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ration of radiotelephone test assemblies from Rohde & Schwarz, per-
mit regulations and relevant technical specifications, cellular radio,
measurements on radiotelephones for cellular-radio networks such as
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and VSWR measurements, signal generators for two- and multi-signal
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Radiocommunication Tester CMT, a compact and low-cost radiotelephone test set,can handle
allmeasurementseven onultramodern AM,FM andgM transceiversandis obsolescence-proof
to a high degree thanks to its broad choice of options for extension. Its low weight makes it
ideally suited for mobile use.

Mobile Testers SMFP 2 and SMFS 2 for manual or automatic operation incorporate ultramodern
transceiver measurement features for all applications associated with servicing, development,
quality assurance and production. The systems can be matched to special measuring prob-
lems in an economical manner by using suitable options. New measuring devices and a full-
duplex deviation metersatisfy exacting measuring demands, especially with mobile stations of
cellular-radio networks.
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Mobile-radio services are experiencing tremendous growth
throughout the world. Two-figure growth rates have characterized
radio services in almost every country in recent years, making
radiocommunications one of the giants in the electronics sector
together with entertainment and data processing. The driving
forces behind this upward trend are new technologies, extended
frequency bands and a generalrise in the public interest in
communication. What are these radio services, and what is the
role of measurement engineering in the construction, commission-
ing and maintenance of such radio networks?

Leaving aside amateur radio and the specialized field of sound
and television broadcasting, we are still confronted by a vast spec-
trum of services both for civil and military applications. The distinc-
tion usually made by the postal authorities in classifying services-
as “public” or “private” gives little indication of the technical back-
ground. For a test-equipment manufacturer it is of only secondary
interest to know whether the radio service is linked to the “public”
telephone network or to a “private” communications system.

Much more important for those involved in the technical side of
things are the type of traffic, the form of modulation used, the fre-
quencies occupied and the signalling procedures. We shall now
take a closer look at the more important radio services based on
these criteria.

FIG 1 Examples of one-way
communication are a paging
system in a hospital or the emer-
gency-call system of forestry
workers.

Transmitter

Receiver

le radio

The first distinction in the type of traffic must be made between
one-way and two-way communications. The first case permits
communication in a single direction only while the second case
makes information exchange possible.

A typical example of one-way communication is the paging sys-
tem, in which users carrying a small, portable receiver may be
reached at any time within a certain coverage area. The area
covered may be as small as the precincts of a hospital but could
also be extended to cover whole countries, as is the case in the
Europaging Service which presently ranges over West Germany,
France and Switzerland. As a contrasting example to the paging
systems, in which relatively few transmitters serve a lage number
of receivers, we may consider emergency-call systems as used in
forestry. Here a small number of very sensitive receivers listen con-
tinuously for signals from low-power transmitters carried by the
foresters for use only in emergencies (FIG 1).

In both these examples of one-way communication the reaction of
the person at the receiving end must be fixed in advance. A pager
user will normally go to the nearest public phone to call an agreed
number in order to find out the reason for the page call. The recep-
tion of a signal in an alarm system will automatically lead to locali-
zation and rescue procedures being put into action. Thus both are
situations in which signalling takes place, without any special
need for information exchange.
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FIG 2 Taxiradio as fic mode, known as fuli-duplex, has proved to be essential when
exarpple_ of two-way com- radio systems are linked to the public telephone service as in the
;‘::::f:nté;;' (simplex on one car telephone. Full-duplex working is also desirable in other situa-

tions, such as in security and rescue organizations, where fast
reactions are called for and the occasional need to interrupt the
flow of conversation may well arise (FIG 3).

Between full-duplex and simplex working we also encounter the
semi-duplex mode in which each channel occupies two frequen-
cies — one for each direction ~ although simultaneous transmis-
sion and reception are not possible. This technique makes for
better coverage and inteliigibility in applications which do not call
for direct links between mobile users but rely mainly on communi-
cation between a fixed base station and a number of mobiles. Typi-
cal users are taxis and public transport authorities.

Repeater stations can be used to extend the range of coverage.
These are usually unattended stations which convert the received
signal to a new frequency before retransmitting it. In a simplex sys-
tem, a repeater or relay station requires two frequencies per chan-
nel. For duplex working a total of four frequencies will be needed.

FIG3 Thecartelephonetypifies full-duplex trafficontwo frequencies.

Whenever such an exchange of information becomes necessary
two-way communication comes into its own. To economize on the
use of the frequency spectrum and to keep the complexity of the
radios down to a minimum, many services do without the luxury of
simuitaneous transmission and reception. These two basic ele-
ments of communication then take place consecutively - the B e
technical term used is simplex (FIG 2).

This mode of working is very common where time is not a critical
factor. It calls for a certain degree of discipline on the part of the
users and is not quite as comfortable as using an ordinary tele-
phone.

To be able to talk and listen simultaneously over the airwaves a
separate frequency must be provided for each direction. This traf-

FIG4 Repeater stationincreasesradio coverage. Trafficis handled on
two frequencies.
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FIG 5 Use of phase modulation or preemphasis (in transmitter) and
deemphasis (in receiver) reduces effect of noise in transmission path.
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Most mobile-radio services today use frequency modulation. In
some cases phase modulation or FM with preemphasis is used to
improve the received signal/noise ratio (FIG 5). One major excep-
tion is the air-traffic control service, in which amplitude modulation
is still the accepted norm. In the military sector both AM and single-
sideband (888) modulation are to be found.

The available spectrum for mobile radio is so small in relation to
the enormous demand that a high degree of economy is called for.
Thus the past decades have seen the normal channel spacings
reduced from 50 kHz to 25 kHz or 20 kHz.In some countries users
must even make do with only 12.5 or 10 kHz.

Although many radios still use individual quartz crystals to deter-
mine the working frequency, the number of radios based on fre-
aquency synthesis is increasing rapidly. For the radio manufacturer
this means the advantages of digital electronics, permitting cir-
cuits for the generation of any frequency to be miniaturized to a
great extent. The user also benefits from added flexibility,
because his radios can now be modified for use at any allocated
frequenay in a very short time.

The ever increasing density of users has motivated engineers to
search for new ways of improving the efficiency of spectrum use.
The various catling technigues are the result of this endeavour,
starting with simple, single-tone codes and fixed pilot tones and
continuing through five-tone selective calls to complex digital call
telegrams. The basic aim of all these methods is one and the
same: to allow several users to work on a single carrier frequency
without interfering with one another. in the most modern networks
signalling procedures even take over the selection of working fre-
quency and radiated power as a means of optimizing reception
quality.

Each of the parameters discussed above - traffic type, modula-
tion, channel spacing, frequency and signalling — has a specific
effect on the required performance of suitable test and measure-
ment instrumentation. The aim of this special issue will be to put
Rohde & Schwarz's current program of mobile-radio test equip-
ment in the correct perspective relative to the requirements of
everyday working. Test and measurement accompany a mobile
radio from its conception in the development laboratory through
all the various stages of production and postal type approval up to
and including the necessary maintenance and repair (FIG 6).

Radiccommunication Is inconceivable without the corresponding

measuremanis, since it is only possible to communicate on the
basis of agreed and reproducible parameters.

David Picken

FIG 6 Test stations in the life of a typical radio.
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Anyone who installs and operates radio equipment will usually require a permit
from a national post and telecommunications administration (except military
applications). It does not matter whether the equipment is used for the remote
control of toys, for sound broadcasting, for radio-relay systems or for any other
transmitting or receiving purposes. In the Federal Republic of Germany the per-
mit is required under the Law concerning Telecommunication Installations,
which also specifies that the right to install and operate telecommunication sys-
tems, ie radio equipment, lies exclusively with federal authorities. This right can
be, but need not be granted to others. Itis conferred in the form of a permit for the
installation and operation of telecommunication systems. The permit conditions
are laid down by the Federal-German Post and Telecommunications Administra-
tion in consideration of national interests as well as international contracts and

recommendations.

Permit regulations

and technical specifications
for radio installations

Only persons or organizations complying with the legal, operati-
onal and technical requirements for the field of application con-
cerned and proving a need for communication that cannot be
satisfied by wired telecommunication systems or the public tele-
phone network or would then involve unreasonable expenditure
will be granted a permit. If radio services are concerned that are
expected to be of wide public interest, details of the permit will be
published in the official gazette of the Federal-German Ministry for
Post and Telecommunications. Frequently the technical require-
ments which are part of the permit regulations are issued separa-
tely in the form of specifications of the FTZ (Telecommunications
Engineering Centre).

In most cases - especially with regard to mass-produced radio
equipment — the permit is subject to official tests and approval
carried out by the Cantral Approval Authority for Telecommunica-
tions Equipment, which also publishes the approval procedure.
The technical prerequisite for approval is compliance with FTZ
specifications.

There is a large variety of radio services (FIG 1) and a correspon-
dingly large number of permit regulations and technical specifica-
tions. Therefore this article cannot go into details, but instead will
review the general principles, objectives and the background.

First, there is the question of the necessity of checking demand
and of applying restrictive operational and technical permit regula-
tions. Because of the great and ever increasing need for communi-

cation the frequency spectrum must be utilized in the best pos-
sible manner. Restriction to absolutely necessary radio applica-
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tions, systematic frequency-utilization planning, international coor-
dination and use of spectrum-efficient techniques are a must.

In addition, radio installations are not only sources or sinks of infor-
mation but also potential sources of interference for other radio
services and radio stations, as they might impair distant common
channels or produce interference on frequencies other than the
useful one. The keyword in this connection is slectromagnatic
compatibility (EMC), which is becoming ever more important
because of the increasingly dense network of potential sources
and sinks of interference. To achieve electromagnetic compatibi-
lity RFl radiation and conducted interference must be suppressed
to a degree sufficient for the particular field of application, and fur-
thermore guidelines for the immuniiy of radio installations to inter-
fering fields have to be observed.

It is evident that access limitations, systematic planning, coordina-
tion, extensive EMC analyses and the resulting technical and ope-
rational specifications must be established to ensure optimal utili-
zation of the frequency spectrum, to satisfy the great demand for
wireless communication and to maintain interference-free radio
traffic on a national and international level. Therefore binding
ragulations are required.

Anyone who develops, imports or purchases radio equipment on
the market must abide by these regulations and make sure in
good time that the equipment is capable of being licensed. For
the development and testing of radio equipment, the testing of
new operating techniques as well as for research and training regi-
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®Public Maritime Mobile Service

@ Aeronautical Mobile Service*

Service for
lic

unication:

® Fixed Satellite Service*

<0 Sound Broadcasting Service
® TV Broadcasting Service

@ Space Research Service*
Space Operation Service*

* Inter-Satellite Service*

‘ Amateur Service*
Amateur Satellite Service*

‘ Standard Frequency and Time Signal Service*
Standard Frequency and Time Signal Satellite Service*

5 Meteorological Aids Service*

5 Special Service* .

& Earth Exploration Satellite Service*
(incl. Meteorological Satellite Service*)

@ Radio Astronomy Service*
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® Maritime Mobile Satellite Service*
" @ Aeronautical Mobile Satellite Service*

: @ Port Operations Service
<. Ship Movement Service
@ Special Services

@ Mobile Radiotelephone Service
® Rhine Service
@ European Radiopaging Service

@ Private Mobile Radio
Radiocommunications for Police
Fire-Brigade, Rescue Services, etc (BOS)

® Federal Railways Radio

@ Private Traffic Emergency Radio
@ CB Radio

@ Inland Waterways Radio

@ On-site Radiotelephony

® Private Radiopaging

@ Telecommand and Telecontrol
(remote control of models excepted)

® Remote control of models
@ Television

® Wireless microphones, alarm devices,
devices for guiding of individuals
and groups

@ European and Overseas Service

® Radio Relay for public telecommunications
® Radio messages to one or more destinations

Fixed Services for Police, Fire-Brigade, Rescue Services,
@ etc (Radio Relay excepted)

® Radio Relay for non-public telecommunications
® Special Applications

<0 Sound Broadcasting Satellite Service
® TV Broadcasting Satellite Service

@ Maritime Radionavigation Service*

| <o Aeronautical Radionavigation Service*
@ Land Radionavigation Service*

@ Maritime Radionavigation Satellite Service*

<. Aeronautical Radionavigation Satellite Service*

* These services are defined in the Radio Regulations.

FIG1 The multitude of different radio services requires
binding regulations to ensure optimum utilization of the
available frequency spectrum.
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onal PTT directorates can grant test permits on request. In the
absence of specific regulations for the case under consideration,
an application stating all technical and operational aspects should
be filed with the FTZ of the Federal-German Post and Telecommu-
nications Administration, which will check the data in respect of
radio compatibility and permit regulations and submit them to the
Federal-German Ministry of Post and Telecommunications for a
decision.

In most cases, however, regulations and technical specifications
exist. It is necessary to distinguish between

® general permits
and

® individual permits.

Individual permit means that in each case the future user needs a
permit for the installation and operation of the radio equipment or
system. The permit is usually subject to a fee and has to be
applied for from the regionally competent telecommunications
authority. The Federal-German Post and Telecommunications
Administration thus knows the holder of the permit and the place
or zone of use. With general permits the situation is quite different.
Radio installations that meet the valid technical specifications of
the Federal-German Post and Telecommunications Administration,
are approved by it and operated according to permit regulations
do not require an individual permit. In the past the permits always
referred to installation and operation. As regards radio systems for
land-mobile services, new methods have now been applied. Under
certain conditions installation is subject to a general permit, whe-
reas in many cases operation still requires an individual permit.

Generally speaking, the Federal-German Post and Telecommuni-
cations Administration endeavours to issue general permits as
widely as possible, as this is not only in the interests of the users
but also simplifies administrative procedures and reduces costs.
individual permits, however, will still be required whenever a trans-
mitter network has to be planned systematically, when local condi-
tions (eg topography, vegetation, buildings, vicinity to frontiers)
have to be taken into consideration for the permit and when the
radio installations have high radio-interference potential, which
must be known to the Federal-German Post and Telecommunica-
tions Administration in view of local EMC analysis and interference
handling.

In individual cases it may even be necessary to carry out local
EMC measurements prior to licensing a system. But this must not
become the rule because of the difficuities and expenditure
involved. A test at the installation site is superfluous if technical
testing of mass-produced samples and approval of the type under
consideration by the Central Approval Authority for Telecommuni-
cations Equipment guarantee that technical specifications are
complied with. Nevertheless, there may sometimes be radio inter-
ference, since the limit values defined always represent compro-
mises that take into account not only EMC but also technological
and economic aspects such as production costs and market con-
ditions. The limit values do not allow for rare, extremely unfavour-
able decoupling conditions between interference source and
interference sink.

NEWS special 2

In addition to their main purpose of promoting wireless communi-
cations, the technical specifications serve other purposes like

@ optimum spectrum utilization,

@ minimization of electromagnetic incompatibility between radio
services,

@ elimination of trade barriers by international harmonization.

Consequently the technical specifications are divided into system
and planning values, parameters causing reception degradation

in other radio installations, parameters for the suppression of inter-
ference caused by stray fields, and parameters for satisfying trans-
mission characteristics. All of the parameters are subject to mea-
surements and tests in the course of development, production,
approval procedure and service.

The system and planning values include the allocated frequency
range, assigned channel, type of modulation, necessary and occu-
pied bandwidth, transmitting power, effective antenna height,
directional characteristics of the antenna, necessary protection
ratio and to some extent receiver sensitivity.

Parameters that can degrade radio reception are spurious emis-
sions (harmonics, spurious frequencies, intermodulation pro-
ducts), out-of-band emissions, which are often also expressed as
adjacent-channel power, as well as receiver radiation.

Among the parameters dealing with susceptibility to interference
from stray fields number spurious response, co-channel rejection,
adjacent-channel selectivity and blocking.

Examples of parameters describing transmission characteristics
are AF response of transmitter and receiver, distortion and AF out-
put power. Transmission characteristics indirectly influence spec-
trum utilization, since bad transmission characteristics reduce
comprehensibility and increase error rates, which can only be
compensated for by prolonged or repeated channel occupancy.

In the following some of the parameters and criteria involved in
defining limit values are explained in greater detail.

Frequency allocation

The allocation of frequency ranges to radio services is given in
the national table of frequency allocations, which is based on the
Radio Reguliations. These represent an annex to the International
Telecommunications Treaty prepared by the International Tele-
communication Union (ITU) in the course of administrative radio
conferences. The Treaty has furnished the prerequisites for radio
traffic across borders and mutual compatibility of radio services on
an international level. The Radio Regulations are binding on the
contracting partners. However, the various national tables of fre-
quency allocations differ because of regional differences already
allowed for in the Radio Regulations and multiple allocations (with
different protection rights) in numerous frequency ranges which
allow the administrations a choice.

1




Necessary bandwidth

The necessary bandwidth is defined as the width of the frequency
band which is just sufficient to ensure in a given class of emission
the transmission of information at the rate and with the quality
required under specified conditions. The occupied bandwidth is
understood to mean the frequency bandwidth at which the mean
powers emitted below and above the frequency limits are equal to
a specified percentage /2 (in most cases 0.5%) of the total mean
power of a given emission. The assigned frequency band com-
prises the necessary bandwidth plus twice the absolute value of
the frequency tolerance. The necessary bandwidth depends on
the bandwidth of the message (AF bandwidth, transmission rate),
the type of modulation and indirectly on the necessary S/N ratio at
the receiver output. In consideration of the transmission quality
and rate specifications it should be as small as possible to comply
with the need for optimum spectrum utilization. However, several
parameters partially counteract each other, so compromises have
to be made. An example of this is the frequency deviation or
modulation index in the case of frequency or phase modulation.
The S/N ratio at the demodulator output rises proportionally to
the frequency deviation, but at the same time the necessary band-
width increases as well. The co-channel rejection, however,
improves as the modulation index increases.

The ability to suppress spurious signals in the useful channel also
depends on the type of modulation. CCIR for example, a radio
consuliative committee of ITU, recommends a ratio between
wanted and unwanted signal of 18 dB for amplitude-modulated
mobile radio services, but of only 8 dB for frequency- and phase-
modulated radio services. In the case of FM or PM the same chan-
nel can be reassigned at a considerably smaller distance away
than in the case of AM. Under certain conditions the advantages
offered by AM in respect of bandwidth are completely eliminated.

Transmitting power, antenna height and receiver sensitivity are
parameters which influence each other. With higher receiver sensi-
tivity transmitting power or antenna height can be lower than with
receivers of inferior sensitivity. Any reduction of the transmitting
power will reduce the interference range. On the other hand, sen-
sitive receivers are easily disturbed by man-made noise, which
may be very high in industrial conurbations. This problem will
become even more urgent with the increase in digital data proces-
sing and digitization of communications networks because of the
wide interference spectra associated with high pulse repetition fre-
quencies and steep pulse edges. It is also critical if, in radio net-
works of land-mobile services, receivers are used that are much
more sensitive than those provided for in planning. With increasing
useful range mobile radio stations approach distant common-
channel ranges more than intended, thus causing interference. For
more forceful advertising the manufacturers unfortunately often
show a tendency to promote receiver sensitivity at the expense of
other important parameters such as attenuation of intermodula-
tion products.

To ensure EMC between radio services it is particularly important
to limit spurious emissions and radiation from receivers. At pres-
ent the limit values for spurious emissions in the broadcast ranges
are usually stricter than in other frequency ranges, since broad-
cast-reception disturbance is quite frequent due to the large num-
ber of interference sinks and the vicinity of potential interference
sources. In the past, relatively strict values were therefore required
to limit interference. Considerable problems in respect of other

12

radio services have so far not occurred. This means that less strict
limit values are applicable to the corresponding frequency ranges.
With the increase in the density of radio stations and in the num-
ber of potential interference sources this situation will have to
change. An example for clarification: As a rule, the limit value for
spurious emissions beyond the broadcast ranges presently
amounts to 0.25 uW. Referred to a A/2 dipole the interference field
strength at a distance of 300 m from the interference source is still
over 20 uV/m. It is only a question of probability whether such
interference field strength will disturb occupied,channels in this
range.

If an increase in interference probability is to be expected as a
consequence of changing boundary conditions, the limit values
must be adapted in good time, like other technical specifications
on account of continued development.

For quite some time now, the technical specifications have ceased
to be a purely national matter. Mainly with regard to economic
aims such as opening up of markets and elimination of trade barri-
ers, but also in the interest of international telecommunications
the limit values and test methods are discussed in international
bodies. ITU and CCIR have already been mentioned; other impor-
tant bodies working in the field of radiocommunications are the
International Electrotechnical Commission (IEC) and the Confer-
ence of European Post and Telecommunications Authorities
(CEPT).

Gert Lehning*

* Gert Lehning is a section leader at the Telecommunications Engineering
Centre (FTZ) of the Federal-German Post and Telecommunications Adminis-
tration and responsible for matters of RFI suppression.
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Easy operation, a wide variety of possible measurements and an exceptionally
favourable cost/performance ratio are the major features of a new radiotele-
phone test set from Rohde & Schwarz. This is the Radiocommunication Tester
CMT, which has been specially developed as a service test set. Its compact
design, low weight and battery powering mean that it is particularly suitable for
mobile use; its high measuring quality and comprehensive range of features also
enable universal stationary operation.

