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This Issue in Brief

Three Data-Communication Systems—The chief
considerations in data communication are speed,
error detection and correction, and the kinds of
input and output equipment used.

Data-communication system GH-201 for 600 to
1200 bits per second is equipped with fully auto-
matic error detection and correction and is
adaptable for use with various input and output
equipments. Data-communication system GH-
403 for 75 characters per second is equipped
with error detection and correction, and is also
adaptable for use with various input and output
equipments. Data-communication system GH-
101 for 10 characters per second has no error
detection and correction, and is adapted for use
with the Teletype 733 teleprinter.

Modem Equipments Complying with Interna-
tional Standards—The demand for civil data
communication has increased rapidly during re-
cent years, with the result that a number of
international organizations are now carrying
out intensive studies on standards. The Inter-
national Telegraph and Telephone Consultative
Committee has issued a number of recommenda-
tions for transmission of data in serial mode.

The paper describes two frequency-modulated
modem equipments for transmission of data in
serial mode, the GH-2002 for signaling rates up
to 1200 bits per second, and the GH-1101 for
signaling rates up to 200 bits per second. Both
are in accordance with recommendations of the
International Telegraph and Telephone Con-
sultative Committee.

The GH-2002 can be equipped with a supervis-
ory channel for simultaneous signaling in the
reverse direction with rates up to 75 bits per
second. Clocks for synchronous operation at
600 and 1200 bits per second, as well as signal-
quality detectors for error detection and an
envelope delay equalizer, can be included. A
number of line-unit options are given for opera-
tion on switched or private 2- or 4-wire lines.

The GH-1101 is intended for full-duplex opera-
tion over 2-wire circuits only.
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Modem Equipment for Parallel Data Trans-
mission—In data-collection applications over
switched telephone networks, data must often
be transmitted from a large number of outsta-
tions to a central station. It is then of great
interest to reduce the cost of the outstation as
much as possible, even at the sacrifice of trans-
mission speed.

A modulation system is described by which the
data signals are accepted in parallel form and
transmitted in a 4-out-of-16 frequency code.
By this principle the modem equipments can be
easily adapted to various input/output media
such as punched tape, punched cards, et cetera.

In its least costly form the system transmits
all characters interlaced with rest-condition sig-
nals; data transfer rates up to 25 characters per
second can thus be achieved. If equipped with
an optional timing channel, the system is cap-
able of transmitting 8-bit characters at any
transfer rate up to 75 characters per second.

A backward channel is provided by which it is
possible to transmit supervisory signals from
the central station to the outstation.

Special Measuring Equipments for Data Trans-
mission—The rapidly increasing use of data-
transmission systems has intensified the need
for suitable measuring equipments for research
and development as well as for factory testing
and maintenance. The error-rate analyzer Era
has been manufactured in quantity and sold to
several countries. It is designed for looped or
point-to-point measurements on a synchronous
basis at modulation rates ranging from 25 to
3000 bits per second. The built-in clock signal
generator supplies 24 crystal-controlled signal-
ing rates that permit measurements between
widely separated terminals.

Element-error rates as well as mutilation dis-
turbances and various kinds of time distortion
can be measured. Time distortion is measured
on a digital basis. The setting accuracy is 0.5
percent in the low-speed range and 5 percent
in the medium-speed range.
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Error Detection and Correction in Low-Speed
Data-Transmission Equipment—Two  equip-
ments for error detection, operating with de-
cision feedback on low-speed half-duplex tele-
graph connections, are described. Error detec-
tion is achieved by putting the information to
be transmitted into a feedback shift register at
the sending station as well as after reception
at the receiving station. The check signals
formed in the two shift registers are then com-
pared. With coincidence, transmission goes on,
otherwise the erroneous block is repeated.

The information is transmitted in blocks, the
manual system operating with any selected
block length and the automatic system with
fixed block length.

The manual system GH 111 is intended for
operation at 50 bauds. The automatic system
GH 110 can be switched to operate at 50, 75,
100, or 200 bauds.

Both systems improve the error rate by 4 X
102; that is, with 8 hours service per day at 50
bauds, an error now occurs only once per year.

Dynamic Measurements of Magnetic Thin Films
—A dynamic-measurement apparatus called the
creepmeter makes it possible to test plane areas
of magnetic thin films not equipped with access
conductors, under conditions simulating real
operation in a memory. It measures with very-
good accuracy the dispersion angles, output
characteristics, and sensitivity to the creep
effect.

Memory for Test and Evaluation of Magnetic
Thin Films—A very-fast memory of small
capacity (64 words of 16 digits) has been
built to evaluate thin-film memories. It has
also proved to be highly effective for measuring
the performances of the films prepared in
Laboratoire Central de Télécommunications.

The memory is characterized by excellent com-
pensation of the stray signals by means of

ELECTRICAL COMMUNICATION
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This Issue in Brief

balanced pulse transformers (average rejection
rate, 50 decibels), which permits reaching very-
high working speeds (access time, 60 nano-
seconds; cycle time, 150 nanoseconds). Par-
ticular care is given to the problem of relia-
bility, and especially to the creep effect: the
memory showed no failure when subjected to
10 disturbing pulses in a worst-case configura-
tion.

Data Transmission—Current Trends and Future
Prospects—The seed of today’s Cybernetic
Revolution was sown with Watt’s invention of
a governor for steam engines. The revolution
got its name from Norbert Wiener as the title
of his now-famous book published in 1948. The
consequence of it all to communications comes
under the title of data transmission. Today
virtually no management and control operation
in commerce, government, or science is im-
mune to the introduction of computing machin-
ery to aid man’s mastery of his environment.
Computers communicate in machine language
in digits—with data.

By the nature of the arithmetic of information,
the quantity of messages tends to rise as the
square of the number of interacting terminals.
Thus data transmission will tend to achieve a
rate of growth which is two times that of its
digitally communicating terminals. The trans-
mission facility to accommodate these new
loads, together with the natural growth of clas-
sical telephone traffic, is the one designed and
built for voice communications. The world’s
telephone plant represents an investment in
excess of $30 billion. The central problem is
therefore the expansion and modification of this
plant in such a way that its capability for data
transmission may be compatible with its voice
transmission facilities.

The article is a comprehensive discussion of the
problem, past experimental solutions, and ave-
nues for future development.

1966 119
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This Issue in Brief

Instrument Low-Approach System and Radio
Altimeter for All-Weather Landings—The eco-
nomic necessity to maintain scheduled flight
services with modern jet aircraft under condi-
tions of poor visibility has accelerated the pro-
gram to automate the landing phase.

One of the most prominent postwar automatic
landing systems was that devised by the British
Blind Landing Experimental Unit (BLEU).
It uses a radio altimeter to provide height
guidance information and electromagnetic leader
cables for azimuth guidance. Many thousands
of successful landings have been accomplished
using this system, which is in operational use
for military aircraft.

More recently it has been established that the
modern improved localizer of the instrument

low-approach system is accurate and stable
enough to serve as the sole guidance facility
for approach, landing, and roll-off down the
runway, rendering leader cables unnecessary.
Such instrument landing systems, now in oper-
ational use at many major United Kingdom
and European civil airports, are presently being
evaluated for compliance with the Category II
requirements of the International Civil Aviation
Organization.

Radio altimeters used in all-weather landings
must have full failure survival Usually two are
used with cross-comparison. Opinions differ
whether the scale between 0 and 500 feet (150
meters) should be logarithmic or linear. Radio
altimeters are in operation that are accurate to
within =3 percent and within =1 foot (0.3
meter) at touch-down.

ITT Receives Meteorological Awaid

Its Award for Outstanding Service to Meteor-
ology for the development of a device that pro-
vides for the first time detailed pictures of the
clouds above the earth at night was conferred
on International Telephone and Telegraph Cor-
poration by the American Meteorological So-
ciety early in 1966.

120 ELECTRICAL COMMUNICATION

The award was accepted by R. T. Watson,
President of ITT Industrial Laboratories Di-
vison, in which the space camera was developed.
This achievement is described in Electrical
Communication in a paper “Infrared and the
Nimbus High-Resolution Radiometer” appear-
ing on pages 500-507 of volume 40, number 4,
1965.
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Data Communication for Industry and Commerce

MARTIN JEPPSSON
Standard Radio & Telefon AB; Barkarby, Sweden

The economic advantages of large-scale manu-
facture have resulted in the concentration of
manufacturing effort on products suited to mass
production. This mass production and distribu-
tion of goods and services has resulted in the
mass production and consumption of data. Dur-
ing recent years the use of machine techniques
for storing and processing large quantities of
data has grown at an ever-increasing rate. In-
dustry and office vie with each other in their
efforts to utilize the new developments in
electronics for the rationalization and automa-
tion of their work processes.

Before the advent of the electron data process-
ing era, the problems of collection and transport
of data received relatively little attention as
these problems were overshadowed by the
difficulties of processing and storing. However,
the capabilities and large capacity of present-
day data processors make a practical method of
transmitting data essential. As a result, tele-
communication techniques have come to play an
important role, and data transmission over tele-
communication circuits is now an established
fact. For many years it has been possible to
hire permanent telegraph channels or connec-
tions within the telex network. More recently
however, much development work has been
proceeding in various countries to make it pos-
sible to similarly use the transmission capacity
and capabilities of the telephone network for
the transmission of data.

The ability to transmit data at high speeds has
done much to improve communication within
organizations and enterprises. An organization
having factories and offices at widely separated
places, perhaps in different countries, can be
made much more effective by the use of data
transmission. When the communication prob-
lem is solved satisfactorily, centralization, or
decentralization if such be the required solution,
can be introduced without regard to the pre-
vailing geographical conditions.

If all the data processing can be carried out at
one data center, it is possible to use one large
data processor, instead of a number of smaller

ELECTRICAL COMMUNICATION
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ones. This can result in a significant economic
gain, as the relative operating cost of a large
machine is considerably less than for several
small machines. The central machine can be
used by each unit of the enterprise that has
direct access via the data terminal. This method
of operation via telecommunication circuits is
referred to as terminal data processing. In
many cases the individual enterprise units are
not sufficiently large to warrant the installation
of separate data machines. Terminal data proc-
essing provides an economic solution also for
such enterprises.

If an organization has two or more separate
data processing centers, data transmission can
be used to distribute the load among the various
machines. For example, a service organization
may set up a number of data centers in different
places. The unused capacity of one data center
can quite easily and quickly be put at the dis-
posal of another center.

The use of data transmission for the transport
of data can result in increased reliability. Cases
have occurred where the physical transport of
the data medium has resulted in serious incon-
venience. In one case, for example, a very large
number of punched cards were strewn over a
wide area as a result of a car collision.

Data transmission improves customer service.
The time taken to expedite an incoming order
can often be reduced and the goods can be
delivered more quickly. In addition, all types of
inquiries can be answered more rapidly. This is
of particular importance when it is desirable
to give the customer information over the
counter or during the course of a telephone
conversation. A well-known example of this is
the system employed by several airline com-
panies for advance booking. Each advance-
booking bureau is in contact with a central data
processor and within a matter of seconds can
obtain information from the machine regarding
available accommodations. To provide such a
high-speed service, the data machine must be in
direct contact with the data transmission sys-
tem. This is referred to as an on-line connection.

