of an international service was made
a reality when the universal postal rate was estab-
lished in 1840. Although evidence exists that
aftempts were made to mechanise some of the
processes not long after that period, until fairly
recently the majority of mail processing has been
carried out by hand. For example, individual letters
in a fully manual system have to be handled, in
most cases, six times during the process of sorting
them to ensure that they reach their correct destina-
tion. This process involves the facing up of the
letter (orienting it to bring all the addresses into
the reading position) cancelling the stamp, and
then sorting the letters through a number of stages
in a mail exchange until it is directed to the post
office from which it is finally delivered to the
addressee. Even at this post office the letter has to
be sorted to the correct postman’s round and by each
postman within his own round. The final handling
takes place when the letter is dropped into the
addressee’s letter box.

Advances in technology, and increases in labour
costs in what is a highly labour intensive industry,
have prompted many postal administrations to
strive toward mechanising the handling of their
mails. In this regard the category most suitable
for mechanisation is the letter class, and schemes
aimed at automating its handling from posting, to
sorting down to individual postmen’s rounds, have
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been developed by some administrations.

The process of the facing and cancelling of letters
by machine is now well established throughout the
developed countries, and 17 culler-facer-canceller
units are in operation in Australian mainland capi-
tal city mail exchanges.

Most  Australian mail exchanges now employ
varying degrees of mechanisation of the sorting
process, mainly concerned with the automatic or
semi-automatic collection and distribution of letters
sorted by manual means. One such type of machine
is the horizontal or “flat top” letter sorting machine
developed in the early 1950’s, and still in use in
most mail exchanges. (Ref. 3).

The one exception is in Sydney, where an ad-
vanced form of letter sorting calied “letter coding”
or “lefter indexing” has been in use since early
1967 at the mail exchange at Redfern (Ref. 4), This
is still the largest letter indexing system in the
world.

As a matter of interest, Sydney also featured
as a pioneer in the field -of mail mechanisation in
1930, when a comprehensive mail handling in-
stallation was cut into service there at that time.
On the letter handling side this system automatically
collected mail from a number of posting boxes in
the GPO' colonnade on a sequential basis, and
distributed it by a timed conveyor system to the
various sorting points in the building (Ref. 5).

With the letter indexing system, the number of
handlings a letter receives during its passage
through the mail exchange is reduced to a mini-
mum. To achieve this, the letter is “indexed” (a
series of bars giving the routing information are
printed on the envelope) and thereafter further
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sortation is carried out by machines which “read”
the index. These are the later generation of the letter
sorting machines, and the development of a new
type is described in this article. The original index
used in Sydney was printed on the rear of the en-
velope, and contained information to route the
letters through a particular sorting machine. The
Australian Post Office is now adopting an index
printed on the lower front of the envelope which
denotes the destination of the letter, rather than
giving simple routing information.

A BRIEF HISTORY OF LETTER SORTING MACHINES
The Keyboard Operated Letter Sorting Machine

The earliest form of letter sorting machines
evolved when thought was being given in a num-
ber of postal administrations to the possibility of
presenting letters in front of an operator, allowing
him (or her) to key in data from the address, so
that the lefters were then carried automatically to
a destination bin. The first of these machines intro-
duced into actual service was the Transorma which
began operating in the Rotterdam Post Office in
1930. It was not until 1957 that this machine
reached the USA, where it was hailed as the “first
mechanical sorting machine in the US Post Office”,
although a locally designed machine had been
demonstrated to the US Post Office some years
previously.

Fig. 1—Multiposition Letter Sorting Machine.

McFADDEN & PAYNE—New Lletter Sorting Machine

However the Transorma, and similar machines
such as the Bell, manufactured in Belgium, were
in use in Europe in the early 1950’s. These
machines, which were very large in size, comprised
a number of keyboard positions (usually 4), which
fed letters into a complex of carriers on a con-
tinuous chain system, These carriers passed over
the destination bins (usually around 300), and
deposited the letter in the appropriate bin when
the letter in the carrier, and the bin it was to go to,
coincided. The coincidence was registered by an
electromechanical arrangement which caused the
box to open and drop its contents into the bin. To
cover the 300 boxes, the chain, and its carriers,
followed a path so that it wound back and forth
over 5 rows of 60 bins each stacked vertically.
The size and complexity of the machine can be
gauged from this concept. However this principle
has been followed by other manufacturers with
various refinements, and machines such as the
Burroughs, which cater for up to 12 operators, are
still in use in large numbers in the USA (Fig. 1).

The Concept of Letter Indexing

Late in 1959 and the early 1960's (Ref. 6), the
technique of letter indexing offered the very dis-
tinct advantage of reducing the number of manual
sorting processes by applying a machine readable
index on each letter, when fthe address was first
read by a manual operator. From then on the letfer,
when passing through subsequent sorting stages
would have its index read by the sorting machine,
and delivered to the appropriate sorting bin. This
sorting machine could even be located in another
State, thereby increasing the potential gains over
a network of indexing installations. Work com-
menced on the design of the system for Redfern
in 1961, and as mentioned above this was cut
info service in early 1967. With this system mail
transferred from the culler-facer-canceller mach-
ines is fed automatically to a number of indexing
operators (up to 150 in Sydney), where individual
letters appear in viewing windows in front of them.
Without touching the letter the operator reads the
address, and keys in the destination data (usually
the POSTCODE and first character of the place
name).

This data is fed to a central computer where
it is checked for validity and translated into binary
form to give the following:

® |nformation which denotes to which soriing
machine the letters have to be directed; and

® information which denotes to which bin the
letter has to be directed on that sorting
machine.
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Fig. 2—View of Decoder, showing Stacker and Bag Racks to Receive the Sorted Mail.

The computer returns the information to the in-
dexing desk where it is printed on the letter in the
form of a bar/no-bar machine readable index. The
letter is then automatically despatched to a con-
veyor leading to the appropriate sorting machine,
where the index is read to select the required
destination bin.

The 20 letter sorting machines used in the Syd-
ney system were called “decoders” at that fime,
but as the use of letter indexing by other adminis-
trations grew, the terminology “letter sorting
machine” has been almost universally applied to
machines performing the function of reading the
index and sorting the letters into bins or stackers.

in the case of the letter sorting machines used in
the Rerfern installation, each machine is capable
of sorting letters to 30 destinations. As there are 20
such machines, a “break’” of 600 destinations is
therefore immediately available from the initial
primary sortation achieved by operators keying in
the address information at the indexing desks.

The Australian concept for a mechanised letter
system includes the automatic transfer of mail from
primary (indexing desks) stages to all secondary
stages, including the index reading LSM's. With
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this concept the time consuming and congestion
producing tasks of transferring large quantities of
letters by hand wheelers, baskets, etfc., are elimin-
ated, but the problems of equating the flow from
the transfer system to the LSM’s have to be over-
come,

THE DECODER OR ORIGINAL LETTER SORTING
MACHINE AT THE SYDNEY MAIL EXCHANGE

Fig. 2 shows one of the letter sorting machines
at the Sydney Mail Exchange, viewed from the
stacker end. Letters from the indexing desks
located on the floor above are automatically deliv-
ered to the machine by means of the distribution
channels of a letter transfer system. This channel
can be seen entering the machine at the upper
centre of the photograph. At this entry point the
letters are passed through an input separation de-
vice to absorb large peaks in the flow and the out-
put of this device is automatically switched to the
reading heads in the machine, on a demand basis.
In the case of the 8 letter sorting machines hand-
ling suburban mail in Sydney, the throughput of
each is 20,000 letters per hour, made up of the
totalled output of 3 individual reading heads rated
at just under 7000 letters per hour. '
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The principle of operation of one of the reading
heads is shown in Fig. 3. letters from the input
separator are stacked in a stacker/feeder, which
as its name implies stacks the incoming stream,
and then feeds them to the index reader. To
achieve this each stacker receives about 300 letters,
and moves these forward in a batch to the feeder,
whereupon it is ready to receive another input.

The feeder contains a separator or singler which
sends letters, one at a time, past the reading head
where the index is read, and the letter proceeds
to the diverter which directs it to the appropriate
channel in which it is transported to its stacker.
The three reading heads can be working simul-
taneously, each one diverting letters to channels
common to all, with the decision as to which
channel being based on the index read from the
letter itself.

THE NEED FOR AN IMPROVED LETTER SORTING
MACHINE

Early in 1969, after the Letter Indexing System

at Redfern had been in use for about two years,
it became obvious that one of the mechanical

DECODER READING
HEAD

PICK-OFF
& SEPARATOR

units in which improvement could be made, par-
ticularly in terms of maintenance cost, operational
efficiency, and the need for attention by machine
attendant staff, was the letter sorting machine.

As outlined above the design of this machine
provided for incoming letters to be stacked, the
sorting index to be read, and the diversion of the:
letters to appropriate stackers. It involved the stop-
ping and starting of the incoming mail stream,
and this practice made it necessary for a mail at-
tendant to be available to monitor the stacking,
de-stacking and machine operation. The machine
was made up of a number of parallel units which
ensured at least partial operation of the machine
during the breskdown of one unit. This however
increased the complexity, and maintenance require-

ments of the overall machine, In particular the mail
attendant, who was not actually involved with the
clearing of the sorted output of the machine was
generally carrying out duties of a non-productive
nature, and yet because of the vagaries of mail
flow had to be available to keep it moving, espe-
cially during periods of heavy traffic.

One of the problems associated with the exist-
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- CONTROL
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s

/
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Fig. 3—Principle of Operation of Decoder Reading Head.
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ing letter sorting machine concept, and in fact with
many letter sorting machines of similar design
from other manufacturers, is the absorbtion of the
peaks in the incoming volume of letters whilst
generating an outfgoing stream of singled letters to
the reading head.

This singling of the letters to allow each index
to be read individually is one of the most import-
ant factors in the design of a letter sorting machine,
as the error rate (number of letters missorfed to
incorrect bins) is almost in direct proportion to the
efficiency of this device. Where the singling device
allows more than one letter to pass the reading
head, in the majority of cases the second letter is
missorted with the one on which the index is
read.

The singling funciion is particularly important
whenever one sorting stage is directly connected
to another by conveyors aggregating the sorted
output, as is the case in Sydney, but it still poses
a problem with a machine that is fed with letters
by hand from a manual feeder unit.

in the existing letter sorting machines in Sydney,
the device which buffers the incoming stream and
generates a singled flow of letters which then pass
the reading heads, is the stacker/feeder. Other
types of machines currently available overseas often
use an equivalent device called a "buffer stacker”,
but the aim is the same, to receive letters randomly

from one source and present singled letters to the
index reader.

The weak point in the use of such devices is the
fact that letters in movement are required to be
halted, and then moved off again, often at quite
high speeds. This introduces the problems of letter
bounce, flimsy letiers crumpling, and the need for
constant atfention or supervision to ensure an un-
interrupted mail flow, and freedom from biockages
in the machine.

To overcome the recognised shortcomings of the
existing machines in Sydney and current overseas
designs, a new machine was envisaged which
would accept incoming indexed mail, read the
index and divert the letter in flow, all in the one
operation. In other words the machine would sort
letters as they arrived without-the need to stack
and destack, thereby eliminating one of the main
difficulties encountered with the original letter
sorter.

The four main objectives of this approach were:

® Elimination of the need for an attendant to be
stationed on the machine.

® A reduction in machine complexity with a
view to reduced maintenance requirements
and greater reliability..

® A reduction in noise level.

® [ower missort and reject figures.

DISTRIBUTION A 6O0IHR
CHANNELS
STACK READ
5 € FEED | DIVERT
O'FLOW :
6,600/HR. TOTAL
FROM | stAck READ 20000/HR.
PRIMARY ‘ SEPARATOR ¢ FEED 5 DIVERT] 30 STACKERS
| MAN I 6,600/HR
INPUT STACK READ
& FEED 3 DIVERT—e=
EXISTING DECODER
DISTRIBUTION
CHANNELS
Io’rLowl
20,000 /HR
FROM SEPARATOR .
PRIMARY BUFFER READ DIVERT—— 32 BINS
MAN
INPUT
LSM. MKI

Fig. 4—Block Schematics Showing the Difference in Concept between the Existing Decoder and LSM MK II.
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THE DEVELOPMENT OF THE NEW LETTER SORTING
MACHINE

Fig. 4 shows the schematic diagram of the exist-
ing letter sorting machine, and the new machine
which was given the title Letter Sorting Machine
Mark I, or LSM MK Il. The simplicity of the ap-
proach is obvious, but it is also obvious that much
greater reliability is required, as only one read
head operating at 20,000 lefters per hour is pro-
vided, instead of 3 at a much lower rate.

In addition 1o the main objectives quoted earlier,
a number of other specific features were required,
many of these included as a result of experience
gained from the operation of the original LSM's at
the Sydney Mail Exchange.

These included:

® an improved work situation, whereby machine
control and manua! loading can be carried out
from floor level. (The original LSM required
the machine attendant to work on a platform).

® an improved design for the output bins, so
that operators would not have to stoop to
clear bins and load bags.

® modular construction to allow for ease of
maintenance or machine relocation.

® the design fo allow for increasing the bin
capacity to provide a multi-bin machine if
required.

® inclusion of checking devices to detect over-
lapped letters to reduce missorts.