Radiocommunication Tester CMT
— intelligent radiotelephone
allrounder from 0.1 to 1000 MHz

FIG 1 High intelligence of Radiocommunication Tester CMT results from large storage capacity, ability to automatically carry out complex
test routines and learning ability for large nimber of test sequences.

SCHWARZ  RADIOCOMMUNICATION TESTER - 0.1..,1000 MHz - CMT : 11802.2020.54
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Radiocommunication Tester CMT is a system for many applica-
tions in the field of radiotelephone measurements. Manual and
automatic operation, mobile and stationary use, universal measur-
ing capabilities and a fast measuring rate, together with the high
technical specification, allow versatile application of the instru-
ment in all radiotelephone fields (FIG 1). Thanks to its small, com-
pact design, low weight and battery powering the CMT is particu-
larly suitable for all mobile and stationary servicing tasks.

The broad choice of options, numerous special functions for parti-
cular settings and measurements, semi-automatic test procedures
and the nonvolatile memory with additional storage facility for
complete front-panel settings, frequencies and special functions
are the prerequisites for its wide range of use.

In spite of its low price, the CMT contains all the facilities required
for precise measurements on AM, Fii and oM tranceivers, featur-
ing a high dynamic range and fast measuring rate. The tester can

be controlled manually, fully automatically via the built-in autorun

control including printout facility (no external controller required)
or via the IEC/IEEE bus using an external controller.

The basic version of the CMT contains no oscilloscope (FIG 2). An
alternative model is available with an oscilloscope perfectly
matched to the requirements of transceiver testing. This is not

FIG 2
scope.

only valuable for mobile use; thanks to its autematic settings and
many special functions it is also a valuable aid for stationary mea-
surements.

Due to the CMT's compatibility with practically all transmission and
coding techniques in modern radio networks and those expected
in the future, as well as specific extension facilities, it is obsoles-
cence-proof to an optimum degree.

Operation

The front-panel controls and displays of the CMT are arranged in
different sections according to type of measurement, instrument
setting and measurements to be carried out. Different colour
codes used for marking the keys and LEDs provide clear front-
panel layout by using red for transmitter and green for receiver
tests.

The logically organized front panel guarantees errorfree operation
with no learn phase and extremely fast access to the measuring
facilities, the automatic test routines and test-parameter setting or
variation. Automatic settings for certain operating modes free the
user from repetitive routine settings and are the basis for efficient
measurement of all radio-specific parameters.

The CMT also offers test routines for results which are derived
from several settings and measurements. These routines can be
called up either by a single key (eg S/N or adjacent-channel power
measurement) or via the keypad as special functions. For instance
the CMT determines receiver sensitivity for a user-defined $/N or
SINAD value by varying the RF level. The bandwidth of a receiver
is determined in line with the relevant standard by searching for
the 6-dB noise limits and deriving the receiver centre frequency
together with its offset from the nominal value. The CMT also'in-
cludes an automatic test routine for squelch response level and
hysteresis.

The execution of even complex routines remains transparent
since test parameters and measured values are continually dis-
played and the alphanumeric display provides information on the
individual steps of a sequence (FIG 3).

SET

DEMOBULATION - MODULATION

FIG 3 Displays on CMT with
muiticolour key inscriptions, red
for transmitter test and green for
receiver test, and measured-
value displays in digital and ana-
log form. Coloured LEDs indicate
set operating mode. All controls
are arranged directly below cor-
responding display; selected
functions are indicated in plain
text and/or with LCD bars/LEDs.
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Switchover between transmitter and receiver tests can be trig-
gered either automatically (by the transmitter power of the trans-
ceiver) or manually. Parts of the transmitter and receiver tests can
be combined as required, each individual measuring facility being
directly addressable. All test parameters and other test settings
are stored when another operating mode is selected and are auto-
matically reset when recalled.

FIG4 Keypad fortransmitter/receiverswitchoverwith LOCK function
and control for acknowledge call (ACK).

For measurements on radiotelephones with acknowledge call the
CMT switches to transmitter testing immediately after the radiote-
Iephoné is on the air, automatically determines call number and
modulation and indicates these on the relevant displays. FIG 4
shows the corresponding keypad. )

Test parameters can be entered or varied on the keypad or by
means of the spinwheel. Direct input is possible in all units with
conversion capabilities available on the keypad (FIG 5). For fast
selection of parameters the CMT accepts inputs without a unit and

FIG5 Universal keypad of CMT for entry of test parameters and con-
version of units.
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uses the unit indicated on the display. The result is displayed as an
absolute value with unit or as a relative value in dB or % with the
current measured value as the reference or with a reference value
preset on the keypad, eg for frequency-response measurements.

Variation steps can be selected as linear or logarithmic for each
parameter separately using the spinwheel. The magnetic detent of
the spinwheel allows particularly sensitive setting.

Keypad polling and display of results operate according to the
firmware-controlled multitasking mode using time-division multi-
plex and ensure extremely fast response time of the test set to
test-parameter inputs or variations as well as very short measur-
ing times irrespective of operator control and number of current
measurements. Lagging of the measured-value display while test
parameters are being varied does not occur with the CMT.

The measured values are indicated clearly and simultaneously on
the digital and analog displays and on the integrated oscilloscope,
ensuring ergonomic operation in manual mode. The autorun con-
trol facility and printer interface to the CMT allow automatic meas-
uring sequences to be generated and stored. The IEC/IEEE bus
permits the CMT to be extended to a fully automatic, universal
radiotelephone test facility with remote computer control. In both
modes relays in the CMT are available for controlling a transceiver

-during the automatic test.

Displays

The CMT features four large illuminated LCDs with five digital dis-
plays for simultaneous indication of all measured values and set-
ting parameters with units. Three additional analog displays with
resolution of 1% and clear, automatic scaling as well as a selec-
table RANGE HOLD function provide ideal conditions for measure-
ments and all kinds of adjustment. Time constants can be select-
ed to match the displays perfectly to the various requirements.

The selected mode (eg + PK, RMS deviation, etc) and conditions
(eg weighting filter switched on) are also indicated for all measure-
ments. Additional information such as 1st modulation, 2nd modula-
tion or fine variation of RF level contributes to a clear test-para-
meter display.

The full-scale values of the analog displays are optimally matched
to the particular measurement. For instance a 5-kHz range is avail-
able for FM measurements and.a 25-dB range for SINAD measure-
ments. in addition to the RANGE HOLD function, the full-scale
values can be directly entered using the keypad for specific align-
ment operations.

The simultaneous display of results in analog and digital form com-
bines the detection of irends, the determination of variations in
the measured values and the reading of precise values in an ideal
manner. The simultaneous display of different but related results -
for example deviation as a digital value and distortion as an analog
value — greatly clarifies the relationship between the individual
values (FIGs 6 and 7).

An additional alphanumeric display indicates all results which
require additional explanation to enable simple interpretation, as
well as the selection of special functions and the execution of
automatic test routines. As a means of communication between
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RADIOCOMMUNICATION TESTER CMT
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AF oscilloscope

Display of: Display of:

transmitter modulation transmit frequency, nominal
distortion (with or without frequency

3_00-Hz highpass or CCITT RF setting

filter)

selected modulation selective call and DTMF:
(Int. 1, Int. 2, Ext.) .decoding and coding

AF measurement:
demodulated signal, beat
signal, AF signal (external)
frequency of AF generator
operator prompts

@ ROHDE&SCHWARZ RADIOC VIUNICATION TESTER - 0.1...1000 MHz

CTUFREQUENCY

(model CMT.54)

RF input

ULATION
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INPUT SELECT
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7500 B0 Wy b d

RF output

Red: transmitter measurement
Green: receiver measurement

Black: transmitter and
receiver measurement

INPUT 2 NARROW DEMODD
~500 . ‘

SIGNAL
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Transmitter and receiver test selector Bandwidth
Acknowledge-call test RF input 2
Display switchover
~ RF-input
selector
Sensitive
RF input Demodulated-
(off-air signal output
measurement)
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Display of:
transmitter power
adjacent-channel power

RF-level setting

RF-voltage measurement with
probe or insertion unit

BF POWER - RF LEVEL
e e

MoD EXT MDD GEN . AFVOLTM © L MEMORY
o ,

10k0 2100 k0

Modulation- External AF Connection
signal and level meter for transfer
input memory
Modulation-
generator Probe or
output insertion unit

RF millivoltmeter
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FRONT-PANEL DETAILS

Display of:

AF-level setting
AF-voltage measurement
distortion, S/N and

SINAD measurements (with or
without CCITT filter)

Input keypad

Spinwheel

CCITT filter

Calling of special
functions, routines
and settings

Standby/on

Loudspeaker
volume

Autorun control with

—— tolerance monitoring
and printer output
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DEMODULATION - MODULATION

FIG 6 Indication of measured moduiation in analog and digital form,
here frequency modulation.

DEMODULATION - MODULATION

PK HOLD DisT

FIG7 Tworelatedresults simultaneously shown on same display, here
deviation (digital readout) and distortion (analog dispiay).

FREQUENCY

COUNT t  SET

FIG8 Alphanumericdisplay on CMT for special measured values, spe-
cial functions and as general communication aid between user and test
set.

TABLE Summary of exceptional CMT characteristics for individual
fields of application.
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user and test set it provides user prompts (FIG 8), is used in writing
test sequences in conjunction with the autorun control facility and
also outputs user prompts during the automatic test sequence.

Its general-purpose design makes the CMT suitable not only for
use in servicing but also for further applications in radiotelephone
measurements; the most prominent features for the individual
fields of application are listed in the TABLE.

Fully automatic
measurement

In addition to the automatic test routines and the IEC/IEEE-bus
option, the autorun control/printer interface option is available
for automation. In the learn mode, sequences for complete trans-
ceiver testing can be generated simply without an external con-
troller, stored in a nonvolatile memory and recalled at any time
(FIGs 9 and 10). The memory has capacity for storing up to 100
simple test sequences or up to 20 extensive transceiver tests.

Stationary service

Final testing

Lightweight, compact, easy to handle
Requiring little space

Battery operation possible

Standby operation

lNluminated LCDs

Digital readouts with units
Analog displays with scaling
Alphanumeric display

All measuring facilities provided
Fast measuring rate

High accuracy

Wide dynamic range

Off-air measurement

Automatic test routines
Automatic test run
Remote-control facility
Printer connection
Go/Nogo test

Wide choice of options
Designed for the future
integrated oscilloscope

000 0060060 00000 00c00e CCoeoce

:.;:.
°
°
.:
.
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cCeO0 eOee

000

O = of advantage, ® = necessary
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FIG 9 Radiocommunication Tester CMT with Printer PUD 2/3 forming fully automatic radiotelephone test assembly without external process

controller.

A test sequence is defined as in manual mode by simply entering
the desired test parameters or by calling up a particular measure-
ment and then pressing the STORE key. All functions of the CMT,
including complete instrument settings, special functions and
automatic test routines, are included in this. It is additionally pos-
sible to enter upper and lower tolerance limits for the measure-

FIG 10 Keypad for automatic measurement on CMT.

ments. Each entry such as transmitter test, RF level, SINAD measu-
rement is a sequence step. All steps are consecutively numbered
and shown on the alphanumeric display. For setting the transceiv-
er to the desired operating mode for measurement, all control
relays contained in the CMT may be integrated (FIG 11).

The insertion of stop functions is particularly useful. Continuous
stops and wait loops are possible. In the case of a continuous
stop the CMT interrupts the automatic test sequence and enables
the user to carry out manual settings such as switching from
receiver to transmitter test, switching squelch on/off, starting
selective call, etc (if these cannot be controlled,au{omatically).
Wait loops - set in 10-ms steps - are required to allow for tran-
sients of the transceiver (channe! change, transmitter on air) in the
fast automatic mode for example.

if no numerical values are stated when entering test parameters,
the CMT interrupts the measurement at the corresponding point,
requests the user on the alphanumeric display to enter the value
and continues the measurement after entry of the value. Thus itis
easy to carry out measurements on transceivers of the same

NEWS special 2

design but with different RF frequencies, or multichannel trans-

ceivers and radiotelephones differing only in their call number

(Europaging receivers) without any additional effort.

For pertability of test routin

=5 to other test assemblies a small,

battery-buffered semiconductor memory module, which can be

plugged onto the front panel, is available as a Transter Mamory

(accessory CM-Z1) (FIG 12).

A farge number of remarics are available for user prompts during
the automatic test run which may be suitably integrated in the pro-
gram. These remarks are output in siain text on the alphanumeric
display at the proper time - typically in combination with stop
functions — and request the operator to take corresponding
actions, eg to send call tone, switch from transmitter to receiver

test, switch squelich on/off or carry out adjustments.

A check is made by calling up the individual sequence steps or
simply by stepping up and down with the magnetically locking

DECODE DEMOD-BEAT

AF INT

FIG 11 Indication of sequence steps on alphanumeric display while

entering automatic measurements.
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FIG 12 Transfer Me-
mory CM-Z1i, accessory
for Radiocommunication
Tester CMT with optional
autorun control/printer
interface.

spinwheel. A printer with Cantronics interfacs — eg PUD 2 or PUD
3 from Rohde & Schwarz ~ direciiy connected to the CMT logs a
complete test sequence in the form of explanatory text with
extensive data representation and marking of measured values
outside the given tolerances. The possibility of erasing unneces-
sary test steps or including new ones (also anywhere in existing
sequences) matches the convenience of an external process con-
troller.

In autorun mode the start is triggered by pressing a key and indi-
cated by a LED. The CMT then executes all test steps in the entry
sequence, compares each measured value with the preset limits
and indicates a correct value by a green LED (measured value
within tolerance) or an error by a red LED (measured value outside
tolerance). In wait loops the CMT waits for a defined time before
the next measurement in order to avoid wrong interpretation

" FREQUENCY

BECODE DEMOD- BEAT AF INT

because of too early measurement. in the case of inserted conti-
nuous stops the CMT interrupts the automatic run, indicates this
by a LED and requests the user by a remark on the alphanumeric
display to take action (FIG 13). The CMT subsequently continues
execution of the test sequence upon pressing of the CONT kev. In
addition the run can be interrupted at any time by the STOP key
and continued with the CONT key. At the end of the test the com-
plete evaluation provides a rapid summary by flashing of the red
LED (at least one measured value outside tolerance) or the green
LED (all measured values within tolerance).

Selftest

The selftest facilities of the CMT extend far beyond the usual RAM
and ROM tests and include the functions and accuracy of almost
all the measuring devices. For example, the signal paths for the
AF-voltmeter input signal or the demodulated signal (including all
functional units such as amplifier, switchover unit, filter, rectifier,

A/ D converter) are checked for offset voltages and gain errors
cyclically, automatically and unseen by the user. The values deter-
mined are used to generate correction factors for the measured-
value display.

The frequency modulation of the RF synthesizer is measured in a
calibration routine by the internal, highly accurate digital Fid
demodulator throughout the frequency range. The values deter-
mined are automatically incorporated as correction factors in the
FM setting. At the same time the actual functions of frequency
synthesis, FM demodulator and all important control-loop voltages
of the RF synthesizer are checked. A highly accurate caiibration
modulator is installed for testing the AM demodulator that detects
deviations and automatically takes them into account in the mea-
sured-value display.

The selftest and self-calibration devices integrated in the CMT
have been implemented in this form for the first time in a radiote-
lephone test assembly. This results in decisive advantages, espe-
cially in the following areas:

Service

identification of faulty subunits

module replacement without readjustment

little stocking of modules required

hardly any additional measuring instruments required

@O0 e

Maintenance

& long maintenance intervals or none at all

% hardly any additional measuring devices required when fitted
with corresponding options

% readjustment only necessary on very few occasions as result of
autocalibration

FIG13 Operator prompting on alphanumeric displays during automa-
tic test sequence.
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FiG 14 Easy service and maintenance design of CMT. Few and large
plug-in cards are connected via common motherboard and replaceable
without readjustment. Power supply can be removed after loosening
few screws and can even be loaded when dismounted for service pur-
poses.

General application

@ high accuracy under all operating conditions
@ high longterm stability of all measuring devices
@ avoidance of faulty measurements in event of partial failures

The autorun control is of equal importance for all areas. All mea-
suring devices in the CMT can be checked using it and appropriate
options in the shortest possible time. The complexity of the test
and the deviations permissibie for the upper and lower tolerance
limits can be entered by the user. FIG 14 shows that the CMT is
designed for easy servicing.

CMT functional groups
and measurement facilities

RF synthesizer

The RF synthesizer in the CMT provides output signals in the conti-
nuous frequency range from 0.1 to 1000 MHz with high accuracy in
the wide level range from —137 to + 13 dBm and low spurious FM.
CW, FM, AM or @M can be selected. An additional, electronic fine
level variation over 20 dB (without carrier interrupt) enables exact
determination of the squelch response threshold and hysteresis
(FIG 15). The level can be entered in u¥, m¥, dBuY or dBm; conver-
sion of units is also possible. A separate key is available for switch-
ing the carrier off.
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Universal modulation capabilities are offered by the built-in modu-
lation synthesizer: internal modulation, external modulation or a
combination of both. If there are external modulation signals with
unknown level, the CMT itself calibrates the modulation.

AF synthesizer

The AF synthesizer as a modulation generator provides crystal-
controlled, highly accurate signals with low inherent distortion in
the frequency range from 20 Hz to 30 kHz for internal modulation
of the RF synthesizer and for modulation of the connected trans-
ceiver (FIG 16). To this end the output level can also be matched to
highly sensitive microphone inputs as a result of its low internal
impedance, fine resolution and high S/N ratio down to values of10
Y. To enable fast testing of frequency response in transmitter and
receiver tests, six additional fixed fraquencies can be prepro-
grammed and recalled.

FIG15 Display of selected RF output level with indicatorfor position of
electronic fine tuning control (right).

A second AF synthesizer (option) allows the generation of two-
tone signals with any frequencies as are required fortesting SSB
transmitters and also for the generation of DT#MF signals or simul-
taneous pilot and wanted modulation (FIG 17).

FIG 16 High spectral purity of modulation-generator output signal at
iow output voltages (here 1 mV) as criterion for possibility of S/N-ratio
and distortion measurements on transceivers with sensitive micro-
phone input.




Demodulators

The AM, FM and ¢M demodulators integrated in the CMT are auto-
matically tuned to the RF signal to be measured with the aid of
cyclic freguency measurements; they can also be preset to
reduce transients to an absolute minimum. They measure either
the positive (+PK), negative (—PK), average (=PK/2) or maximum
modulation (whichever is the greater value of +PK or —PK). The P
HOLD function allows measurement and display of even short-
term, transient peak modulation.

Spurious modulation or S/N ratio is measured automaticaily by
switching to true RMS measurement at a meaningful threshold.
It is also possible to carry out a peak or RMS measurement on its
own, the type of weighting being shown on the display.

A switchable deemphasis of 750 us is provided for special measu-
rements in FM mode. A highpass can be switched into circuit to
suppress pilot tones so that only the useful modulation signal can
be measured for all types of modulation. The swiich-seiectable
CCITT filter allows comparative noise, SINAD and 8/N measure-
mants in line with standards worldwide (FIG 18).

FIG17 Two-tone modulation signal of CMT
with separate setting of modulation and fre-
quency for useful signal and pilot tone.

deviation meter.

The CMT has a second input with high sensitivity for off-air measu-
rements via an antenna or for non-contact measurements on
high-impedance or weak signals using probes. The CMT can there-
fore be used for all measurements on IF amplifiers, mixers and
oscillators.

The demodulated signal shown on the LCD is also available at a
socket on the front panel. The output is DC-coupled and has a
high dynamic range corresponding to a deviation of 125 kiz.
In conjunction with a trigger output on the rear panel (TTL High
for RF signal fed into CMT), simple measurement of transmitter
transients is possible with an external storage oscilloscope or a
high-speed system voltmeter (FIG 19).

Distortion meter, SINAD meter

These two measuring facilities determine the distortion or SINAD
value of the demodulated signal or the signal applied to the AF
voltmeter. A fast measuring rate, with and without CCITT weight-
ing, is used for optimum adjustments. A highpass can be switched
into the demodulator circuit and efficiently suppresses subaudio

22

FIG 18 Extremely short settling time of

Top: time curve of fed-in RF signal.
Bottom: time curve of demodulated signal.

pilot tones to avoid wrong results. The CMT model 54 (with inte-
grated oscilloscope) permits noise and distortion products to be
directly displayed on the screen by suppressing the useful signal,
thus enabling more detailed analyses.

If any SINAD value is entered on the keypad, the CMT automati-
cally varies the RF level until the entered value is obtained. The
determined RF level characterizes the sensitivity of the transceiver
and is indicated directly.