. 196 121
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Data Communication for Industry

In the United States of America it has been
predicted that the data traffic via the telephone
network will increase so rapidly that in the
near future this data traffic will be substantial
compared with the telephone traffic. It has also
been forecast that in 10 years fully half of all
data processing will be done by remote ter-
minals and giant computers.

As regards the development of data transmis-
sion, Europe is a year or two behind America,
and of all the European countries only Great
Britain, Sweden, and Norway have progressed
so far that their telecommunications administra-
tions are in a position to offer modem equip-
ments to potential data transmission subscrib-
ers. However, in many other countries, inten-
sive preparatory work is being undertaken. It
should not be very long before many more tele-
phone administrations are in a position to offer
data transmission service, and in the meantime
it is possible, in general, for potential customers
to obtain permission to connect their own
equipments.

Article 4 of the International Telecommunica-
tions Convention requires the International
Telecommunications Union to maintain and ex-

122 ELECTRICAL COMMUNICATION

tend international cooperation for the improve-
ment and rational use of telecommunications of
all kinds. It must promote the development of
technical facilities and their application to
improving the efficiency, usefulness, and general
availability of all telecommunications services.

The International Telegraph and Telephone
Consultative Committee (CCITT), which is an
organ of the International Telecommunications
Union, develops standards for transmission
channels, be they leased or switched, and for
necessary signal conversion terminal equip-
ment. It cooperates with other international
bodies on standards for interfaces of data ter-
minal equipments, data alphabets, and error
control procedures. A large number of relevant
subjects have been studied and some valuable
progress has been made over the past 7 or 8
years. The difficulty of reaching agreement
among the many interested member organiza-
tions has been a limiting factor in a number of
areas,

The following articles describe the equipments
developed by ITT Europe to meet the needs of
a data transmission system and the ancillary
apparatus necessary to test and maintain it.

Volume 41, Number 2 -+ 1966
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Three Data-Communication Systems

C.-O. HENRIKSON

Standard Radio & Telefon AB; Barkarby, Sweden

1. Introduction

The various applications of data communica-
tion have created the need for a family of
data-communication systems having different
technical features. It is desirable, naturally, to
have a standard system that can be equipped in
different ways to give the optimum solution for
each application, with regard to both cost and
technical features. However, a system having
the required flexibility will often increase the
cost of the equipment for all the different con-
figurations. It is therefore more economical to
cover the requirements with a number of dif-
ferent types of systems.

This article describes 3 completely different
types of systems intended for different applica-
tions. Two of the types consist of a number of
compatible data-communication terminals that
make it possible to transmit between different
types of data media, such as paper tape, punched
cards, magnetic tape, and printers. These types
of systems can also be easily arranged to operate
with on-line computers. The third system is
specially designed to operate with the Teletype
T33 teleprinter equipment, which is equipped
with a printer with manual keyboard, a paper-
tape reader, and a tape punch. However, this
system can also be connected to other equip-
ment, for example a computer. All 3 systems
are intended for use over 2-wire or 4-wire
circuits in the telephone network.

Data-communication terminals are often in-
stalled at widely separated places, and this can
quite easily lead to maintenance problems.
Therefore, it is extremely important that the
highest possible reliability be attained. The
choice of peripheral equipment is of particular
importance as, in general, this type of equip-
ment requires more maintenance than purely
electronic equipment. The maintenance costs
of the systems described here have been reduced
to a minimum by the use of reliable components
and conservative dimensioning of the various
circuits. For example, with very few exceptions
silicon transistors and diodes have been used
throughout. It is not often possible to repair

ELECTRICAL COMMUNICATION
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such equipment on site, and it is therefore
necessary to replace any circuit unit which has
developed a fault. To simplify such replacement
the equipment has been constructed of separate
plug-in functional units.

2, Medium-Speed Systems

The two different systems described here are
both intended for use over switched or leased
telephone circuits. They are equipped with
fully automatic error-detection and -correction
devices using the same technique. Error detec-
tion takes place at the receive terminal and
error correction is carried out by repetition. A
narrow-band low-speed backward channel is
used for sending the retransmission request
back to the send terminal. One of the systems
(GH-201) makes use of the 600-to-1200-baud
modem recommended by the International Tele-
graph and Telephone Consultative Committee,
whereas the other system (GH-403) utilizes
a parallel-type modem equipment.

2.1 Data CoMMUNICATION SyYsTEM GH-201

The development of the GH-201 system was
begun in 1961 after a preliminary investigation
that gave extremely promising results. In the
early stages of the development, the Swedish
Telecommunications Administration had al-
ready begun to take an active interest and
ordered a prototype system for further tests
under their own control. The data systems that
were available at that time were not considered
suitable for use over the public telephone net-
work. In general, too much emphasis had been
put on the development of the digital parts of
the equipment without regard to the difficulties
likely to arise because of the special character-
istics of the telephone network. A thorough in-
vestigation of the error rate on the telephone
network had been carried out in different coun-
tries before development work on the GH-201
began, so that the error rate and error distribu-
tion were already well known,

1966 123
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Three Data-Communication Systems

The new approach to the error-correction prob-
lem was, figuratively speaking, to integrate the
error-correction equipment, the modem equip-
ment, and the telephone line in one unit. This
means that all the information available within
this unit can be used for error detection. For
example, disturbances in the line signal can
easily be detected in the modem equipment and
give rise to an error indication. A great ad-
vantage with such a system is that errors are
detected at the same time as they occur. Hence
error correction can be arranged to take place
immediately, and the need for a large storage
to cover the time between error detection and
error correction can be avoided.

The first prototype of a system constructed in
accordance with these principles was completed
in 1962. The system has been tested both in the
laboratory and in the field, among others by the
Swedish Telecommunications Administration,
with particularly good results. The system has
also evoked much interest within the Inter-
national Telegraph and Telephone Consultative
Committee. A report that includes the results of
measurements has been submitted by the Swed-
ish Telecommunications Administration, and
the method for error detection and correction
has been recommended for further study.

TAPE l READER SEND |

READER | ) MATCHING| LOGIC

I j
TELE- | |

2.1.1 Terminal Configuration

The GH-201 system is intended as a versatile
flexible system for use with various peripheral
equipments or directly connected to computers.

The build-up of a typical system is shown in
Figure 1. The basic units (modem and logic
equipment) are common to all versions of the
system, whereas the matching equipment and
control units that are installed depend on the
application for which the system is to be used.
It has been possible to simplify the matching
equipment by giving careful thought to the de-
sign of the logic equipment, and thus it is an
easy matter to construct a special matching
unit for a particular application. The character-
by-character method of data transmission also
helps in this respect.

Data-transmission systems are, in general, in
the charge of office personnel who have not re-
ceived any special education in this particular
field. It is therefore extremely important that
the operation of the system be as easy as pos-
sible. On the other hand the number of facilities
required demands that the system be made
flexible and that fault finding be as simple as
possible. The GH-201 control facilities can be
divided into two groups. One group includes a
few facilities that are used with the routine op-

[ = ]

PHONE *T)— CONTROL MODEM

SET
= IB’
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Figure 1—Block schematic of GH-201 data-communication system.
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eration of the system, and the other group in-
cludes those facilities that are only used on
special occasions. This latter group includes
aids to the location of certain types of faults, in-
and-out connection of the automatic answering
facility, selection between automatic and manual
disconnection, and loop connection for copying
or fault tracing.

The amount of work involved in connecting the
data equipment in and out of the circuit can be
considerable if the traffic intensity is relatively
high. This applies particularly in data collection,
where one operator can be required solely for
this operation. For this reason the standard
versions of the GH-201 terminal have been
equipped with automatic disconnect facilities.
In addition, the terminal has been provided
with an automatic answering facility that auto-
matically connects the data equipment when the
terminal is called.

The basic equipment of the system is mounted
in a floor-standing cabinet as shown in Figure
2. All the equipment required for alternate 2-
way traffic can be assembled in the same cabi-
net. The telephone set is usually placed on top
of the cabinet and, when provided, the periph-
eral equipments are contained in a separate
cabinet. The control devices and the indicator
lamps required for the operation of a complete
system are mounted on a removable panel fitted
in the top part of the cabinet. The individual
components are mounted on plug-in printed-
wiring boards assembled in subracks. If a func-
tional unit takes up more than one of these sub-
racks, all the subracks that make up the unit are
mounted together so as to form one complete
interchangeable unit. Each functional unit is
connected by means of plug-and-socket con-
nectors, so that it is easy to replace a faulty unit.

The modem equipment used in the system has
the code GH-2002. This modem is equipped
with a data channel for 600 to 1200 bits per
second and a supervisory channel for 75 bits
per second and conforms with International
Telegraph and Telephone Consultative Commit-
tee recommendations.

ELECTRICAL COMMUNICATION
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Three Data-Communication Systems

2.1.2 Ervor Detection and Correction

A unique combination of an analog and a digital
method is used for character error detection.
The digital error detection is carried out with
the help of a double-parity control as shown in
Figure 3. The method used for this control has
been chosen so that the maximum error-detec-
tion capability is obtained in conjunction with
the analog error-detection circuits (signal-qual-
ity detectors), which are included in the modem
equipment. Any disturbance must be spread
over at least 3 signal elements if it is to remain
undetected by the parity control. However, all
disturbances of such length will easily be de-
tected by the signal-quality detectors, in which
the received line signals are supervised and
which cause an error indication to be made
each time a predetermined threshold value is

Figure 2—GH-201, typical functional unit.
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Three Data-Communication Systems

exceeded. Practical tests have indicated that
the ability of the signal-quality detectors to de-
tect errors is extremely good. Very few errors
occur that do not give rise to an error indica-
tion; tests have also shown that all such un-
detected errors were detected by the parity
control. Hence there is every justification
for saying that almost erroriree transmission of
data is possible when using the GH-201 sys-
tem, even in cases where the transmission cir-
cuit is subject to serious interference.

The incoming data can be continuously con-
trolled if the characters in the data source ful-
fil a parity condition (odd or even). Thus, for
example, any reading error from the punched
tape or magnetic tape can be detected im-
mediately. An alarm is received from the system
control panel each time an error occurs.

Error correction is carried out by retransmitting
the data, which has been stored at the send
terminal. When an alarm is obtained from the
parity control or the signal-quality detector in
the receiving terminal, a request for retransmis-
sion is sent back to the sending terminal via the
supervisory channel. The supervisory channel
is also equipped with a signal-quality detector,
and every-alarm from this detector is also inter-
preted as a request for retransmission.

In a system that employs the retransmission
method of error correction, the required capac-
ity of the memory at the send terminal depends
on the maximum delay time between the send-
ing of a character and the beginning of the
retransmission of the same character, in the
event a retransmission is necessary. In the GH-
201 system it has been possible to make this
delay time short, and consequently the memory
requirement is small. As a result of the use of
character-by-character transmission, the occur-
rence of an error and its detection take place
almost simultaneously. This also applies to the
reception of a request for retransmission and
the start of the retransmission.