® positive control of letters whilst in transit.

® provision for automatic monitoring and statis-
tical recording.

A specification was produced by the Department
incorporating these features, and covering the main
objectives detailed earlier. The almost unique ex-
perience gained from operating a large letter
coding system was also used in preparing the speci-
fication, and assisted greatly in determining per-
formance objectives, maintenance requiremenis and
the like.

A developmental contract was placed with Tele-
phone and Electrical Industries (now Plessey
Australia Pty. Ltd.) of Sydney, who had manufac-
tured and installed the original Redfern equipment.

The Developmental Contract

Since it was a developmental contract, the work
was programmed in four stages:

® concept development
® development and manufacture of feasibility
model

McFADDEN & PAYNE—New Lletter Sorting Machine

® manufacture of profotype
® installation and testing of prototype.

The feasibility model was to test the soundness
of the design concepts, and to determine the
economic and technical practicability of proceeding
with the project.

The prototype to be developed from the feasi-
bility model to produce a machine meeting the
requirements of the specification. It was fo be suit-
able for commissioning as a working unit, and to
represent the final production design as closely as
possible.

A design review committee, comprising repre-
sentatives from the Department and the contractor
was formed to oversight the development, and
review the progress. This group met at regular
intervals throughout the term of the contract.

The prototype was installed in the Sydney Mail
Exchange in May 1973, and placed in operation on
a trial basis, handling live mail over the day shift
only. The performance of the prototype under
these ftrial conditions is discussed later in this
article,

DESCRIPTION OF THE MACHINE

In common with almost all letter sorting machines
available today, the LSM MK Il is modular in con-
struction, simplifying manufacture, installation and
maintenance. The modular approach also facilitates
planning, in that a number of different configura-
tions can be arranged to suit particular applications,
taking into account floor space and traffic considera-
tions. Relocation of the machine because of changes
in traffic patterns is also facilitated, giving a high
degree of flexibility unattainable with earlier de-
signs which were generally “built in” to the ex-
change.

The full machine as installed in the Sydney
Mail Exchange, is made up from the following:

® feed control module

® buffer separator module
@ clevator module

® index reader module

® tail unit, comprising a number of bin unit
modules (32 bins in total).

Fig. 5 is a diagramatic sketch showing these
modules assembled to form a complete machine,
which can be operated as a self contained unit, ie
without recourse to a central computer.

Fig. 6 is a view of the MK Il machine installed
in the Sydney Mail Exchange looking from the
input module, showing the bin units at the far
end. The input iransfer can be seen entering the
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MACHINE & MANUAL LOADING
CONTROL UNIT =

BUFFER SEPARATOR
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Fig. 5~~The Assembly of the Various Modules to Form a Complete Machine.

Fig. 6—The LSM MK 1l Installed in the Sydney Mail Exchange, Viewed from the Feed Control Module End.
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Fig. 8—A Close-up of the Bins and Bag Racks. The Test Panel can be seen in the top left of the feature;
The electronic controls are housed behind the two doors.
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machine at the left of the picture.

Fig. 7 depicts the machine from the bin unit end,
showing the bin units, and bags hanging from the
bag rack. Details of the bins are shown in Fig. 8.
The labels which are attached to each bag when
it is tied off are accommodated on hooks in the
space adjacent to each bin.

General Principle of Operation

The general principle of operation of the mach-
ine is very much the same as currently available
machines from manufacturers overseas, ie, the let-
ters are singled, the index read, and the letters
diverted into bins, at a throughput rate of between
20,000 and 26,000 per hour. However it is in the
performing of these functions that the LSM MK I
is unigue. It should be pointed out at this stage
that one big difference between various available
LSM’s is the total number of bins to which letters
can be sorted. This of course depends on the
application, but two main types are in existence:

® The multi-bin type, with a large number (from
100 to 600) of bins, each bin being of rela-
tively low capacity.

® machines sorting to between 12 and 36 des-
tinations, with the letters being deposited in
relatively large capacity bins, containers or
stackers.

The LSM MK Il comes into the latter category,
and in the Australian situation is ideally suited to
the sorting of suburban mails, particularly where
the sorted mail is required to be bagged in small
letter bags for onward despatch.

Machine Operation

Letters from the transfer enter the feed control
module in a random stream. They are fed into the
buffer separator module where they are separated
so that singled letters only are presented to the
following index reading stage. The buffer separator
has a temporary storage capacity of up to 20
letters, and if this amount is exceeded the over-
flow is diverted to the overflow stacker in the feed
control module.

The overflow stacker also accepts mail from the
transfer should the machine be temporarily out of
service.

The manner in which the buffering and separa-
tion functions are carried out is a major departure
from any known previous design and is one of
the features which has made the MK il performance
so notable.

The feed control module contains a manual
loading unit, which allows the overflow mail to be
re-introduced to the stream, in addition to provid-
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ing a means of infeeding for indexed mail. Pre-
indexed mail is mail indexed in ancther exchange
(maybe in another State), which can be fed direct
to the LSM, bypassing the primary sortation.

After leaving the buffer separator module, the
singled letters (with a controlled gap between
them), are raised by the elevator module for
presentation to the index reader.

Since the letters in the feed control and buffer
separator modules are processed at a low height
suitable for general supervision by the operator,
it is necessary to raise them in order to present
the sorted mail in the bin units at a height con-
venient to the operator unloading it into bags.
The relative heights of the bin units and bag racks
in relation to an operator can be seen in Fig. 7.

The letters leaving the elevator module enter an
edging unit which ensures that they are presented
correctly to the reading head, and are then pro-
cessed through the reading head itself. The read-
ing head extracts the sorting data from the index
marks on the letter, sorts it, and at the same time
causes a diverter to operate which determines to
which half of the tail unit the letter is to be
finally sorted.

In the tail unit, the letter travels along held
between two elasticised belts. The relevant sort-
ing data is also shifted along an associated shift
register, and when a comparison is made denot-
ing that the letter is above the required bin, a turn
unit takes the letter from between the belts and
diverts it, through 90 degrees, into the bin unit.
More details of this 90 degree turn, which is
unique to the MK Il, are given in a following
paragraph.

The bin unit modules comprise vertical bins
which receive the letters from their associated 90
degree turn units, and stack them for the operator
to remove when convenient. The bin unit has a
PE cell controlled base which is automatically
lowered as the stack builds up. Visuval alarms are
provided to signal when a bin is § full, and again
when it is full. In the case of a full bin which is
not attended by the operator, the machine auto-
matically transfers further mail destined to that
bin to an overflow bin in the tail unit, to allow
sorting to continue without causing machine biock-
ages.

As was stated at the beginning of this para-
graph, the manner in which the performance of the
various functions necessary to sort a letter by the
LSM MK I are carried out makes it unique in
comparison to other machines. The more important
of these features are discussed below.
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DESIGN FEATURES OF THE LSM MK II
Buffer Separator Area

Earlier in this article it was pointed out that one
of the most critical areas in an LSM was the means
of ensuring that singled letters are presented to
the reading head. This is particularly so when the
LSM is coupled direct to a letter transfer, as is the
Australian philosophy with regard to a fully
integrated sorting system.  Almost all known
designs require that a relatively large number of
letters can be held in the buffer, with fairly
complex vacuum and mechanical devices to con-
trol the operation of the unit, and single the letters.
Often critical adjustments are involved to ensure
satisfactory operation of these devices.

The MK Il design performs the function with
the minimum of mechanical components, requires
no vacuum devices or critical adjustments, and
yet is capable of giving a much better separation
performance (and therefore missort figure) than is
available on any other known machine.

This is achieved by the reduction of the tempor-
ary store to a maximum of 20 letters, and a new
approach in separation achieved by the judicious
use of belis of various frictional properties
arranged in a particular way.

The main reason for the success of this method
is that the letters are not stacked for buffering,
but merely slowed down momentarily, without
imposing excessive forces on them. The process is
carried out in two stages to achieve firstly shingling
(staggering the stream so that they are overlapped
but not separated) and then singling in the second
stage.

As well as providing an excellent separation
performance, with very little noise, this method
provides a much higher machine throughput than
conventional singling devices which generally feed
letters in a stream with a constant distance between
the leading edges. This distance has to be around
300 mm to accommodate the largest standard
letter plus a gap. The MK Il unit produces a stream
with a constant gap of around 60 mm between the
tail of one letter and the leading edge of the next,
irrespective of the letter length, giving optimum
utilisation of the letter transport conveyors, and
reducing the buffering requirement.

Letter Transport

One of the specified requirements for the
development of the LSM MK Il was that letters
passing through the machine were under positive
control, to minimise blockages and rejects due to
letters turning over or being held on a chute or
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slide. This requirement has been fulfilled in the
transportation of letters through the machine, and
letters are held between belts or rollers in almost
all situations. The use of elastic belting greatly
assisted in reducing the mechanical complexity
usually associated with this requirement.

90 Degree Turn Unit

This unit is the means of diverting the letters,
after the index has been read and the appropriate
side of the tail unit selected, to the correct sorting
bin. Many forms of diversion are used in letter
sorting machines of various types, from the chain
and carrier, to the flap diverter which is the most
common. A completely new approach has been
adopted in the MK Il whereby the letter is virtually
plucked from between two belts, and directed, at
high speed, into a chute feeding into the vertical
stacker or bin.

The principle of operation is shown in Fig. 9.
The sequenced pressure rollers which grip the letter
against the loop of belt are of course precisely
timed, as a second letter destined for a different
bin may be following 60 mm behind the one being
turned in the unit, and the rollers have to be free
to let it pass. The turn unit developed for the
machine utilises a rofating cam to achieve the
turning sequence, but a new one being tested by
the Post Office is electronically operated.

— | TWIN ELASTIC BELTS

=2
SEQUENCED jé
PRESSURE -1
WHEELS

&, SliEEL PRESSURE
WHEELS

CONTINUOUSLY R’UNN]NGx
LOOP OF BELT

CHUTE INTO
VERTICAL
STACKER

Fig. 9—The Principle of Operation of the 90 Degree
Turn Unit.




In the MK Il this turn unit is a jack-in/jack-out
device, and this feature, coupled with the relative
simplicity of the letter transport needed, make it
a very useful and unique form of diversion. The
principle also lends itself to multi-bin diversion,
which was also one of the requirements of the
development.

Elevator Unit

This unit utilises two 90 degree turn wunits
operating in a fixed mode (without sequenced
pressure wheels), and also in opposing directions.
The letters are received into the lower turn travel-
ling on their longer edge, are turned 90 degrees
and fed verfically upward where they encounter
the upper turn unit, and their direction is changed
back again to cause them to continue their journey
travelling on the longer edge. This form of elevator
occupies less space than conventional elevators
using twin belts or the elevating medium.

Electronic Control

Solid state circuits using TTL logic are featured
in the control of the machine. The machine is fully
alarmed against blockages, and also is fitted with
statistical data gathering equipment, and a compre-
hensive test panel for routining purposes. This can
be seen in the top left hand corner of Fig. 8.

Maintainability

Besides the modular construction adopted for
the main units of the machine, individual sub-
assemblies are designed on a plug-in/plug-out
basis, to allow quick replacement during operation
and servicing off the mail room floor. The need
for critical mechanical adjustments, often a require-
ment with many LSM designs, has been reduced
to an absolute minimum. In the event of a block-
age in the feed control, buffer separator or elevator
modules the appropriate sections automatically
stop and display an alarm.

In the case of the bin units, a blockage causes
the affected bin to be “inhibited”, and the mail
for that bin to be fed to an overflow, thereby not
requiring the machine to close down. This feature
is not possible with LSM’s using the conventional
forms of letter diversion.

Noise Levels

Particular attention has been paid fo noise levels,
and the adoption of the vacuum-free buffer
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separator contributes considerably to this, as no
vacuum pumps are required. The use of elastic
belting, and treatment of panelling with acoustic
absorbing material are also important factors in

the low noise level emanating from the machine
of around 75 dbA.

Performance

Although the specification called for a through-
put rate of 20,000 letters per hour, under average
conditions this can be considerably exceeded, as
the machine runs in an asynchronous mode, with
a controlled gap between successive letters.

The machine has been designed to process
letters within the standard (Universal Postal Union
size) range.

Missort (error) and reject percentages vary
according to a number of factors, including mail
quality being processed, but under trial conditions
with live mail, missort percentages of around
0.2% of throughput have been recorded, with
rejects of 2% or less.

The ability of the machine to run without a
machine attendant has been proven in the ftrials,
and to date reliability has been of a very high
order.

CONCLUSION

The LSM MK W is a unique letter sorting
machine developed by Australian industry and the
Australian Post Office. |t encompasses a large
amount of postal mechanisation experience gained
by the Post Office and the manufacturer over a
number of years, and appears suitable for inclusion
in future letter indexing systems. It also offers a
svitable replacement for the decoders in the Sydney
Mail Exchange, with a potential for reduction in
operating costs, and improved sorting efficiency.
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Automatic Testing of Telephone Cable

A. H. HAMBLETON, B.E., M.I.E. (Aust.} and R. R. LLOYD, M.Sc.

With the increasing complexity of the Telecommunication Network, the performance
requirements for component cables have increased. Cable testing to provide both Quality
Assurance and design information, has assumed a significant role in cable manufacture, leading to
the development of more and more sophisticated measuring systems.