AF voltmeter

Without loading the source the AF voltimeter measures AF signals
from 100 1V to 30 V either broadband or with switch-selected
CCITT weighting. The lower cutoff frequency of the true RMS met-
er can be switch-selected to ensure optimum measuring rates and
suppression of pulse noise.

17
1ms/Div.

FIG 19 Voltage characteristic at demodu-
lated signal output of CMT as measure of fre-
quency settling of radio when changing
channel.

S/N meter

The S/N meter determines the signal/noise ratio directly in dB at
the AF output of a transceiver by cyclically switching the modula-
tion on and off. The same measurement can also be made with the
transceiver in transmitter mode; in this case the level of the modu-
lation generator is switched cyclically.

CCITT weighting or cutoff frequencies can also be switched-
selected.

The sensitivity of a receiver is determined by the CMT by way of
the RF level for any preset S/N values in the same way as with
SINAD measurement.

RF counter

The RF counter operatesindependently of the internal RF synthe-
sizer as adirect frequency counter. It is therefore suitable for
measurements on transceivers or repeater stations whose trans-
mit and receive frequencies are in different bands and for measur-
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FIG20 Non-contactandreaction-free frequency
measurement on oscillators using probe connect-
ed to sensitive RF input.

ing mixture products (eg IF signals) generated with the aid of the
built-in RF synthesizer. The resolution of 10 Hz can be switched
over to 1 Hz for special applications. The second, sensitive input is
used for determining the frequency of low-level signals or signals
from high-impedance sources (mixer oscillators, IF signals, conver-
ters, etc) (FIG 20).

AF counter,
frequency-error meter

The AF counter measures the frequency either of the signal demo-
dulated by the CMT or of the AF-voltmeter input signal. For fre-
quencies up to 4 kHz it automatically measures the periods with
resolution of 0.1 Hz (with high measuring rate for fast and simple
frequency adjustment). Resolution is 1 Hz for frequencies above

4 kiz (gating-time counter). During beat-frequency measurement
the frequency difference from any nominal frequency that can be
preset is indicated and measured values are output at a fast rate
for optimum adjustment of mixer oscillators, oscillator crystals, etc.
The counter is extremely insensitive to superimposed noise so
accurate determination of frequency is ensured for off-air measu-
rements. To support this the counter can be switched to pure
gating-time measurement with a high degree of freedom from
noise.

RF power meter

The RF power meter measures transmitter power from 5 mW to
50 W (useful from 1 mW) at a fast rate. It is therefore suitable for
everything from a low-power, cordless telephone through to a
high-power transmitter output stage. For measurement of even
“higher powers the attenuation of external power attenuators can
" be entered and the CMT then automatically corrects all test para-

NEWS special 2

meters and measured values by this attenuation factor. Twe-
dimensional correction of systematic errors ensures the high
accuracy of the power meter over the entire dynamic and fre-
quency ranges.

Selective-call decoder

The integrated selective-call decoder uses continuous, fast period
measurements and a special evaluation algorithm to determine
selective calis of all standards and of three user-defined stan-
dards. The selective-call tones including special § Ao E are
indicated directly on the aiphanumerie display 21}, inadmis-
sible frequency variations and excessively long intervals being
marked correspondingly. The bandwidth to be svaluated can be
preset for tolerance investications.

fies

FREQUENCY

SET AF INT

FIG 21 Indication of selective call decoded by CMT on alphanumeric
display.
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Selective-call encoder

The integrated selective-call encoder generates zil major stan-
dards including Europaging and three user-defined standards
(FIG 22). The range of application can be extended by numerous
variation possibilities such as extended first tone, switch-selec-
table automatic repeat, adjustable intervals, etc. The selected
standard and the parameter variations (eg frequency change) are
clearly indicated on the alphanumeric display.

Off-air measurements

An additional input of maximum sensitivity (5u V) with a switch-
selectable narrowband IF filter is available for determining modula-
tion and frequency variations of remote transmitters via antennas
or for measuring signals with an extremely low level (FIG 23). This

FIG22 Detailsofselec-
tive call with phase conti-
nuity during frequency
change.

FIG 23 High sensitivity
of CMT makes it very
suitable for off-air mea-
surements with connect-
ed antenna.
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FIG 24 = Oscilloscope (CMT model §4) with keypad and superimposed
scale. .

input enables the essential characteristics of the transmitter to be
checked by a fast functional test without having to remove the
transceiver or adapt it to the test assembly. Receiver characteris-
tics can be checked in a similar way by connecting an antenna to
the RF-synthesizer output.

Audio monitoring

The built-in loudspeaker reproduces all AF signals ~ demodulated
signal, AF-voltmeter input signal and beat frequency - with adjus-
table volume. Sensitive dynamic compression prevents overdriv-
ing effects at high leveis (loudspeaker output signal), enables
detection of even very low signals (spurious FM), prevents major
volume jumps when changing the operating mode and enables
clear detection of level or modulation variations.

Oscilloscope

The CMT as model 54 is available with a built-in oscilloscope (FIG
24) and therefore provides an additional important monitoring and
measuring facility matched to the particulzr needs of production
testing and servicing.

The oscilloscope can operate in external mode in a conventional
manner with probe. If the oscilloscope is driven by an internal
source, the signal demodutated by the CMT in a transmitter test or
the AF signali provided by the transceiver in a receiver test is auto-
miatically displayed on the screen with freely selectable time and
amplitude resolutions. To allow correct signal evaluation the verti-
cal scale is calibrated in V or mV for AF, in kHz or Hz for FM, in % for
AM and in rad or mrad for pM. The bast range is selected by the
CMT itself, either once or continually by a keystroke, so that read-
justment is unnecessary when varying test parameters or switch-
ing from transmitter to receiver test.
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The beat frequency (offset of transmit frequency) can also be dis-
played as well as the noise and distortion components determined
by the distortion and SINAD meter by suppression of the useful
signal. This last facility indicates the causes of poor SINAD or dis-
tortion values (noise, discrete noise products, oscillations, ds, ds,
etc), thus providing information for troubleshooting.

2nd AF synthesizer/DTMF generator

A second AF synthesizer (option) with the same properties as the
AF synthesizer fitted as standard in the CMT enables universal

FIG 25 Noise products as cause of poor SINAD and distortion values,
displayed on oscilloscope screen.

FIG 26 Details of DTMF signal generated by CMT.

two-tone modulation with separately adjustable modulation depth
or deviation for simultaneous transmission of useful and pilot
tone modulation or for an 8SB transmitter test. In addition, DTMF
signals (FIG 26) can be generated for testing touch-tone radiotele-
phones and their modules (eg decoders). Tolerance examinations
are possible by varying the frequency offset, interval and tone
durations within wide limits. Any two-tone standard can be preset
for special applications. Al necessary keys (Oto 9, %, #, Ato F) are
integrated on the keyboard of the CMT as single keys for fast
input.

DTMF decoder

The optional DTMF decoder decodes two-tone signals from a
touch-tone transceiver, checks them for agreement with the corre-
sponding standard and displays them (FIG 27). As with the selec-
tive-call decoder deviations, for example violation of the frequency
tolerance, are exactly determined and displayed.
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RF millivoltmeter

The RF millivoltmeter option allows connection of high-impedance
probes for measurement of RF voltages in amplifiers, demodula-

* tors, mixer oscillators, etc. It also enables the use of insertion units

for match-terminated measurement of the output levels of
modules or subunits in development, production and servicing for
troubleshooting, calibration and maintenance. A wide choice of
measuring heads and insertion units is available for frequencies
from 10 kHz to 1 GHz and voltages from 1 mV to 100 V.

Adjacent-channel power meter

The adjacent-channel power meter (option) determines either the
ratio of the power transmitted by the transceiver in the upper and
lower, first or second adjacent channel in dB, referred to the use-
ful-channel power, or the corresponding power in nW,uW or mW.
Double conversion using oscillators with particularly high spectral
purity results in a wide dynamic range of 80 dB for measurements
in radiotelephone bands. For cordless telephones (900-MHz band)
the measurement limit of approx.1 nW is far below the required 50
nW. Like all measuring facilities for transmitter testing, the adja-
cent-channel power meter can be used via the high-sensitivity
input. In addition it can be used as a selective voitmeter, eg for
measuring spurious signals.

OCXO reference oscillator

A heated, temperature-controlled crystal oscillator with aging of
only 1x 10-9/day and temperature effect of 2 x 10-9/°C is avail-
able to satisfy highest demands on frequency accuracy of the RF
synthesizer and RF counter. In standby mode the crystal oscillator
is kept at rated temperature, thus ensuring fast avaiiability .

FIG 27 - Indication of touch-tone call number on alphanumeric display.

FREQUENCY

SET
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Duplex modulation meter

The duplex modulation meter option enables the FM, AM andpM
meters to operate independently of the built-in RF synthesizer. It

covers the entire RF range and is therefore suitable for transceiv-
ers whose transmit and receive frequencies are in difiasren

The deviation measurement range, modulation-frequency range
and low spurious FM are identical with those of the basic unit

so that all transmitter measurements can be carried out without
any restrictions. This is particularly interesting for measurements
on repeater stations and mobile phones of modern cellular-radio
networks since these can often only be held in transmit mode by
the presence of a receive signal. Transmitter measurements
should therefore be carried out with the duplex modulation meter.

26

FIG 28 CMT with Proc-
ess Controller PCA 5 as

. computer-controlled
test assembly.

IEC/IEEE bus

Using the IEC/IEEE-bus option the CMT can be operated in con-
junction with a process controller - eg PUC or PCA from Rohde
& Schwarz - to form a fully automatic test asembly (FIG 28).
Simple |IEC/IEEE-bus commands as well as the use of internal,
automatic test routines ensure easy and fast generation of test

Eight remotely controlled relays enable automatic setting of a

ke :iver to the desired test mode, control of additional devices
that cannot be remotely controlled or any necessary switchover of
testpoints.

Fogus INTERSITY

FIG 29 Connectors on rear
panel of CMT.
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Autorun control/printer interface

The autorun controf facility (option) enables test sequences to be
written, executed and stored in a nonvolatile memory as well as
data logging on a printer without the use of an external process
controller. FIG 29 shows the connections on the rear panel of the
CMT.

Two-signal measurements

For receiver measurements requiring two RF generators the CMT
is provided with an additional RF input/output on the rear panel
isolated by 30 dB from the RF input/output on the front panel. A
second RF signal can be applied here. All two-sighal measure-
ments such as adjaceni-channel selectivity, interchannel modu-
lation, crossmodulation can thus be carried out simply without
requiring additional devices (attenuators, distributors, etc) (FIG
30).

For highest demands with critical two-signal measurements it is
recommendable to use an extremely low-noise source as the
second RF generator with low spurious content. Particularly suit-
able models are SMPC or SMPD from Rohde & Schwarz. The latter
model with its wide frequency range enables measurement of spu-
rious responses to more than 2 GHz.

Michael Vohrer

FIG 30 Simple test setup for all two-signal measurements.
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CONDENSED DATA
RADIOCOMMUNICATION TESTER CMT

Generator section
RF synthesizer
Modulation

Two modulation generators

Selective-call encoder

Two-tone generator

Measurement section
Frequency meter

RF

AF
RF power meter
Modulation meter

Duplex modulation meter
AF voltmeter

Distortion meter

SINAD meter

S/N meter

Oscilloscope

Selective-call decoder

Two-tone decoder

Adjacent-channel power
meter

RF millivoltmeter
Filters
Off-air measurements

Control section

Remote control/
control interface

Autorun control/
printer interface

Ordering number

0.1to 1000 MHz, —137 to +13 dBm
AM, FM, &M
20'Hzto 30 kHz, 1OuVto 5V

according to 7 standards or
programmable

according to DTMF or programmable

0.4 to 1000 MHz
20 Hz to 500 kHz
5mWto 50 W

MAX. PK, + PK, — PK, & PK/2,
PKHOLD, RMS

same as modulation meter
0imVto30V

0.1 to 50%

1to 46 dB

1to 46 dB

DC/AC to 100 kHz

for internal and external signals

according to 7 standards or
programmable

according to DTMF
20 to 80 dB

10kHzto1 GHz, 1mVto 100V
CCITT, 300-Hz highpass
sensitivity approx. 5 uV

IEC 625-1 (IEEE 488), 8 relays

20 to 100 complete test sequences,
3 relays, parallel interface

802.2020...

o2 bt
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The Mobile Testers SMFP 2 and SMFS 2 for manual or automatic operation incor-
porate ultramodern transceiver measurement features for all applications asso-
ciated with servicing, development, quality assurance and production. The sys-
tem can be matched to special measuring problems in an economical mannerby
using meaningful options. With new measuring devices and a full-duplex devia-
tion meter, both test sets satisfy increased measuring demands, especially with
mobile stations of modern cellular-radio networks, and are obsolescence-proof
to a high degree.

Duplex radiotelephone test sets
Mobile Testers SMFP 2 and SMFS 2

FIG1 Worldwide use of several thousand radiotelephone test sets SMFP/S 2in development, production, servicing, licensing and acceptance indicates
their quality and universal application possibilities.




The Mobile Testers SMFP 2 and SMFS 2 are test sets for the entire
range of FiM, ol and AM transceiver measurements (FIG 1).
Manual and automatic operation, mobile and stationary use, uni-
versal measuring capabilities and high measuring speed together
with excellent technical performance are just some of the advan-
tages of these versatile systems for use in development, test
departments, final testing, approval, acceptance, quality assur-
ance and servicing. As a result of options for extending test facili-
ties, numerous special functions for particular settings and measu-
rements and a nonvolatiie memory for storing compilete instru-
ment settings, frequency information and special functions, no
limits are set to the applications. The design of the instruments
takes into account signalling methods presently known and
expected in the future. In particular, the addition of the Radiocode
Test Set SCUD for the generation and analysis of selective-calling
and radio-data signals ensures their use for many vears to come.
The SMFP 2 and SCUD are eminently suitable for the simulation of
fixed stations and for measurements on mobile stations in the
celiular-radio networks AMPS, TACS and NMT.

The SMFP 2 and SMFS 2 embody the same basic design and offer
almost the same measurement capabilities (see box on page 35).
Whereas the SMFS 2 is designed for manual and semi-automatic
operation, with the SMFP 2 all test parameters and sequences
including all special functions can additionally be called up from a
process controller. Fast generation of test procedures is possible
using simple I[EC/IEEE-bus commands and the basic software
packages which are available.

Operation

The controls of the SMFP 2 and SMFS 2 are arranged in different
sections of different colours according to the measurement mode
(transmitter or receiver test), instrument setting or parameter to be
measured. This logical organization of the front panel ensures
errorfree operation without training and fast access to automeatic
routines. Moreover, illuminated keys for data setting and the indi-
cation of measurements in progress prevent erroneous interpreta-
tion of results. The choice between manual operation and calling
up automatic measurement routines ensures versatile use of the
test set on the one hand and speedy and errorfree measurement
of repetitive standard values on the other.

Six LCDs simultaneously indicate most of the test parameters
and results with unit. This eliminates reading errors and enables
the interdependence of individual parameters to be determined
easily.

In addition to the display as an absolute value, relative values are
possible in dB referred to the current measured value, or to a refer-
ence value entered via the keyboard, for example for frequency-
response measurements.

Parameters are entered directly with the keyboard or can be modi-
fied quasicontinuously (FIG 2). Two keys designated with arrows
shift a marker until it indicates the digit to be varied. Two other
keys (+ and —) then permit this digit to be varied in steps oy, if kept
depressed, in a fast sequence. Since the carry of the digit varied is
also considered automatically, the test set offers the user, besides
digital entry via the keyboard, quasianalog tuning with the advan-
tage of selectable resoiution.
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The two main modes of operation - transmitter test and receiver
test — are engaged automatically according to the RF power arriv-
ing from the transceiver. The switchover can also be performed or
inhibited by pressing a key so that parts of each test may be com-
bined. For example, the SINAD ratio of a receiver can be checked
during a transmitter test in order to determine useful-signal trans-
ferin duplex operation.

On switching from transmitter to receiver test, the frequency of the
RF generator is set automatically either

Positioning

Quasianalog display of marker

Variation keys

Marking of digit
to be varied

FIG2 KeysonSMFP 2 and SMFS 2 for varying any desired digit of level
and frequency of RF and AF generators as well as modulation.

@ to afrequency entered on the keyboard,
@ to the transmit frequency of the transceiver measured or
® to the duplex pair frequency in the upper or lower band.

When the transmit frequency of a transceiver is entered via the
keyboard and the deviation meter is on, the mobile tester switches
to transmitter test within a very short time so that transceivers
that send a reply call can be measured. If the duplex deviation
mieter is fitted, the demodulated transmitter signal is present as
soon as the transmitter is switched on.

All test parameters are stored when the operating mode is
switched over and ~ provided the operator does not alter them
in the meantime - reset automatically upon recall so that no new
entries are required even with repeated switchover.

Automatic settings and automatic routines in the SMFP 2 and
SMFS 2, assigned to particular modes for receiver and transmitter
testing, spare the user the repetitive settings which are otherwise
needed in day-to-day measurements. With the SMFP 2 these can
also be called via the IEC/IEEE bus and enable very fast generation
of routines together with the basic software (FIGs 3 and 4).

In conjunction with a controller the SMFP 2 forms a fully automatic
transceiver test assembly. The control section in the SMFP 2
(option for SMFS 2) automatically sets the transceiver via control
lines (3 x 4) programmable in BCD code and a relay matrix with
eight relays — eg channel selection, transmitter/receiver switch-
over, squelch and loudspeaker on/off — as well as controlling non-
IEC/IEEE-bus-compatible accessory equipment (FIG 5). An additi-
onal relay is coupled with the transmitter/receiver test switchover
and can handle the switchover of the connected transceiver in
automatic and in manual operation if required.
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Setting Function

Transmitter test Measurement of frequency, power and

modulation
Receiver test Measurement of AF level

Transmitter/
recejver test switchover

Automatic switchover by transmission
with transceiver

Receiver test frequency Use of transmit frequency as receiver
test frequency (in case of duplex

operation with + or - offset)

Fast deviation measurement With transmit frequency preset, output
of demodulated signal immediately

upon transmitter switch-on

Acknowledgement
signal test

Transient response time of deviation
meter: zero with duplex deviation
meter, < 70 ms after transmitter
switch-on without duplex deviation
meter . |

SINAD measurement Setting of 1-kHz modulation frequency -

Distortion measﬁrement Setting of appropriate AF value

Automatic setting and evaluation of
repeat tone; tone-sequence
generation followed or not by useful
modulation

Selective call

External attenuators Setting of parameters and display of
results take into account external

attenuators or cable attenuations

FIG3 Summary of main automatic settings.

Use of the Process Controller PUC or PCA 5 with built-in floppy-disk
drive is recommended to extend the instrument into a fully auto-
matic transceiver test assembly, permitting rapid routine and data
output (FIGs 6 and 7). A large screen provides good readability
and a clear display of routines and measured data.

Control-section connectors
|EC/IEEE-bus address

HF - RF 30dB

10-MHz IEC/IEEE-bus
reference connector
input/output ’
Second RF

1-kHz/400-Hz
fixed-frequency
output

input/output -30 dB

FIG5 Connectors on rear panel of SMFP 2 and SMFS 2.

The computer-controlled, automatic transceiver test system

SMFP 2 meets all requisites for rapid, exact and errorfree measure-
ment. The preparation of the test sequences generally calls for
pertinent knowledge and experience on the part of the user and
requires a long time. In contrast, the use of Basic Software SMFP
2-K1 for PUC or Basic Software SMFP 2-K5 for PCA 5 provided by
Rohde & Schwarz in the form of floppy disks for the process
controllers has many advantages: generation of routines using the
basic software involves nothing more than calling up the test rou-
tines, no programming knowledge being required (FIGs 8 and 9). In
this way even complex sequences can be produced in a very
short time.

Almost 100 routines contain the steps necessary for execution of
the measurements: setting of the instrument, input and output of
data, changing of settings on the test item and the computation of
final results from several measured values. Further output routines
display the results on the screen of the computer or generate a

Routine Function Display

Sensitivity Variation of RF level untii entered SINAD or S/N ratio and
(SINAD or S/N) SINAD or S/N ratio is reached corresponding RF level
S/N ratio Determination of S/N ratio of AF S/N ratio in dB

output signal (receiver test) or of
demodulated signal (transmitter test)
by cyclically switching modulation
on and off

Squelch threshold and
hysteresis

Determination by varying RF level

Measurement with instantaneous
measured value or programmable
value as reference

Frequency response

6-dB bandwidth Determination by variation of RF

level and RF frequency

Variation of modulation level untit
entered modulation is reached

Modulation sensitivity

Adjacent-channel power Determination of power in upper or

lower adjacent channels

Hysteresis in dB and upper
threshold

+ dBor-dB

Bandwidth and centre-frequency
error

Modulation and AF level

Relative in dB or absolute value
in uW

FIG4 Summaryofmain
automatic test routines.
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FIG 6 Fully automatic transceiver
test assembly with Mobile Tester
SMFP 2, Process Controller PUC, Uni-
versal Printer PUD 2 or PUD 3 and pro-
grammable Power Supply NGPU.