It is also possible to avoid delay between the
detection of an error and the sending back of
the request for retransmission, because the data

126 ELECTRICAL COMMUNICATION

channel and the supervisory channel are work-
ing on a full-duplex basis. The maximum time
delay between the sending of a character and
the beginning of a requested retransmission of
the same character, is therefore more or less
equal to the sum of the data channel and the
supervisory channel transit times. The standard
capacity of the memory in the send terminal is
16 characters, which allows a total delay time of
65 milliseconds at 1200 bits per second and a
transmission code of 9 bits per character. The
capacity of the memory can be increased quite
easily by adding extra memory units. A mem-
ory capacity of one character is all that is
required in the receive terminal to ensure a
clean-copy output.

The time efficiency of a data-communication
system is mainly dependent on how the request
for retransmission goes back to the send termi-
nal, how much data are retransmitted with each
retransmission, and how much redundancy is
added to the information. In the GH-201 sys-
tem transmission takes place without interrup-
tion when no errors occur, because the super-
visory channel is working on a full-duplex
basis with the data channel. As explained pre-
viously, the amount of data that must be re-
transmitted with each retransmission is limited
to the amount required to cover the sum of the
go and the return transit times. In this way it
has been possible to maintain high transmission
efficiency even with poor-quality transmission
lines.

2.1.3 Information and Transmission Code

The system is completely independent of alpha-
bet and character representation. The characters
may contain between 4 and 8 bits, but in the
case of 8-bit characters an odd or even parity
condition must be fulfilled. The length of the
transmission code must be selected with regard
to the maximum speed of the peripheral equip-
ment to be used. The minimum length of the
transmission code depends on the information
code. If the information code includes 1 parity
bit, the minimum length of the transmission
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code will be the information code plus 1 bit. If
no parity bits are included the minimum length
will be the information code plus 2 bits. The
maximum length of the transmission code is 9
bits. The length of the code is determined with
the help of interchangeable circuit boards in the
send and receive logic.

When the chosen length of the transmission
code exceeds the minimum length required by
the information code, dummy bits are auto-
matically added in the send logic and separated
in the receive logic. This means, for example,
that 8-channel and 5-channel paper tape can be
sent alternately without making any changes in
the system.

The transmission of a message, which can be of
variable length suitable to the peripheral equip-
ment, is preceded by a start-of-message code
and ended by an end-of-message code. The
former is also used as a character synchroniza-
tion signal.

2.14 GH-201 Paper-Tape Terminal

The GH-201 paper-tape terminal provides fa-
cilities for the rapid and completely reliable
transmission of 4-channel to 8-channel paper
tape. The reading speed can be as high as 200
characters per second, but the punching speed
is limited to 133-1/3 characters per second.
Transmission from paper tape to paper tape is
therefore limited to the slower speed. However,
paper tape can be transmitted at 3 faster speeds
(150, 171-3/7, and 200 characters per second)
on the assumption that the receive terminal is
connected to an output medium having the
necessary speed. All the equipment required for
alternate 2-way traffic (with the exception of
the tape punch and tape reader) is mounted in
the previously mentioned floor-standing cabinet
shown in Figure 4.

2.1.5 GH-201 Printer Terminal

The GH-201 printer terminal provides facilities
for reception of data with hard-copy output
from an on-line printer. The terminal can also
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be equipped for paper-tape input. The maxi-
mum printing and reading speed is 200 charac-
ters per second.

2.1.6 GH-201 Standard Interface Terminal

In data communications there is often a need
for special peripheral equipments. The reason
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Figure 3—GH-201, parity check method.

. Figure 4—GH-201 data-communication terminal.
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might be that a complete data-processing sys-
tem requires special equipment or that the sup-
plier of a system desires to use the same pe-
ripheral units throughout. The supplier of the
data-communication equipment can hardly un-
dertake to manufacture matching equipment for
all types of peripheral equipments. A standard
interface providing facilities for easy connec-
tion of as many different peripheral units as
possible is therefore supplied with the GH-201
system. The interface is of parallel type and
operates in a character-by-character mode.

2.2 Date-Communication. System GH-403

The GH-403 data-communication system is in-
tended for 1-way traffic at rates up to 75 char-
acters per second. The system is designed
mainly for data collection. In this application
each of a number of outstations collects a rela-
tively small amount of data, which must be sent
to 1 instation, for example at a data center.
Hence it is desirable that the outstations be as
simple and inexpensive as possible. As a result
the instation has become somewhat more ex-
pensive, but as only 1 or, at most, a very
limited number of instations are needed, they
will not affect the overall price of the system
to any great degree.

Considerable savings are achieved in the cost
for modem equipment by making use of parallel-
mode transmission. The type of modem used
at the send terminal is coded GH-4002C and
at the receive terminal is coded GH-4002B.*

* B. Lindstrom, “Modem Equipment for Parallel Data
Transmission,” Elecirical Cowinunication, volume 41,
number 2, pages 139-148; 1966.
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The system is equipped with fully automatic
error detection and correction working on a
character-by-character basis. Simple error de-
tection, similar to the one used in the GH-201
system, does not require any extensive coding
of the information in the send terminal.

The receive terminal is equipped with an auto-
matic answering device, which can be used if
desired to connect the data equipment to the
telephone line automatically when a call is re-
ceived. The circuit is disconnected after com-
pletion of the data transmission. The choice
between automatic and manual connection of
the data equipment is made with the help of a
switch at the receive terminal. As an additional
safety precaution the terminal is provided with
an automatic disconnect facility, which comes
into operation 1 minute after connection is
made if transmission has not commenced in
the meantime.

2.2.1. Terminal Configuration

The system is primarily designed for paper-tape
equipment but the receive terminal can easily
be connected directly to a computer. Figure 5
is a block schematic of the two terminals.

All the circuits in the system are mounted in
cabinets. The send terminal is a desk-top model
and the receive terminal a floor-standing model.

2.2.2 Error Detection and Correction

For error detection a combination of a simple
parity check and signal-quality supervision is
used in the modem. To avoid the cost of coding
circuits in the send terminal the parity bit, odd

1

[

Figure 5—Block schematic of GH-403 data-communication system.
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or even, must be supplied on the tape. In case
of a parity error or an alarm from the signal-
quality detectors in the receive terminal, a repe-
tition request is sent back to the send terminal.
The paper tape in the reader is stepped back to
the desired place, whereupon retransmission
takes place. At the receive terminal provisions
are always made for clean-copy output.

3. Low-Speed Systems

Many data-communication applications do not
require a higher speed than 10 characters per
second. This need can often be fulfilled with
standard telex equipment but in some cases
the limitations of telex force other solutiuns.
The two severest limitations—the 5-unit code
and the absence of error-control equipment—
can be avoided with the two systems described
by H. Sauer in this issue.

3.1 Data-ComMmMUNICATION SysTEM GH-101

From the point of view of the user, the GH-101
system is very much like telex. The main differ-

Figure 6—GH-101A4 data-communication terminal.
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ences are that the system is used over the tele-
phone network, that the 7-unit code has been
adopted, and that the speed is increased to 10
characters per second. This system is equipped
with the GH-1101 type of modem equipment,
which 1s a 200-baud both-way modem in ac-
cordance with recommendations of the Inter-
national Telegraph and Telephone Consultative
Comimittee.

3.1.1 Terminal Configuration

The system is designed round the Teletype 733
teleprinter. However, it is also possible to con-
nect the receive terminal directly to a computer.

The T33 consists of a teleprinter to which a
paper-tape reader and punch can be connected.
The machine is available with or without key-
board. The length of a row is 72 characters with
10 characters per inch. The teleprinter is con-
structed as a floor-standing model as shown in
Figure 6. All the necessary equipments, includ-
ing the modem, are mounted in the teleprinter
frame.

3.1.2 Information and Transmission Code

The information code used corresponds to the
“American Code for Information Interchange”
(ASA X3.4-1965). This code contains 7 in-
formation bits per character plus 1 parity bit
(even parity). The transmission code consists
of the information code plus 1 start bit and 2
stop bits, and thus contains a total of 11 bits.
Hence the data-transfer rate of 10 characters
per second corresponds to a signaling rate of
110 bits per second.

4. Conclusion

Different types of data-communication systems
are often compared on the basis of cost per
transmitted character. When assessing the total
costs in such cases, it is normally the practice
to include only the cost of the terminal equip-
ment and the cost of the circuit during the time
that transmission takes place. The results of
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such comparisons usually indicate that the ter-
minal-equipment costs are decisive, giving the
impression that cheap systems with a relatively
low transmission speed are the most economical.
However, comparisons carried out on such a
basis are misleading to a high degree. Any cost
comparison must of course consider the system
as an integral part of a data-processing system,
so that, for example, the costs of disturbances
in the data-processing routine, the cost of the
equipment that is brought into use during trans-
mission, and the operation and maintenance
costs must all be taken into account. In the
main, disturbances in the data-processing rou-
tine are caused by received data errors that are
not detected before the data goes into the data
processor. The cost of correcting such errors
not only includes the cost of the actual correc-
tion, but also the cost of the resultant delay in
the data processing. In a large data center,
where very often the data processing must
keep to a carefully planned time schedule, any
delay of this nature can be quite damaging.

A system cost comparison, which takes into ac-
count the various items mentioned above, can
lead to the result that the system that is the
most expensive to purchase can nevertheless

130 ELECTRICAL COMMUNICATION

prove to be the least expensive in the long run.
It is not possible to say that any particular
type of system is the most economical under all
circumstances, and each particular application
must be carefully considered on its merits.

The systems described in this article provide an
answer to the demands for data communication
over the public telephone network. The flexible
construction of these systems simplifies their
adaptation for use with different types of input
and output media, and hence it is possible to
satisfy the requirements of any particular ap-
plication, bearing in mind the limitations im-
posed by the telephone network.

Carl-Olof Henrikson was born in 1933. He
received an MS degree in electrical engineer-
ing in 1960 from the Royal Institute of Tech-
nology, Stockholm.

He joined the Transmission Division of Stand-
ard Radio & Telefon in 1960 and is now re-
sponsible for development and technical appli-
cation of data-communication systems.

Mr. Henrikson is a member of the Swedish
Association of Engineers and Architects.
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Modem Equipments Complying with International Standards

L. O. K. EDVARDSSON
Standard Radio & Telefon AB; Barkarby, Sweden

1. Introduction

The demand for civil data communication has
increased rapidly during recent years, with the
result that a number of international organiza-
tions are now carrying out an intensive study of
standardization problems. The work undertaken
by the International Telegraph and Telephone
Consultative Committee has now reached the
stage where a number of recommendations have
been prepared for transmission of data in serial
mode. As a result of our experience in the mili-
tary data-transmission field, Standard Radio &
Telefon have been able to actively assist in the
standardization work, and, since the formulation
of the recommendations of the International
Telegraph and Telephone Consultative Commit-
tee, have been able to introduce various modem
equipments for nonmilitary applications.

Threetypes of equipment having the codes T1/J,
T2J], and T2K were developed during 1961 and
1962. T1J is designed for signaling rates up
to 1200 bits per second. 72J, which is also
designed for these signaling rates, includes a
supervisory channel for 75 bits per second. Both
of these types of equipment are arranged for
reversible 1-way traffic over 2-wire lines or,
alternatively, for both-way traffic over 4-wire
lines. 72K is intended for both-way traffic over
2-wire lines with signaling rates up to 200
bits per second. Since their inception these
three types of equipment have been tested in a
number of countries and the results have been
very good in all cases. In Sweden any of these
three types can be hired from the Telecommuni-
cations Administration.