This paper discusses the current generation of computer-controlled cable-testing equipment and
explains its application to cable testing.

INTRODUCTION

In modern telecommunications cable manufac-
ture the testing operation is assuming greater
importance, due to the more stringent requirements
of recent APO specifications.

Whilst in some aspects of cable testing, quality
assurance has been increasingly provided by the
performance of fests on a statistical sampling
basis, other testing including requirements for
network design has steadily increased and the
level of final cable testing required has shown a
corresponding growih.

Capacitance and resistance measurements have
always represented the major part of the testing
carried out on telecommunication cables and
therefore the increase in testing levels has been
most marked in these areas; as a result, a great
deal of innovation of new testing methods has
occurred, leading fto the development of com-
puter controlled automatic test sets for measuring
capacitance and resistance parameters of telephone
cables and providing statistics of these parameters.
The test sets in particular allow the proper testing
of unit twin cables at reasonable cost.

CABLE DESIGNS AND TESTING METHODS

Early designs of Australian paper insulated
telephone cables were based on star quad elements,
assembled in concentric layers, The evolution of
the junction and subscribers’ network produced a
requirement for crosstalk which could not be
achieved in quad cables and as a result unit twin
construction cables replaced concentric quad types
in paper and unit quad in plastic insulated con-
structions (Ref. 1).
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The predominant source of voice frequency
crosstalk in a quad cable is the side to side
capacitance unbalance within the star quads. In
capacitance unbalance testing, consideration of
this parameter is all-important and less attention
is paid to the unbalances between pairs in dif-
ferent star quads.

A further factor which reduced the need to
comprehensively test unbalances between pairs in
different quads was the use of concentric layers
stranded in opposite directions. This construc-
tion produced stable configuration and virtually
eliminated quad movement. In addition, parallel
adjacency of pairs in adjacent layers did not
occur as pair combinations between successive
layers became adjacent only once in each inter-
feence lay length.*

The nett effect was thus to reduce the adjacent
pairs to a limited set of known combinations.

With the introduction of unit twin cable a
number of design changes were introduced:

* 10 to 12 twist lay scheme (to reduce high
frequency magnetic couplings between non-
adjacent layers in the unit).

* All layers in each unit stranded in the same
direction (to simplify and cheapen manufac-
ture).

® Tighter unhialance limits between pairs (to
avoid the need for APO field staff to upgrade
crosstalk performance while installing the
cable).

* This is the reciprocal of the sum of the lay stranding

reciprocals, ie. 1 1 35 1

T

TN T2
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The combination of unit construction with the
twin design introduces the possibility of adjacency
between pairs on a much larger and less predict-
able scale than was the case for concentric quad.
Coupled with this, the increase in the number of
lay lengths has reduced the effective differences
between lays which can become adjacent and the
tighter unbalance limits for cables with heavier
gauge conductors has reduced some of the con-
formance margin. This has become most notice-
able in plastic cables, as demonstrated by the
specification limit for 0.9mm cable pair to pair
unbalances which is now 62 pF/500m compared
with 315 pF/500m in the early concentric twin
specification, and 135 pF/500m in the unit quad
specification.

in early quad cables capacitance unbalance
testing had been limited to side to side capacitance
unbalance within each quad for up to 20% of
the quads in the cable, and small samples of other
unbalance combinations. The side to side un-
balance tests were combined with ‘measurements
of mutual capacitance and side to earth unbalance.

This was traditionally accomplished using a
manually-operated transformer ratio arm bridge
connected to the cable using a lead with a cable
clip on the remote end and an operator connecting
pairs in sequence to the clip. Communication
between the clipper and the tester used lights,
buzzers, or other similar devices.

Resistance and resistance unbalance measure-
ments were carried out on very small samples as
a separate operation.

In order to make some savings in costs, a
number of semi-automatic test sefs were de-
veloped. These usually comprised some form of
sequencer, together with a bridge which balanced
automatically and printed the results on a tele-
printer or similar machine. The sequence was
traditionally controlled by hardware, although
later designs use tape conirol with some form of
tape output also available. Almost without excep-
tion these machines were designed for quad cable
and their test modes were those required for quad.

With the introduction of unit twin cables, testing
methods initially remained basically similar to
methods used for concentric cables. The concept
of sampling 20% of all pairs for capacitance tests
was replaced by a sample comprising one or more
complete units.

Measurements within units were limited to un-
balances between combinations assumed to be
adjacent and between a few combinations in-
volving pairs in adjacent layers in the unit.
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Resistance measurements were made using a
small sample of conductors connected in series
and did not indicate the variation which could
be expected within the pairs in the cable. This
was also of limited value for the requirements
of network design.

Even this festing programme, assuming as it
did a cable structure akin to a concentric cable,
was expensive and time consuming and did not
really provide the required assurance that cable
passing the test programme really met the in-
tentions of the specification.

COMPUTER-CONTROLLED AUTOMATIC TESTING

The description by Fulks & Lamont (Ref. 2} in
1968 of a computer-controlled automatic capacit-
ance test system excited considerable interest in
the cable industry. The fest set described used an
inbuilt mini-computer to control the testing through
a scanning unit and to process test results and
present them in a usable form.

The original test set was limited to capacitance
measurements but versions with other parameter
capabilities have since been developed and re-
ported (Refs. 3 and 4).

The computer-controlled test set offers many
advantages and enables the testing of unit twin
cables in a proper manner without the prohibitive
cost which would be associated with equivalent
manual testing.

Advantages offered by the computer-controlled
system include:

* Programme control of scanning, allowing

variations to be built in at later dates, so as
to maintain testing programmes in accordance
with up-to-date requirements.

* Intelligent control of testing routines to
provide inbuilt self-check and error routines.

* Electrical determination of pair adjacency

rather than assumption of pair position.

* Direct output of results in converted meaning-

ful form.

* Increased accuracy,

* Increased speed of testing.

* Reduced cost of testing.

* Provision of statistics and summaries for use

by cable and system designers.

A number of different types of automatic test
set are now available, but all have similar char-
acteristics. European-manufactured instruments all
tend to be made to test quad cable, as this type

of construction predominates in Europe. On the
other hand American test sets are made to fest
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twin cable and have been found to be best suited
to Australian requirements.

In Australia, Austral Standard Cables has in-
stalled three ‘General Radio’ Automatic Test Sets,
specially adapted to Australian requirements, and
these have been in operation for some two years.
One other similar General Radio instrument is in
service at another manufacturer’'s works and a
third manufacturer has a semi-automatic cable
test set.

AUTOMATIC TEST SET CAPABILITY
Testing

The capacitance and resistance parameters of
interest in a twin cable are defined in Fig. 1 and
are listed below:

® Mutual capacitance — this quantity is closely

related to the insertion loss of the pair.

Measured results are normalized to a standard
length, &, by multiplying by /.
{

* Pair to earth capacitance unbalance — deter-
mines the susceptibility of the pair to noise
pickup. Measured results normalized by multi-

plying by &,
l

Pair to shield capacitance unbalance — similar
to pair to earth unbalance except that only
the unbalance to the shield is measured, all
other pairs are grounded.

Pair to pair capacitance unbalance — index of
audio frequency crosstalk between two pairs.
This quantity varies as a random function with
length, and hence the measured results are
normalized by multiplying by f/_s— or other
more complex factors. 4

® Resistance — this is the second quantity deter-
mining the insertion loss of the pair. Measured
results must be corrected for the following:
(a) Length — normalized by multiplying by _{;

(b) Temperature — normalized to 20°C, dif-
ferent temperature coefficients are required
for copper and aluminium conductors.

(c) Stranding — an allowance for the exira
length of the conductor due to stranding
is required. The allowance is a function of
the cable core diameter. For a given con-
ductor size and cable type, the core diameter
can be determined by the computer from
the total number of pairs in the cable.

¢ Resistance unbalance — this quantity gives rise
to high frequency crosstalk. Measured results
are expressed as a percentage of the deviation
from the average pair resistance.
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Except for one, all the above quantities involve
a single pair, giving the same number of results
as number of pairs tested. The exception, pair fo
pair capacitance unbalance, involves two pairs and
for a 100 pair unit a total of 4950 possible com-
binations exists. Electrostatic screening by inter-
vening pairs results in only the combinations where
the two pairs are adjacent being meaningful and
to reduce the total number of measurements an
electrical determination of pair adjacency, referred
to as the skip test, is included in the testing pro-
gramme.

The skip test can also provide an insight into the
sequential retention of pairs within a cable unit.
If pairs move from their expected positions, then
they form unintended adjacencies to other pairs
within the unit for part of the cable length. Where
manufacture results in the loss of designated posi-
tion for pairs the number of combinations skipped
will decrease and the total number of unbalance
measurements will increase.

Table 1 gives the total possible number of com-

binations for different unit sizes and the typical
number of unbalance measurements performed.

PAIR 1

e G

63 0=
SHIELD
(A) C56, (B)
MUTUAL =Cy*z—rg SHIELD e
CAPACITANCE 27 %3 unsaLance 2 3
PAIR TO EARTH _ . .
UNBALANCE 273
G
14 R
&
= e PAIR ool ihili g PAIR
PAIR [PAIR, NEAR Boiti.  EAS
Peogi? Lol 2 ! END e——aA—eEND
B I'—c——*‘
D
1} )
(©) % RESISTANCE UNBALANCE
PAIR TO PAIR UNBALANCE _Ry-R, 100
= (C, - Cp) - (C5- C) T

=(Cp * Cpl-(Cg + Cp) WHERE R, >R,

Fig. 1—Capacitance and Resistance Parameters of
Twin Cable.
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TABLE 1 — PAIR TO PAIR COMBINATIONS
TESTED FOR UNBALANCE

Total Number of Typical Number of

Uni?

" Combinations Unbalance Measurements
100 4950 600

50 1225 250

25 300 130

10 45 45

Output and Statistics

Once the cable parameters have been measured
and normalized for length and temperature, a
printed summary must be produced. With com-
puter-controlled testing equipment, it is not difficult
to arrange for processing of the test results so that
the information provided is in a directly usable
form. In addition, several forms of output can be
provided depending upon the requirements,

For routine acceptance testing, a simple sum-
mary giving the basic results related simply to
specification requirements is adequate. Appendix
A shows an example of a routine acceptance test
print-out, giving mean, RMS and maximum statistics
for each parameter, together with the number of
pairs actually tested. Appendix A also shows statis-
tics called MEAN MAX, STD DEV MAX, and MAX
MAX for pair-to-pair unbalance. These results were
specially provided for Australian requirements and
represent statistics on the set of maximum un-
balances associated with each pair tested. The
maximum value is stored in the computer memory
in a table form and each time a test is performed
the value obtained is compared with the stored
maximum for both pairs in the combination. If
the measured value exceeds the previously stored
maximum value, the maximum is reset to the
measured result. Once the full test is completed
the stored maximum values are converted into the
three statistics above. In this case the standard
deviation is given rather than the RMS, as the dis-
tribution of maximum values has a non-zero mean.
There is, of course, a simple relation between the
RMS wvalue, the mean value, and the standard
deviation about that mean.

Further information is also provided by deter-
mining the proportion of pairs with unbalances
over 20% of the maximum limit.

A more complete statistical result is provided in
the COMPREHENSIVE printout, where a histogram
is given for each parameter in addition to the infor-
mation included in the NORMAL printout. This
more complete summary is particularly important
for prototype cables. A typical COMPREHENSIVE
printout is shown in Appendix B.

For a complete listing of the individual values

HAMBLETON & LLOYD—Automatic Cable Testing

the ALL MEASUREMENT output can be used. Here
the individual elements of the cable capacitances
are also provided. The use of this printout is of
major importance for determining the cause of
defects in cables.

Appendix C shows an ALL MEASUREMENT
prinf-out. In Appendix C only two pairs have been
included, as the ALL MEASUREMENT print-out
would show a result for all combinations and
therefore for a full 100-pair unit the testing and
printing times are very extensive,

£ __]
: CSTANDARD
SHEE S
= C,

Ca

Tl

ALL OTHER CONDUCTORS

Fig. 2—Transformer Ratio Bridge for Direct
Capacitance Measurement of C; and C..

EQUIPMENT
Measuring Technique

The major difficulties in automating cable resist-
ance and capacitance measurements are from the
stray capacitance and series resistance associated
with the connecting leads and reed relays. The
development of automatic digital three terminal
capacitance bridges largely eliminated the effect
of stray capacitance. In a three terminal bridge,
such as a transformer ratio bridge shown in Fig. 2,
only the capacitance placed directly between the
oscillator and detector is measured. Capacitance
between either terminal and ground is merely
shunting the oscillator or detector, not affecting the
accuracy of the measurement. With this arrange-
ment the direct capacitance between any two remote
points can be measured if all other points in the
system are grounded. To measure the three
individual elements associated with a single pair
(see Fig. T1(A)), three separate measurements are
therefore made.

The pair fo earth capacitance unbalance for a
pair (see Fig. 1(A)), could be obtained by the
subtraction of the results for the individual elements
but to achieve the required accuracy, extreme
accuracy of the individual measurements would be
necessary. This is avoided by using a differential
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technique. An additional connection is made to the
bridge to provide a signal, shifted in phase by
180° from the main signal, as shown in Fig. 3,
and the capacitance C;—Cjy is measured differen-
tially.