Fd 1

FIG 7 Mobile Tester SMFP 2 with
Process Cpntroller PUC.

Control lines

PUD

IEC/IEEE bus

OO0

DBECD[]

—
O oo oo
o o

o

[olNe] OO:. = SMFP

RF

NGPU

t

AF] |AF

Transceiver

Sensing lines for current measurement

Device-under-test

100

400
410

FIG8 Example of display of transceiver adjustment on screen of Proc- 420
ess Controller PUC (power adjustment with tolerance limits and actual 430

value) using simple call of basic software routine.
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440

~Power supply

FIGO Exémple of s:imple development of testroutine using Basic Soft-
ware SMFP 2-K1.

Y1$="8MFP2" LAt
R=i:GOSUB9UOD initialization
V=Z‘5-27.5 Receive frequency Radio-
:;—;gﬂ Channel number telephone
| Ye= Channel spacing
R=3:G0SUBS000 data
Y¥=9.8
Duplex band
R=4:G0SUB9000 o neseachg
Y=2 i
Modulation Fiv

R=6:60SUBY000 | Modulation

Y=4 Maximum deviation

R=7:608UB2000

R=40=603U99000 —————""""7 Transmitter test Transmitter
Y$="TRANSMITTER ON" —— Prompt on screen measurements
R=87:60SUB7000

R=413B0SUBP000 ——————————— power measurement

Y$="RF POWER [N

Y1=9:v2=11 Result on screen with
R=91:60SUBY000 tolerance monitoring
R=42=GOSUBQDOD Frequency-error

V$="FREQUENCY ERROR (HZ)* | ~_ 1 " 0

Y1=-1500:Y2=1500 :

R=91:50SUB9000

Y$="TRANSMITTER OFF" }Promptonscreen ~TReceiver
R=87:G0SUB7000 measurements
R=62:608UB9000 —————— Receivertest ...

Y=100 [ RF fevel setting

R=9:608UB9000 -~
Y=60 1 SINAD

R=465:G05UB?000 measurement

Y$="SINAD & 100UV RF (DB)"

Y1=24:Y2=50

R=91 :GOSUBF000
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MOBILE TESTER

receiver measurement
transmitter measurement
transmitter and receiver
measurement

Blue:
Red:
Italics:

RF-frequency display

Test frequency,
frequency error (with
broadband measurement)
Transmit frequency,
nominal frequency (with
adjacent-channel power
measurement)
Selective-call display
External RF

Transfer of
set RF frequency

Receiver test

Transceiver type,
internal modulation,
demodulation

Transmitter
test

Steps in entered
channel spacing

RF output,
RF input

Frequency meter
and deviation meter
External RF (off-air measurement)

Transfer of
set RF level
and boosting
by 6 dB

Adjacent-
chanmel
power
measurement
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RF-level display
RF-millivoltmeter display
Level (u¥/mV/dBuVY)

and fine adjustment,
level with preset S/N

or SINAD ratio

Transmit power (W/dBm),
adjacent-channel power
(dB/ W)

RF-signal
blanking

On/off,
loudspeaker
volume and
headphones
connection

Power
meter

Modulation display
Moduiation in kHz,
% or rad
Pos./neg./average
modulation in kHz,
% or rad

FM or oM from
RF-meter input

RF-millivoltmeter Modulation-

probe or signal

insertion unit input
Measurement with

RF millivoltmeter
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FRONT-PANEL DETAILS

Digital display of result: Digital:

8/N or SINAD ratio, distortion,
AF display distortion S/N ratio
Internal modulation AF-level display {AF-voltmeter input), Analog (trend):
frequency, bandwidth AF level AF level (in dB above modulation,
AF-generator frequency, Modulation-generator reference value) distortion,
demodulated AF, level Analog (trend): S/N ratio
beat frequency External currents AF voltage, distortion,

External AF and voltages - E/N.or SINAD ratio

Overflow display
(incorrect input,
range violation)

FREQUENCY || PEG § mesur L e \ Variation of
{ ‘ parameter selected
by cursor

Cursor and setting

Sensitivity
measurement (SINAD, S/N)

Parameter input,

call of automatic

routines and

settings

Filters to CCITT and

for distortion measurement

Call of special
functions, routines
and settings

DC ammeter
and voltmeter

Modulation- Frequency meter Demodulated- Ext | AR

generator for demodulated signal X de‘rna ‘

output signal and output andleve
meter

beat

Modulation Modulation Transfer of
“_selection Measurement frequency and modulation
and transfer of positive/negative/ transfer of level and
of entered average modulation fixed/entered boosting
data frequencies by 20 dB
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18 settings

Routine No. Routine
Start
RF = receive freq.
Input Channel spacing .
4 Upper band/lower band spacing
5 data Ft
6 Modulation: AM, FM, oM
7 Max. modulation
8 RF frequency
9 RF level
10 RF on/off
11 RF level contin. variation+ 0.1 dB
12 Mod. int. %, kHz or rad
13 Mod. ext.
14 Instru- Mod. int. on/off )
16 AF frequency setting
17 ment AF level setting

CCITT filter on/off

30 Receiver

19 Tone sequence to ZVEIl or CCIR
20 Control lines on/off

21 BCD output setting

22 Radio channel setting

23 NGPU current-limit level setting
24 NGPU voltage setting

27 AF frequency measurement ext.
28 AF level measurement ext.

Distortion 300 Hz, 500 Hz, 1 kHz in %
RF voltage

&8 Receiver
69 measure-

32 and AF frequency response
33 trans- Tone-sequence generation
34 o Tone-sequence evaluation
35 mitter DC voltage measurement
38 measure- DC current measurement
37 ments NGPU current measurement using
SMFP 2 voltmeter
39 Universal adjustment s
40 Transmitter test
41 RF power :
42 RF frequency error S
43 Pos. modulation
44 Neg. modulation
47 Spurious moduiation
48 Trans- Mod. sensitivity :
49 mitter Mod. frgquency response ﬂrefe‘[red to
1kHz with test-frequency input
51 measure- Mod. distortion 300 Hz, 500 Hz, 1 kHz
53 ments S/N transmitter . P
54 Freq. meter/RF input selection’ i
55 Frequency of demod. signal |
56 Beat frequency
58 Adj-channe! power ratio in dB ;
59 Adj-channe! power inyW
62 Receiver test + sig. gen. frequency setting
64 S/N measurement at 1 kHz
65 SINAD measurement at 1 kHz
66 Sensitivity for given S/N :
67 Sensitivity for given SINAD

Quieting sensitivity
6-dB bandwidth + centre-frequency offset
Modulation acceptance bandwidth

72 ments Squelch upper and lower thresholds and
hysteresis
76 AF frequency response ref. to 1 kHz
with test-frequency input
77 Signal transfer in duplex operation
78 Image-frequency rejection
86 Adjustment with analog display + call
of routine
87 Text (instruction on screen)
88 Print out text on printer
89 Output Print out result on printer
90 Printer output with nominal/actual comparison
91 Screen output with nominal/actual comparison
92 Frequency chart
93 Hardcopy
100 Internal error
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FIG10 Allsequence steps forinstrument settings, input and output of
data and switchover of device under test required for measurements
and calculation of results from several measurements are contained in
almost 100 routines.

printout on a connected printer (eg PUD 2 or PUD 3). The results
are also compared with preset nominal values and an indication is
given if the tolerance limits are exceeded. The user can, of course,
extend the basic software by adding special routines. This permits
non-standard problems to be solved (FIG 10).

Features and
measuring capabilities

The mobile testers consist of generator and measurement sec-
tions linked via a central microprocessor. The standard timebase
used as a reference is a temperature-controlled crystal oscillator

B of highest accuracy, low aging and temperature dependence. This

guarantees extremely high frequency stability and accuracy (FIG
11) for the RF synthesizer, AF synthesizer, RF counter and AF coun-
ter under all operating conditions - during mobile use with varying
ambient temperatures as well as for rack mounting with a higher
ambient temperature. An external 10-MHz frequency standard can
be connected for even higher accuracy demands. To synchronize
further instruments, the internal 10-MHz reference frequency. is :
available at a'separate socket.

af

Fig 11 Fasf’"‘availabilitii{ and high stability of all measuring units in
SMFP 2 and SMFS 2 are guaranteed by fast heating of temperature-con-
trolled crystal oscillator.

Generator section

As the core of the generator section, the RF synthesizer provides
crystal-stabilized and frequency-accurate signals from 400 kHz to
520 MHz, or with option SMFP-B2 up to 1 GHz, in the wide output-
level range from —137 to +13 dBm and with high resolution of 0.1
8. In addition to general parameter input via the keyboard and
quasianalog tuning using variation keys, two additional keys +A F
and —~ A F are available for varying the frequency by any preset
step size.
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Measuring and control devices in SMFP 2 and SMFS 2

RF generator
Modulation generator 1
- SMFP 2: continuous tuning plus 7 fixed frequencies
- SMFS 2: 12 fixed frequencies (continuous tuning with option)
Modulation generator 2 400 Hz/1 kHz, selectable
RF frequency meter
Power meter
SINAD meter
S/N meter

Modulation meter

to 30 W (to 60 W with option)
switch-selected CCITT weighting filter
switch-selected CCITT weighting filter
for AM, FM and phase modulation

- with switch selection of positive, negative or average peak value

switch-selected CCITT weighting filter

Spurious-modulation meter

- true RMS meter switch-selected CCITT weighting filter
AF voltmeter switch-selected CCITT weighting filter
Distortion meter
AF meter 20 Hzto 1 MHz
Beat-frequency meter

- with loudspeaker and headphones connector
DC voltmeter and ammeter
Adjacent-channel power meter (option)

Selective-call encoder (option with SMFS 2)

Selective-call decoder (option)
RF millivoltmeter (option)
Duplex deviation meter (option)

Control device for transceiver (optional with SMFS 2)
- 12 TTL control lines and relay matrix

Aural monitoring with loudspeaker and headphones

Analog display (option)

- with oscilloscope and analog displays

0.4 to 520 MHz (to 1000 MHz with option)

1to 520 MHz (to 1000 MHz with option)

switch-selected CCITT weighting (additional)

Used for
receiver transmitter
test test
o
® ®
®
®
®
®
[ ®
®
®
®
[ J ®
® [} FIG 12 SMFP 2 and
® SMFS 2 output-level dis-
play combined with read-
out of electronic, fine
level variation with keys
® [ ] :
for entry and conversion
(] of physical units.
®
[
® ®
®
[ ®
[ ] ®
® ®

Repeated pressing of the keys offsets the frequency by a corre-
sponding amount enabling receive channels to be selected in an
easy manner.

The output voltage is specified inuV, mV, dBuY or dBm,separate
keys being available for conversion of the units (FIG 12). Starting
with each RF level, the output voitage can additionally be reduced
by 10 dB using an efectronic attenuator as required for exact
determination of the squelch hysteresis. The position of the atte-
nuator is shown on the RF level display and reliably indicates the
limits of the fine-variation range. The RF level can be varied rapidly
using the two keys RF OFF and +8 dB.

Universal modulation possibilities are avaiiable: AM, FM and ¢M,
internal and external modulation as well as combinations. Two
integrated, separately adjustable AF generators enable two~tone
modulation for simultaneous transmission of pilet and useful
modulation or for 88B applications. An AF signal with a fixed level
can be incorporated into the modulation via an additional socket
on the rear panel; the second internal modulation attenuator can
be used to set the modulation in this case.

NEWS special 2

The modulation generator in the SMFS 2 is a precise, temperature-
stabilized RC generator with twelve fixed frequencies, that in the
SMFP 2 an AF synthesizer with an extended frequency range and
highest frequency accuracy. The latter is available for the SMFS 2
as option SMFS 2-B7. It can be used to set frequencies between
10 Hz and 25 kHz with fine resolution of 0.1 to 10 Hz. For applica-
tions such as frequency-response measurements, six important
standard frequencies can be selected rapidly and directly by pres-
sing a key and cycled in both directions. :

The output signals of the AF generators are used for internal
modulation and are aiso available for modulation of the connected
transmitter via a precise AF attenuator with a high dynamic range
from 100 yV to 5 V. The fine resolution even at low levels enables
measurements to be made on transceivers with a sensitive micro-
phone input. As a result of an output resistance of 0 ohms, the set
output voltage corresponds to the voitage on the device-under-
test and prevents faulty measurements in the case of frequency-
dependent load resistances.

The SMFP 2 and SMFS 2 contain a second AF generator with
selectable frequency for simultaneous generation of pilot and use-
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ful modulation. In addition to the generation of subaudioc frequen-
cies for pilot purposes (private line, channel guard, controlled
squelch), this is interesting for the generation of monitering tones
required in modern cellular-radio networks. The two fixed frequen-
cies can easily be changed for applications with a fixed pilot fre-
quency - for example 150 Hz in military applications.

The function of the selective-call encoder is based on the prin-
ciple of frequency synthesis of the AF synthesizer. The frequency
changes are characterized by phase continuity and excellent fre-
quency and amplitude responses (see figure 22 on page 24). The
selective-call encoder generates tone sequences with one to
eight single tones according to the following standards: ZVE} 1,
ZVEI 2, CCIR, CCIR (70 ms), EEA, Europaging Service. The setting
to the particular standard and entry of the desired call is simply
made using the keyboard; if a digit of the code is repeated, the
standard repeat tone is generated automatically. The tone se-
quence is started by pressing a key once, pressing the key several
times causes the call to be sent several times. It is also possible to
select transmission of only the tone sequence or also with previ-
ous and subsequent transmission of the useful signal or free sigral
(Europaging).

The selective-call encoder has highly universal setting facilities
and parameter variations:

first tone with standard tone length (also 450 or 700 ms as
extended first tone),

repeat tone at first digit,

alarm tone at first digit,

alarm tone at last digit,

programmable, customer-specified standards including repeat
and alarm tones with single tone lengths of 33, 40, 70 and 100
ms with extension of the first tone to 450 or 700 ms.

®© e 06

With the SMFP 2 it is also possible to use simple I[EC/IEEE-bus
commands to produce tone sequences and to vary their parame-
ters. Thus tones can be lengthened, pauses introduced and fre-
quencies within the sequences varied to investigate tolerances.
Completely new sequences can also be generated.

Measurement section, receiver test

In the receiver test the SMFP 2 and SMFS 2 use the set test para-
meters and the level of the AF output signal of the transceiver

to measure the SINAD value or, by cyclically switching the modula-
tion on and off, the signal/noise ratio with or without CCITT
weighting. If a SINAD or S/N value is entered using the keyboard,
the RF level is automaticaliy varied by the test assembly until the
specified value is reached. The RF level determined in this manner
describes the sensitivity of the transceiver and is output on the RF
level display. The corresponding SINAD or S/N values are output as
true measured values on the result display. In addition to the auto-
matic test routines to determine the sensitivity according to the

S/ N and SINAD methods, a third possibility is the guieting
measurement.

Various time constants can be set with all three methods, thus
enabling averaging of puised noise for minimum data scattering.
The AF level meter is designed as a true RMS meter and retains
the narrow limits required by the CEPT guidelines despite a wide
frequency range.
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The RF OFF key facilitates rapid testing of the squelch function;
the squelch hysteresis can be determined accurately using the
electronic fine level adjustment without interruption of the level.
The test assemblies measure this automatically with a single key-
stroke and indicate the threshold and hysteresis separately. The
6-dB bandwidth of the receiver section is also measured automa-
tically by the SMFP 2 and SMFS 2 and the bandwidth and centre-
frequency offset are indicated.

The AF frequency response of the receiver can be determined by
simply varying the modulation frequency or selecting several
values in succession. The relative value in dB referred to the cur-
rent measured value or the reference value entered on the key-
board can be output on the result display in addition to the display
of the absolute value by a single keystroke.

The distortion meter determines the AF distortion of the transceiv-
er at all frequencies prescribed by CEPT (300 Hz, 500 Hz and

1 kHz). To enable simple operation, the AF synthesizer is automati-
cally set to the corresponding frequency when this measurement
is selected.

Measurement section, transmitter test

In the transmitter test the SMFP 2 and SMFS 2 automatically mea-
sure:

@ the transmit frequency of the transceiver with selectable reso-
lution of 10 Hz or 1 Hz,

@ the transmitter power up to 30 W (up to 60 W with option SMFP
2-B3) with display in watts or dBm,

@ the modulation with either positive peak detection (+PK), nega-
tive peak detection (—PK) or the mean value of both (£PK/2),
with high resolution and automatic switchover to RMS detec-
tion to determine spurious modulation at a meaningful limit or
with pure peak or RMS detection.

The 60-W power meter (option SMFP 2-B3) extends the measure-
ment range of the power meter built into the SMFP 2 and SMFS

2 from 30 W to 60 W (FIG 13). External power attenuators can be
connected in series to extend the upper power limit even further.
This attenuation value is automatically taken into account with all
settings and displays once entered. Thus transceivers with any
output powers can be measured exactly without relinquishing any
ease of operation.

The demodulated signal is available at a separate socket for fur-
ther analysis using an oscilloscope, spectrum analyzer or selecti-
ve-call and radio-data decoder (eg Radiocode Test Set SCUD). The
lower cutoff frequency for very small phase distortions is at <5 Hz,
sufficiently low for the transmission of radio-data signals. To enable
measurements on transceivers with automatic reply and/or selec-
tive call, the test assemblies can be set for a fastest possible
demodulator response time by entering the transmit frequency of
the transceiver (FIG 14).

The output level of the modulation generator is increased or
decreased by pressing a key until a modulation set on the key-
board is reached. This then describes the modulation sensitivity
for the set modulation and is displayed as a true measured value.
The modulation-frequency response of the transmitter can be
rapidly determined simply by further keystrokes. As with the
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FIG13 Precision attenuator made by R&S to increase power-measur-
ing range to 60 W for SMFP/S 2. Connection-cable and socket attenua-
tions resulting from design have been taken into account during cons-
truction in order to retain high measuring accuracy.

receiver measurement, the relative value in dB referred to the cur-
rent measured value or the preset value can be read in addition to
the display of the absolute value. The modufation distortion can
be determined for all CEPT frequencies by pressing a key, the fre-
quency of the AF synthesizer being automatically set to the corre-
sponding value.

The signal/noise ratio of the modulated transmit signal is output
directly in dB on the result display. The test assembly determines
this value by cyclically switching the modulation signal on and off
and calculating the S/N ratio.

Radio receives

Automatic switchover
of SMFP 2/SMFS 2
from receiver test
to transmitter test

Deviation meter
reaches steady state

Radio receives

Automatic switchover
of SMFP 2/SMFS 2
from receiver test
to transmitter test

Deviation meter
reaches steady state

FIG 14 Timing sequence when testing duplex transceivers with
automatic reply and different transmit and receive frequencies. Top:
SMFP/S 2 without duplex deviation meter, bottom: SMFP/S 2 with
duplex deviation meter.
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The selective-cali decoder (option SMFS 2-B6) is used to evaluate
the tone sequences demodulated by the modulation meter. The
decoded code numbers are output directly on the display and the
repeat tones are decoded automatically. Excessive pauses or
tones that deviate from the standard can readily be recognized as
shown in the examples in FIG 15.

The adjacent-channel power meter (option SMFP B61) measures
the transmitter power output into the adjacent channels with a
high dynamic range of up to 80 di3. Only the nominal transmit fre-
quency of the transceiver and the channel in which the adjacent-
channel power is to be measured need be entered for exact deter-
mination. The result is displayed either as a ratio of the adjacent-
channel power in dB, referred to the useful-channel power, or the
direct absolute value in yW. The filters fitted in the adjacent-chan-
nel power meter correspond to FTZ, CEPT and EC guidelines with
respect to their extreme edge steepness throughout the attenua-
tion characteristic. Together with the high frequency accuracy of
the RF synthesizer, they enable highly precise measurements with
an unmodulated carrier as well as with the application of standar-
dized useful modulation and with the internal worst-case modula-

Examples for display of decoded tone sequences

tone sequence to standard

decoded repeat tone
excessive nause after 18t tons

wrong or miseing tone

FIG15 Display of decoded selective-call sequences on frequency dis-
play of SMFP 2/SMFS 2.

tion (radio data) specified for certain transceivers. Very low filter
aging and internal, automatic calibration before each measure-
ment mean that the adjacent-channel power meter will continue
to produce reliable results for many years.

In addition to determination of the adjacent-channel power ratio,
the option can be used to measure interfering signals (eg from
spurious waves) with direct display of the ratio to the useful signal
in dB (FIG 16).

A second, sensitive input is available for measuring low-power
transmit signals (cordless telephones, etc). it can be used for fre-
quency, deviation, selective-call, modulation-frequency-offset, fre-
guency-offset, distortion and adjacent-channel power measure-
ments. Off-air measurements are possible if an antennais con-
nected, with an antenna voltage of as low as approx. 160 u¥ fol-
lowing transmit-frequency input. It is then possible to test the func-
tions of fixed transceivers such as car telephones or repeater sta-
tions at their point of instailation.
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FIG 16 By means of precise mechanical filters, adjacent-channel
power meter corresponds to all appropriate guidelines for simultaneous
detection of all noise products.