ITT Europe recently introduced an improved
system of mechanical construction based on
printed-wiring boards mounted in subracks.*
This equipment practice, which has been care-
fully and thoroughly tested, has proved to have
considerable advantages over the earlier con-
struction, in which components were mounted

*F. Beerbaum, J. Evans, and F. Leyssens, “Standard
Equipment Practice for ITT Europe,” Electrical Com-
munication, volume 39, number 2, pages 199-211; 1964.
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on chassis plates. It was therefore adopted for
the mechanical construction of all types of
modem equipment intended for nonmilitary ap-
plications. This conversion at the same time
made it possible to modernize both the compo-
nents and the circuit design of the equipment.
Our new versions have been given the codes
GH-2002 and GH-1101, the former replacing
the T1J and T2J types of equipment, and the
latter replacing the T2K equipment. Only the
new types of equipment are described in this

paper.

2, Modem Equipment, GH-2002

The modem equipment, type GH-2002, is in-
tended for data transmission with signaling
rates up to 1200 bits per second. It can be
equipped with units to provide a number of
special facilities, such as a supervisory channel
for simultaneous signaling in the reverse direc-
tion, with rates up to 75 bits per second. The
equipment has been based, in the main, on two
recommendations of the International Tele-
graph and Telephone Consultative Committee,
namely V.23, which applies to the line-side
characteristics, and V.24, which applies to the
local-side characteristics. Recommendation V.23
prescribes that frequency modulation shall be
used. The rest of the main line-side data is
given in Table 1.

Recommendation V.24 specifies the signals that
pass via the so-called interface between the
data-processing equipment and the modem
equipment. This recommendation deals with a
large number of interchange circuits grouped
according to the different types of signals. Dif-
ferentiation is made between data signals, su-
pervisory signals, timing signals, and control
signals. Table 2 gives the main data common to
all signal types.

The International Telegraph and Telephone
Consultative Committee has given designations
and numbers to the various interchange circuits
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that indicate the purposes for which they are
used. These numbers together with their desig-
nations are given on the block schematic of
Figure 1, which shows a fully equipped ter-
minal. The terminal can be partly equipped to
include only those units actually required for a
particular application.

The data signals, in binary form, go to the
modulator via the interchange circuit Trans-
mitted Data (3). These signals frequency mod-
ulate a 9.6-kilohertz carrier. The resultant voice-
frequency data signals are then brought down
to line frequencies by mixing them with another
frequency generated by the translation oscilla-
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Figure 1—Block diagram of modem equipment type GH-2002 arranged for synchronous transmission. The numbers
refer to interchange circuits as recommended by the International Telegraph and Telephone Consultative Committee.
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TABLE 1
GH-2002 FREQUENCY AND MODULATION DATA

Modulation Rate
in Bauds*

Channel
Midfrequency
in Hertz

Frequency Shift in Hertz

Data channel, switchable between two speeds

600 or 1200

400 (+£200) or 800 (=+400)

1500 or 1700

Supervisory channel

420 60 (+30)

rate expressed in bits per second.

* With binary modulation, the line-side modulation rate expressed in bauds is the same as the local-side signaling

tor. Both the frequency shift and the channel
midfrequency can be electronically switched
between the two alternatives given in Table 1.
The switching is performed via the interchange
circuit Data-Signaling-Rate Selector (11),
which controls the frequencies of both the
modulator and the translation oscillator. The
voice frequencies are supplied to the line via
an amplifier and an attenuator, by means of
which the output level can be adjusted. Another
interchange circuit, Request to Send (5), is also
connected to the modulator. This controls the
on and off switching of the outgoing line signals.

At the receive side, the translation oscillator is
used to bring the line signals back to a fre-
quency of 9.6 kilohertz. The interchange circuit
Data-Signaling-Rate Selector (11) is used to
set up the receiver for either of the two channel
midfrequencies. After going through a band-
pass filter the signals are amplified and then
sent via an amplitude limiter to the discrimi-
nator. In the discriminator these data signals
are reconverted to binary form, after which they
are amplified and formed into pulses before
leaving the equipment via the interchange
circuit Received Data (4).

An amplitude detector, located after the band-
pass filter, is used to supervise the level of the
received line signals. This information goes out
via the interchange circuit Data-Carrier Detec-
tor (9). The circuit is connected with the data-
signal output circuit in such a way that the
output is cut off when the line level is too low.
Cutting off the output can also be externally

ELECTRICAL COMMUNICATION
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TABLE 2

INTERFACE BETWEEN QUTPUT OF DATA-PROCESSING
EQuiPMENT AND INPUT TO MODEM EQUIPMENT

Signal Input impedance in ohms | 3000 mini-
inputs mum
7000 maxi-
mum
Required signal voltage 3 volts*
minimum
Signal Load impedance in ohms | 3000 mini-
outputs mum
External capacitive load | 2500 maxi-
in picofarads mum
Output voltage 5 volts*
minimum
25 volts™

maximum

* Voltages are given in terms of absolute values.

controlled by a signal via the interchange circuit
Data-Receiver Cutoff (24). This latter facility
is used in conjunction with the interchange
circuit Request to Send (5) to change the direc-
tion of transmission with terminals connected
for 2-wire operation.

The double-modulation method, which is used
for the data channel, has been shown to have
decided advantages over the method whereby
the line frequencies are directly modulated and
demodulated. When frequency modulating with
a square-wave signal, a carrier beat interference
is obtained having an amplitude that depends on
the relative frequency shift; that is, on the rela-
tionship between the frequency shift and the
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carrier frequency. This interference is prac-
tically insignificant for the 9.6-kilohertz car-
rier frequency chosen in this case. Another
advantage of the double-modulation method is
that the channel midfrequency can be changed
by simply switching the frequency of the trans-
lation oscillator. The curve of Figure 2 shows
the signal-to-noise ratio, as a function of the
signaling speed, at an element error rate of
10-% and a noise bandwidth of 3000 hertz, for a
data channel constructed in accordance with
the principles described above. The test circuit
of Figure 3 was used to carry out the measure-
ments.

The main characteristics of the supervisory
channel are given in Table 1. The frequency
shift is small in this case, so that the modulation
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Figure 2—Signal-to-noise ratio as a function of sig-

naling speed at an element error rate of 10-° and a
noise bandwidth of 3000 hertz for GFH-2002.

and demodulation can be carried out in one
stage without any significant carrier beat inter-
ference being obtained. In other respects the
supervisory channel is built up in the same way
as the data channel and is equipped with corre-
sponding control circuits. The facilities pro-
vided by the supervisory channel (see Figure
1) are made clear by the description of the
corresponding circuits in the data channel.

The data channel and the supervisory channel
are separated by a separation filter that is avail-
able in two versions, one for 2-wire and the
other for 4-wire circuits.

The interchange circuit Ready for Sending (6)
provides a delayed output signal informing the
data source that the circuit is ready to send data
a certain time after the carrier is connected to
the line. This facility is particularly useful when
working over 2-wire circuits and the direction
of transmission must be reversed. For several
reasons it is not possible to reverse the direction
of transmission instantaneously. Line discrep-
ancies give rise to echoes that must be given
time to decay. The delay facility guarantees
that, after each reversal of the transmission
direction has occurred, the data channel is ready
for sending before transmission begins. The
time delay can be set to 200 =20 or 400 =£=40
milliseconds.
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Figure 3—Data-transmission measuring setup with injection of white noise.
The wattmeter is a thermocouple instrument for measuring 1 milliwatt.
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Echo suppressors are often fitted on very-long
lines such as international circuits, which makes
impossible both-way or rapidly reversible 1-way
transmission. To overcome this difficulty, the
International Telegraph and Telephone Con-
sultative Committee has recommended that, for
the transmission of data, the echo suppressors
be disabled by sending a special tone (2100
hertz) over the circuit. This means that all echo
suppressors will have to be modified to include
a disabling circuit that responds to the 2100-
hertz tone. The tone is sent from the system
modulator during the delay time, that is, before
the Ready-for-Sending signal is received.

2.1 DELAY EQUALIZER

Circuits within the telephone network have, in
general, a group delay time that varies con-
siderably with frequency. This is not particu-
larly important for speech as the ear is rela-
tively insensitive to group delay distortion.
However, the discriminator used in the receive
circuit of the modem equipment is very sensitive
to this form of distortion.

The demodulated data signals will have a time
distortion that depends on the group delay
distortion of the transmission channel. In the
main the telephone network contains two types
of circuits having different group delay charac-
teristics: loaded-cable circuits and carrier-fre-
quency circuits. Large-scale tests, using the
modem equipment in conjunction with different
types of circuits, have shown which conditions
give acceptable transmission. The GH-2002
has been equipped with a delay equalizer to
limit the number of times the signaling rate
must be changed from 1200 to 600 bits per
second. The equalizer, which is included in the
receive side of the modem, can be switched in
or out of the circuit as required and is remotely
controlled by an external switch.

2.2 SYNCHRONIZING EQUIPMENT

A synchronizing equipment composed of a clock
oscillator, a send-side clock, and a receive-side

ELECTRICAL COMMUNICATION - Volume 41, Number 2
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clock can be fitted in the GH-2002 types of
modem. The clock oscillator is crystal controlled
and generates a control frequency for both the
send-side clock and the receive-side clock. This
clock oscillator can be switched to one of two
frequencies, one for a data signaling rate of
600 and the other for 1200 bits per second.
The changeover is controlled by a signal at
the interchange circuit Data-Signaling-Rate
Selector (11).

The send-side clock contains a frequency
divider that provides timing signals via the
interchange circuit Transmitter-Signal-Element
Timing (14). These timing signals can be used
in the data source to determine the transmis-
sion rate of the data signals. At the receive side
the data signals can be made to pass via the
receive-side clock, which contains a frequency
divider controlled by the polarity reversals of
the data signals. Timing signals, which are in
synchronism with the data signals, are thus ob-
tained at the interchange circuit Receiver-
Signal-Element Timing (15). These signals
give the data receiver an indication at the begin-
ning and at the middle of each data signal
element, and they are also used within the
modem equipment for regeneration of the data
signals. Hence the data signals do not have any
significant time distortion when they leave the
receive-side clock.

2.3 S16NAL-QUALITY DETECTOR

The GH-2002 includes so-called signal-quality
detectors, which are devices used to supervise
the quality of the received signals before they
are changed from analog to digital form. Super-
vision of the data channel takes place in two
stages, one by supervision of the received voice-
frequency signals and the other by supervision
of the discriminator output signals. By setting
certain limits for the amplitude of these signals,
it is possible to detect a disturbance of sufficient
magnitude to cause a binary error in the data
signals at the receive-side output.

For this method of supervision to be effective,
it is important that the mean level of the line
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signals be kept constant. Therefore the signals
pass through an automatic-gain-control ampli-
fier that provides a constant output level over
a wide range of input levels. The signals are
removed after the band-pass filter and go to an
amplitude detector. The output signals consist
of a direct voltage with a superimposed alter-
nating voltage that corresponds to the line
signal envelope. This envelope is relatively
small if the quality of the transmission line is
good, but increases as a result of delay distor-
tion, for example. Pulse disturbances give rise
to simultaneous momentary increases of the
envelope. The envelope voltage normally lies
between two threshold levels, and if either of
these levels is exceeded an alarm is sent via the
interchange circuit Data-Signal-Quality Detec-
tor (10). This same interchange circuit is also
used for alarm signals from the discriminator
output, which is supervised by two predeter-
mined threshold levels in much the same way as
the envelope voltage.