To measure the pair to pair unbalance (see Fig.
1(C)), two separate differential measurements are
required, the first yielding C,—Cp and the
second Cp—Ce. If the results are subtracted, i.e.

(Ci—Cp) — (Cy—C¢) then the desired result
(Ca-Co) — (Cyg+Cp) is obtained.
STAE[)‘ARD
CsTANDARD
I Gy
- — et i 5 C
DETECTOR 1
DET. -
- ¢
UNKNOWN

1.2

Fig. 3—Transformer Ratio Bridge for Differential
Measurement of (C.-C.).

As mentioned previously a test for adjacency of
pairs, the skip test, is required to reduce the total
testing time for pair to pair unbalance measure-
ments. An index of this adjacency is provided by
the capacitance elements between the conductors
of the pairs, designated C, to Cp (Fig. 1). To
measure one such element required one complete
bridge measurement. A rapid indication of this
element can be obtained by wusing a variable
capacitor, Cy, formed by swiiching-in fixed
capacitor elements, and measuring the sign of the
difference C4—Cy. The value of Cy controlled by
the computer from the cable type and length. If
Ci—Cy is positive then Cs>Cy then further
measurement between these two pairs is skipped.
The test for sign can be made about ten times as
fast as a complete balance of the bridge.

The measurement of shield unbalance is similar
to that for pair to earth unbalance except that the
increased capacitance shunting the detector, i.e.
the capacitance between the shield and all other
pairs, may be sufficiently large to reduce the
detector sensitivity and require the use of an
additional amplifier (Ref. 3).

The advent of digital four terminal DC ohmmeters
provided a splution to the problem of series resist-
ance for resistance measurements. Although
measurements are not feasible with four terminal
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connection to the conductor itself, four terminal
connection can be extended to the ftest clip, onto
which one end of the conductor is connected, and
up to the acfual clamp used as the common point
for the whole cable at the far end. The accuracy
available with this equipment is sufficient to enable
the resistance unbalance to be computed directly
from the values for the separate conductors and
not require a differential measurement.

Measuring System

Fig. 4 shows the block diagram for a typical
system using the above two instruments for the
measurements. The major elements are:

* Computer — provides the control, storage
and data processing functions.
® Control unit — decodes instructions from the

processor for driving the scanners and allows the
operator to select the measurements and printout
desired.

® Scanning — reed relays to switch the cable
pair under test to the measuring instrument.

* Capacitance bridge — automatic digital three
terminal bridge.

* Ohmmeter — automatic digital ohmmeter with
four terminal connection.

* Test Network — fixed components to enable
the system operation to be verified,

* Teletype — printing of measured data.

* Tape reader — loading the test program into
the computer.

A general front view of a General Radioc unit is
shown in Figure 5.

Cable Cennection Fixtures

The design of the fixture to which the cable
under test is connected affects both the accuracy
of the measured results and time required to con-
nect the cable. Important aspects are:

® Contact resistance of the conductor to the fix-
ture must be low and uniform over the full range
of conductor sizes used.

* Stray capacitance must be minimized.

® Suitable connection points for pairs not under
fest.

¢ Fixture size.

* Number of fixtures,

* Ease of loading — no special position on the
clip for the pairs within the unit under test.

¢ Fixtures must be robust and manouverable.

Fig. & shows a 100 pair fixture, two of which
are used for the testing of paper insulated cables.
The 100 pair size is required because these cables
use units with 100, 50 and 25 pairs and the use
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Fig. 4—Simplified Block Diagram,

Fig. 5—'General Radio’ Automatic Cable Resistance and Capacitance Test Set.
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Fig. 6—100 Pair Test Fixture,

Fig. 7—Five 20 Pair Test Fixtures.
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of two fixtures allows one operator to load a second
clip while the first is being measured.

The majority of plastic cables are small and all
use 10 pair units. Only two units are fully measured
on cables of 20 pairs and more. However, there is
also a significant amount of large sized plastic
cable manufactured which requires a 100 pair test
fixture. The most economical method of satisfying
these requirements is to have five separate 20 pair
fixtures 'which can be used either individually or
combined both electrically and mechanically to
provide a single 100-pair fixture. When the five
test fixtures are used independently, the system can
allow reloading of those fixtures not under fest,
and hence testing efficiency is improved. Fig. 7
shows the five 20 pair test fixtures.

CALIBRATION

Fast automated measuring systems are only use-
ful if reliable data is obtained. To assist in this
respect, the automation can be extended to the
calibration. If Networks with fixed and stable
components, chosen to suit the range and para-
meter required, are swifched in and tested on the
measuring instruments, the values obtained can
be compared to constants held in the computer
program. When errors are detected, an error mes-
sage is generated on the teletype notifying the
operator which parameter is incorrect and the value
obtained; otherwise no print-out of the self-check
measurement is given,

To guard against possible program malfunction,
eliminating the correct self-check procedure, a
separate test program may be provided, which
when loaded into the computer allows direct
measurement with full print-out of all the self-
check network and variable capacitor elements.

In addition, if the cable test clips are first
measured open circuit and then short circuit, a full
test of the system can be performed. This test is
easily carried out on a regular basis. The only
remaining calibration procedure required is to use
external standards for verifying the accuracy of the
two measuring instruments, which is not necessry
if the self-check network is calibrated using ex-
ternal equipment.

APPRAISAL

The introduction of automated cable measuring
systems in Australia has been an effective solution
to the increased quantity of cable manufactured
and more stringent limits of current specifications.

HAMBLETON & LLOYD—Automatic Cable Testing

The more rapid measurement rate has permitted
fewer assumptions regarding the cable construction,
for example, pair adjacency where the actual pairs
are tested for adjacency rather than assuming
adjacency and only measuring certain combinations.

An important consequence has been with plastic
insulated cables, which use 10 pair units. Previously
only 25 supposedly adjacent combinations were
measured from the total of 45. With automatic
testing all 45 combinations are measured, and
excessive pair to pair unbalances, caused by pairs
out of sequence, has almost doubled the rejection
rate of some cable types.

With paper insulated cables, which use units
with 100, 50 and 25 pairs, the conformance was
such that the increased testing caused little change
in the rejection rate.

Another important aspect which has occurred, is
the increased reliability of the measured data,
which has occurred because of the increased
accuracy and inbuilt self-check functions of these
systems

FUTURE DEVELOPMENTS

Extensions of cable testing requirements in the
past two years have been adequately handled
by the present generation of Automatic Test
Systems. Future requirements (quantity, quality and
labour costs), will require faster systems, covering
a wider range of measurements made necessary
by higher operating frequencies of the developing
telecommunications network. Important areas will
be

* High speed print out of test results.

* High frequency measurements — crosstalk
and insertion loss.

* High voltage testing of the integrity of con-
ductor insulation.

REFERENCES

1. A Review of Developments in Underground Balanced Pair
Telecommunication Cable in Australia since 1945”, by A. W.
Sisson and C. F. Bennett, reprinted from ‘Elec. Eng. Trans-
actions’, Vol. EE5, No. 2 Sept. 1969.

2. “An Automatic Computer-Controlled System for the Measure-
ment of Cable Capacitance’” by Robert G. Fulks and John
Llamont, presented at 1968 Conference on Precision Electro-
magnetic Measurements.

3, “Advances in Computer Controlled Measurements of Cable
Parameters’” by Peter P, Jorrens, General Radio Company.
Proceedings of the 20th Wire and Cable Symposium 1971,

4. "Two Cable Capacitance Test Sets’” by Frederick W, Ortland
and Georg C. Dornberger. Western Electric Engineer July-
October 1971,

141



142

APPENDIX A

IDENTIFICATION CABLE DRUM UNIT NO DATE
? 18C8008/74/ NORMAL MODE

FIXTURE NO ? 2

TESTED PAIRS (IN GROUPS) ? 4
LENGTH (M) ? 245

TEMPERATURE (C) ? 24

**%*%RES ISTANCE
LIMITS (22C) MAX 58,37 OHMS /KM, UNBALANCE 3.20%
CONNECTION 49.62 OHMS/KM, 58,37 OHMS /KM

MEAN (26C) 53.91 OHMS /KM
STD DEV (28C) g.224 OHMS /KM
NUMBER OF TESTS 8

*k*RES ISTANCE UNBALANCE

MEAN 2.34 2
RMS .37 2
MAX 2.56 %

NUMBER OF TESTS 4

PREPARE FOR CAPACITANCE MEASUREMENTS c
CONNECTION ERROR THRESHOLD 498 PF
#kxMUTUAL )

LIMITS 35.88 NF/KM, ~55.88 NF/KM

MEAN 43.98 NF /KM LIMIT  47.80 NF/KM
STD DEV 738 PF /KM

NUMBER OF TESTS 4

*k*EARTH UNBALANCE
MAX LIMIT 2.0080 NF/ 500 M

MEAN 328 PF / 500 M
RMS 388 PF / 300 M
M X 689 PF / 500 M

NUMBER OF TESTS 4

*»**¥PAIR TO PAIR UNBALANCE

MX LIMIT 198 PF/ 500 M SKIP LIMIT 2|8  PE
MEAN (EXCL SKIPPED) 11 PF 7 5088 M

FPMS (EXCL SKIPPED) 19 PF / 589 M

MEAN MAX, 26 PF s 522 M

STD DEV MAX 21 PF /7 5063 M

MX MAX 46 PF / 5923 M

NJMBER OF TESTS/10087 TESTED OVER 2% OF MAX LIMIT 167
NJMBER OF TESTS 6 COMBINATIONS SKIPPED 2
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APPENDIX B

IDENTIFICATION CABLE DRIIM UNIT NOC DATE
? 10C822/74 COUPREHENS IVE MODE

FIXTURE NO ? 2

TESTED PAIRS (IN GROUUPS) 2 4
LENGTH (M) ? 24S

TEMPERATURE (C) ? 24

#k*kES ISTANCE
LIMITS (23C) MAX 5%.37 OMMS/KM, 'NBALANCE 3.90%
CONNECTION 49.62 OHMS /KM, S8.37 OBRMS/KM

MEAN (28C) S4.2% QHMS /KM
STD DEV (2@C) De242 QHMS /KM
NJMBE®R OF TESTS g

#*RES ISTANCE "INBALANCE

MEAN 3+.35 2
=MS 339 7
M X D60 7

NIMBER OF TESTS 4

RES ISTANCE UNBALANCE DISTRIBUTION: CELL NUMBERS ARE CELL MAX %

215 G383 D45 Q60 BeT75 D.92 1.05 1.20 1.35 1.50
1 2 2 1 0] 4] 2 [} 4] 2
165 1.8 1.95 2.18 2.25 2.480 2.55 2.79 2.85 3.00 H
] 4] 2 4] ? 2 2 2 ? o} 2
PREPARE FOR CAPACITANCE MEASUREMENTS C
CONNECTION ERROR THRESHOLD 499 PF
wAkMUTUAL
LIMITS 35.88 NF/KM., S5.88 NF/KM
MEAN 43.29 NF /KM LIMIT 47 .00 NF/KM
STD DEV 725 PF /KM

NUMBER OF TESTS 4
C MUTUAL DISTRIBUTION: CELL-NUMBERS ARE CELL CENTRE VALUE NF/KM

L 36.38 37,38 38,38 39.38 40.38 41.38 42.38 43.38 44.38 45.38

2 7] 4} 2 2 @ %] 2 1 1 4
46.38 47.38 48.38 49.38 50.38 S51.38 52,38 53.38 54.38 55.38 H
2 2 4 2 2 e 2 2 2 4] 2

»kxEARTH UNBALANCE
MX LIMIT 2.000 NF/ S00 M

MEAN 329 PF / 500 M
RMS 388 PF /7 5080 M
MX 609 PF / 508 M
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NJMBER OF TESTS 4
C.U. DISTRIBUTION: CELL NUUMBERS ARE CELL MAX PF/ 582 M

100 200 392 499 5920 649 720 830 90¢ 103892

1 2 2 2 3 4] 1 4] 2 2
1180 1286 1308 1429 15060 1600 1700 1833 1902 2000 H
2 2 2 2 2 2 @ 4] 4 2 2

*kxPAIR TO PAIR UNBALANCE

MX LIMIT 193 Pr/ 509 M SKIP LIMIT 28 PF
MEAN (EXCL SKIPPED) 16 RF 7/ 599 #

M5 (EXCL SKIPPED) 19 PF / 508 ¥

MEAN MAX 25, PR 7 S94¥ M

STD DEV MAX 22 PF / 509

MM MAXY 45 PF / 593 ™

NIMBER QF TESTE/13429 TESTED OVE™ 222 QF MAY. LIMIT 167
WIMBER QF TESTS 5 COUMRIMNATICONS SKIPPED 7

Cells, DISTRIBUTION:. CoLL NUMIERS ARE CELL MAY DF/ 5239

SEIR 9 19 25 34 47 57 A6 76 &5 98|
Pl 3] ) R ] 1 n 2 & o) 2
.
134 I« 123 1233 ta2 [ 52 141 18741 1 &% () il
il ] T i} il i Y | @ 2 %
APPENDIX C
IDENTIFICATION CABLE DRI UNIT NO DATE
? 19C828/74 ALL MEASUREMENTS MODE