Analog display

An analog display (option SMFS-B9) is available for the SMFP 2
and SMFS 2. This is a slimline, add-on unit with a buiit-in AF oscii-
ioscope and two bar displays which can be assigned to different
measurements. It offers additional checking capabilities and
detectors with analog display to match the specific requirements
of production testing and servicing. With its automatic setting fea-
ture for the oscilloscope and the bar displays together with the
AUTOLEVEL key, which does away with the need for readjustment
during transmitter and receiver tests, the optional analog display
integrates easily with automatic test systems.

When operating in internal mode, the oscilloscope displays the
demodulated signal in a transmitter test or the AF signal delivered
by the transceiver in a receiver test, with switch-selectable time
and amplitude resolution. The vertical deflection calibrated in V for
AF, in kHz for FM, in % for AM and in rad for M ensures precise sig-
nal evaluation. By pressing a button, all signals can be displayed
with constant amplitude, ie no adjustment on the oscilloscope is
then required when test parameters such as modulation, modula-
tion voltage and modulation frequency vary.

When operating in external mode, the oscilloscope displays the
signal that is applied on the cable or measured by a probe (eg
Oscilloscope Probe SMFS-Z1) with switch-selected coupling - AC
or DC. The X signal is available at an additional socket and can be
applied at an external modulation input for sweeping. Its level
matches the input sensitivity so that the sweep width can be
entered directly via the keypad.

The frequency-response curve is displayed directly on the screen
of the analog display via the Demodulator Probe SMFS-Z2. A mar-
ker can be added at the centre frequency at the push of a button.
Using the parameter variation keys on the basic unit, the centre
sweep frequency can be shifted to find additional resonance fre-
quencies, attenuation peaks or cutoff frequencies; the corre-
sponding frequency can then be read directly on the RF display.
This method is applied when measuring input and output stages,

IF amplifiers, filters, duplexer filters and resonance circuits (FIG 17).
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Overall sweeping - from the RF input to the AF output - provides a
quick overview of bandwidth, centre-frequency tuning and sensi-
tivity of the transceiver within the receiver bandwidth. The switch-
selected CCITT filter ensures suppression of buildup or decaying
transients in the transceiver. The superimposed centre-frequency
marker permits points of interest, such as the lower or upper band
limits as well as dips, to be checked and their frequencies to be
displayed (FIG 18). The simultaneous display of both band limits
simplifies centre-frequency tuning of the receiver. It is only neces-
sary to ensure that the upper and lower band limits are at the
same distance from the centre-frequency marker.

The analog displays are provided in the form of bars with bright-up
scales with 50 graduations (corresponding to resolution of 2%)
and result in an accuracy equivalent to high-quality pointer instru-

FIG 17 = Sweeping of fil-
ter with frequency-
response display and
centre-frequency mar-
ker on screen of Analog
Display SMFS-B9.

ments, without the possibility of parallax errors however and with
elimination of reading errors. The scales, measuring ranges and
time constants have been adapted to the special requirements.

The exact assignment of each scale division to a measured value,
the different scales displayed depending on the measurement to
be made plus the full-scale values shown on the screen ensure
unambiguous determination of measured values (FIG 19).

The SINAD value and AF level are displayed in analog form in the
receiver test, and the power and the highest modulation value
(positive or negative, whichever is greater) in the transmitter test.
An additional LED facilitates madulation-symmetry adjustment. In
addition, the distortion of the AF output signal can be displayed in
the receiver test and the modulation distortion in the transmitter
test at the push of a button. It is also possible to display the vol-
tage measured by the RF millivoltmeter in both modes. These two

Centre-frequency marker

Transceiver correctly tuned

Receiver detuned

4 Sensitivity dip

Receiver
bandwidth

Upper
limit

Lower
limit

FIG 18 Sweeping of transceiver from RF input to AF output.
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measuring capabilities can also be combined, for example simulta-
neous display of measured power and SINAD ratio when adiusting
duplex transceivers. Simple adjustment to given nominal values
(eg repeated measurements during production) is also possible by
displaying tolerances separately for each bar. The tolerances can
be set using potentiometers (FIG 20).

Testing full-duplex
transceivers and repeaters

The Duplex Devistion Meter Options SMFP B41 (slimline add-on)
and EMFP B21 (mounting in Analog Display SMFS-B9) are avail-

5
AR

FIG 19 Analog screen
displays with bright-up
scales and indication of
fuil-scale value.

T

FIG 20 Analog screen
displays with tolerances.

able for measurements on full-duplex transceivers and repeater
stations. These options permit all transmitter and receiver measu-
rements to be performed simuitanesusiy and independently (FIG
21). The options are electrically identical; all connections to the
main unit are made internally and automatically by the micropro-
cessor. Independently of the frequency set on the RF synthesizer,
the duplex deviation meter covers the entire freguency range
from 10 to 1000 MHz and is therefore even suitabie for radios with
transmit and receive frequencies in different bands. The deviation
range, demodulation-frequency range and the exceptionally low
residual FM values are identical with the values of the main unit
and it is therefore possible to carry out transmitter measurements
~ including &/ ratios ~ using the duplex deviation meters. A high
demodulation-frequency range and low residual FM are of particu-
lar importance when working with modern car-telephone equip-
ment such as celiular radic since such transceivers often require a
receive signal to be present before transmission is possible. In
such cases transmitter measurements can only be made with the
duplex deviation meter.

Supplementary measuring
and testing devices

A high-impedance DBC voltmeter for up to 30 V with floating inputs
is fitted for troubleshooting or determining the dependence of the
transmit power on the power supply; the voltmeter also operates
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at points which do not have the same potential. Direct currents be-
tween 0.1 mA and 10 A (briefly up to 20 A) can be measured by a
B¢ ammeter in two ranges selectable via connection sockets with
automatic switchover. The current consumption of a transceiver
in transmitter and receiver operation can then be determined as
well as of modules and subunits during manufacture.

The switch-selected CCITT filter in the SMFP/S 2 is inserted into
the demodulation and AF-voltmeter circuits by pressing a button
and is used for psophometric evaluation of noise. This produces
interfering-modulation, S/N and SINAD values based on compar-
able wosldwide standards.

An RF Milliivoltimeter (option SMFS 2 B8) enables RF voltage mea-
surements from 1 mV to 100 V over the range 10 kHz to 1000 MHz.
Suitable probes are any of the probes and insertion units available
for the RF Millivoltmeter URV. In addition to digital display in mV, V
or dBm, the measured value can also be displayed on the built-in
analog display. The RF millivoltmeter is not only useful for match-
terminated measurement of the RF output level of modules and
subunits during production and development, but also enables
reaction-free, RF level measurements on oscillators, mixers, IF
amplifiers, input stages, etc in all fields of radiotelephone applica-
tions when used with high-impedance probes.

A second input of high sensitivity is available in addition to the RF
power input. It is used to determine the parameters of low-level
signals and enables the device-under-test to be connected
directly as well as reaction-free measurements on open transceiv-
ers using probes (FIG 22). A loudspeaker with adjustable volume
and headphones connection is present in both test assemblies for
aural monitoring of the demodulated signal, loudspeaker output
signal and beat frequency. = S '

¥ =1

FIG 21 Mobile Tester SMFP 2 with Duplex Deviation Meter SMFP
B41.
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FIG 22 Rapid testing of RF levels in transceiver with high-impedance,
non-reacting RF millivoltmeter probe.

The ideal partner for the SMFP 2 and SMFS 2 is the Radiccode
Test Set 8CUD for measurements on transceivers for radio data or
with selective call. The test set generates and analyzes selective-
call and radio-data signals in accordance with all known stan~
dards and methods, Thanks to its flexible software-based design,
the SCUD permits the definition of any selective call and any mes-
sage structure for a wide choice of modulation techniques (FSK,
FFSK, DPSK, PSK) for customer-specific applications.

Two-signal measurements

For receiver measurements requiring two RF generators, the
SMFP 2 and SMFS 2 are provided with an additional RF input/out-
put on the rear panel, isolated by 30 dB from the RF input/output
on the front panel. All two-signal measurements such as

; Yo
b <

2nd RF generator

i—ao dB (input/output)

04-1000 " MHZ -

PR

Transceiver

FIG23 Simplesttestsetup foralltwo-signal measurements by adding
Signal Generator SMPC or SMPD to SMFP/S 2.
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@ adjacent-channel selectivity,
@ interchannel modulation and crossmodulation,
@ blocking attenuation

can thus be carried out without requiring additional attenuators,
distributors, etc.

For highest demands with critical two-signal measurements (eg
determination of adjacent-channel selectivity) it is recommen-
dable to use an extremely low-noise, second RF generator with
very low spurious content. Particularly suitable are the SMPC or
SMPD from Rohde & Schwarz (FIG 23). The latter, with its wide fre-
quency range up to 2.7 GHz, also enables measurement of spuri-
ous responses up to 2 GHz.

Michael Vohrer

CONDENSED DATA

MOBILE TESTERS SMFP/S 2
SMFP 2 SMFS 2
RF generator 0.4 to 520 MHz (1 GHz as option)
Level . 0.03 uVto1Vinto 50 Q
Modulation AM, FM, oM
Modulation generator 1 100uVto 5V
synthesizer/ 12 fixed frequen-
selective-call cies, synthesizer/
encoder’ selective-call
10 Hzto 25 kHz encoder as option
Modulation generator 2 400 Hz, 1 kHz
AF level meter 100 uVto10V
Distortion meter 0:1 to 50%
S/N meter 610 46 dB
SINAD meter 6to46dB
RF counter 1to 520 MHz (1GHz as option)
AF counter 20Hzto 1 MHz

RF power meter

RF millivoltmeter (option)
Frequency-deviation meter
Phase-deviation meter

Duplex deviation meter
(option)

AM meter
Selective-call encoder

Selective-cail decoder
(option)

DC voltmeter

DC ammeter

Adjacent-channel

power meter (option)
Channel spacings
Measuring range

Control section

Analog display (option)
Oscilloscope

Analog displays

Remote control
Ordering number

10 mW to 30 W (60 W as option)
1mVio100V

1Hz to 20 kHz

0.001to 5rad

10 MHz to 1 GHz

0.1t0 99.9%

ZVEI, CCIR, EEA, option
Europaging and programmable

to ZVEl and CCIR
1mV to 30V
01 mAto10A

10/12.5/20/25 kHz
up to approx. 80 dB from carrier

9 relays, option
3x 4 control lines

0 to 100 kHz

for modulation, power, SINAD,
distortion, AF and RF levels

IEC/IEEE bus -
332.0015.53

332.8700.53
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The increasing number of subscribers in different radio services worldwide can-
not be matched by extending the available frequency spectrum. As aresult it is
necessary to make economical and optimal use of available frequencies.Special
signalling procedures and the creation of cellular-radio networks support eco-
nomical frequency utilization but also place high demands on the measuring

facilities required.

From selective call through radio data

to cellular radio

The times when one radio channel was reserved for each pair of
subscribers are long past. Once it was realized that all the subs-
cribers in radio services such as private transport, public transport
or energy supply companies rarely need to talk at the same time,
one RF channel was assigned to a major group of subscribers. To
allow mobile stations to call or be called directly on such a com-
mon channel frequency, a separate call number is assigned to
each subscriber.

A relatively simple method of addressing a mobile radio is the
transmission and decoding of a tone sequence in the speech
channel, ie a selective call. A certain tone freguency of exactly
defined duration is assigned to each digit of the call number, so
that for a five-digit call number for instance a sequence of five
tones is required.

In each participating receiver a special decoder evaluates the
tone sequences. Only if the received code agrees with the
assigned code is the AF connected through to the loudspeaker.
Thus all users of a common channel frequency do not have to
listen to a call which is not intended for them. The selective-calling
technique is relatively simple to implement since only AF compo-
nents are required for the coder and decoder circuits. Moreover,
there is no need to change the type of modulation.

Selective call

In its simplest and most widely used form the selective call con-
sists of a sequence of five single tones (FIG 1), each tone fre-
quency representing a specific digit of the call number. To ensure
reliable and simple decoding even when two successive digits of a
call number are identical, a repeat tone has been defined, which is
sent instead of repeating a digit frequency (FIG 2).

Thus each subscriber has his own call number. A special tone fre-
guency called the group tone is provided for simultaneous
addressing of groups of 10, 100 or even 1000 subscribers (FIG 3). If
this group tone is sent as the fourth tone of a five-digit call number
for instance, all 100 subscribers will be calied whose number
begins with the same three digits.
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In radio networks using relay stations it may be necessary to
lengthen the first tone of the selective call since often slight delays
occur before speech communication is established. The first tone
is also lengthened in some paging systems to “wake up” the pager
from an energy-saving standby condition for evaluation of the next
call (FIG 4).

In some radio networks a socalled free tone is defined, which is
sent permanently and only interrupted by the selective call. This is
used for instance to monitor receiver quality and trigger a signal-
ling device if quality is bad. Other networks use the presence of a
continuous frequency in the subaudio range (FIG 5), which opens
the squelch in the receiver.

FIG1 Simplest form of selective call, consisting of sequence of five
equally long tones.

FIG 2 To repeat single tone, socalled repeat tone f; is inserted.

FIG3 Simultaneous calling of ten (top) or100 (bottom) subscribers by
adding group tone.

FiG4 Lengthening of first tone, for instance to bridge signal delaysin
radiocommunication via relay stations.

41




__mdib’;
—~on X X X u X 6 —

FIG5 Simultaneous transmission of subaudio tone (top), whichopens
receiver squelch for instance.

Many modern systems use an acknowiedgement call to provide
confirmation of adequate field strength at the receiving location.
With this method a mobile radio receiving its specific call will auto-
matically switch to transmission and send a five-tone sequence as
acknowledgement. In a quite simple way the transmitting end can
thus ensure that the call is received and the identity of the called
mobile is confirmed (FIG 6). Between the end of a call and the

Acknowledgement

ip

FIG 6 Selective call (left) and acknowledgement reply (right) after
delay time tp.

reply from the called mobile there is an acknowledgement delay
time tp, which is between 10 and 200 ms depending on the selecti-
ve-call system used.

Selective-call standards

As a result of the high flexibility of the tone-calling technique a
great variety of selective-call systems have come into use, which
have been defined by various national or international committees
and subsequently modified or enhanced by user organizations
and equipment manufacturers. TABLE 1 shows a selection of the

standards presently in use for selective calling.

Measurement requirements

The incorporation of selective-call facilities in transceivers means
additional requirements when it comes to measuring equipment.
The testing demands differ, of course, according to the area of

work.

In service shops — ie the area of repair and maintenance - a
simple functional test is usually sufficient. The test equipment
used must be capable of generating any selective call to standard,
but should also be flexible enough to allow for system-specific
modifications (eg lengthened first tone, repeat tone at beginning
of sequence, etc). In addition, the tone sequences sent by the
mobile radio must be decoded and — within certain limits — eval-
uated for adherence to tolerances.

The radio manufacturer is faced with quite different problems in
final testing and quality assurance, since the products he sup-
plies must comply with standard specifications, which also include
data referring to the selective-call devices. In addition to control
capability by IEC/IEEE bus the test equipment required in these
fields must therefore feature the foliowing:

Standard ZVEI1 EIA CCIR1 EEA CCITT Euro
Tone duration (ms) 70 33 100 40 100 100
Pause duration (ms) 0 0 0 ] 0 0
Code 0 (Hz) 2400 600 1981 1981 400 980
Code 1 1060 741 1124 1124 697 903
Code 2 1160 882 1197 1197 770 833
Code 3 1270 1023 1275 1275 852 767
Code 4 1400 1164 1358 1358 941 707
Code 5 1530 1305 1446 1446 1209 652
Code 6 1670 1446 1540 1540 1335 601
Code 7 1830 1587 1640 1640 1477 554
Code 8 2000 1728 1747 1747 1633 511
Code 9 2200 1869 1860 1860 1800 471
Repeat 2600 459 2110 2110 2300 1063
Alarm 2800 2400 2400
Free tone 1153

TABLE 1 Overview of vari-

ous selective-call standards Group tone 2400 1055

in use.
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@ Generation of standard calls and calls with adjustable varia-
tions from the standard values of the basic parameters such
as tone frequency, tone length and pause duration. This is the
only means available to the manufacturer of checking his
decoder modules for adherence to specified tolerance masks.

@ Analysis of calls generated by a mobile radio, providing suffi-
cient information about frequency, amplitude and length of the
individual tones and the pauses in between. Measurement of
acknowledgement delay time is also desirable.

The once common practice of testing selective-call devices by
comparing them to devices from one’s own production brings the
danger of incompatibility within large networks using equipment of
different makes. Although today’s market offers a wide choice of
encoders and decoders, the major drawbacks of most of these
units are their inflexibility for special tone formats or customized
tone sequences and the difficulties of integrating them into auto-
matic test systems.

A development laboratory calls for even greater flexibility in its
test equipment; a development engineer often has to experiment
with tone sequences of his own definition. For him it is particularly
necessary that all parameters of the encoder are individually
defined and an accurate analysis is obtained from the decoder.

The Radiocode Test Set SCUD from Rohde & Schwarz is the first
tester on the market which fully complies with the above require-
ments. More details are contained in the following article “Radio-
code Test Set SCUD for selective calling, radio data and cellular
radio”

Radio data

So far a method of transmitting information has been described
which uses a tone sequence to represent a call number. In prin-
ciple it would be possible to assign a tone frequency to each letter
of the alphabet for transmitting complex information, but then an
enormous amount of filters would be required for decoding. Quite
apart from this, the time required for transmitting the information
would be much too long. The technical solution to the problem is
digitization and suitable coding of the data to be transmitted. ins-
tead of a large number of different tone sequences only two
values assigned to the binary states O and 1 are transmitted.

A binary transmission method features the following advantages:
® technically simple demodulation,

@ distinctly higher data transmission speed,

@ possibility of automated data exchange,

@ detection and correction of errored communications by selec-
tion of a suitable code.

The information content of a binary message is defined by:

|= lngl

p
where p is the probability of one of the two binary states occurring

(ie p = 0.5). A binary message therefore has an information con-
tent of 1, the nondimensional quantity “bit” being used as the unit.
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FIG7 Example of weighted

Value Code
code: 4-bit BCD code allow-

0 0000 ing coding of 16 possible
1 000 1 values.
2 0010
3 0011
4 0100
9 1001
A(1) 11 0 10
B(11) {1 0 1 1
cti2y i1 1 00
D(13) |1 1 0 1
E(14) 111 10
F(18) {1 1 1

23222120 Weighting

8 4 21

The transmission of the two possible states 0 and 1 alone does not
constitute a true message. For the representation of complex
information in binary form a coding method is therefore required. A
simple example is hexadecimal code, a subcode of which is binary
coded decimal code (BCD code). This belongs to the family of
welghted codes, since a numerical value is allocated to each
column of the code (FIG 7).

Coding methods

In hexadecimal code any combination of the four binary states is
used for the definition of a message. If just one bit is not transmitt-
ed correctly because of noise or fading, a different message will
result at the receiving end. In other words there is a transmission
error, which cannot be detected in such a simple system.

To enable a transmission system to detect and even correct such
errors, coding methods have been introduced which add a few
bits to the message. These bits have no information content in the
true sense and are only used for redundancy.

The simplest form of redundancy is parity check. An extra bit is
added to the data word. The value of this bit is selected so that the
sum of logic states 1in the word, including the added bit, is either
an even number (even parity) or an odd number (odd parity).

The various possibilities are shown for the letter B in 7-bit ASCII
code:

7-bit ASCII B 1000010
8-bit ASCII B, LSB even parity 1000010 O
8-bit ASCII B, LSB odd parity 1000010 1
8-bit ASCII B, MSB even parity “ 0 | 1000010
8-bit ASCII B, MSB odd parity 1 11000010

(LSB = least significant bit, MSB = most significant bit)

This additional, redundant bit enables a receiver to detect errors of
one bit per word. It is however not yet possible to correct the error
or detect two errors occurring at the same time. By adding further
redundant bits, codes can be developed which even aliow several
errors to be detected and corrected. A selection algorithm in the
receiver chooses the particular word with the highest probability of
correct transmission.

A term used in coding is hamming distance. This describes the
minimum number of bits by which words of the same code differ. in
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BCD code, for instance, the hamming distance is only 1; by altering
only a single bit a new word is already produced. Another fre-
quently used term is byte. The byte is an 8-bit data word.

Data telegram

A message transmitted in digitized form without interruption is a
data telegram. it is subdivided into various blocks, the smallest unit
of which is the bit. The basic telegram structure is shown in FIG 8.

l I O [ I =1 |
B I I -1 In R J
H L |
H Telegram header or bit synchronization
B Btock synchronization

Il1to 1l Information blocks
R Redundancy block
L Length of telegram

FIG 8 Basic structure of data telegram.