A signal-quality detector is also included in
the supervisory channel. In this case only the
discriminator output signal is supervised, and
alarms are taken out over the interchange cir-
cuit Supervisory-Signal-Quality Detector (23).

The threshold levels used here have been de-
termined after comprehensive tests on loaded-
cable and carrier-frequency circuits, together
with the error detection and correction equip-
ment in the GH-201 type of data-communica-
tion system.

2.4 Line UniTs

The modem equipment can be provided with
different line units depending on its application.
Two different types of line unit are available at
present.

The line unit used in the GH-2002A equipment
(see Figure 1) is intended for connection to
the public telephone network or to 2-wire pri-
vate lines. It contains a relay for connecting
the line to the modem equipment or the tele-
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phone set. This relay is controlled either via
the interchange circuit Connect Data Set to
Line (8), or by means of a connection in an
external control unit. The relay condition is
indicated both by a lamp in the control unit
and by a voltage at the interchange circuit Data
Set Ready (7).

The line unit also includes circuits that auto-
matically connect the modem equipment to the
line when a call is received. The exchange of
data then begins automatically, on the assump-
tion that the connected data terminal is ready.
The connection can be broken either by the
calling station interrupting the outgoing carrier,
or by the called station indicating that the con-
nection is no longer required. The interchange
circuits Request to Send (5) and Connect Data
Set to Line (8), respectively, are used to
initiate the disconnection. A so-called announce-
ment machine can be connected to the modem
equipment. In the event that a telephone sub-
scriber is connected as a result of having dialed
incorrectly, the machine automatically requests
the subscriber to disconnect. If for any reason
the data connection is not completed within a
predetermined time after a call has been made,
a time supervision circuit in the automatic
answering unit will automatically disconnect
the connection.

The line unit used in the GH-2002B equipment
is mainly intended for 2-wire or 4-wire private
lines, but can also be used for connection to the
public telephone network. The unit is equipped
with two line transformers. If it is required to
use the line for both data transmission and
speech, the necessary switching can be con-
trolled from, for example, an external control
unit.

Both types of line units are equipped with
screw-type terminals for connecting the tele-
phone line and the control unit when used. A
telephone set and an announcement machine
can also be connected to the line unit in the
GH-2002A4 type of equipment.
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3. Modem Equipment, GH-1101

The GH-1101 type of modem contains equip-
ment for both-way data transmission, full du-
plex, over 2-wire circuits, with data signaling
rates up to 200 bits per second. The equip-
ment is designed in accordance with recom-
mendation V.21 of the International Telegraph
and Telephone Consultative Committee. A
block schematic of the equipment is shown in
Figure 4.

The frequency band available for transmission
is divided into two channels with the help of a
separation filter. The modulator and the de-
modulator can be connected to work over either
of the two channels, the connection being con-

TABLE 3
GH-1101 FREQUENCY DaTA
Terminal I\Iodul?riolflgrrtczquency Demodujl;ltﬁreix;equency
Calling 1080 + 100 1750 + 100
Called 1750 4 100 1080 =+ 100

Modems Complying with International Standards

trolled by external signals. Table 3 shows the
channel frequencies and their dispositions.

Frequency modulation is used and the fre-
quency shift is 200 hertz. As the relative fre-
quency shift is small, it is possible to carry out
the modulation at line frequencies without in-
troducing unacceptable distortion. The data
signals go to the modulator via the interchange
circuit Transmitted Data (3), and the channel
midfrequency is selected by means of a signal
at the interchange circuit Select Transmit Fre-
quency (26). The latter signal also connects
the carrier-frequency signals to the correct side
of the separation filter. Before this, the signals
pass through an amplifier that has an attenuator
for adjusting the send level. The amplifier con-
tains a blocking circuit that is controlled via
the interchange circuit Request to Send (5).
The blocking circuit helps to connect or discon-
nect the line signals.

The received carrier-frequency signals are sup-
plied via the separation filter to a translating
modulator, which converts them to a higher
frequency band. This frequency depends on the
frequency of the translation oscillator and is

REQUEST TO SEND 5—'———~| TELEPHONE
SET
N MODU-
TRANSMITTED DATA 3 P LATOR
4
SELECT TRANSMIT I
FREQUENCY 26 SEPARA- LINE
TION UNIT —»>¢— LINE
SELECT RECEIVE 274 ¢ FILTER
FREQUENCY T
A
TRANS-
LATION
oScCIL- L pe
LATOR
CONTROL
_ UNIT
e o | (oPmionau)
DEMODU-
RECEIVED DATA 4 ——— LATOR
CONNECT DATA SET
TO LINE 8 =+
DATA SET READY T—=

CALLING INDICATOR 25—=

Figure 4—Block diagram of modem equipment type GH-1101.4. The numbers refer to
interchange circuits as recommended by the International Telegraph and Telephone
Consultative Committee.
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controlled by a signal at the interchange circuit
Select Receive Frequency (27), so that the
mixer frequency is the same regardless of which
of the two channel frequencies is received. In
the following demodulator, the carrier-fre-
quency signals first go to a band-pass filter,
which selects the required frequency band from
the translation-modulator output. The signals
then pass through an amplifier and an amplitude
limiter to the discriminator, where the data sig-
nals are changed back to digital form. After
pulse shaping, the signals leave the equipment
via the interchange circuit Received Data (4).
The demodulator amplifier is equipped with an
amplitude detector that supervises the ampli-
tude of the carrier-frequency signals. Informa-
tion from this detector is taken out over the
interchange circuit Data-Carrier Detector (9).
The detector is connected to the data signal out-
put, so that the latter is blocked and prevents
the transmission of data if the input level falls
below the predetermined minimum operating
level for the equipment. The blocking of the
output signal can also be controlled by means
of a signal at the interchange circuit Data-
Receiver Cutoff (24).

4, Mechanical Construction

The printed-wiring boards used in the equip-
ment are mounted in subracks consisting of 2
steel-plate side members fastened together by 4

Figure 5—GH-2002 equipment in desk-top cabinet.

steel crossmembers. The crossmembers have
threaded holes for mounting the board contact
sockets and larger units such as the power unit
and the line unit. The plug-and-socket-type con-
nectors for the external connections are
mounted so that they are easily accessible. The
connectors used for the standardized inter-
change circuits are multitag connectors of an
internationally approved type. The transmission
line is connected to the line unit by screw-type
terminals. The line unit is also equipped with
terminals for connecting the telephone set, the
announcement machine, and the control unit.
Protected screw terminals are provided for con-
necting the mains supply.

The equipment can be mounted in a rack 19
inches (483 millimeters) wide or in a special
desk-top cabinet. The cabinet version of the
GH-2002 is shown in Figure 5. The GH-1101
equipment is mounted in a cabinet of the same
size. To simplify the installation of these desk-
top cabinets, the equipment is reversed so that
all connections are made at the rear of the cabi-
net. The cabinet case is also equipped with a
mains circuit breaker, a mains indication lamp,
and a cord for connection to the mains supply.

All the voltages required by the equipment are
obtained from a standard power supply. This
unit is designed for connection to single-phase
mains supplies and can be switched to operate
from either 100-125 or 200-250 volts. The
mains transformer satisfies the applicable safety
regulations.

L. O. Kjell Edvardsson was born in Hillesjde,
Sweden, on 24 December 1931. He studied tele-
communications at the Technical College of
Orebro, and received a BE degree in electrical
engineering in 1952.

After four years with the L. M. Ericsson Com-
pany he joined Standard Radio & Telefon in
1957, where he is now a project engineer work-
ing on telegraph and data modem equipments.
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B. LINDSTROM

Standard Radio & Telefon AB; Barkarby, Sweden

1. Introduction

Data communication via the telephone network
often demands only a modest transmission speed
because, in many cases, the amount of data to be
transmitted is relatively small. Naturally a
lower transmission speed will result in higher
line costs per bit but this is offset by the fact
that, with lower speeds, it is possible to reduce
the cost of the terminal equipment. For inter-
national traffic the line costs must be considered,
but in most cases the telephone charges are not
the decisive factor. Therefore, if the amount of
data to be transmitted is not excessive, a trans-
mitting method should be chosen that gives the
lowest terminal costs.

The division of the costs between the send and
receive terminal equipments is also important.
Developments in the data-processing field have
resulted in demand for a system in which data
are collected at a number of stations that trans-
mit to one main data center. In such cases it is
particularly advantageous to reduce the cost of
the send terminal equipment, even if this re-
sults in an increase in the cost of the receive
terminal.

Punched cards and punched tape are suitable
media for data recording if only a moderate
amount of data is to be collected and trans-
mitted. As an alternative, data can be trans-
mitted directly from a keyboard. In such cases
the cost of the send apparatus will be a mini-
mum if it is designed to transmit the bits for
each character in parallel form. The bits mak-
ing up a character are transmitted simultane-
ously as binary conditions on a number of
parallel wires or on a number of different fre-
quencies in the transmission band. The cost of
the send terminal modem equipment can be
relatively low with this method of data trans-
mission, but the receive terminal modem is
somewhat more expensive than the receive
modem required for series transmission. How-
ever, the increase in cost is compensated for
by the fact that the conversion between parallel
and series form is eliminated. This is true even
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if the number of send and receive terminals is
the same.

For a number of years the Bell Telephone Sys-
tem of the United States has been able to supply
modem equipment for parallel data. An impor-
tant result of this is that two different modula-
tion methods have come into use, one for
punched tape and the other for punched cards.
However, in cases where telecommunications
administrations wish to supply modem equip-
ment to their customers, it would be an ad-
vantage if they were in a position to supply a
universal type of modem equipment that could
easily be adapted to different types of input and
output media. A Swedish solution to this prob-
lem has aroused great interest in many places
and is at present being studied within the In-
ternational Telegraph and Telephone Consulta-
tive Committee. The modem equipment de-
scribed in the following pages is based on this
solution. The equipment went into production
during the latter half of 1964 and is coded GH-
4002. A complete data-communication system,
based on this type of modem, was also de-
veloped and is coded GH-403.

2, Fundamental Principles for GH-4002

Sixteen frequencies from 930 to 2070 hertz
are used for the transmission of data. These
frequencies are divided into 4 groups of 4 fre-
quencies each. To transmit a particular charac-
ter it is necessary to send only 1 frequency from
each frequency group. The frequency coding
can therefore be considered as 4 times l-out-
of-4 or, in other words, 4-out-of-16. If only 2
or 3 of the frequency groups are used, the fre-
quency coding will be 2-out-of-8 or 3-out-of-12,
respectively.

The 4 groups of frequencies are given in Table
1. It will be seen that the frequency separation
within a group is 60 hertz. The frequency sepa-
ration is 180 hertz between the 2 middle groups
of frequencies, and 120 hertz between the re-
maining groups. The highest frequency within
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each group has been given the binary number
00, and the remainder in frequency order 01,
10, and 11. The frequency groups have the
letters .4, B, C, and D, with 4 containing the
lowest frequencies. For the rest condition, the
highest frequency in each group (00) is trans-
mitted. The changeover to the other 3 frequen-
cies takes place via a special modulating cir-
cuit having 3 data signal inputs per group.