FIXTURE NO ? 2

TESTED PAIRS (IN GROUPS)Y 7
LENGTH (M) ? 245
TEMPERATURE (C) ? 24

[\V]

**RES ISTANCE
LIMITS (22C)> MAX S8.37 OHMS /XM, TINBALANCE 3.23%
CONNECT ION 49.62 OHMS /KM, S58.37 OHMS/KM

PAIR } UNB R LEFT R PIGIET
i B.30%2 13.321 OHMS 13.222 0OHMS
2 2.68% 13.291 OHMS 13.134 OHMS
MEAN (29C) 54.93 CHMS /K
STD DEV (24C) J3.269 0OMHMS /KM

NUMBER OF TESTS 4

*k*RES ISTANCE UNBALANCE

MEAN DeldS 7%
s D7 3
MY F.69 2

NUJMBER OF TESTS 2
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SESISTANCE UNBALANCE DISTRIBUTION: CELL NUMBERS ARE CELL MAY %

2el5 B30 D445 F.63 F.75 7499 1.%5 1.20 1.35 1.50
4] 1 2 1 2 2 2 ] 4] 3
1465 1488 1.95 2.17 2.25 2.473 2455 2.70 2.85 3.30 H
2 A 4] 3 4] 2 2 3 Y] 2 2
PREPARE FOR CAPACITANCE MEASUREMENTS C
CONNECTION ERRQR® THRESHOLD 493 PF
Wk MUTUAL
LIMITS 35.88 NF/KM., 55¢%8 NF/KM
PA IR C MUTUAL Cl c2 C3

1 12.640 NF 64581 NF 8.203 NF 8.354 NF
2 12.373 NF 54534 NF 9.533 NF 9.832 NF

MEAN 42,88 NF /KM 1ia IR 47 .33 NF/K4

STD DEV S44 PF /KM

NUMBER OF TESTS 2

C MUTUAL DISTRIBUTION: CELL NUMBERS ARE~CELL CENTRE VALUE NF/KM

L 36.38 37.38 38.38 39.38 40.38 41.38 42.38 43.38 44.38& 45.38

2 4] 1 14 2 2 2 1 1 1 5]
16438 47.38 48.38 49.38 52.38 51.38 52.38 53.3% 54.38& 55.3% H
2 (] 2 A 4] 4] o] ] 3 2 2

w*EARTH UNBALANCE
MX LIMIT 2.000 NF/ 500 M

PAIR UNBALANCE c2 Cc3
l - 149 PF 8.205 NF 8.353 NF
2 = 298 PF 9.533 NF 9.832 NF

MEAN 457 PF / 580 M
RMS 482 PF ¢ 508 M
MAX 609 PF /7 508 M

NUMBER OF TESTS 2
C.U. DISTRIBUTION: CELL NUMBERS ARE CELL MAX PF/ 500 M

100 220 329 400 500 620 703 830 o¢e 173020

? 2 4] 1 2 A ! 4] 2 ?
1102 1200 1300 1490 1500 1600 1708 1808 1928 2000 H
2 2 2 9] 2 4 a ] @ 2 4]

*xPAIR TO PAIR UNBALANCE

MX LIMIT 196 PF/ sea M SKIP LIMIT 28 PF
PAIR PAIR UNBALANCE Cl Cc2 C3 Ca
1 2 2 PF 1.989 NF 2.937 NF 2.089 NF 2.036 NF
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MEAN (EXCL SKIPPED)
MS (EXCL SKIPPED)

MEAN MAX !
STD DEV MAX

1 PF 7/ 583 M
1 PF 7/ 532 M

PF /7 599 M

@ PF / 5920 1

MX MAX .

1

PF s, 500 M

NIMBER OF TESTS/18289 TESTED QVER 227% OF MAY LIMIT

NUMBER OF TESTS

Cello DISTRIBUTION:
SKIP 9 1S

? 1 3

tea 114 123

2 2 )
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Retirement of Mr. Evan Sawkins, Deputy

Director-General.

Mr. Evan Sawkins, OBE, Deputy Director-General of
the Australian Post Office has retired because of
ill-health.

A native of Bowral, (N.S.W.), he joined the
Department in Sydney as a cadet engineer in March,
1928.

Twenty-six years later he held the top engineering
post in the N.S.W. Administration. In 1956 he was
promoted to Deputy Engineer-in-Chief in Central Office.
He went on to become Engineer-in-Chief, and in June,
1964 was appointed Deputy Director-General.

For his great contribution to the development of
telecommunications engineering in Australia, he was
awarded the OBE in 1966. A Bachelor of Science,
Member of Institution of Engineers (Australia) and a
Fellow of the Royal Institute of Public Administration,
he was known throughout the APO for his intense
interest in the problems at the work face.

He travelled extensively to gain a first hand
appreciation of the engineering work in the field. In
recent years Evan Sawkins earned and enjoyed a great
deal of respect in international circles. In his twelve visits
to International Telecommunication Union and other
top-level important overseas meetings, he was the
Australian representative on six occasions and led the
Australian delegation on three occasions.

The Secretary-General of the ITU in a greeting to Mr.
Sawkins said “Your services over many years on the ITU
Administrative Council, your important contributions to
the future of the Union and your very useful work as
Chairman of Committee Seven of the Plenipotentiary
Conference will be remembered with gratitude.”

Retirement of Mr. E. Sawkins
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Private Telephone Meter, Type 2

W. J. TREBILCO, ARMIT

This article describes a new subscribers private telephone meter which will be introduced by the
APO in 1975. The meter can be installed at a subscribers premises to record the charge unit
registrations for local and STD calls from his telephone. In addition the meter can be equipped to
enable the subscriber to control the use of his telephone by the public.

INTRODUCTION

The private telephone meter Type 2, shown in
Fig. 1, will shortly supersede the meter No. 19
shown in Fig. 2. The meter is connected to the
subscribers telephone to indicate the charge units
incurred during local, STD or ISD calls. Fig. 3
shows a typical application in an office situation
where the executive is using a meter fo keep a
tally on his calls.

In addition to its use as a charge unit recording
device, the type 2 meter can also be installed to
control the use of the associated telephone, in a
similar manner to a remote control lock on the
telephone. In this latter application it could be
installed in shops, hotels, clubs and service stations
to allow use of the telephone service by the gene-
ral public, with the subscriber being able to cal-
culate the call fee at the end of the conversation.
Fig. 4 shows a typical application in a golf club.

Like the No. 19 meter, the type 2 meter responds
to 50 Hz longitudinal pulses of 180-400 milli-
seconds in length. These signals are generated
at the telephone exchange in synchronism with the
pulses which cause the exchange meter to operate.
Fig. 5 shows a schematic of the circuit.

The meter is manufactured by SODECO, Swit-
zerland, a member company of the Landis and
Gyr group and is being supplied to the APO
through Landis and Gyr, Clayton, Victoria. The
manufacturer is well known in the field of tele-
communication and electrical switching and mea-
suring equipment.

FACILITIES
Private Mode

The meter has two registers which both record
the cumulative total charge units, however, the
lower register can be reset by depressing the
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white reset button on the right hand side of the
meter after each call. This feature allows the
charge units for each call to be recorded on the
meter, noted by the subscriber, and then, cleared
back to zero in readiness for the next call. Although
the private mode facility is identical with the No.
19 meter, the charge units on the type 2 meter

Fig. 1—Private Telephone Meter Type 2.
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Fig. 2—Private Telephone Meter No.

19.

are shown on cyclometer registers, which are much
easier to read than the clock face of the No. 19.
In the private mode the meter is fitted with one
button only, the white button. The other button
position (see the top left hand position in Fig. 1)
is fitted with a fixed grey insert which is inoper-
able.

Control Mode

In the control mode the meter would be in-
stalled remote from the telephone instrument, at
some point convenient for the subscriber to use.
In the control mode the fixed grey insert at the
top left hand side is replaced by a red control
pushbutton and some wiring alterations are made
in the telephone. This allows automatic and
manual barring of the associated telephone dial
contacts. To allow calling from the telephone the
subsrciber presses the white button which resets
the trip register and releases the dial blocking con-
tacts. When the telephone user establishes his
call, the first 50 Hz metering signal received from
the exchange causes the meter to step one charge
unit.  With the first meter step, control contacts

TREBILCO—Private Telephone Meter

Fig.

3—Meter used to record calls.
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are operated which short circuit the dial, prevent-
ing a second call without the subscribers know-
ledge. The red button is used to re-operate the
control contacts if an unanswered or non-metered
call has been made.

DESIGN FEATURES
Physical

The meter is quite robust in its design, relying
on semiconductors for detection of the metering
signal and control of an electromagnetic cyclo-
meter register, compared with the delicate clock-
work type movement of the No. 19, which is
easily damaged by rough handling.

Installation

The type 2 meter is designed for both table
and wall mounting without the need for a special
wall mounting bracket. The APO 800 series tele-
phone line cord can be used for interconnection
when desk mounted.

Electrical Operation

Metering signals of less than 1 milliamp are
detected by a photo coupled transistor circuit to
electrically isolate the metering circuit from the
telephone line. The output of the detector is
applied to a digital filter and delay circuit. The
filter rejects signal frequencies above 60 Hz and
below 40 Hz and the delay circuit rejects any sig-
nal of less than 50 milliseconds. Thus only true
metering signals are passed to turn-on a switch-
ing transistor which operates the cyclometer elec-
tromagnet. Fig. 5 shows a block schematic of
the meter circuit.

Battery

As the 50 milliamp operate current needed for
the electromagnet is too great to be drawn from
the exchange line, a rechargeable nickel cadmium
battery is included in the meter to supply this
heavy intermittent current (See Fig. 6). The bat-
tery is continuously trickle charged from the ex-
change line batiery feed while the telephone is

Fig. 4—Meter used to contro! a telephone.
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Fig. 5—Schematic of 50 Hz Signalling and Meter circuit.

Fig. 6—Meter with Rear Section Removed.

TREBILCO—Private Telephone Meter
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not in use. When fully charged, the battery is
capable of supplying power for 14,000 continuous
registrations.  This represents an STD call of 933
minutes duration between, say, Melbourne and
Perth. The battery could recover from such a
call after 5 minutes trickle charge to give a fur-
ther 200 operations, and is fully recovered after
30 hours.

Charge Switching Unit

The battery charging circuit presents an imped-
ence of 15,000 ohms to the exchange when the
telephone is not in use. Although acceptable in
European. countries this circuit would have tested
as low insulation resistance on APO exchange
test desk or automatic test equipment. To over-
come this problem the APO arranged with the
manufacturer to include a switching unit in the
meter to automatically disconnect the battery
charging circuit during exchange testing. The
APO was aware that the BPO and GEC, England,

had been involved in the design of such a unit,
called a charge switching unit, for use in a battery
operated push button telephone and subscribers
carrier equipment. Landis & Gyr were advised
of this development and they were able to ar-
range for the charge switching unit to be adapted
to fit into the meter. The right hand side of Fig.
7 shows the charge switching unit printed circuit
located on the rear of the meter back plate.

METER PULSE SIGNALLING SYSTEM

The 50 Hz longitudinal earth return signalling
system used by the APO for transmission of meter-
ing signals to the subscribers equipment has the
following inherent problems:

* Only a small amount of line unbalance need
be present to cause the metering signals to

be audible.

* A large line unbalance, such as a recall earth,
will prevent the meter from functioning.

Fig. 7—Mechanism, Circuit, and Charge Switching Unit.
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Therefore, the meter is not suitable for use
on equipment such as the 1/3 intercom with
2 wire extensions and the cord type lamp
signalling switchboard (CE 250).

* The 50 Hz signal can be blocked or shunted
by transmission bridges which prevent use
of this equipment on extensions off certain

PABX's and PMBX's,

The installation of an earth stake and wiring
is required at the subscribers premises, which
may be both difficult and costly to provide.

If the ac power to the exchange fails no 50
Hz metering signals will be sent to line until
emergency power plant at the exchange is
started.

With the introduction of more subscribers equip-
ment requiring the receipt of metering signals, the
above weaknesses in the current APO 50 Hz sys-
tem calls for serious consideration to be given to
an alternative system such as the 12 or 16 kHz

W. J. TREBILCO joined the APO

transverse signalling systems used by many Euro-
pean administrations.  These systems transmit
the 12 or 16 kHz signals to line in a similar man-
ner and level as the voice signals,

CONCLUSION

The type 2 meter is expected to be robust and
reliable, and in addition to providing a basic sub-
scriber private meter facility, it can be used to
control the use of a telephone, thus offering a
simple but effective STD “public telephone" facility.
However, the meter has the disadvantage of need-
ing a rechargeable battery, with the consequent
problems associated with charging before instal-
lation, line testing and battery replacement.
Ideally we require a meter with the same facilities
and robustness as the type 2 meter but one which
is designed to be powered directly from the ex-
change battery feed, thus eliminating the need for
a local power source.

a

Technician-in-Training in 1955 and was attached to the
Research Laboratories until he commenced as a Trainee
Engineer in 1961. After completion of his Diploma, he
spent 4 years in Metro Exchange Installation,
Melbourne, before going to Subscribers Equipment,
Headquarters, as Engineer, Class 2, where he is currently
Engineer, Class 3.