The header H, for instance a continuously changing sequence of
zeroes and ones, enables bit synchronization at the receiving end.

The bleck synchronization B comprises a defined synchronization
word which is known to the receiver and may be, for example,
eight bits long: 00011000. It informs the receiver that a message
will follow and that the transmitter can be requested to repeat the
telegram if this word is not correctly received. The information
blocks I, to I, contain the message and usually have a defined
length. If the information quantity is not sufficient to fill the pre-
viously defined block length, further bits (O or 1) may be used to fill
up the remaining space. To allow the quality of the data stream to
be checked at the receiving end during data transfer, a parity
check bit is often added at the beginning or end of a data word.

The redundancy block R is usually positioned at the end of the
telegram and generated as a function of the telegram content in
line with the mathematical definition used. Depending on the type
of redundancy, transmission errors can be detected and corrected
at the receiving end. If, for instance, the generator polynomial for
defining the redundancy is

G=x"+x*+x2+1

and the data telegram consists of an 8-bit word, the redundancy
word (FIG 9) is generated as follows:

Data telegram I1[0]111{1'0i1[0!

Generator polynomial G=x"*x*+x2+1= 100101 01

x7 xt x2 x0
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1 i011101000000000000
2 70010101 @G

3 00101111/00

4 10010101 G

5 0010100100

6 10010101 G

7 0011000100

8 10010101 G
9 101000170
10 0010101 G
11 0110111

The redundancy word resulting from this example is:

of 1] o[ [

Data word Redundancy

The telegram to be sent reads

(ol [ slo [ o[- [o[-]' ]

as follows:

FIG9 Generation of redundancy word.

The first eight bits of the data telegram (leading zeroes being
ignored) are linked with the generator polynomial by exclusive-OR.

From the result in line 3 leading zeroes are eliminated and exactly
the same number of bits from the foliowing word added at the end:
zeroes in our example, since the word is only eight bits long. Then
the generator polynomial is added again, linked by exclusive-OR,
etc. The final telegram length L is the sum of all bits, starting with
block synchronization and ending with the redundancy block.

Transmission methods

For transmitting a data telegram, one of the following basic
methods is usually adopted: either the binary data stream is used
for direct phase or frequency shift keying of the RF carrier or a sig-
nal in the AF range (subcarrier) is modulated in frequency and
phase and then applied to the modulation circuit of the trans-
mitter.

For subcarrier modulation using the data telegram the following
different methods are available:

® FSK (frequency shift keying),

@ FFSK (fast frequency shift keying),

® PSK (phase shift keying),

@ DPSK (differential phase shift keying).

To illustrate the differences between these transmission methods,
the data telegram 1101001110 is shown in all modulation modes.

With FFSK the phase at the moment of the frequency change is
clearly defined at the zero-crossing point as a multiple of 180°, as
shown in FIG 10. In this exam: ‘e the fransmission rate is 600 bit/s.

If a data transmission rate of 1.2 kBd (1200 bit/s) is required and if
three half-cycles are to be allocated to a logic-0 bit and two half-
cycles to a logic-1 bit, the logic-0 frequency is consequently
1800 Hz and the logic-1 frequency 1200 Hz.
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FIG 10 Data-tele-
gram transmission
with FFSK and 600
bit/s, phase at
moment of frequency
change being clearly
defined at zero-cross-
ing point as multiple of
180°.

Fig 11 Screen dis-
play clearly showing
FSK-typical shift of
modulation frequency
at moment of bit
stream changing its
state.

FIG 12 180° phase
shift of modulation
signal at zero-cros-
sing point in PSK
mode.

FIG 13 DPSK 0 with
625-bit/s transmis-
sion rate.

FIG 14 DPSK 1 with
reversed logic of DPSK
0.

Acknowledge-
ment by
| base station

. Mobile station
t sends message

" With FSK the shift of the modulation frequency at the moment the
bit stream changes its state can clearly be recognized (FIG 11). The
phase of the signal voltage at the moment of the frequency shift is
irrelevant. in principle FSK can be regarded as a binary tone se-
quence.

The PSK mode shown in FIG 12 (180° phase shift of modulation sig-
nal at zero-crossing point) is a very commonly used method of
data transmission. Its disadvantage is that the reference phase
must be restored at the receiving end, which means that the initial
phase must be known to the receiver and remain practically
unchanged during data transmission.

In the DPSK 0 mode shown in FIG 13 the phase shift can clearly be
recognized at the moment of logic 0, whereas no phase shift
occurs for the time of successive logic 1s. If there are several suc-
cessive zeroes in a data telegram, shifting always occurs after the
defined number of logic-0 half-cycles. In the DPSK 1 mode shown
in FIG 14 things are precisely the opposite. As long as the data
telegram is logic 1, the phase shift occurs after the three defined
half-cycles. If a logic 0 occurs in the data telegram, the signal in
the example shown is continued by three half-cycles without
phase shift. Phase rotation occurring in the DPSK model during
data transmission on the transmission link or in the receiver has
little effect since the reference phase can be recognized more
easily.

BOS radio message system

The configuration of a radiotelephone network with additional data
transmission will be described here using the radio message sys-
tem of BOS (Behdrden und Organisationen mit Sicherheitsaufga-
ben - authorities and organizations having security functions) as
an example. This system allows a much shorter exchange of mes-
sages in the RT communication ranges by using digital telegrams
instead of analog speech for specific messages. Depending on
requirements, incoming telegrams are automatically acknow-
ledged. The mobile transmitter usually expects acknowledgement
of outgoing telegrams. If there is no acknowledgement, the tele-
gram is automatically repeated. FIG 15 shows the time slots for
messages and acknowledgements.

If st acknowledgement from base station is not received
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| for acknowledgement ! repeated | ment by
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Coherent subcarrier FSK (similar to FFSK) with a transmission rate
of 1200 bit/s is used for transmission, two half-cycles of 1200 Hz
being allocated to logic 1 and three half-cycles of 1800 Hz to

logic 0.

The outgoing telegram is preceded by a transmitter preamble of
200 ms. The telegram header consisting of a 12-bit sequence of
logic 1s follows next. A change in polarity marks the transition from
the telegram header to the block synchronization, which consists
of a 7-bit Barker code and a filler bit.

Irrespective of the direction of transmission and information con-
tent, a data telegram always has the same structure and the same
length of 48 bits. The received telegram is not evaluated until the
block synchronization word has been correctly identified. Tele-
grams are sent in BCD code, the transmission direction being from
LSB to MSB. A 7-bit redundancy word is added to the end of the
data telegram for data security.

Telegram structure

The telegram is made up of 48 bits, the first 40 bits being secured
(FIG 16). The remaining eight bits consist of a 7-bit redundancy
and a free bit at the end, which is not decoded however. As shown
by this telegram structure, 16 different information contents (bits
33 to 36) can be transmitted causing a specific indication at the
receiving end.

The wide fields of application-of radio data also include paging
systems. In recent and future systems, like POCSAG (British Post
Office Code Standardization Advisory Group) for instance, the
pager not only delivers an acoustic signal but also displays alpha-
numeric data. The often very complex signalling protocols
required for this purpose are generated and decoded by the
Radiocode Test Set SCUD using software packages for selective
calls, radio data and POCSAG; simulation and measurement of
the specific system parameters are no problem at all.

Cellular-radio and
conventional radio networks

Before discussing cellular-radio networks in detail, both the
demands on a conventional radio network and its limits as to per-
formance should be explained by a simple example. In the
example assumed, an area of about 20 km in diameter and with a
density of 25 subscribers per square kilometer is to be covered.
This means that 7850 mobile radiotelephones are connected to
the system. Assuminé that 10% of all subscribers would like to
make a call in the busiest period; approximately 800 duplex chan-
nels would be required.

In Europe the spacing between radio channels is usually 25 kHz,
resulting in a frequency requirement of two times 20 MHz (2 x 800
x 25 kHz = 2 x 20 MHz). To ensure sufficient field strength in the
entire area to be covered, the base station must operate with ade-
quately high transmitter power. This means that outside the area
considered other RF channels must be allocated to avoid inter-
ference, ie another 800 duplex channels are required for each
adjoining area of the same size and with the same number of sub-

{ Channels
A 801-1600

Channels
1-800

FIG 17 Interference problems of adjoining areas.

o e S e . FIG 16  Telegram structure
‘ - B! k hron zatmn BO code Area code Position code ) ) .
Telegram header 1 e : ?) S o § Te 2y ‘ Units 2) allowing 16 different information
L L Lo 5 contents to be transmitted (bits
1 1‘1 ‘1 Lo ( i ] . J‘QQ | y2320 i izgleo‘ 223}2”0:  | 33t°36). (
8 bits 1 5 9 13
F . o Moblle station code T Status | Specual use! - Redundancy e
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Special use

C Configuration code C = ¢ Configuration 1

C =1 Configuration 2
D Direction code D = ¢ Telegram from mobile to base station
D

= 1 Telegram from base to mobile station

X, Y = Additional information

Length of telegram independent of information content and direction of
transmission

1) Fixed binary number for identification of various security and emergency
services, states within FRG and places

2) Binary-coded decimal number
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FIG 18 Areas to be covered by RF, subdivided into seven cells of
same size.

scribers. FIG 17 illustrates the enormous frequency requirement to
avoid interference.

Cellular-radio network

FIG 18 shows the same area to be covered having a radius of

10 km, with the difference that it is divided into seven equal cells. In
this case too, an available frequency spectrum of 40 MHz corre-
sponding to 800 duplex channels is assumed. Consequently, one
seventh of the 800 duplex channels is assigned to each cell in this
structure, ie channels 1 to 115 are assigned to cell 1, channels 116
to 230 to cell 2, channels 231 to 345 to cell 3, etc. If the radio chan-
nels in the adjoining areas are assigned in the same way, the dis-
tance between cells with the same radio frequency is five times
the cell radius. interference problems are thus reduced to an
acceptably low level.

The main advantage of this cellular structure is the reuse of the
same RF channels and hence the coverage of areas of any size.
Moreover, this system can also be adapted for a greater number of
subscribers by making the cells smaller. The fact should not be
overlooked however that the large number of base stations and
computer systems for system monitoring and proper call transfer
to the normal telephone network involves enormous investment.

The basic structure of a cellular-radio network is shown in FIG 19. A
number of base stations is connected to a superordinate mobile
switching centre via data lines. This mobile switching centre has all
information about the current occupancy of the subordinate cells
and even knows which of the mobile subscribers is in which cell.
Mobile switching centres are interconnected in a network struc-
ture for data exchange and connected to the public telephone
network using lines via public switched telephone network
exchanges.

Operation of cellular-radio networks

To ensure proper functioning of a celiular-radio network the follow-
ing basic requirements must be fulfilled:

@ Each base station must be informed about the mobile subscrib-
ers currently within its area.
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@ Each base station must be able to monitor and influence the
quality of radiotelephone communication.

@ Correct charging of calls must be ensured.

To find out which mobile subscribers are presently within the range
of a base station, the mobile phones in standy mode, for instance,
are requested from time to time to switch on their RF carrier and
identify themselves by their data telegram. This data telegram con-
tains the call number, serial number and maximum RF carrier pow-
er. The subscriber has no influence on these cyclically repeated
messages.

In this way each base station knows the number and identity of
the mobile subscribers within its range of coverage. It identifies
subscribers in their home area, records visitors from other areas
and reports them to a superordinate computer which, via data
links, informs the switching centre of the home area concerned of
the presence of the visitor. In this way it is ensured that each sub-
scriber can be called at any time.

For monitoring and influencing the quality of radiotelephone com-
munications, the following methods are used in the various cellu-
lar-radio networks:

@ Field-strength measurements are used to determine which
transmitting/receiving station is best for receiving calls from the
mobile radiotelephone.

@ An AF signal sent from the base station to the mobile phone
and back to the base station is used for monitoring S/N ratio.

Because of the continuous data exchange, the base station knows
both the momentary and the maximum output power of the
mobile phone. By sending corresponding data telegrams, the base
station can cause the mobile phone to switch to a higher or lower
power level or, if necessary, to another RF channel. The available
RF power range can be adapted to current requirements from
about 10 W down to a few milliwatts.

|

Main station with
public switched
telephone
network exchange

//
7
S

, Mobile
7/ / switching centre

Base stations

FIG 19 Basic configuration of cellular-radio network.
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TABLE 2 Overview of cellu-
lar—radi9 networks_ in use System NMT AMPS TACS Japan Radiocom | Network
worldwide and their charac- NTT 2000 c
teristic features.
Number of RF 180 666 1000 600 256 222
channels or 220
Channel 25 30 25 25 12.5 20
spacing (kHz)
Duplex spacing 10 45 45 55 10 10
(MHz)
Signalling 1200 10000 8000 300 1200 5280
speed bit/s bit/s bit/s bit/s bit/s bit/s
Subcarrier FFSK PSK PSKK PSK FFSK direct
modulation carrier
keying
(NRZ)
Frequency 454 to 825to 890 to 870to 406 to 451 to
range (MHz) 468 890 960 940 430 466

In addition to the location, the positive identity of a mobile phone
must be known for correct charging of the calls. The identity is
secured by using highly redundant coding of a subscriber's num-
ber.

Résumeée

It is easy to recognize that radiotelephony is constantly gaining in
importance. Considering that with the aid of a cellular network
structure cells with a diameter of less than one kilometer can be
implemented, it is easy to imagine that portable radiotelephones
with a few 100 mW of RF output power will come on the market at
an attractive price. TABLE 2 provides an overview of the cellular-
radio networks presently in use worldwide and their characteristic
features.

Because of the very complicated signalling in the different cellular
networks, the measuring instruments used should have universal
capabilities. The data-telegram exchange between test assembly
and mobile phone, for instance, must take place in realtime and
should allow troubleshooting down to bit level for error analysis.

Data duplex traffic is a mandatory requirement. Modern radiotele-
phones often have response times of a few milliseconds. This
means that the duplex deviation meter of the test assembly must
be accurately and extremely rapidly presettable to the frequency
of the channel in which a called mobile phone will reply; otherwise
there is either a loss of information or the desired call will not be
set up.

The Rohde & Schwarz systems SCUD/SMFP 2 and CMT are power-
ful testers for cellular radiotelephones. By loading the specific soft-
ware package into the SCUD, the test system SCUD/SMFP 2
becomes the base station of a BOS, NMT, AMPS or TACS network
with all the specific signalling protocols. The data telegrams sent
by the mobile phone are demodulated by the SMFP 2, while the
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SCUD provides for decodinq. The SCUD implants error bits into the
data stream to allow checking of the error-correction facility of a

mobile phone.

Finally, after checking and measurement of the signalling parame-
ters of a mobile phone, the controller capability of the SCUD can
be used for fully automatic control of the test assembly for the
usual transmitter and receiver measurements.

Manfred Grossmann
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The Radiocode Test Set SCUD is avaluable addition to the wide range of Rohde &
Schwarz radiotelephone measuring equipment. A program-controlled AF syn-
thesizer, universal evaluation section and integrated process controller enable
the SCUD to generate and evaluate practically all selective-call and data tele-
grams transmitted by radio. It is used in production, in the test shop and in the
laboratory as a stand-alone measuring instrument, in conjunction with the radio-
telephone test assemblies SMFP 2, SMFS 2 and CMT in all fields of transceiver
measurements, and together with the Mobile Tester SMFP 2 for measurements
on mobile stations of cellular-radio networks.

‘Radiocode Test Set SCUD
for selective calling, radio data and
cellular radio

FIG1 Radiocode Test Set SCUD. Detached keyboard only for numerical entry in manual mode; normal operation of test set by softkeys. SCUD canalso
generate complex signals (background) thanks to its versatile synthesizer.
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With the aid of programs supplied on floppy disks or additionally
available, the user himself chooses the test function of the Radio-
code Test Set SCUD - selective-call or radio-data testing — and the
operating mode — manual operation by softkeys, automatic mode
controlled by user program or remote control via IEC/IEEE bus.
FIG 1 shows the SCUD with a detached keyboard, this only being
used for numeric entries in manual mode. Virtual operation is
made by softkeys.

With the Software Package SCUD-K1 supplied as standard, the
SCUD operates as a selective-call encoder and decoder, genera-
ting and evaluating all common standard sequences as well as
any customer-specific tone sequences, Each parameter ofa
tone sequence (frequency, tone duration, pause duration and volt-
age), can be freely programmed (FIG 2).

Through the Software Package SCUD-K2 supplied with the equip-
ment, the SCUD becomes a generator/analyzer for radio-data
signals. Its high flexibility makes it suitable for a great variety of
applications from simple performance testing of a data module
(modem) through to setting up and operating a radio data link in-
cluding evaluation of the test parameters.

" @ two-tone generation via summing input

@ tone duration down to half a signal period
® pause duration between tones 150usto 3 s

The high-performance measuring section of the SCUD contains
various frequency meters and a peak voltmeter which cperate
simuitanecusly and cover the entire range, as well as switchable
weighting filters.

The frequency meters - designed as gate-time counters or period
meters depending on the particular application — are used for time
measurement of the signals to be evaluated. Storage capacity is
available for a practically unlimited number of measurement
results.

The voltmeter measures positive or negative peak voltages and
provides a stable value after no more than one signal period (for
f< 5 kHz). An almost unlimited number of voltage values can be
stored. The measurement rate of the peak voltmeter is controlled
by the signal itself or can be preset by an internally generated and
programmable clock.

A highpass, a lowpass and a bandpass filter are available as input-
weighting filters. In conjunction with switch-selected autoranging

FIG 2 Complex signals like this can be generated by SCUD and analyzed in many parameters.

For measurements on mobile stations of cefiular-radic networks
special program packages based on the general radio-data soft-
ware are available, which take account of the particular features of
the individual networks as well as the often very complicated
signalling protocols and control the operation of the SCUD in con-
junction with the associated Mobile Tester SMFP 2.

Further software packages for special applications, eg for POC-
8AG, are available. The AF synthesizer integrated in the SCUD is
used as a program-controlled signal generator, thus replacing
external AF voltage sources and opening up completely new fields
of application.

Design and characteristics

The essential component of the encoder section of the SCUD is
the program-controlled AF synthesizer. Its characteristics and
specifications allow all required signals to be generated:

frequency range 20 Hz to 25 kHz

crystal-accurate with high resolution

zero settling time for frequency and amplitude change
level range 0 to 2000 mV, reselution 0.5 mV

phase change possible at every zero crossing
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and a programmable trigger level, these filters enable the suppres-
sion of unwanted signal components and thus direct evaluation of
the signal of interest.

The process controller integrated in the SCUD with 32 Kbytes of
memory capacity is not only able to control the measurement
process - including external measuring instruments - but may
also be used independently for any other applications. The per-
formance of the SCUD process controller is comparable to that of
the powerful Process Controller PUC from Rohde & Schwarz:

built-in floppy-disk drive

Basic and machine language as programming languages
IEC-standardized data and command formats

talker and listener function on IEC bus

excellent RF shielding, therefore very low RF leakage and high
RF immunity

connector for Universal Printer of PUD family

can be extended by a great number of options (high-resolution
graphics, realtime clock, RS 232 C interface, second floppy-disk
drive, input/output interface)

® o066

® e

Selective call

The testing of selective-calling devices was carried out until now
with instruments operating on the principle of a go/nogo test.
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More accurate results were achieved by defining the limits be-
tween “go” and “nogo” more precisely. The transition from testing
to accurate measurement called for the use of large systems
which needed a computer with high storage capacity and a high-
speed, high-resolution system voltmeter on the measuring side
alone. Furthermore, elaborate control and evaluation software had
to be produced.

Things are different and simpler with the SCUD: the Selective-call
Software Package SCUD-K1 contains the complete program for
use of the SCUD as a selective-call encoder/decoder, permitting
simple and fast tests or measurements of all parameters of selec-
tive-calling devices. The scope of the measurements affords much
more information on the state of the device under test than does
the conventional go/nogo test.

Selective-call encoder

The selective-call encoder generates all standard sequences of
one to 15 tones from the frequency range between 300 Hz and

4 kHz as well as customer-specific tone sequences. The floppy
disk SCUD-K1 supplied with the set does not only contain the data
for the standard sequences ZVEl 1, ZVEl 2, CCIR, EEA, EiA, CCITT,
VDEW, NATEL and EURO, but also data fields for freely program-
mable frequency sequences. The frequencies of these sequences
may be used either to standard or be varied in fine increments for
the limit-performance test of the decoder. If required, the selective-
cali encoder outputs one frequency of any tone sequence as a
continuous tone during the pauses (free tone).