Frequency space is available for a special tim-
ing channel between groups B and C. This
channel employs frequency-shift modulation
with a midband frequency of 1500 hertz and a
frequency shift of =30 hertz. The channel is
used for the transmission of timing signals in
such a manner that a frequency shift occurs
each time a new character is received at the
data signal inputs.

TABLE 1
FREQUENCY PLAN FOR THE 4-0UT-OF-16 SYSTEM
Signal Frequency in Hertz
Signal
Conditions
Group 4 ’ Group B ‘ Group C Group D
00 1110 1410 1770 2070
01 1050 1350 1710 2010
10 990 1290 1650 1950
11 930 1230 1590 1890

TABLE 2

PRroOPOSED FREQUENCY CODE FOR ALPHANUMERIC
INFORMATION. 21 COMBINATIONS
ARE Not USEDp

Group 4 Group B| Group C Application
00 00 00 Rest condition
01, 10, 11 00 00 Numerals 1-3
00, 01, 10, 11 01 00 Numerals 4-7
00, 01 10 00 Numerals 8-9

00 00 11 Numeral 0

01, 10, 11 00
00,01, 10, 11 01 01, 10, 11 |} 27 letters
00, 01 10 01,10, 11 J

Supervisory signals can be transmitted from the
receive to the send terminal over a frequency-
modulated or amplitude-modulated supervisory
channel. The latter alternative employs a car-
rier frequency of 390 hertz and the former al-
ternative has a midband frequency of 420 hertz
with a frequency shift of =30 hertz. The former
is also in accordance with the recommendation
of the International Telegraph and Telephone
Consultative Committee for a standard super-
visory channel for series data modems and can
be used at any transmission speed up to 75 bits
per second.

2.1 MopULATOR

The signaling condition is obtained by directly
connecting the data signal input in question, or
the timing signal input, to the return wire that
is common to all the inputs. The construction
of the modulating circuit is such that the elec-
trical data for the connecting cables can be
chosen somewhat arbitrarily, without risk that
the signaling frequencies will be affected. Data
contacts equipped with resistance-capacitance
type of contact protection can therefore be
tolerated.

The modem possesses the important property
that simultaneous signaling at the inputs of the
frequencies Ol and 10 within a group, results in
a changeover to frequency 11. This means that
signaling can take place in two different ways.
In the first method all three inputs within one
group are used, with the restriction that signal-
ing can take place on only one input at a time.
In the second method only the 01 and 10 inputs
in the group are used, and with this method
simultaneous signaling on both inputs is also
acceptable. Any one method of signaling can be
used for the individual groups, whereby differ-
ent coding possibilities are obtained.

Another important property of the modulator is
that it is direct-current controlled. This means
that a direct current flows across the contacts
used for signaling, considerably reducing the

11 10 00 } 5 functional
00, 01, 10, 11 11 00 characters demands made on these contacts. Hence the
most-serious source of faults in existing sys-
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tems has been eliminated. Direct-current con-
trol also makes possible a simple code conver-
sion by means of an external diode matrix,
whereby the required transmission code can be
obtained even if the data source presents each
character by closing a single contact. This is
the case, for example, with most types of
punched-card readers.

2.2 DEMODULATOR

At the receive terminal each frequency group is
treated as two frequency-shift channels. Each
channel has a frequency shift of =30 hertz and
there is a difference of 120 hertz between the
midband frequencies. As only 1 of the frequen-
cies in a group is present at any time, one of the
channels within the group is always in the
no-tone condition. Consequently frequency de-
tection can take place by means of a combina-
tion of frequency-modulation and amplitude-
modulation detection.

As the timing channel is a normal frequency-
modulated channel, a conventional frequency-
modulation discriminator is used for demodula-
tion in this case. After a certain delay, sampling
pulses are generated each time the timing signal
passes through zero, that is, changes polarity.
These sampling pulses can be used to regenerate
the data signals. An alternative method of data
signal regeneration can be employed, in which
case the timing channel is not required.

If a timing channel is used to regenerate the
data signals, the optimum synchronization is
obtained between the send and receive circuits,
without it becoming necessary to maintain a
constant signaling rate over the channel. With
this method of regeneration, the maximum data
transfer rate is 75 characters per second. Then
each character takes up the full length, which
means that the signals cannot be allowed to re-
turn to the rest condition between characters.

A return to the rest condition between charac-
ters, which will take place if the frequency of
each group becomes 00, can be used to generate

Modem Equipment for Parallel Data Transmission

sampling pulses for data regeneration. A timing
circuit is actuated each time a shift from the
rest condition is detected, and after a prede-
termined delay this circuit gives the required
sampling pulse. Another timing circuit trans-
mits in turn a reset pulse that fixes the length
of the regenerated character. This method of
regeneration is suitable for data transfer rates
of up to 20 characters per second ; with a ratio
of 1:1 between character and rest condition, it
gives a minimum character length of 25 milli-
seconds. This character length has been chosen
for the receive-side regenerated character, even
if the character exceeded 25 milliseconds when
supplied to the send circuit.

2.3 DECODING

After the transmitted signals have been detected
and regenerated, the data code is rebuilt in a
logic circuit. The resultant signals then go to
the data outputs via output relays. For the
contacts of these relays to deliver data charac-
ters in the same form as the characters going
to the modulator circuits, the method of decod-
ing must correspond to the signaling method
used at the transmit terminal. When the signal-
ing method is such that frequency 11 represents
simultaneous signaling at the inputs of 01 and
10, the decoding must be carried out in such a
way that an indication of 01 is obtained for both
the frequencies 01 and 11. In the same way an
indication of 10 must be obtained for both the
frequencies 10 and 11. If, on the other hand,
the respective frequencies represent only signal-
ing at the corresponding inputs, the decoding is
carried out so that individual indications are
obtained for all frequencies in the group.

As a complement to the data signals, the timing
signal is indicated by a contact closure of short
duration. This closure occurs at the commence-
ment of each delivered character. In addition, a
contact closure is obtained at a special output,
indicating that all the groups are in the rest
frequency condition.
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2.4 USE oF SIGNALING SYSTEM

As already stated, the principles permit signal-
ing to take place in two different ways. It is also
possible to use a combination of these two sig-
naling methods. Some examples follow that
describe how the groups can be used to meet
the requirements of certain typical applications.

Figure 1 shows the transmission of data from,
for example, punched tape or edge-punched
cards having a maximum capacity of 8 bits per
character. Manual keyboards with suitable in-
ternal coding can also be connected.

Figure 2 shows how the modem equipment can
be used to transmit data from conventional
punched cards. Thanks to the diode matrix,
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Figure 1—Diagram of 4 frequency groups for
8-unit binary coded data.
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Figure 2—Diagram showing 3 frequency groups for
a 12-line punched-card reader with single-pole contacts.
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only single contact connections are required
from the data source, and thus it is possible to
use the equipment with all normal types of
punched-card readers that read character by
character. The 12 data signal inputs make it
possible to transmit alphanumeric information,
and it is recommended that the frequency cod-
ing of Table 2 be used in such cases.

Figure 3 shows a simplified arrangement with
only 2 frequency groups. This arrangement can
be of interest for numeric applications where
the cost of the equipment is especially im-
portant. This is the case if the amount of data
from any send terminal is relatively small, but
on the other hand the number of outstations is
very large. The coding differs from that of
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Figure 3—Diagram showing 2 frequency groups and
10 data input leads for numeric information from
punched cards or a manual keyboard.

00

o1
01] GROUP |y,
0] A

]
e
11}
—

—p—t

e

00

0] Grour >
0] B
1

, FREQUENCY
CODE OUT

DATA J
SIGNALS
IN

Q0
“p— L—01] GROUP
C

GRSUP 5

EEENEEE

-
-
-

Figure 4—Diagram of 4 frequency groups for punched-
card information in alphanumeric code.
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Figure 2 with respect to the numeral 0. The
reason for this difference is that in the alpha-
numeric code the O input is also used as a letter
shift.

Figure 4 shows an arrangement for the so-
called 3-out-of-14 code. This presupposes that
there are three sets of interchange circuits, two
comprising 4 circuits each and one comprising
3 circuits. Each of these interchange circuits
will correspond to a characteristic modulation
condition, apart from the condition in which no
interchange circuit is connected within the re-
spective set. One set of interchange circuits
consists of the inputs 01, 10, and 11 in group A4
together with 01 in group C; another set con-
sists of the 01, 10, and 11 inputs in group B
together with input 10 in group C. The set
having 3 interchange circuits consists of the
inputs 01, 10, and 11 in group D.

3. Modem GH-4002

The GH-4002 modem is suitable for use in all
the examples discussed. All requirements can
be satisfied without any modification of the
send-side modem equipment, on the assumption
that the diode matrices that may be required are
not considered part of the modem equipment.
Certain changes are necessary in the receive
equipment, so that the correct decoding is ob-
tained for any particular application. However,
as the modem equipment for alphanumeric
punched-card data can also be used for applica-
tions employing only numeric information, only
two alternatives of the receive equipment are
required. A modem equipment has been con-
structed, having the code GH-4002, that is
based on these requirements. The send terminal
equipment has the code GH-4002A. The re-
ceive terminal equipment, which has the code
GH-4002B, is made suitable for the two decod-
ing systems by changing a few of the circuit
boards.

3.1 SEnp EquipMENT GH-4002A

A block schematic of the send equipment is
shown in Figure 5. The equipment includes the
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modulators for the 4 frequency groups, the tim-
ing channel modulator, and the receive amplifier
for the supervisory channel. The latter is con-
structed in accordance with the amplitude-
modulation signaling alternative and is intended
primarily for acoustic supervision of the trans-
mission. All these circuits are connected to the
line unit. This unit includes the phone/data
switch, which is used to connect the telephone
line to the modem equipment in one position
and to the telephone set in the other position.
Two push-button test switches, by means of
which all the frequency shifts can be made, are
also included in the equipment.

The interface connections depend on the appli-
cation for which the equipment is to be used.
The data signals are supplied to the data signal
inputs by closing the respective inputs to a
common return at pin 11. This return wire is
connected to signal earth at pin 24 via a control
input at pin 25. The timing signal input is also
operated by means of a contact closure. An
audible device, such as a telephone receiver
capsule, can be used for the reception of the
supervisory signals. When the phone/data
switch is in the data position, a connection is
made between pins 13 and 24 and an indicator
lights. This lamp is built into the phone/data
switch.

When punched-card data are transmitted in
3-out-0f-14 code, the data signal inputs are ar-
ranged in accordance with Figure 4. The first
and second sets of interchange circuits are
made up of the inputs at pins 2, 3, 12, 7, and
4, 5, 14, 8, respectively. The third set, which
includes three interchange circuits, is made up
of the inputs at pins 9, 10, and 16.

It is possible to transmit binary coded data with
up to 8 bits of information (for example from a
punched-tape reader) by using the 8 inputs at
pins 2, 3, 4,5,7,8 9, and 10 (compare with
Figure 1). The input at pin 6 can be used at
the same time to supply the timing signals.