TREBILCO—Private Telephone Meter
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Retirement of Mr. O. G. Bartlett

Mr. Oliver Bartlett retired from the position of
Superintending Engineer Metropolitan Operations
Branch, Adelaide, on 20.12.74, after nearly 49 years’
service with the Australian Post Office.

Mr. Bartlett’s career was closely identified with the
key mechanisation phases for local and trunk services in
South Australia, He participated in the introduction of
pre-2000 type exchange equipment in Adelaide in 1927
and spent most of 1939 with a team which assisted with
the introduction of the first 2000 type switching plant
in the Sydney network.

During the post-war years of rapid network expansion
he made a significant contribution towards the
development of trunk transmission and switching
equipment associated with the establishment of the
single operator dialled trunk system. A major
responsibility was the installation and commissioning of
Siemens Semi-automatic trunk exchanges throughout
South Australia.

Oliver Bartlett was a member of the original South
Australian Division committee of the
Telecommunication Society when reconstituted in 1960
and he was its Chairman during 1966/67.
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Traffic Fail Alarm and Display Map at the Melbourne

Trunk Terminal

B. W. MILLER

To minimise duration of outages on a broadband bearer network, it is necessary to obtain
prompt indication of bearer failure, and to locate the failed section of the broadband bearer
geographically. This article describes the facilities for broadband bearer supervision which have
been in use for several years at the Melbourne trunk terminal.

INTRODUCTION

With the introduction of broadband systems
into Victoria during the early 1960's it was realised
that a new approach to maintenance facilities
would be needed. In particular the immediate
indication of a Traffic Fail condition, and later, the
Route Alarm Display Map were considered neces-
sary. The first coaxial system in Victoria was
located between Melbourne and Morwell  with
drop-out stations at Dandenong and Warragul.
This was a Siemens type system fitted with line
pilots and remote supervision equioment designed
to indicate the location and nature of any system
faults which occurred. Although these system de-
vices operated effectively, the vital question as to
whether the traffic lines had actually failed re-
mained unanswered. This took quite some time
to establish, if indeed it could be established at
all with certainty.

The first method was to send tone on spare
speech channels to each of the drop-out stations
and the far terminal. These were looped back to
Melbourne where each channel could be indivi-
dually switched to a level meter. Although this
did not provide an alarm indication when the
system failed, it did provide o means of indicat-
ing the drop-out section at which the failure had
occurred.  With the commissioning of the first of
the Melbourne to Sydney coaxial systems and
with spare speech channels becoming more diffi-
cult to obtain, thoughts turned to o method of
using spare inbuilt signalling channels for our
purpose. Even with future loading of systems,
signalling channels associated with VF Telegraph
systems, 2VF lines, etc., did assure that a reason-
able number of spare signalling channels would
be available for the foreseeable future.

MILLER—Traffic Fail Alarm

THE TRAFFIC FAIL ALARM

A relay and control panel named ‘Traffic Fail
Alarms’ was then set up in the Trunk Test/Line
Control area whereby an earth via o test key
was extended over inbuilt signalling channels to
the various stations. These signalling channels
were looped back to Melbourne so that upon
failure of the system in either or both directions,
the loss of this earth provided the necessary
alarm. Figs. 1 and 2 show the schematic circuit
and control layout of the Traffic Fail Alarm panel.
The red alarm loamps are displayed for circuits
which have failed together with an audible alarm.
Operation of the ‘defer’ key silences the alarm.
When the fault is cleared the alarm again operates
until the 'defer’ key is restored. A test key is
provided which breaks the originating earth and
an alarm condition should be received.

Over the years this supervision has been main-
tained where possible on all the broadband sys-
tems which have channels entering Melbourne
and now consists of sixty alarms.  Although re-
mote from Melbourne and in many cases in other
States a large number of these systems are being
continuously supervised to indicate sectional fail-
ures and the areas affected by such failures. Ex-
tended supervision has been provided to other
stations such as the Surrey Hills broadband radio
terminal, to indicate immediate traffic fail condi-
tions occurring on circuits via radio bearers.

THE SHORT BREAK DETECTOR

A high speed device has additionally been con-
nected to the alarm relays associated with certain
circuits to enable detection of extremely short
duration breaks. No matter how short the break
on the system relay, this device enables the Traf-
fic Fail Alarm to remain operated for approx. 0.5
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second which allows sufficient time for observation
of the fault condition.

Circuit operation is briefly as follows: (Refer
Fig. 3). Under normal conditions with an earth on
the receive signal wire, TR1 is unbiased and non-
conducting whilst TR2 is conducting. During the
period of a short break, loss of earth on the signal
wire provides bias to TR1 which conducts and TR2
becomes non-conducting. TR2 collector voltage
then charges capacitor C1 via 56K ohms and the
base circuitry of TR1. During this charging period
of approx. 3 second, conducting bias is maintain-
ed on, TR1 although at the conclusion of the short
break, an earth had been replaced on the receive
signal wire. Alarm relay “AL" operates to TRI
collector current during its 3 second conducting
period. The purpose of the OA91 diode is to
rapidly discharge C1 at the completion of an
alarm in readiness for further } second alarms,
should successive short breaks occur.

ROUTE ALARM DISPLAY MAP

Although the circuits are grouped to best
advantage into various routes on the Traffic Fail
Alarm panel, it was realised that a far better
concept of a fault condition could be achieved
more readily by plocing the alarm  lamps
geographically. Accordingly, a large wall map of
Victoria was drawn up showing all broadband
bearers including drop-out stations and terminals.
Where appropriate these were extended out of
Victoria to show stations and terminals in other
States.

Miniature 6 volt lamps representing drop-out
stations and terminals, are connected in parallet
with the respective lamps on the Traffic Fail panel
— see Fig. 1. System bearers and lamps are
coloured red for broadband radio and green for
coaxial cable.

Further appearances of the map can be pro-
vided by extension of the alarm lomp connections
via multiple cable to other locations as required.
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Fig. 2—Traffic Fail Alarm, Control Panel Layout.
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Such an extension is at present being prepared for
a display map to be located in the long Lline
Equipment room at the new Lonsdale Exchange.

CONCLUSION

The Traffic Fail Alarm and Route Alarm Display
Map have proved most useful for the overall
observation of the trunk network. These are the
first indication of a system failure to be received
by the Trunk Terminal, enabling preliminary action
to be taken prior to reports being received from
Telecommunications  Division or other stations
affected by the fault. The ability to observe and
sectionalise  short breaks provides useful in-
formation about remote faults which affect the
performance of telegraph and data circuits in
particutar. Major faults involving a large number
of systems or a large number of repeater stations,
can be assessed at a glance using the map, so
too can the changing pattern of a progressive fault
be observed.

An example of this type of fault occurred some
months ago when a major coaxial trunk cable was
destroyed by fire on a bridge located some eight
kilometres from Melbourne. This ‘Radio Tail' cable

MILLER—Traffic Fail Alarm

carried a number of intrastate and interstate
systems between the Trunk Terminal and Surrey
Hills radio terminal. As the cause of the fault was
not known at the time, it was with some surprise
that we saw the map display indicating one route
failure after another due to the successive failure
of the coaxial tubes as the fire progressed.

In conclusion, | would like to point out that we
have accepted this means of overall supervision
as a necessity at the Trunk Terminal. Additionally
it has been provided at low cost and it operates
over signalling channels which are not required
for any other purpose.

EDITORIAL NOTE

The supervision of breakdowns of the broadband
bearer trunk network is now one of the key
functions of the newly created Service Restoration
and Traffic Control Centre established in each
capital city. These centres will ultimately be
equipped with the type of facilities outlined in this
article. A subsequent issue of this Journal will
contain an article describing the Service Restoration
and Traffic Control Centres.
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. B, W MILLER Jomed the APO as a temporary
Technician in 1939. He was ‘appointed as a permanent
- Technlman in 1949 and Senior Technician in 1950. He
as been closely associated with the Melbourne Trunk
Terminal since 1941, being appomted to that location as
hxft Supervxsmg Techmcxan in 1958. He is still

- occupying thls posmon in his present capac1ty as Shlft
."STT Q..

MILLER~—Traffic Fail Alarm

159



Underwater Cable Locator

G. JACKSON, B.E.

Much time and money can be spent in tracing underwater cables. The increasing costs of hiring
divers warrant the development of quick and accurate methods of underwater cable location.

INTRODUCTION

There is no suitable cable tracer commercially
available for underwater uses, although the APO
has equipment for use above the surface which is
capable of tracing the path of submerged cables.
Because of the increasing number of cables in the
rivers and estuaries around Sydney, attention has
been focussed on the development of a unit
capable of locating submerged cables.

Earlier attempts produced an 800 Watt audio
amplifier which was used to energise a cable with
a 400 Hz tone. A diver reached the bottom with a
coil connected by cable to a boat. When the diver
was in the vicinity of the energised cable he was
notified by way of underwater headphones. Al-
though this method was used with some degree of
success it had its problems. The alignment of the
search coil was critical to the output signal observ-
ed in the boat and there was a time lag between
the signal being detected in the boat and the
diver's knowledge of that signal. With these in-
herent problems underwater cable detection was
time consuming and expensive.

A new underwater cable locating system which is
the product of more recent developments has the
detector unit operating without any cables connect-
ing it to the surface and with an output readily
interpreted by a diver.

OPERATING PRINCIPLES

The value of the locator is dependent upon high
sensitivity in the detector stage but to permit tele-
phone cables in the vicinity of power cables to be
located total rejection of 50 Hz and its harmonics
is essential. For this reason 25 Hz was chosen as
the operating frequency. This frequency has the
further advantage of being almost non-audible
and thus there is very little risk of introducing
noise into any unbalanced circuits in the cable
being located.

160

The Sender Unit

To energise the cable with a 25 Hz signal a
small motor generator unit is used, run at half
speed. As a large current is necessary this method
is the most convenient and does away with large
and bulky amplifiers which in most locations need
a motor generator to operate. The 25 Hz current
flows down the cable sheath, the return path
being by earth. To control the current, a 25A
variable transformer is used to vary the output
voltage between 0 and 32V. Precautions must be
taken by the diver and other personnel to avoid
contact with the cable as a relatively low voltage
can be hazardous in a wet environment, This is
found quite sufficient, a low earth resistance being
always obtainable in the vicinity of a river crossing.

Due to the sharp cut-off of the filters in the
detection unit the sender unit's output must be
controlled at 25 Hz; to ensure this a frequency

Fig. 1 — Sender Unit.
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meter was developed reading 25+ 5 Hz. The
frequency meter consists of a wheatstone bridge

which is at balance only when the frequency is
25 Hz.

The generator used was a Honda 1.5 kVA, how-
ever most other 240V 50 Hz generators could be
used successfully,

The Detector Unit
Types of Output:

As this detection unit is designed primarily for
use in water, a visual type of output is necessary.
To achieve this a bank of light emitting diodes
(LED's) is used. These diodes are easily seen in dark
or murky water, however, in bright sunlight diffi-
culty has been experienced in determining the
state of an LED and so a small meter has also been
fitted. The detection unit is made to operate direc-
tionally with a null reading being given when the
search coil is aimed directly at the cable. The
maximum number of LED’s are on when the detec-
tor is aimed slightly off the cable. The response of
th ~ unit is best explained by Fig. 2.

This null method provides a very accurate means
of tra .ng a cable’s path. When the coil is oriented
vertically over the cable the precise alignment is
indicated by obtaining a null; the depth of the
cable, with reference to the detector coil, is found
by inclining the coil axis at 45° to the horizontal
and moving away from, and perpendicular to, the
cable run until a null occurs whereupon the depth
of the cable will be equal to the horizontal dis-
placement of the coil from the cable run.

\ SEA SURFACE

\ ENERGISED
CABLE

Circuit of the Detection Unit: (See Fig. 3.)

The detection unit makes use of a high ‘Q’
resonant L.C. circuit tuned to 25 Hz. The coil is
wound on a long transformer lamination (see
photographs) fo give this unit its directional prop-
erties. Various filters are incorporated to ensure
that 50 Hz and its harmonics are totally rejected
and a high pass filter is included to ensure that
movements of the search coil through the earth’s
magnetic field will not produce a response. External
control of the overall gain of amplification is
provided to prevent overload of the amplifiers in
the close vicinity of a cable.

The Underwater Housing (Figs. 4 (a) and (b))

The underwater housing for the unit is manu-
factured in GRP (glass reinforced plastic). This has
many advantages over the more conventional pers-
pex and dicast aluminium housings, being light,
extremely strong, and easy to work. It also allows
the moulding of reasonably complicated shapes,
such as the cylindrical section holding the search
coil; see Fig. 4. The face plate of this unit is made
of % in. thick perspex; the bulk of the unit being
attached to this plate for easy removal. The face
plate is sealed by a % in. by 10% in. inside diameter
‘O’ ring. The gain control on/off shaft passes
through this plate and is double sealed by a pair of
15 in. by % in. ‘O’ rings. This unit is designed to resist
water pressure of at least 70 ft. The density of
this unit is designed to ensure easy handling in the
water and the colour, orange, is chosen in case the
unit is dropped overboard by the diver, and must
be recovered,

RESPONSE

A

NULL WHEN © =0

Fig. 2 — Response of Detector Unit.