The tone and pause durations of the standard sequences are
stored on the floppy disk SCUD-K{; it is however also possible to

Settings possible on selective-call encoder

Standard/ one of 14 international standard sequences or
frequencies any user-definable sequences (can be

extended with the aid of floppy disk)
Frequency frequency variation in percent up to + 49.9%
variation from from the standard for limit-performance test of
standard decoder to be measured

Call numbers

Tone duration

Pause duration

Voltage

Number of calls

Free tone

Continuous tone

length of call: one to 15 digits (digits 0 to 9,
At0E)

commonly for all tones,
separately for each digit,
variation in ms

commonly for all pauses,
separately for each pause,
variation in ms

commonly for all digits in call,
individually for each digit

freely programmable; various start and abort
possibilities for call via trigger line, keyboard or
program-defined

one frequency of selected standard sequence
can be chosen as continuous free tone

encoder may be used as AF synthesizer,
programmable in frequency (20 Hz to 25 kHz)
and voltage (0 to 2000 mV)
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FIG 3 Definition of special sequences with SCUD: frequency, tone
duration and pause duration are freely settable.

program any deviations from the standard (0 to 3000 ms). The
programmable voltage range is identical with that of the AF syn-
thesizer (0 to 2000 mV). All frequencies, tone and pause durations
may be overwritten by customer-specific data and be extended to
a practically unlimited extent by using further floppy disks.

Special tone sequences permit sequences where, in addition to
the frequency associated with the tone number, an individual
amplitude plus tone and pause duration are allocated to each
tone (FIG3). In this mode, measurement tasks completely differ-
ent from the previous selective-call standards can be fulfilied. It is
forinstance possible to generate two or three successive, different
tone sequences with defined pauses, or bursts with any, even an
irregular, duty cycle. A summinginput is available for two-tone
generation. An external signal can be added to the internal signal
via this input.

The selective-calkl encoder features universal start possibilities:
one-shot, continuous repeat, acknowledge (on starting the call,
the decoder is armed for reply) via keyboard, program or remote
control.

Selective-call decoder

The stored data referring to frequency, tone and pause durations
of the standard sequences or of freely programmed sequences
are used both for the selective-call encoder and decoder. The
decoder derives the call number or selective-call sequence from
the period durations and the measured frequency values. Toler-
ance bandwidths of the frequency and acceptance bandwidths of
tone and pause durations are software-controlled and can there-
fore be varied within wide limits. The exceeding of tolerances or

measukrement ranges as well as completely undefinable signals
are already marked in the decoded call number (FIG 4).

Since the decoder can evaluate a call with up to 37 digits, tone
structures greatly differing from the standard, eg tone sequences
with multiple repetition, successive different tone sequences or
tone sequences with lengthened first tone can also be analyzed.
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FIG4 SCUD decodes call number from tone sequence. Marking after
second and fourth tone as well as flashing frequency key indicate that
preset tolerances have been exceeded.

FIG5 Frequency evaluation: SCUD indicates for each tone mean fre-
quency (left column) and in case of exceeded tolerances minimum or
maximum frequency (centre and right column).

FIG 6 Operating structure of SCUD. Starting from this menu, any
subroutine is either directly accessible or along displayed paths via
softkeys.
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' The SCUD identifies the standard of unknown selective calls. After

calling up the acknowledge start on the selective-call encoder, the
period of time elapsing between the end of the call output and the
arrival of the call at the decoder is automatically measured. It is
directly displayed as an acknowledge delay.

The SCUD features test depth that goes far beyond simple call
decoding. For each tone in the sequence the following informa-
tion is available:

® mean frequency or maximum and minimum frequencies if the
tolerance of each tone is exceeded (FIG 5)

@ duration of each individual tone

@ pause duration following each tone

@ mean voltage, maximum voltage and minimum voltage of each
tone

The decoder is armed for evaluation via the keyboard, under pro-
gram control or via a remote-control line. The measurement pro-
cess may be stopped from the keyboard or via a control line or
automatically after a defined pause duration. Subsequently the
results are automatically evaluated.

A programmable trigger level together with autoranging and differ-
ent input filter configurations (HP, LP, BP) permits noise and inter-
ference to be suppressed so that the signal proper is correctly
evaluated. A freely programmable hold-off provides for suppres-
sion of unwanted signals (eg spikes preceding a selective-call se-
quence caused by switching on the transmitter).

Operating concept

With manual operation through softkeys, the software-controlled
keys, which are redefined according to the measurement function
for easy interpretation, offer reliable user prompting. Two addi-
tional keys permit rapid changing between the main modes and
sequential switching within the operating structure. The measure-
ment parameters are entered via the keyboard (FIG 6).

In automatic mode the basic software controls the sequence of
measurement and consists of a combination of subroutines for
settings and measurements that are called up in a program writ-
ten by the user to suit his requirements (without extensive pro-
gramming knowledge being necessary). The basic software also
includes routines that are extremely helpful in programming com-
plex measurements and save a lot of time. All commands of the
Basic language can of course also be used in the user program.
Due to its controller features the SCUD can additionally and simul-
taneously be used for controlling other equipment.

Radio data

A commonly used method of transmitting data by radio is to
encode logic 0 in the form of three half-cycles of a frequency

of 1800 Hz and logic 1 in the form of two half-cycles of a frequency
0f 1200 Hz.
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When the floppy disk SCUD-K2 is used, the SCUD tests and meas-
ures radio-data facilities not only within this system but in a much
wider range. The following modulation techniques can be select-
ed:

ESK (frequency shift keying). The logic-0 and logic-1 condition can
be allocated to any frequencies between 300 and 4000 Hz; fre-
quency switchover is effected with no jump in phase (FIG 7).

FFSK (fast frequency shift keying, with frequency change at the
zero-crossing point). The number of half-cycles for one bit of the
logic-0 and the logic-1 frequency is freely programmable; it thus
determines the transmission rate (FIG 8).

PSK (phase shift keying). The modulation signal undergoes a
phase shift of 180° at the zero-crossing point when the logic state
changes; the number of half-cycles for one bit is freely program-
mable (FIG 9). :

DPSK 0, DPSK 1. (differential phase shift keying). A phase shift cor-
responds to logic O or logic 1; otherwise the same as PSK.

For each serial data transmission with binary values, as is usual for
radio transmissions, a certain protocol must be agreed so that the
content of the bit stream can be determined. The largest informa-
tion unit to be transmitted coherently is the telegram. Each data
telegram is made up of blocks containing the bits as the smallest
information units. This telegram structure makes for the great ver-
satility of the SCUD in data generation and evaluation according to
virtually any conventions.

The telegrams may be freely programmed down to bit level. The
following codes are available for the formulation of bit sequences:
binary; hexadecimal/BCD; ASCII 7 bits, ASCII 8 bits (LSB even and
odd parity, MSB even and odd parity); user-defined 1 to 8 bits and
any user-defined codes.

The transmission direction and logic state can be inverted for each
code character. Up to 253 blocks with 1 to 128 bits can be formed.
The block types are distinguished according to format-oriented,
format- and content-oriented as well as synchronization blocks. In
addition, two redundancy blocks can be generated according to
predetermined or to user-defined stipulations.

Block type differences

Block types Analyzer function

Format-oriented The analyzer recognizes the telegram received
through the format of the internal telegram
structure

Format- and The analyzer checks the telegram received
content-oriented against the structure telegram, comparing
format and content

Synchronization The analyzer synchronizes the telegram
block received with the corresponding block of the
structure telegram
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FIG7 Frequency
keying in FSK
modulation mode
is effected in
SCUD with no
jump in phase and
without transient
frequency and
amplitude

response.

FIG8 - Frequency
switchover _after
few half-cycles
exactly at zero-
crossing point
without transient
response is char-
acteristic of stan-
dard FFSK signal
as used for in-
stance in  NMT
system (Nordic
Mobile Telephone)
and radio data
transmission to
ZVEL

FIG9 Section of
PSK data tele-
gram as example
of exact genera-
tion by SCUD.

In addition to the system-inherent program data, the settings for
measurements and testing are also freely programmable:

For the generator:

Percentage deviation of frequency from nominal frequencies
Output voltage :

Initial phase of telegram

Pause tone (frequency before and after telegram)

Duration of call pause :

For the anaiyzerﬁ

Input-filter characteristic: HP, LP, BP, flat
Tolerance in == % of nominal frequency
Measured voltage (positive or negative peak)
Autoranging on/off for optimum gain range
Trigger threshold

For acknowledge mode:

Hold-off (end of telegram output to readiness for evaluation)
Acknowiedge delay (end of received telegram to sending of reply
telegram)

For evaluation the SCUD collects a multitude of data consisting of
measured time, period and voltage values; from these it deter-

mines the content of the received telegram according to the given
telegram structure. After selection of the code any block of a tele-
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gram may be output. in addition, it is possibie to read out the
{elegram without reference to the block format.

From the measured data the SCUD also derives the modulation
frequency or its deviation from the nominal value, the transmission
rate, the signal voltage and the acknowledge delay. The evaluation
of the telegram in the form of error markings localizes any trans-
mission errors. The error markings refer to the exceeding of fre-
quency tolerances, to format errors and content errors.

In the acknowledge mode, one of four predetermined telegrams,
depending on the content of the received telegram, can be sent.
In case the content of the received telegram is not recognized a
fifth predetermined telegram is sent. Any selected telegram can
be sent one to 255 times. If the expected reply telegram fails to
arrive or contains errors, a call will be sent again. The upper limit of
these cycles can be programmed. k

Apart from use as a program-controlled generator/analyzer for

radio-data signals the SCUD can be operated as a modulator. It
delivers the signal appropriately modulated when a clock or an

external data stream is applied to the TTL input.

The free programmability of the generator/analyzer makes the
SCUD suitable for known data-transmission techniques such as
ZVEl and BOS (FIG 10) and moreover permits all system-specific
modifications such as telegram extension or block structure modi-
fication; adaptation to future techniques is no problem.

Beyond the simpie go/nogo test the high internal intelligence per-
mits, on the generator side, the variation of all transmission para-
meters including error implantation for checking error correction in
the radio equipment and, on the analyzer side, the exact analysis
of detected data telegrams.

FIG 10 User-specific software controls SCUD for BOS applications.

Operation radio data

The Data-transmission Software SCUD-K2 is supplied as standard
for controlling the determination of telegram structure, the genera-
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tion and evaluation of data telegrams and the behaviour of the
SCUD. With this software the SCUD can be programmed by simply
calling up existing routines. The remaining memory space permits
the generation of user programs for optimum adaptation of the
SCUD to particular measurement tasks (FIG 11). For simple meas-
urement tasks the SCUD functions as a process controller for
measuring instruments connected to the IEC bus; for complex
measurements, the IEC-bus control of the SCUD from a control
computer, eg the PUC or PCA 5, with unlimited storage capacity is
available.

FIG 11 User program made up from Data-transmission Software
SCUD-K2:itis extremely simple to compose atelegramto specialrequi-
rements (program lines 120 to 240) and to start it (line 270).

Cellular radio

Cellular-radio networks are presently being put into operation or
will be introduced in the near future in many countries all over the
world. The function of the different systems is based on a more or
less elaborate signalling procedure, which ensures a high level of
accessibility to the subscribers and optimal transmission quality.
All these networks feature a cellular structure; however, content
and sequence of the telegram acknowledgement, redundancy
and error correction as well as the type of modulation (FSK, FFSK,
PSK, DPSK) are significantly different in the various cellular net-
works. Thanks to its flexible design as a universal, programmable
generator/analyzer for radio-data signals, the SCUD is ideally
suited for testing mobile stations of the different radio networks.

The optional Celiular-radio Duplex Modem SCUD-B1 permits bidi-
rectional data transmission in full duplex operation between test
assembly and mobile phone. This option contains special program
packages based on the general Radio-data Software SCUD-K2
which take account of the particular features of the network con-
cerned and the often extremely complex signalling protocols, and
also control the operation of the SCUD in conjunction with the
associated Mobile Tester SMFP 2 and Duplex Deviation Meter
SMFP B41/B91. This configuration as the basic equipment simu-
lates the base station in the cellular networks AMPS (Advanced
Mobile Phone Service), TACS (Total Access Communication Sys-
tem) and NMT (Nordic Mobile Telephone) and, in addition to call
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FIG 12 Simple configuration of test system: Mobile Tester SMFP 2 -
with duplex deviation meter -~ and Radiocode Test Set SCUD for all FIG 13 Basic entries on SCUD shown for NMT network.
measurements (RF, AF, DC and signalling) on mobile stations of cellular-

radio networks AMPS, TACS and NMT.

origination and termination and testing of the signalling procedure
(channel change, power change, etc), is also able to carry out all
RF, AF and DC measurements (FIG 12).

For testing mobile phones of celiular networks which do not
require full duplex working on the signalling section, the Software
Packages SCUD-K3 for NMT, SCUD-K4 for AMPS and SCUD-K5
for TACS are available, featuring characteristics similar to that of
the SCUD-B1 option.

For the automatic execution of comprehensive test routines use
of the Process Controller PUC or PCA § is recommended. The pro-
grammable Power Supplies NGPV or NGPU (shown dashed in test
setup in FIG 12) are especially suitable for the mobile stations.

In each case the test assembly simulatés the base station of the
particular cellular network and thus aliows complete testing of the

FIG 14 Te|egram sent by mobile phone (here: AMPS) is decoded in
SCUD.It contains phone number, serial number and class of subscriber’s

mobile phone. The software generates and analyzes the telegrams phone as well as selected information sent by mobile phone. SAT fre-
in the SCUD that are required for call origination and termination quency, RF power and frequency of mobile phone are displayed on
as well as for channel and power change in line with the standard screen as actual values measured.

specifications, and takes account of the network-specific type of
modulation and the redundancy generation required in the partic-
ular system (FIGs 13, 14 and 15). :

All signalling parameters, such as cail number, channel number,
country and/or area code, transmitter power level, etc, can easily
be entered into the SCUD via the softkeys and the keyboard. The
call origination, termination or transfer of any other telegrams
desired can simply be called up at a keystroke. The possibility of
error implantation allows checking of the error-correction facility of
the mobile phone.

When the softkey ORIG (origination) is pressed, the SCUD inserts
the input parameters into the signalling telegrams within a mini-
mum of time and offers in the next menu call origination (mobile to
base station or vice versa), measurement of acknowledge delay
and roaming updating. With the possibility of selecting the country,
the SCUD takes account of country-specific modifications.

For evaluation of telegrams the SCUD not only displays the tele-

gram content in clear text, but analyzes the information bit by bit FIG15 Telegram sent by mobile phone (here: TACS) can be displayed

and therefore also displays synchronization block, dotting se- on screen bit by bit. Telegram parts of secondary importance such as

T . header or five-fold telegram repetition used in TACS can thus be
quence, area code or each individual word. In this way errors are checked for accuracy.

recognized, which in practical operation (shadowing, external
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interference) could be corrected by the base station with the aid
of the system redundancy, but this would unnecessarily load the
error-correction facility.

A great advantage of the cellular-radio test assembly is the undis-
cerned automatic control of the SMFP 2 by the SCUD to enable
realtime working under all operating conditions. Irrespective of
the available routines, the user can set up test routines according
to his requirements and simply integrate them into the test pro-
grams thanks to the controller capabilities of the SCUD.

Even the test sequencing and program writing for automatic test
systems using an external process controller are simple, since for
time~critical and compiex routines the SCUD will take over control
of the Mobile Tester SMFP 2 upon a corresponding instruction and
afterwards return control to the external process controller

(FIG 16).

Additional information on measurement capabilities, applicationc
and operation can be found in the article “Cellular-radio test
assembly for AMPS, TACS and NMT” from page 58 onwards.
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With the aid of the Software Package SCUD-K6 the SCUD in con-
junction with a radiotelephone test asembly SMFP 2, SMFS 2 or
CMT can solve all tasks associated with the POCSAG paging sys-
tem (Post Office Code Standardization Advisory Group).

In contrast to the cellular-radio networks described up to now, data
are transmitted undirectionally from the base station to the
individually addressable receivers on one RF frequency. The
modulation voltage carrying the address and data stream is appro-
ximately squarewave (direct carrier shift); it is generated in the
SCUD taking into account system-specific parameters and is
applied to the test assembly as an external modulation signal for
testing and operation of POCSAG receivers.

With screen-prompted manual operation or program-controlled,
the parameters required for information transfer to the pager are
entered: the 7-digit identity number, the telegram content, which
can be transmitted optionally in binary, ASCII, hexadecimal or user-
specific code, and the function code for the call tone. In addition
the SCUD-K6 Software offers many possibilities of parameter
entry for testing: for instance synchronization word, preamble,
transmission rate and redundancy-generating polynomial can be
entered without conforming to the specifications.
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FIG16 Radiotelephone
test assembly consisting
of Mobile Tester SMFP 2
with Duplex Deviation
Meter SMFP B41/B91and
Radiocode Test Set
SCUD for complete test-
ing - RF, AF, DC and sig-
nalling - of mobile sta-
tions in cellular-radio
networks AMPS, TACS
and NMT.
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For troubleshooting it is also of benefit that data transmission can
be repeated automatically for a specified time or number of runs.

Up to six telegrams can be stored in the memory of the SCUD and
recalled by the user at any time. If more storage capacity is
required for telegrams and parameter configurations, the disk
operating system will provide further aid.

Further applications

Apart from its use as an encoder for selective-calling and data
transmission signals, the AF synthesizer integrated in the SCUD -
featuring a wide frequency range (20 Hz to 25 kHz) and low inher-
ent distortion — can be operated as a stand-alone AF signal
generator. It is an ideal supplement to all radiotelephone test
assemblies for the simuitaneous and independent generation of
signal and pilot-tone modulation, eg subaudio tones, free tones or
monitoring tones in cellular-radio networks (FIG 17), or general
two-tone signal generation (SSB applications).

FlG 17 Slmple checkmg of subaudro or pllot-tone decoders with great
testdepthby meansoffreelyprogrammable burst, frequency andamph-
tude.

Top: sinewave burst generated by SCUD.

Bottom: detector output s‘rgna‘l

The free programmability of frequency and amplitude and the pos-
sibility of generating any signal sequences provide optimal condi-
tions for all investigations of nonlinear components and modules
such as frequency detectors, rectifiers and modulation llmlters Of
specral interest is use of the SCUD for measurements on noise-
suppression systems, in which the free programmability is a deci-
sive factor.The possnbllrty of frequency variation in any steps .
within a burst is of great benefit. It allows the decoder of the SCUD
to exactly determine the characteristics of the attack and
response times (the criterion is the varying frequency). With the
aid of the selective-call software package such signals can be
generated and analyzed in the manual mode without elaborate ;
programmmg

;,Usze as process controller

The"'process controller integrated in the SCUD can of course also
:be employed as a self-contained unit without making use of the
SCUD-specific characteristics. In its functions it is comparable to
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the Process Controller PUC and, in addition to use as a universal
desktop computer, is also ideally suited for the conflguration of
automatic, computer-controlled test systems using suitable inter-
faces and available options.

Options

In addition to the optional Cellular-radio Duplex Modem SCUD-B1
many other options allow economical adaptation of the SCUD to
specific measurement tasks. The input/Cutput interface PUC-BT
with 32 programmable TTL lines, seven relays, an A/D and a D/A
converter is ideal for use in automatic test assemblies. Switching
of call numbers, control of modules and whole radio sets as well as
the function as a signal scanner can then easily be integrated in
the automatic measurement process. The options of the Process
Controller PUC - high-resolution graphics, realtime clock, RS 232 C
interface and second floppy-disk drive — are available as further
accessories.

CONDENSED DATA
RADIOCODE TEST SET SCUD

1 < AF synthesizer frequency 20 Hz to 25 kHz,

level 0 to 2000 mV

Selective-call encoder standards (ZVEl 1, ZVEI 2, CCIR, EEA, EIA,
o . CCITT, VDEW, NATEL, EURO),
14 freely programmable sequences of
.15 frequencies each, tone sequencies of 1 to
- 15 tones from the sequences, tone duration
and pause duration from 0.2 to 3000 ms

‘Selective-call - evaluates calls of up to 37 tones, measures

decoder ‘ _frequency and voltage of each tone,
R measures tone duration and pause duration,
sets tolerances for frequency, tone duratlon
and pause

Radio data modulation: FSK, FFSK, PSK, DPSK 0, DPSK 1,

block-oriented telegram structure,

9 different codes,

automatic redundancy generahon
evaluation of telegram content,

marking of content errors,

measurement of frequency, voltage,
transmission rate and acknowledge delay i

Cellular radio signalling to AMPS, TACS, NMT specifications;
with option SCUD-B1 suitable for full-duplex -
working, matched to Mobile Tester SMFP 2 - -
for complete radiotelephone testing (RF, AR
DC, signalling)

'POCSAG universal software package for transmission

-of alphanumeric telegrams to POCSAG :
specifications

Process controller universal process controller with built-in
floppy-disk drive, IEC/IEEE bus and printer
connector, softkeys, detached keyboard,
Basic programming language and machine -
language; further characteristics comparable
to R&S Process Controller PUC )

Ordering number 393.7110.02
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A comprehensive test on mobile stations of the cellular-radio networks AMPS,
TACS and NMT includes very complex test routines, mainly in the field of signal-
ling. Rohde & Schwarz provides a suitable test assembly consisting of Radiocode
TestSet SCUD, an intelligent generator/analyzer for radio data, and Mobile Tester
SMFP 2, a radiotelephone test set. This assembly is in use with leading equip-
ment manufacturers and PTT administrations all over the world.