The signal level of each tone supplied to the
line is —12 decibels referred to 1 milliwatt,
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which gives a total average power to line of
—5 decibels referred to 1 milliwatt. The lowest
receive level for the supervisory signals is —40
decibels referred to 1 milliwatt. The equipment
can be operated from low-voltage direct or
alternating current. A special transformer,
which can be plugged directly into a wall socket,
is provided for operation from alternating-
current supplies.

Except for the line unit, all the circuits are
laid out on printed-wiring boards mounted in a
case as shown in Figure 6. All the connections
are made at the rear of the case. The telephone
line is connected by means of a cord and plug
and the telephone apparatus by means of a jack.
Hence installation is very simple. A 25-pin
connector is used to connect the subscriber’s
data equipment.
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S o
TEST 2
1
0 o0—o0
00
~ . —1
22— I 01| GROUP A
3—p To| MODULATOR
12— 1 |
o0 O_l_x)\ @PHONE/DATA
4 —b— 01] GROUP B N ‘,
5 —p- 70| MODULATOR [ T
14— 1 |
TRANSMITTED DATA < 55 |
7= (01| GROUP C |
8 —— 70| MODULATOR > I
15—% T 34— TELEPHONE
= " LINE SET
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= o1 GROUP D
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] i
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COMMON RETURN i
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MODULATION CONTROL 25

COMMON RETURN 24 &

PROTECTIVE EARTH

D~
": MODULATION-CONTROL BYPASS

Figure 5—Block schematic of GH-4002.4 modem. The numbers refer to interface connector pins.
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3.2 Receive EQuipMENT GH-40025

3.2.1 Standard Version with Direct Output
from a Decoder for 8-Unit Binary Code

A block schematic of the receive equipment is
shown in Figure 7. It will be seen that, insofar
as the telephone line and telephone apparatus
connections are concerned, the line-unit ar-
rangements are different from those at the

transmit terminal. The line unit contains, Figure 6—Send equipment GH-4002.4.
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Figure 7—Block schematic of GH-4002B modem for reception of 8-unit binary coded data.
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among other components, a switching relay
that switches over from telephone to data when
energized. In the data position, the telephone
line is connected to a separation filter via a line
transformer. One side of this filter is connected
to the supervisory-channel modulator, and the
other to an amplifier with automatic gain con-
trol that supplies the demodulator circuits.
The respective frequencies for each frequency
group are evaluated and then the data signals
are decoded. The regeneration of the data sig-
nals is controlled by the transmitted timing
signals. The decoded characters take up the
full length, that is, there is no changeover to
the rest position between characters. Transfer
rates of up to 75 characters per second are pos-
sible if this method of regeneration is used.

All the received data contacts on the output
relays are commoned on one side at pin 11, and
connections are made between this output and
the 8 data signal outputs. Each time a com-
pleted character is obtained at the data signal
outputs, a connection of short duration is ob-
tained on the timing signal outputs at pins 6
and 12. When pin 21 is connected to pin 24,
the rest signal condition is obtained on all
groups simultaneously.

Figure 8—Receive equipment GH-4002B—
desk-top cabinet.
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When the carrier is present, the potential at pin
23 is positive with respect to that at pin 24. If
a break occurs in the transmission of the carrier,
a negative potential is obtained at pin 23. The
transmission of a tone over the supervisory
channel is initiated when pin 18 is connected to
pin 24.

The regulation range of the automatic-gain-
control amplifier allows a line attenuation of
40 decibels. The send level in the supervisory
channel can be adjusted, in steps of 2 decibels,
within the range from —6 to O decibels referred
to 1 milliwatt.

If manual operation is used at the main station,
a call is answered in the usual way with the
telephone set connected to the line, after which
the switchover to data transmission is made by
connecting pin 17 to pin 24. The fact that the
switchover to data has been made is indicated
by a connection between pins 13 and 24. At
unattended main stations a call is indicated by a
positive potential on pin 25. The call is an-
swered automatically if pin 22 is connected to
pin 24. Switchover to data takes place, and
negative potential is again obtained on pin 25,
if pin 17 is connected to pin 24. This condition
can be eliminated by making internal connec-
tions. It is possible, by means of recorded
speech for example, to give information to the
calling station before the switchover to data
occurs.

The equipment consists of circuit boards
mounted in 3 subracks. The subracks are
housed in a desk-top cabinet shown in Figure 8.
The connections to the telephone line and the
telephone set are made at the back of the
cabinet. A 25-pin connector is also provided
for connecting the customer’s data equipment.
A mains supply switch and an associated indi-
cating lamp are mounted at the front of the
cabinet.

3.2.2 Special Version for the 3-out-of-14 Data
Code

As can be seen from the block schematic of
Figure 9, there is no timing channel in this
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equipment. The modulation is based on the
assumption that there is return-to-zero condi-
tion (00 frequency in each frequency group)
between adjacent characters. Pulses are pro-
duced by the return-to-zero condition and are
used to regenerate the data signals. It is possible
to use transfer rates of up to 20 characters per
second when this method of regeneration is
employed.

The data signal outputs at pins 2 through 18
form three groups as shown in Figure 9. One
pole of the relay contacts within each group is
connected to the common return. The customer
receives data signals in the form of contact

Modem Equipment for Parallel Data Transmission

connections lasting 25 milliseconds between
these common outputs (pins 7, 13, and 18) and
one of the other outputs in the respective group.
The rest condition connects the respective com-
mon wires .and pins 2, 8, and 17. Connection
between the common wires and the remaining
outputs gives the character code. Detection of
the characters can occur, however, only as long
as pin 21 is connected to pin 24 (signal earth).

The equipment is housed in the same type of
desk-top cabinet as that used for the standard
version. It is merely necessary to exchange one
or a few of the circuit boards to change from
one version to the other.
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Figure 9—Block schematic of GH-4002B modem for reception of 3-out-of-14 data code.
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Figure 10—Signal-to-noise ratio as a function of data

transfer rate at a character error rate of 10 and a

noise bandwidth of 3000 hertz for GH-4002 with
timing channel.

4. Test Results

Tests were carried out on the GH-4002 modem
equipment using a special measuring set called
Epa. This name is derived from its full title,
Error-Rate Analyzer for Paralle] Data. Epa
was developed concurrently with the develop-
ment of the GH-4002.

The tests were carried out with injected dis-
turbances in the form of white noise of limited
bandwidth, using different combinations of the
system parameters. The curves of Figures 10
and 11 show the relation between the signal-to-
noise ratio in decibels and the data transfer rate
in characters per second with a character error
rate of 1 faulty character per 1000 transmitted.

Figure 10 shows the results of measurements
carried out on the GH-4002B equipped with
a timing channel (see Figure 7). The curve
shows that the effect of disturbances is rela-

Bruce Lindstrém was born on 25 April 1927
in Chicago, Illinois. In 1932 his family moved
to Sweden. He received a BE degree in me-
chanical engineering from the Technical Col-
lege of Norrkoeping in 1949, and an MS degree
in electrical engineering from the Chalmers
Institute of Technology in Gothenburg in 1956.

From 1955 to 1960 Mr. Lindstrém worked for
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Figure 11—Signal-to-noise ratio as a function of data

transfer rate at a character error rate of 10-3 and a

noise bandwidth of 3000 hertz for GH-4002 ~without
timing channel.

tively constant up to 75 characters per second.
The results of similar measurements carried out
on the GH-4002 without timing channel (see
Figure 9) are shown by the curve in Figure 11.

As a complement to the above measurements,
the equipment was tested when connected to the
telephone network. Standard telephone sets
were used for making the test loop connections.
Solna, in the Stockholm area, was used as the
test center and from this center two different
telephone sets were used to ring the repeater
station in Gothenburg. In Gothenburg the two
lines were connected together. Measurements
were carried out over a number of routes and
with different transfer rates. The error rates
obtained were of the same order of magnitude
as those obtained when making similar meas-
urements on equipment for series data. Typical
results indicate that errorfree periods vary be-
tween 10 000 and 1000 000 characters.

the L. M. Ericsson Company, where he was
engaged in the development of electronic switch-
ing equipments.

In 1960 he joined the Transmission Division of
Standard Radio & Telefon, where he is a proj-
ect engineer for data-transmission systems.

Mr. Lindstrom is a member of the Swedish As-
sociation of Engineers and Architects.
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Special Measuring Equipments for Data Transmission

B. LINDSTROM
Standard Radio & Telefon AB; Barkarby, Sweden

1. Introduction

The introduction of data-transmission systems
produced a simultaneous demand for measuring
methods that could determine both the quality
of the terminal equipment and the effect of the
transmission medium on the data-transmission
reliability. The latter factor was the first to be
considered within the International Telegraph
and Telephone Consultative Committee, and it
was recommended that measurements be car-
ried out in the member countries to determine
whether the telephone network was a suitable
medium for the transmission of data.

Standard Radio & Telefon initiated a long-term
development of diverse measuring equipments
at the same time that the first data-transmission
modem equipments were being designed. The
aim was to produce a measuring set that could
satisfy both the requirements described above.
At that time only the series form of data trans-
mission was discussed.

2. Felix

The first error-rate analyzer was given the
name Felix and the model code M1001. Felix
was relatively uncomplicated but nevertheless
played a part in the measuring equipment pro-
gram. Both the send and receive parts of the
analyzer were mounted in the same case and
were controlled from a common control fre-
quency generator. A multivibrator generated a
frequency that was adjustable over the working
range. The error-rate analyzer was equipped
with delay circuits that could be adjusted manu-
ally. They served to compensate for the delay
time of the transmission medium. The received
characters were controlled on an element-by-
element basis. The polarity errors and the
number of transmitted data blocks were re-
corded by counters. Each data block consisted
of 256 characters of 8 bits each. The test pro-
gram consisted of the repetition of a selected
8-bit character or, alternatively, a program
could be generated that included all combina-
tions of 8 bits in binary-number sequence.

ELECTRICAL COMMUNICATION - Volume 41, Number 2
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3. Felinda

Felinda was the next error-rate analyzer to be
designed, and only a limited number were man-
ufactured. It was constructed with separate send
and receive units having the model codes
M1002 and M1003. This analyzer is shown in
Figure 1. The generated data block was similar
to that used in Felix. However, the send and
receive units were intended for use as entirely
independent items and were therefore equipped
with separate crystal-controlled oscillators.
These oscillators provided a choice of 18 dif-
ferent signaling speeds within the range from
50 to 3000 bits per second. The receive unit
was designed to be self synchronizing, which
considerably simplified the operation of the
analyzer.

4. Era

As a result of the experience gained with Felix
and Felinda, a more-advanced type of error-
rate analyzer was developed known as Era,
model code M1004. This name is obtained from
the initial letters of error-rate analyzer. This
analyzer can be used for the measurement of

Figure 1—Felinda error-rate analyzer with the receiv-
ing set above the sending set.
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polarity errors and for different types of time
distortion measurements. Era has been pro-
duced in quantity and has been delivered to
various European countries and to the United
States. Figure 2 shows the analyzer in use.

It will be seen from Figure 3 that the send and
receive parts of the analyzer have been con-
structed as one unit having a common control
oscillator and a common power supply. This
arrangement has proved to be the most prac-
tical because, in the main, measurements are
made with the data-transmission circuit looped.
However, by using two analyzers, it is possible
to carry out end-to-end measurements.