JACKSON-—Underwater Cable Locator
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Fig. 3 — Block Schematic of Detector Circuit.

Fig. 4 — Detector Unit: (a) Complete unit; (b) Case and Electronics Module.

Housings of this type have been used consistent-
ly for underwater cameras for some years without
developing any leaks or suffering any apparent
loss in mechanical strength. No maintenance of
any kind is necessary for this type of housing.

ABOVE WATER PERFORMANCE

The above water test chosen was tfo trace an
armoured cable under the rubbish tip near Como
exchange. The cable had been laid prior to the

162

area becoming a rubbish tip and approximately
8 metres of rubbish now covered the cable. A
manhole 200 metres from the tip was opened and
the motor generator used to inject 3 amps through
the cable. No attempt was made to isolate the
cable from earth along its length and it was found
unnecessary to ensure that all the current flowed
in the required direction by removing the sheath-
ing from a joint.

It was possible to determine the route of the

TJA, Vol. 25, No. 2, 1975



Fig. 5 — The Locator in Use.

armoured cable under the tip with a great deal of
accuracy and by inclining the detector until it was
at 45° to the vertical and moving away from the
cable until a null was found, the depth of the
cable could also be determined. By accurate
measurement of this 45° angle the precise depth
of the cable could be obtained.

The cable could be traced under the rubbish tip
and through several manholes and up to the ex-
change, a distance of about 600 metres from the
generator. The cable could also be traced at least
1,000 metres away from the generator in the other
direction with no apparent drop in signal strength.

BELOW WATER PERFORMANCE

The underwater test chosen was to trace an
armoured cable from Lilli-Pilli Point to Costens
Point, a distance .of about 400 metres across the
Port Hacking river estuary. The generator was
connected to the Costen’s Point end of the cable, a
length of GI pipe was placed in the water to be
used as an earth connection.

In this test a variable transformer (“VARIAC")
was used to adjust the voltage between the cable
sheath and earth until 10 to 15 amps flowed; this

JACKSON—Underwater Cable Locator

is easier to control than adjusting the earth resist-
ance. This high value of current was necessary
because of the many leakage paths between the
armoured cable and earth due to the low saltwater
resistance.

The cable was traced by a diver from water-
edge to water-edge and the signal showed only a
small and gradual decrease in strength over its
entire length. No difficulty was experienced in
tracing the cable and the high angular resolution
cbtainable on land was also obtained under the
water. The time taken to trace this cable was no
longer than the time required to swim along the
cable length.

CONCLUSION

This detector has been developed over a number
of years by Messrs. Fred Goddard, Testing Officer,
and Greg Jackson, Engineer Class 1 from Suther-
land Operations, in conjunction with Graham Johns,
STTO 1 from Transmission Measurements Studies
and Design Section, Sydney.

[n its present state this detector would appear
to provide a means of localing cables, above or
below water.
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G. JACKSON joined the AP.O. in 1968 as a
Technician’s Assistant and in 1970 was awarded a
Commonwealth Public Service Cadetship. By 1972 he
graduated in Electrical Engineering at the University of
N.S.W. and is currently an Engineer Class 1 in
Sutherland Operations Section. Since 1973 he has been
studying for his Bachelor of Science degree majoring in
Applied Mathematics.
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Now on hand.
Three advanced developments in telephone
engineering from GEC.

The GEC 746 table telephone
—an instrument making fult use of printed
circuit techniques and tropicalised
components.
Rugged, reliable—
available in
attractive colours
and a wide-range
of options.

The GEC LST4D voice-switched
loudspeaking telephone
—hand-free operation with full automatic
voice switching
so that loud-
speaker and
microphone
= cannot be
‘alive’ at the
same time.

The GEC 7401/2and 1/3
switching telephone
—independent access to one exchange line
from two or three
telephones. Also
provides an
efficient
intercom system.

Dial or pushbutton
versions available
for all telephones.

GEC manufacture telephones for
world markets: table and wall-mounting models
in a number of attractive colours, loudspeaking
telephones, pushbutton telephones and
switching telephone systems.....

You couldn’t be in better hands.
GEC Telecommunications Limited,
Telephone Division, Whinbank Road,
Aycliffe, Co. Durham, England.

A Management Company of
The General Electric 96 e
Company Ltd., of England.
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The GEC 746 table telephone - % Dials: 10 or 201i.p.s; dial lock; GEC manufacture telephones

You can depend on it That’s the C.B. working. for world markets: table and

most important thing you can say Number rings - to suit any wall-mounting models in a number
about a telephone, a very essential requirement. of attractive colours, loudspeaking
tool of modern society. Important Pushbutton signalling - telephones, pushbutton telephones
asitis, itis often taken for granted. three versions available: and switching telephone systems.

"~ When you buy a telephone you Self-contained MOS loop dis- Dial or pushbutton versions
obviously want good styling ata connect for all types of exchange. available for

low price. In the 746 we provide Multifrequency forlarge exchanges. all telephones.
both but more importantly we offer D.C. leg for PAX/PABX exchanges.

aninstrument of high performance % Ringer: High or low impedance.

and unique flexibility with the widest ~ Extension Bell.

available choice of options. These  * Automatic volume regulator

>?Ptions include: Y i optional. ,
1 or 2 switching buttons for recall, Linecord1.5m, 2m, 3mPlug or ) )
shared service, conference, Jack. You couldn’t be in better hands.
priority access, bell on/off. Someone, somewhere may think SEC TelecommunicationsLid., )
% Seven colour options. they have a requirement that cannot Eeéegnfg‘:n?'éﬁé?:;‘gvh'"ba“k Road, Aycliffe,
* Handset: Lamp calling; deaf aid; be met by the GEC 746 range. AManagement Company
press-to-talk. We'd welcome the chance to prove of The General Electric ,9& e
* Table or wall mounting. them wrong. Company Ltd. of England.

Always at hand.

The GEGC /46 tabletelephone
-youcandependonit.
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6 kHz-18.6 MHz

Presenting: a perfect level measuring set
for in-service traffic.

New and already perfect? Don't wonder! It's  * Level ranges: —130 dB/-120 dBm to

true. Measuring Set PS-60/SPM-60 is an +21dB/ 427 dBm

advanced version of the well known already * Level Fange scales:20dB,2dB, *0.5dB
proven Level Measuring Set PS-6/SPM-6. * Level magnifier for £0.5 dB aids in reading
New features: Continuous frequency tuning level differences as small as 0.01dB

over the complete range without switching, * Sure, narrow-band measurements on CF
10 Hz resolution and 6 digit flicker-free read- systems during in-service operation; by
out of frequency. The SPM-60 has our patent- means of exact frequency setting.

ed automatic level control; manual calibra- Highest accuracy for frequency.

tion is superfluous, but high accuracy is * Over-driven-signal check to prevent errors
assured over the whole frequency range. * Noise bands: 1.74 kHz, 400 Hz (24 Hz in
A fast signal detector indicator simplifies find- preparation)

u. Goltermann

ing unknown frequencies while fast-tuning
through the range. Thereby, it simplifies the
finding of interference voltages and the ana-
lysis of frequency spectrums.

* Test Probe: athighZand low C

The PS-60 Generator in combination with
Sweep Frequency Unit WZ-6 can be used for
swept frequency measurements.

Australian Representatives:

Wandel

 JACOBY
MiTCHELL

215 North Rocks Rd., North Rocks, N.S.W.

2151. Phone 630 7400
OFFICES: Melbourne 44 5021 e Adelaide
293 6117 @ Brisbane 52 8266 @ Perth 81 4144
AGENTS: Canberra 95 9138 ® Wollongong
28 6287 @ Newcastle 61 5573 @ Hobart
34 2656
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Plessey knife and fork connectors are part of

“the wide range of multi-circuit connectors
marketed by Plessey Australia, Components
Division. They are available in standard 20,
40 and 80 way sizes.

Nlustrated is the MRT 40 mobile 2-way radio
systern with an SC 201 Decoder fitted.
Developed by Plessey Australia Electronics
System, Richmond, Victoria, the system
employs a method of selective calling whereby
each operator receives only those messages
specifically directed to him.

Designed and manufactured locally, Plessey
hydraulic cylinders and presses are available
for a variety of industrial and mobile
applications. The cylinder illustrated is just
one of the wide range available from Plessey
Australia, Telecommunications Division,
Meadowbank. NSW.

Intemationally recognised "RACINE"
hydraulic pumps and valves are sold and
serviced throughout Australia by Plessey
Australia, Telecommunications E’)iwsion,
Meadowbank, NSW.

Marketed by Plessey Communication
Systems. the Facsimile Remote Copier is a
desk-top copier ca[aable of transmitting and
receiving over public or private telephone
lines, printed. written or graphic material
within minutes.

Marketed by Plessey Australia, Components
Division the ‘Magispark' is a compact
electronic gas lighter providing a continuous
spark suitable for use in kitchens, on boats.
caravans and for outdoor stoves and gas
barbecues

These NEC solid tantalum capacitors are
designed for decoupling, by-pass, blocking
and filtering applications in both professional
and domestic electronic equipment. They are
but one of the extensive range of
professional components available from
Plessey Australia, Comnonents Division.

This radio paging miniature receiver uses the
most advanced electronic circuitry to
maximise efficiency in the location of staff.
This inductive loop system is available from
Plessey Communication Systems.

Number of plants: 8
Factory capac(i)lgol million sq. ft
Employees: 4.

Plcssey .

APP70/RI
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Announcing

The LM Ericsson
International Prize

100,000 Swedish kronor

for contributions to

telecommunications research
or engineering

Telefonaktiebolaget LM Ericsson announces the establishment of an Inter-
national Prize of 100,000 Swedish kronor designed to encourage and advance
research and development within the field of telecommunications engineering.

The Prize — which honors the memory of Lars Magnus Ericsson, founder of the
Company — will be awarded every third year. The Prize will be presented for
the first time in May, 1976 in connection with the celebration of the Company’s

100th anniversary.

The LM Ericsson Prize will be awarded in recognition of “an
especially important scientific or technological contribution
within telecommunications engineering” during the
preceding three-year period — or in recognition of an earlier
contribution whose importance has been established during
the period.

The winner of the Prize will be selected by an independent
Prize Committee whose members will be appointed by the
Royal Swedish Academy of Engineering Sciences, the Board
of Directors of the Swedish Telecommunications Ad-
ministration and distinguished representatives of the univer-
sities of technology in Sweden.

Candidates may be nominated by members of the Prize
Committee and by organizations and individuals who are ac-
tive in the telecommunications sector.

All nominations must be made in writing. They should be
accompanied by appropriate supporting material and must
be received by the Prize Committee in Stockholm not later
than October 1, 1975.

The Prize Committee reserves the right to invite qualified
experts to participate in its deliberations. Such experts may
not, however, participate in the voting for a Prize winner.
Names of candidates nominated and the deliberations and
voting of the Prize Committee will not be published or
otherwise disclosed.

If a Prize-winning contribution has resulted from the work
of two or more persons, the Prize may be awarded to such
persons jointly.

The winner will receive the Prize on May 5 — the
birthdate of Lars Magnus Ericsson — of each award year. On
that occasion, the Prize winner will be expected to deliver an
address related to telecommunications engineering.

Copies of the complete statutes governing the award of the
LM Ericsson International Prize may be obtained from
Dr. Christian Jacobseus, Telefonaktiebolaget LM Ericsson,
S—126 25 Stockholm, Sweden.

Nominations of candidates, together with supporting
material, should be addressed to The LM Ericsson Prize
Committee, S-126 25 Stockholm, Sweden.

The approximate corresponding values of 100,000 Swedish kronor, at exchange rates prevailing February 1975 are: U.S. $25,000, S.Fcs 62,500.



SCALAR DISTRIBUTORS
ARE EXCLUSIVE AGENTS IN
AUSTRALIA FOR HATFIELD
INSTRUMENTS LTD. OF
ENGLAND.

HATFIELD ror:-

High Power H.F. Transformers; Wide Band Matching Trans-
formers; Antenna Matching Units; High Power Matching
Units; Hand Held Decibel Meter; VHF Signal Dividers;

R.F. Shielding Boxes;
Coaxial Switches;
Coaxial Relays;
Precision Dial Drive;

CEAND MATCHING UNIT

WiD!

Band Pass Filters; %M
R.F. Bridge; i T
Modulators; L: 4

Screened Mixers; "

Psophometer; i

Low Frequency Modulators; '\i\r
Hybrid Units — Passive Couplers; “.‘.1

Aerial Matching Units; Wideband Transformers; Three and Five
Port Wideband Units; Universal Milliwatt Test Set; Double
Balanced Mixers; Subminature Double Balanced Mixers; Low
Frequency Double Balanced Mixers; Decade Resistance Boxes;
Decade Capacitance Box; Matrix Switch Assembly; Program-

7 mable Attenuator
Units; Balanced
Attenuators; VHF
Variable Attenuator;
Level Measuring Set;
Telephone Trans-

: 3 ” former; Radio

Frequency Attenuators; Level Measuring Sets; Selective Level
Meter; Passive Power Dividers; Switched RF Attenuators.
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Scalar Distributors Technical Staff will provide you with prompt and
efficient service on all your numerous Hatfield requirements.

SCALAR
Distributors Pty Ltd

Electronics Importers

VIC: 18 Shelley Ave., Kilsyth, 3137. Ph: 725 9677
Cables: WELKIN, MELBOURNE. Telex: AA 34341
NSW: 20 The Strand, Penshurst, 2222. Ph: 570 1392.

AN ASSOCIATE COMPANY OF SCALAR INDUSTRIES PTY. LTD.
COMMUNICATION ANTENNAS AND R. F. SHIELDING ENGINEERS
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AUSTRALIAN
TELECOMMUNICATION
RESEARCH

I3 It
b

Published in May and November
each year

— Presents the results of research
carried out in Australia relating to the
field of telecommunications.

— Includes material and component
studies as well as systems studies at
both the theoretical and practical levels.

Topics in the May 1975 issue include:

® Line coding for digital transmission

® Gradient projection factor for
network problems

@ Variations in dimensions of optical
fibres

@® Transversal filter hilbert trans-
formers

@® Mode locked lasers
@ Rain attenuation at 11 GHz

@® Common channel signalling
system

® Book reviews

ORDER YOUR COPY FROM STATE OR
GENERAL SECRETARY

TELECOMMUNICATION
SOCIETY OF AUSTRALIA




JEAX
State-of

forthe large

L

Flexible and ready for growth.

That’s No. 1 EAX, a central office system that
can be expanded up to 45,000 lines.

We've taken advantage of the latest develop-
ments in integrated circuits and computer logic
to design a system that sets a completely new
standard for local and local tandem exchanges.

For example, our stored program technique
lets you keep up with changing customer require-
ments by inserting new instructions through a

172

teletypewriter that can be built-in or located
remotely.

No hardware or wiring changes are needed.

This lets you do things like changing dial to
touch calling simply by typing a class-of-service
marker into the computer memory. (The No. 1
EAX can handle both types of subscriber calls
simultaneously.)

The No. 1 EAX also lets you offer your cus--
tomers direct-distance dialing. The automatic
messageaccountingsys- -
tem can be located right
at the exchange or the
information can be
routed to a centralized
toll ticketing or TSPS
facility.

Both LAMA and
CAMA toll ticketing
systems can be installed
as part of a No. I EAX
system. The LAMA unit
will handle up to 45,000
lines and store up to
1,000 completed callson
just nine feet of tape.




From GTE.

-the-art
exchange.

And, LAMA records trunk number, called
number, calling number, start and completion
time, date, rate, and class of call for automatic
billing systems.

In the No. 1 EAX, dual computer and data
processing systems are on line simultaneously
to give maximum security against malfunction.

In addition, a computerized diagnostic pro-
gram constantly monitors the operation of these
systems and all subsystems.

The No. 1 EAX can handle subscriber loops

with total external resistance of up to 2250 ohms
at 50 Volts. That means that fewer long line
adapters are needed.

Expansion is also a simple matter.

You can add lines just by adding modules to
the existing system.

If it’s a bigger expansion, you can grow in 200
line increments just by adding factory-wired line
frames and switching matrixes.

A lot of people realize the advantage of No. 1
EAX. Right now, there are 19 installations in
full operation. And that number will grow to
26 by the end of 1974.

No. 1 EAX is only part of GTE’s family of
electronic telephone equipment. A family that is
designed to meet the .
needs of every size ex-
change.

And they all have the
same basic design con-
cept that assures high
reliability and wide flex- .
ibility.

After all, what else would you expect from the
people who invented automatic telephony? We
established the state-of-the-artin 1891, and we’re
still leading it today.

“ INTERNATIONAL

World Headquarters: One Stamford Forum, Stamford, Connecticut
06904, U.S.A. Or c/o GTE Australia Pty. Ltd., P.O. Box 105,
Gordon, NSW 2072.
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SIEMENS

In-service noise measurements
with Siemens
18-:6 MHz Set-up

The main application of Siemens 18.6 MHz
Set-up is to make selective level
measurements on carrier frequency
broadband transmission systems, either
in-station or along the route. Application
of the level meter to in-service
intermodulation noise measurements

is extended with these features’

O Accuracy in frequency plus stability
ensures perfect tuning to the channe!
under test

0O High sensitivity allows measurement
of low noise levels considerably below
signal levels

3 High dynamic range with low residual
distortion so that low levels can be
measured during traffic

O Suitable selectivity is obtained by a
mechanical filter with an attenuation of
80 dB =+ 2kHz off-centre frequency.
Effective band width of this filter is equal
to the C.CI.T.T psophometer curve

Like to know more about Siemens

18.6 MHz Set-up? Further details and
informative technical literature are
available from

Siemens Industries Limited
544 Church Street, Richmond, Victoria 3121
Telephone 429 7111. Telex AA 30425

Branches at Sydney, Brisbane, Perth, Newcastle,
Wollongong.

without taking facilities
out-of-service
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200 Hz-4.5 MHz

Selective and Wideband Level Meter
with positive assurance
for future system expansion to 960 channels

This small, portable and handy equipment will be-
come your universal level meter whether you work in
development, test department or in system operations.
Due to its wide range of frequencies, the Level Meter
SPM-12 is suitabie equally for measurements on lower
frequency channels as for CF-systems up to V 960. It
has many new technical features and provides you
with an easy means for measuring:
* Input sensitivity, selective —120 dB/dBm
wideband —60 dB/dBm (at full scale deflection)
* High resolution of level readings;
expanded scale for 2 dB
% Switchable measuring ranges; steps of 10 dB
* Five decades, flicker-free, digital display switchabie
to 10 Hz resolution

Wandel
u. Goltermann

Aust. Representatives:

JACOBY ©
MiTCHELL

* Universal Versacon® 9 connectors for simple
changeover to all usually available connectors

% Balanced input

% High impedance test probe

* Effective noise bandwidths of 1.74 kHz or 500 Hz;
optional, 25 Hz

The Level Generator PS-12 and the SPM-12 combine
into a complete level measuring set-up. Sweep Unit
WZ-6 can be added for swept measurements.

215 North Rocks Rd., North Rocks, N.S.W.
2151, Phone 630 7400
OFFICES: Melbourne 44 5021 @ Adelaide
2836117 @ Brisbane 52 8266 @ Perth 81 4144
AGENTS: Canberra 959138 ® Wollongong
28 6287 @ Newcastle 61 5573 ® Hobart
34 2656
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SOANAR
GROUP

There’s nothing passive about
our components

Far from it. They are playing an

increasingly active part in every facet of the
Electronics Industry.

The A & R—Soanar Electronics Group have
become market leaders in passive components
through a continual programme of product
development and plant expansion coupled with
a policy of providing top quality reliable
products at realistic prices and maintaining a
complete range ‘off the shelf’ to meet our
customers total requirements.

Our range includes ceramic, polystyrene,
polyester and tantalum capacitors; electrolytics;
resistors; slide, rotary and trim potentiometers;
diodes; rectifiers; chokes; suppressors:—

also a wide selection of control knobs, plugs
and sockets, bezels, switches, fuses, terminal
panels, etc.

A+R-Soanar Electronics Group

30-32 Lexton Road, Box Hill,

Victoria, 3128, Australia. Telex: 32286

We also manufacture and stock a wide range of
transformers to suit every industry need. Sub
miniature pulse, audio, low voltage, power,
stepdown and variable auto-transformers to
name a few. In addition we stock power
supplies, inverters, converters, chargers and
eliminators.

Our comprehensive catalogue is available on
request. Secure a copy now by completing the
attached coupon

HINAME! x.) o ocne - xepsi o) A IRDE L2 SN ehers seme sASETIE mucl 1
: AAAeES e o SEan R SE B GE DErS Skl XReg « ARG :
[UoHBE R ot Rls fo o e ey = ool Postcode .. ...... :
: POSITIOM el 2 2415 S AR Pl e et ome - 1o :

b e e o =

Sales Offices Phones: VIC: 89 0238,
NSW: 78 0281, SA: 516981,
QLD: 525421, WA: 81 5500.

SOANAR (JAPAN) LTD., TOKYO




People have
a lot to say

..o we have a lot to do!

The spoken word

is the most vital element in communications.

We all share the responsibility of its accurate fransmission.
Olex, particularly, consider the handling of

the spoken word by telephone, teleprinier

or sophisticated telecommunication systems,

to be a great responsibility.

Olex is a fully Australian owned and controlled
company, manufacturing a complete range of cables
for Australia’s telecommunication industries,

providing the channels linking our nation —

one of the highest ranking in telecommunications.

.thats Olex involvement!
OLEX CABLES

Dirsct enquiries to: — OLEX CABLES LIMITED Sales Branches all States. Head Office: 207 Sunshine Road, Tottenham, Victoria. Telephone — 3140222

1481
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The Telecommunications Journal of Australia

ABSTRACTS: Vol. 25, No. 2

BALDERSTON, M.: ‘An Historical Survey of Commu-
nications Satellites (Part 2); Telecomm. Journal
of Aust., Vol, 25, No. 2, 1975, page 98.

Part 1 of this Survey discussed the early history of
communications satellites and discussed the character-!
istics of the Intelsat, Western military, and Russian Orbita,
satellite systems., Part 2 reviews the different types of
satellite systems and outlines experiments which have
been undertaken on certain advanced technical and
operational features. The Canadian domestic satellite
system is discussed.

HAMBLETON, A. H. and LLOYD, R. R.: ‘Automatic
Testing of Telephone Cable’; Telecomm. Journal
of Aust,, Vol. 25, No. 2, 1975, page 134.

With the increasing complexity of the Telecommuni-
cation Network, the performance requirements for com-
ponent cables have increased. Cable testing to provide:
both Quality Assurance and design information, has as-
sumed a significant role in cable manufacture, leading
to the development of more and more sophisticated
measuring systems.

This paper discusses the current generation of com-
puter-controlled cable-testing equipment and explains its
application to cable testing.

JACKSON, G.: ‘Underwater Cable Locator; Tele-'
comm. Journal of Aust., Vol. 25, No. 2, 1975,
page 160,

Much time and money can be spent in tracing under-
water cables. The increasing costs of hiring divers war-
rant the development of quick and accurate methods of
underwater cable location.

JESSOP, C. W. A.: ‘Dynamic Programming — An
Application to Telecommunications Planning’;
Telecomm. Journal of Aust., Vol. 25, No. 2,
1975, page 116.

The technique of 'Dynamic Programming’” is briefly
described, and its use in telecommunications planning
is illustrated. The technique is a powerful planning tool,
which could be utilised more frequently than it is, in
the planning of telecommunications projects.

JOHNS, D.: ‘The Melbourne Semi-Automatic Wake-
Up Service’; Telecomm. Journal of Aust., Vol. 25,
No. 2, page 107.

The existing wake up service in Melbourne has for
some years been experiencing operational difficulties
and financial loss. In order to overcome these problems
a semi-automatic wake up service based on magnetic
disc memories with hard wired logic controllers has been
developed.

Manual booking and automatic sending are used, the

maximum sending rate being about 750 calls in five
minutes.
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McFADDEN, D. Y. and PAYNE, I. W.: ‘A New Letter
Sorting Machine for the Australian Post Office’;
Telecomm. Journal of Aust., Vol. 25, No. 2,
page 122.

The Australian Post Office was one of the pioneers
in the advancement of mail handling technology when it
installed the Australian made letter coding equipment in
the Sydney Mail Exchange in 1966. The new letter sort-
ing machine described in this article has been developed
in Australia as a joint venture between the APO and an
Australian manufacturer as a result of experience gained
from the operation of this plant. [t employs a number
of novel techniques in performing its sorting function,
and is being considered for use in new letter handling
installations, and for the eventual upgrading of the Syd-
ney system, which has been in operation since 1966.

MILLER, B. W.: ‘Traffic Fail Alarm and Display Map
at the Melbourne Trunk Terminal’; Telecomm.
Journal of Aust., Vol. 25, No. 2, 1975, page 155.

To minimise duration of outages on a broadband
bearer network, it is necessary to obtain prompt indica-
tion of bearer failure, and to locate the failed section
of the broadband bearer geographically. This article’
describes the facilities for broadband bearer super-
vision which have been in use for several years at the
Melbourne trunk terminal.

TAYLOR, G. F.: ‘Common User Data Network (Part
1); Telecomm. Journal of Aust.,, Vol. 25, No. 2,
1975, page 87.

The Australian Common User Data Network (CUDN)
is a store and forward message switching system de-
signed to transfer data quickly and reliably from one
location to one or more specified distant locations. Mag-
netic disc packs perform the storage function and com-
puters perform the routing function. Several customers
with independent sets of conventional and modern ter-
minal devices can use the equipment concurrently and
continuously without affecting one another in any way.

This is the first of three articles on CUDN and will
describe the network facilities and the hardware used
to implement them. The second article will describe
the software programs necessary to control the hard-
ware and switch the data from input to output. The
third article will describe how the APO and the custom-
ers supervise the flow of traffic through the network.

TREBILCO, W. J.: 'Private Telephone Meter, Type
2’; Telecomm. Journal of Aust., Vol. 25, No. 2,
1975, page 148.

This article describes a new subscribers private tele-
phone meter which will be introduced by the APO in
1975. The meter can be installed at a subscribers
premises to record the charge unit registrations for local
and STD calls from his telephone. In addition the meter
can be equipped to enable the subscriber to control the
use of his telephone by the public.
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