Measurements can be made with a large num-
ber of different signaling speeds. The analyzer
is provided with 24 crystal-controlled speeds,
within the range from 45 to 3000 bits per sec-
ond, which can be used for carrying out end-
to-end measurements. Measurements can also
be made at any arbitrary speed within the range
from 25 to 3000 bits per second, if an external
control oscillator is available that has the neces-
sary stability. The same facilities are available
for looped measurements, except that an exter-
nal oscillator need not be used in this case.
Both send and receive circuits are provided with
timing signal outputs that indicate the phase
condition of the transmit and receive data sig-
nal elements, respectively. The connections to
these outputs are reversible, so that either or
both the send and receive circuits can be
controlled from external timing signals, as an
alternative to those generated in the analyzer.

The send and receive circuits are also provided
with blocking signal inputs. Blocking signals
at these inputs can be used to start and stop
the send and receive circuits individually, and
thereby enable transmission to take place bit
by bit. Hence, it is possible to use the analyzer
for making measurements on data-communica-
tion systems that do not allow a continuous flow
of data. This applies mainly to systems that
employ the retransmission method for error
correction. Timing signals having periods that
correspond to a character or a block are also

150 ELECTRICAL COMMUNICATION

generated in the receive circuit. Each set of
measurements is started and stopped either by
operating a built-in push button or remotely by
an external connection to a special input termi-
nal provided for the purpose. As in earlier
analyzers, the test program can consist of a
repeated 8-bit character having a preselected
composition, or a cyclic repetitive program.
This program can be the same as that used in
Felix and Felinda (256 different 8-bit charac-
ters), but in the normal Era construction it
consists of 128 different 7-bit characters each
having a parity bit for odd parity check.

The number of test signal blocks received dur-
ing the measuring period is registered by an
electromechanical counter. Each signal block
consists of 1024 bits. The receive circuit is
equipped with two electronic decade counters
and an electromechanical counter for register-
ing the number of faulty elements received.
The errors registered by the decade counters
are indicated on pointer-type instruments, while
the electromechanical counter registers the
number of hundreds of errors. Two outputs
are provided to indicate separately the number
of positive and negative signal elements re-
ceived in error.

For measurements over a telephone line, the
carrier detector in the telephone modem can
be connected to a special input provided in the

Figure 2—Era error-rate analyzer.
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Era analyzer. The measurements will be
stopped each time an interruption of the car-
rier continues for longer than 300 milliseconds.
As soon as the carrier is restored the Era
receive circuits are automatically resynchro-
nized, after which the measurements recom-
mence. Hence the number of errors registered
will include only those that occur during the
time a connection is maintained in accordance

Measuring Equipments for Data Transmission

with the rules defined by the International
Telegraph and Telephone Consultative Com-
mittee. A counter in the analyzer registers the
number of line interruptions.

When polarity error measurements are made,
check pulses are generated that occur in the
middle of each received signal element. This
applies even in cases where the bias distortion
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Figure 3—Block schematic of the Era equipment.
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Figure 4—Eda error-distribution analyzer.

is high, that is, when the lengths of the posi-
tive and negative elements are asymmetric.
With the help of the check pulses, the received
data signals are compared with signals obtained
from a reference generator in the receive cir-
cuits. These reference signals are automatically
held in synchronism with the received data
signals.

When distortion measurements are made, gate
pulses are generated instead of check pulses.
The width of these gate pulses can be selected
by a switch calibrated in percentage. 100 per-
cent is equivalent to the length of a signal
element, and the width of the gate pulse can
be selected in steps of 0.5 percent for trans-
mission speeds below 300 bits per second.
Pulse widths in steps of 5 percent can be se-
lected for higher transmission speeds. By the
use of the gate pulses it is possible to detect
if the received signals pass through zero
(change polarity) outside the predetermined
distortion limit. This method makes it possible

to measure not only the characteristic distortion

but also the “conventional degree of distor-
tion.” The latter term means a degree of dis-
tortion that will be exceeded with a stipulated
probability. With the Era analyzer it is possible
to measure such an error probability (that is,
the error rate) as a function of the degree of
distortion.
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When distortion measurements are made, the
receive-circuit reference signals may be re-
placed by reference signals obtained by regen-
erating the received data signals. The change-
over is made by means of a toggle switch on
the front of the analyzer. It is thus possible to
measure the distortion of transmitted data, the
information content of which is unknown.

The bias distortion is indicated by a zero-
center meter calibrated over the range from
+100 to —100 percent. The sensitivity of the
meter can be increased tenfold by pressing a
button, in which case the full-scale deflections
are =10 percent.

5. Eda

An error distribution analyzer, which is shown
in Figure 4, was developed as a complement
to Era. This analyzer is called Eda, this name
being obtained by taking the initial letters of
error-distribution analyzer, and it has the code
number M1005. As it was considered that the
use of this analyzer would be somewhat re-
stricted, only a limited number were manufac-
tured, and these have been delivered to Swedish
and foreign customers.

Eda receives error-indication pulses and timing
signals from Era and provides information in
two different ways about how the errors are
distributed within the transmitted data. One set
of registers records the number of faulty blocks
containing 8, 16, 32, 64, 128, 256, and 512 bits
that are received during one measurement;
and another set of registers records how many
blocks of any one length, selected from those
given above, contain 1, 2, 4, 6, or 8 faulty bits.
The desired block length is selected by means
of a rotary switch. In certain cases one or two
electronic decade counters are required to ob-
tain the necessary recording speed. These count-
ers are read on a common indicator connected
to the respective decade counter by means of a
rotary switch. In all other cases electromechani-
cal counters are used for registration.
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6. Epa

Epa is the latest addition to the error-rate
analyzers; it sends and receives data signals in
parallel form. Only one model of this analyzer
has so far been manufactured. It was introduced
as a direct result of the development of a
modem equipment intended for the transmission
of data in parallel form.

The analyzer includes a send circuit plus a re-
ceive circuit for 8 data channels and a timing
channel. Both the send and receive circuits con-
tain a data signal generator that generates a
cyclic repetitive data block of random con-
struction.

7. Fido

Fido has been developed to complement the
error-rate measuring sets previously described.
It is called a line-envelope delay simulator and
“has the code GH-9101. Fido is constructed as
a 4-terminal network that can be switched into
the circuit by means of two rotary switches. It

B. Lindstrom. Biography appears on page
148.
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is possible to simulate the phase characteristics
of different types of lines by switching in the
appropriate sections of this network. In this re-
spect the test set is equivalent to a 2-way line
having balanced input and output impedances of
600 ohms.

One of the switches can be used to connect sec-
tions of the network that correspond to O, 1, 2,
3, or 4 carrier sections. The other switch can be
set to any of 6 positions, each position switching
in sections of a network that correspond to
loaded cables of a certain length.

A phase curve that accurately corresponds to
the phase curve of normal carrier sections has
been used for the carrier sections of the net-
work. The phase curves, used for the 6 loaded-
cable network sections, have been derived by
taking the weighted mean value of a number of
cables in gener{al use with different grades of
loading. Each section of the loaded-cable net-
work produces an envelope delay difference of
1 millisecond within the frequency band from
300 to 3000 hertz.
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Error Detection and Correction in Low-Speed

Data-Transmission Equipment

H. SAUER

Standard Elektrik Lorenz AG; Pforzheim, Germany

1. Introduction

An error-detecting data-transmission equipment
developed by Standard Elektrik Lorenz for
telegraph half-duplex circuits is called Thedar.
Two versions have been developed—a manual
system operating at 50 bauds, and an automatic
system operating at 50, 75, 100, and 200 bauds.

2. Manual Version, GH 111

The GH 111 is connected between the sub-
scriber box and the teleprinter. The same equip-
ment is used for both transmission and recep-
tion. Figure 1 shows a laboratory model of a
subscriber station with error-detection equip-
ment.

The telex call is set up between the caller and
the called subscriber in accordance with the
procedure recommended by the International
Telegraph and Telephone Consultative Com-
mittee for setting up a telex call and its super-

Figure 1—Subscriber station with laboratory model
of GH 111 error-detection set.

INFORMATION —>

vision by exchange of answer-backs. If either
subscriber wishes to introduce data-transmis-
sion equipment into the connection, he transmits
the sequence SSSS (combination 19 from In-
ternational Telegraph Alphabet 2) as the
switch-to-data signal. On receiving this se-
quence of characters the terminal equipments
are automatically connected to the line. At the
receive terminal all transmission facilities (key-
board, answer-back unit, tape reader) are
blocked. The direction of the data flow is de-
termined by pressing the Transmit and Re-
ceive push buttons at the respective terminal
stations.

Data may be transmitted either by teleprinter
keyboard or by teleprinter tape transmitter. The
information has to be divided into single blocks
of any chosen length.

The blocks are-identified automatically with 3
sequence designations (Y, I, and O) in a cyclic
manner to avoid undesired repetitions or omis-
sions of blocks. Each block is requested by the
receiver using the sequence designation as-
signed to this block. In this way a truly com-
pelled system results, leaving no doubt which
block has just been transmitted and which must
follow next.

The end of a block is marked by a signal formed
by 4 characters (Letters, Carriage Return,
Letters, Carriage Return) which have to be
transmitted by the operator. After this end-of-
block signal, a 12-bit check signal that was
formed in a feedback shift register in response
to the data bits in the block will be transmitted
automatically. The generation of a check sig-
nal by use of a cyclic code was initially sug-
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Figure 2—Feedback
shift register.
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gested by Huffmann [1] and later thoroughly
investigated by Elpas [2] and Meggitt [3].

CASE
A
B

Figure 2 shows the block diagram of such a
feedback shift register. At both sending and re-
ceiving stations such a shift register is con-
nected to the information path. The shift pulse
is in synchronism with the bit rate of informa-
tion flow. All O bits of the block are counted by
inverting all the data bits so that the new I’s
i coincide with the shift pulses to the register and
! are counted. This inversion is not indicated in
Figure 2.
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The 12 check bits are grouped into the 5-unit
combinations in such a way that the first 4 ele-
ments of each character are used for the re-
dundancy bits. The fifth elements of these three
characters are used to produce printable com-
binations in International Telegraph Alphabet
2 by requiring the fifth elements to be of oppo-
site polarity to the first elements.
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Such a cyclic code with 12 check bits provides
protection for a block of 2**-1 = 2047 bits with
a Hamming distance d = 4. Only one block of
212 = 4096 erroneous blocks remains undetected
on the average, but every erroneous block with
not more than 4 wrong bits is always detected
as faulty.
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The check signal transmitted to the receiver is
compared there with a check signal produced
locally. If they are found to be identical, the
receiving station will call for the next block by
sending the next sequence designation.

Figure 3 shows the procedures in the different
possible cases of disturbance.

Case A shows normal operation. If the switch-
to-data signal is not answered, it has to be
repeated manually.

Case B shows block 2 or check 2 disturbed,
Figure 3—GH 111, block sequence diagram for therefore no coincidence of the check signals.
various faults. Block 2 will be requested once more by se-

quence designation I.
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Case C shows backward sequence designation /
is changed into O by disturbance, therefore
block 3 will be transmitted. The receiver calls
again for block 2 and at the same time an opti-
cal alarm signal is given, because now the
transmitting tape has to be withdrawn manually
for 2 block lengths.

Case D shows the end-of-block signal of b