Cellular-radio test assembly
for AMPS, TACS and NMT

FIG 1 Automatic test assembly for mobile phones of cellular-radio networks AMPS, TACS and NMT, consisting of Radiocode Test Set SCUD
and Mobile Tester SMFP 2 with Duplex Deviation Meter SMFP B41.
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All mobile telephone systems that are presently being introduced
are configured on the principle of cellular-radio networks. The ent-
ire area to bé covered by a radio network is divided into cells. The
frequency- and time-occupancy plan of any one cell differs from
that of all neighbouring cells, but is reused in more remote cells.

This principle allows a large number of subscribers using relatively
few frequencies. An elaborate data-telegram exchange between

" The size of the cells and the number of channels are matched to
the volume of the radiotelephone traffic (town, country) and topo-
graphy. Content and sequence of the telegram acknowledgement
procedure, redundancy, error correction and the type of modula-
tion (FFSK, PSK, DPSK) differ significantly in the various cellular

networks.

base station and mobile ensures smooth radio traffic, but also
requires complex test procedures and test assemblies which
must optimally meet the exacting requirements (FIG 1).

Thanks to its flexible design as a universal, programmable radio-
data generator/analyzer the SCUD is ideally suited for testing
mobile phones of the radio networks AMPS (Advanced Mobile
Phone Service), TACS (Total Access Communication System) and

The content of the exchanged data telegrams not only consists of
the dialed number, but also of country, area and location codes.In
addition it contains information about the quality of the existing ra-
dio link and about any forthcoming change in channel or transmit-
ter power. This makes for a high level of accessibility of the sub-

scribers within the whole area and good transmission quality com-
bined with efficient frequency occupancy of the cellular-radio net-

NMT (Nordic Mobile Telephone) inciuding all modified versions of

them for different countries (TABLE).

Two different configurations are pdssible for the SCUD. The soft-

ware packages SCUD-K3 for NMT, SCUD-K4 for AMPS and
SCUD-KS5 for TACS are available for radio sets which do not

work (FIG 2).

FIG2 Principle of

require full-duplex data traffic (these being in the majority). The
optional Cellular-radio Duplex Modem SCUD-B1 with software
packages for all three networks is available for more in-depth
testing and for radio sets which require full-duplex operation.

In any case the software packages take account of the particular
features of the individual networks including special-to-country
modifications as well as the often very complicated signailing pro-
tocols. They control, unnoticed by the user, the operation of the
SCUD in conjunction with the associated Mobile Tester SMFP 2
with Duplex Deviation Meter SMFP B41/B91. This basic configura-
tion of a cellular-radio test assembly simulates the base station in
such a network and, in addition to the call origination and testing

- of the signalling procedure, it is able to carry out all RF, AF and DC

measurements on the radiotelephone set proper. Besides the uni-
versal capabilities of the SCUD, the superior measuring quality

of the SMFP 2 is outstanding in all measurements on radio sets
and their modules. The SMFP 2 has all the necessary measuring
facilities for complete radiotelephone testing with high accuracy
and wide dynamic range, some special features making it ideally
suited for use on mobile stations of cellular-radio networks. These
include a presettable Duplex Deviation Meter (option SMFP B91 or
SMFP B41), which operates independently of the internal RF syn-
thesizer and features a wide demodulation-frequency range, extre-
mely fast settling time and extracrdinarily low residual FM. Its

modern  cellular-
radio  networks. System Introduction in Discussed for Coding method Transmission speed
Same frequency is
reused in cells with AMPS USA, Canada PSK 10 kbit/s
same number to i
make most of low Advanced Mobne
number of trans- Phone Service
mit/receive chan- R
nels availablie. TACS UK PSK 8 kbit/s
Total Access Com-
munication System
NMT Denmark, Sweden, Saudi Arabia, FFSK 1.2 kbit/s
Nordic Mobile Finland, Norway, Spain, Malaysia,
Austria, Nether- Thailand, Belgium,
Telephone ) S
lands, Switzerland Luxembourg, Tunisia
Network C Federal Republic South Africa direct carrier 5.28 kbit/s
of Germany keying (NRZ)
CD 900 Federal Republic probably not yet specified
of Germany, fully digital
France
TABLE Modern Radiocomm 2000 France FFSK and FSK 1.2 kbit/s and

cellular-radio  net-
works and coun-
tries of use.

50 bit/s
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quality makes for the exact recording of transmitter parameters
such as modulation, S/N ratio and modulation distortion. An impor-
tant feature is the capability for internal two-tone modulation for
simultaneous but independent generation of useful modulation
and the necessary monitoring tones (NMT 4 kHz, AMPS/TACS
5.97, 6 or 6.3 kHz SAT tone).

In the testing of a mobile radio, the SCUD handles the signalling
(generation and evaluation of data telegrams) and the SMFP 2 all
transmitter and receiver measurements. A distinction is made be-
tween two testing modes, the service mode and complete system
test.

Testing in service mode

For this test the mobile radio is set to the various operating modes
(transmit, receive, channel selection, power level, etc) from the
keypad of the control unit or, if equipped for this purpose, by
means of specific data telegrams directly via the RF. If the built-in,
optional input/Output Interface PUC-B7 is fitted with a suitable
connector (eg AMPS), it allows setting to the desired operating
mode by serial or parallel binary data transfer. The SMFP 2 then
performs all necessary measurements on the radio such as sensi-
tivity, modulation, frequency response, transmitter power and S/N
ratio.

Complete system test

For the necessary complete system test (transmitter, receiver and
control unit), which is also of much greater interest, including the
signalling procedure (call origination and clearing, data exchange)
the SCUD and SMFP 2 work together as an IEC/IEEE-bus test
system in which the SCUD serves as the controller for the SMFP 2.

Both instruments together simulate the base station and enable
call origination and clearing under near practical conditions in
realtime simply via the RF path by repeated, automatic exchange
of telegrams between the test assembly and the connected
mobile station. The SCUD software package controls the genera-
tion and analysis of telegrams which are required for call origina-
tion and clearing, channel and power change as well as for any fur-
ther data transfer (FIG 3). The different, network-specific types of

f—o—F—o—d—1—4—0—F—1-—"A—0—

FIG 4 Section of NMT telegram generated by SCUD showing precise
frequency change during zero-crossing (logic 1 =1 period 1200 Hz, logic

0 = 3/2 periods 1800 Hz).

modulation and the redundancy generation and evaluation
required in the particular system are automatically taken account
of.

Measurement of response time (nominal value 30 & 2.5 ms) after
a mobile has been called by the base station — one of the most
important parameters in the NMT system - is only one example of
the many further possibilities of measurement and data transfer.
With the aid of the directly addressable routines in the software
package the user himself can easily generate any telegrams and
integrate them into a test program. In telegram generation the
redundancy is produced automatically and in fine with network
standards by restructuring the data and is also accounted for
during evaluation. Special routines are provided for checking the
ability of a mobile radio to correct transmission errors occurring in
practical operation. During continuous telegram transfer they in-
crease the number of bit errors artificially implanted and displayed
by the SCUD until the mobile phone refuses acceptance. lt is also
possible to implant errors at specific points in the telegram. In
generating the telegram the SCUD produces a very precise burst
of oscillations (FIG 4). Frequency, amplitude, phase and frequency
transition are exactly defined and the signal starts, stops and
changes frequency or phase precisely on the zero-crossing points
of the waveform (SCUD-K3/K4/K5) or it is sent by the optional Cel-
lular-radio Duplex Modem SCUD-B1. This option allows simultane-
ous generation and evaluation of data telegrams in full-dupiex
operation via two independent generator memories and one data
decoder.

The SCUD thus recognizes incoming telegrams in realtime opera-
tion and allows uninterrupted change of telegrams at the encoder.
These two features ensure fastest responsea of the complete test

> [ Z Xy FXe | X8 T X4 T X5 | X6 ] Na [ N | NE ]

Telegram with redundancy (red information bits, blue redundancy bits)

1010101010101 01[1 11000100 10[10 00 00 1000001001?1101000'(01100000701000100311@0113110(}0@0?041:})

(‘f 6100117107101 011001 1300101000111

0103118708110 0110710110 10060 1190000

Fig 3 Transmitter-power change telegram as example of telegram structure used in NMT. SCUD automatically generates telegrams according to
system standard and adds necessary redundancy. User only has to enter subscriber number and power level required. Sections of telegram in this
example are: N; power level (6 high power), N,, N3 channel number (1,3 channei13), P telegram identification (5 traffic-channel allocation on traffic chan-
nel), Y, country code (5 Denmark), Y, area code (3 area 3), Z country code in subscriber number (5 Denmark), X, through X subscribernumber (761653),N,

new data for N, (2 low power), N, N. nhew data for N,, N3 (1,3 channel 13).
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Basic entries for call setup shown for NMT: simple entry of channel desi-
red for call setup, call number and required transmitter power level of
mobile phone. Country code and traffic areaasline code maybe entered
as desired. Nextroutine fortriggering call setupis calied up by ORIGINA-
TION key.

Cellular-radio networks differ significantly in structures and signalling
procedures. In spite of these differences network-specific SCUD soft-
ware packages are very similarin maximum ease of operation. Example
shows operating routine for channel and/or power change in AMPS.

NEWS special 2

Analysis of received data stream at bit level: bit synchronization and
frame synchronization as well as telegram content are displayed for
each telegram frame. Additional display of information whether recei-
ved redundancy bits are correct or faulty. If received bit does not agree
with expected bit, ERROR MARK softkey outputs error mark for each bit
instead of frame.content.

Power and/or channel change shown for NMT: after entering parame-
ters of new traffic channel (channel number, power level), power and/or
channel change is executed upon keystroke. After completed change,
received data telegram is displayed in go/nogo test or down to bit level
and signal parameters such as transmitter frequency and transmitter
power are read out as actual values measured.

Display of mobile-phone data derived from telegrams at go/nogo level,
shown for NMT: test assembly determines from received data phone
number of mobile phone, dialed number, traffic channelused and power
level used. For monitoring purposes, transmitter frequency and trans-
mitter power of mobile phone are additionally displayed as actual values
measured. Further operating routines are called up via softkeys: analy-
sis of data stream at bit level, power and channel change, checking of
error-correction facility, measurement of RF and AF characteristics of
mobile phone, drop-off of radio link.

FIG5 ' Convenientuser prompting via softkeys greatly facilitatesentry
of comprehensive system parameters, call setup and any further signai-
ling procedures as well as display of telegrams sent by mobile phone.
This holds for simple go/nogo statements through to analysis of every
single bit.
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set in realtime working under all operating conditions. For each
command in the test program the time of execution is measured
and made available if called up. The duplex modem thus also
enables time measurements of signalling procedures.

The telegrams sent by the mobile phone are automatically analy-
zed bit by bit in the SCUD and directly displayed on the screen in
clear text: dialed call number, subscriber and serial number of the
mobile phone, class of the mobile radio, etc. In further in-depth
analyses, telegram headers such as dotting sequence or synchro-
nization' block as well as the content of every single word trans-
mitted are displayed. In this way errors are recognized which,
although they could be corrected by the base station, would unne-
cessarily load the error-correction facilities of a radio network and
thus reduce the successfui call rates in practical operation. The
screen displays in FIG 5 illustrate some of the conveniences of the
SCUD. )

When called up in the program, the call origination between the
SCUD plus SMFP 2 and the mobile station is performed fully auto-
matically by the required multiple exchange of telegrams, taking
account of the network-specific timing. The threshold for a suc-
cessful callis determined by repeating the call procedure several
times while varying the RF output level of the SMFP 2. Repeating
the call origination at the sensitivity limit of a mobile phone provi-
des information on the probability of a successful call, which is an
important quality criterion. :

. Add-on units
SCUD PUC or PCA 5
Xz

=g ) 1EC bus

DEC. 2

TENG. | — —
ENC. a °

Basic equipment

PUD 2/PUD 3

SMFP 2+SMFPB 41/B 91

RF

NGPV/NGPU

— @@ .;':‘

J

Radio/ Power supply
mobile phone

N\

Sensing lines for current measurement

FIG6 Fullyautomatic assembly, egfortesting mobile stations of cellu-
lar-radio network. Suitable add-on units for basic configuration (Mobile
Tester SMFP 2 with Duplex Deviation Meter SMFP B41, Radiocode Test
Set SCUD) are Process Controllers PUC or PCA 5, Universal Printers PUD
2 or PUD 3 and programmable Power Supplies NGPU and NGPV.
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Operation

In spite of the partly different telegram structures in the individual
channels (paging and voice channel), the system parameters to
be additionally transmitted (overhead message, roaming updating)
and the complex call origination by muitiple telegram exchange,
operation of the cellular-radio test assembly (FIG 6) is still extre-
mely simple, since all the activities required for telegram genera-
tion, telegram evaluation, timing and the settings of the radio test
assembly are performed fully automatically by the SCUD. The dif-
ferent modified versions for various countries (NMT) have been
taken account of in the software packages.

The user prompting on the screen in conjunction with the relevant
labelling of the softkeys ensures rapid, errorfree access to the
desired test routine. The choice between semi-automatic, manual
operation — ie fully automatic signalling by the SCUD and manual
measurement of the RF, AF and DC parameters with the SMFP 2 —
and fully automatic operation under programmed control via IEC/
IEEE bus from an external processor (eg Process Controller PUC or
PCA 5) ensures economical use in all fields of radiotelephone test-
ing:

development,
quality assurance,
production,
acceptance,
approval,
servicing.

60000890

As a result of the controller function integrated in the SCUD, no
external process controller is required for simple, program-control-
led measurements; the basic software even allows configuration of
completely different signalling procedures or modification of the
existing ones simply by calling up routines. The process controller
contained in the SCUD also plays an important part in computer-
controlled operation: for time-critical procedures it takes over
control of the radiotelephone test assembly and after execution
automatically returns control to the external process controller.

In addition to the great variety of applications described above,
the SMFP 2/SCUD test assembly also allows testing of radio-
equipment modules such as modulators, demodulators, modems
or internal background intelligence (uP). The Input/Output Inter-
face PUC-B7 with parallel or serial data transfer to the test item,
available as an option for the SCUD, is a valuable aid in setting up
test items.

The test assembly is of course also suitable for testing other pro-
ducts than those of cellular radio, economical use of the test
assembly being ensured by the process controller fitted as stan-
dard and various software packages.

For network C in the Federal Republic of Germany a special model
of Radiocommunication Tester CMT is available. The generator/
analyzer for radio data is already integrated in this radiotelephone
test assembly. There are no IEC/IEEE-bus trangfer times, so this
test assembly meets the time criteria of a fully synchronous net-
work in a special way and thus allows simulation of a base station
in realtime working.

Michael Vohrer
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The network-C model ofthe Radiocommunication Tester CMTisalow-cost,com-
pact test set which ideally combines extraordinary efficiency in analog transmit-
ter and receiver measurements with the capability of testing a network-C radio-
telephone for system conformity and performance characteristics.

Measurements on network-C
radiotelephones using
Radiocommunication Tester CMT

The aim of the new West-German car-telephone network Cis to
offer the customer as far as possible the same convenience as he
or she is accustomed to from the wired telephone network. To
achieve this goal, essential basic requirements have to be fulfilled.
Communication between wired and radio telephone subscribers
or vice versa and between mobile phones must be established
fully automatically and accessibility to mobile-phone subscribers
has to be ensured within the country irrespective of whereabouts.
Speech quality must not be affected even during lengthy calls
under varying radio conditions. Suitable devices must be provided
to ensure secrecy of telecommunications and to avoid evasion of
charges by misuse.

Meeting these requirements in view of the limited frequency band-
width of 222 radio channels for some 100,000 to 250,000 subscrib-
ers and under the much less stable conditions of radiocommuni-
cation calls for a high-performance and complicated system con-

- :
o any T ameiTunt o

® ROHDE&SCHWARZ  ~ RADIOCOMMUNICATION TES

figuration with a lot of special features far beyond the usual
demands in radiocommunication. High demands are therefore
also made regarding the measuring equipment, including, for in-
stance, the necessity of simulating a base station with all its
essential characteristics. The network C model of the Radiocom-
munication Tester CMT is able to fulfil all these requirements
(FIG ).

Network-C characteristics

Like other car-telephone systems, network C operates on the cel-
lular-radio principle. The frequency- or time-division-multiplex
occupancy plan of any one cell differs from that of all neighbour-
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FIG 1 Radiocommuni-
cation Tester CMT simu-
lates in network C
essential characteris-
tics of base station and
is thus able to measure
signalling, RF-and AF
parameters of network-
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FIG 2 Distance between cells having same number is about five
times cell radius. Due to this large distance, base stations in cell centre
may use same time slots in control channel and same frequencies in
speech channels. All neighbouring cells have different numbers and
also occupy different time slots and channel frequencies.

ing cells and is only repeated in remoter cells at a distance of
about five times the cell radius (FIG 2). This allows a large number
of subscribers using relatively few frequencies. For the transmis-
sion of call-processing data one control or organization channel is
normally provided. It operates in time-division-multiplex mode,
whereas all the speech channels use frequency multiplexing.

All network-C base stations or radio concentrators, in the following
referred to as BS, use the same frequency for the control channel,
the same time slot being allocated to all BS with the same cell
number (FIG 2). This time-division method calls for synchroniza-
tion of BS and MS (mobile stations) throughout the network,
covering the time-division clock, the data-transmission clock and
the RF. This overall synchronization aliows the MS to measure the
relative distance to the surrounding BS by phase comparison of
the data clocks. In conjunction with an $/N ratio measurement of
the data signals sent by the BS (jitter), the MS is provided with a
criterion for selecting connection to the best accessible BS. Meas-
urements can be repeated even during an existing call, so the MS
may - unnoticed by the persons involved in conversation -
change over to a BS providing a better signal, thus ensuring con~
stant high quality of connection.

As soon as an MS is switéhed on and the subscriber's ID card has
been inserted, the MS participates in radio traffic even without a
call being made. In addition to the permanent evaluation of a call
that may exist, the position of the mobile subscriber within the
radio network is also determined by the MS, entered into a file and
continuously updated. With the aid of an active entry in the file of .
the current radio zone as well as an entry in the file of the home
zone of the MS, the system is able to address mobile subscribers
all over the country.

Congestions are determined by the system and overcome with
the aid of socalled neighbour-to-neighbour assistance and queu-
ing. This means that even the second- or third-best BS may main-
tain contact with an MS if all available channels of the best BS are
occupied (ie call requests from subscribers cannot be fulfilled and
must be queued). These measures make for the high obtainability
rate in network C.
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As already described, data are also transmitted between BS and
MS during a call. This data flow has the following tasks:

@ identification of current call, in particular as protection against
evasion of charges by misuse,

@ transmission of call-charge count to MS,

@® permanent monitoring of call quality to enable switchover to
another speech channel or radio zone,

@ variation of transmitter power of BS and MS.

Data are inserted in a call unnoticed by the participants, using
time compression of the speech signa! by 1/11 and inserting the
data into the resulting interval. At the receiving end the compeound
signal is expanded so that in addition to the data, the speech sig-
nal is also available in its original form (FIGs 3 and 4). For separa-

——->11.36 ms
—————12.5 ms

FIG 3 Test tone of 600 Hz frequency (upper trace) is output at 660
Hz and stopped after11.3636 ms for 1.1363 ms with constant phase. One
pause bit, four databits and again one pause bit (lower trace) are insert-
ed in this interval, thus allowing data to be inserted into compressed
speech.

1.136 ms

FIG 4 Using network-synchronous data clock, compressed signal
with inserted data (upper trace) is buffered, expanded and output
without phase shift (lower trace). Extracted data are further processed,
while expanded signal is measured. Compression and expansion delay
signal by 1.1361 ms.
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tion of voice and data, the time compression and expansion facili-
ties require the kind of timing that is only possible in a fully syn-
chronized system such as network C.

Measurements on network-C
mobile stations

Compared to “normal” RT measuring equipment, a test assembly
for a network-C mobile phone must be tailored to specific measu-
rement needs. For instance, an automatic test sequence for stan-
dard procedures already provided in the test assembly is manda-
tory, since signalling protocols and channel changes occurin an
accurately defined sequence; manual settings are not possible at
all.

The fully synchronized network requires from the test assembly
that any actions (eg data-telegram exchange) be performed with
timing accurate fo microseconds. The demands placed on the
timebase of the test assembly are correspondingly high.

The burst signalling mode, in which data are distributed into the
slots produced by compression, is not possible with conventional
test facilities. Although it is relatively easy to simulate a time-com-
pressed test signal, such a signal is very difficult to separate from
the data and to expand. After time expansion the analog signal
component bust be accurately measured (deviation, SINAD), whe-
reas the data must be retrieved from the slots for further proces-
sing.

The ability of an MS to choose the better BS requires the test
assembly to simultaneously simulate two or more BS in one
control channel, which means that data telegrams of different
contents must alternate. At the same time varying radio-transmis-
sion conditions must be simulated for the BS.

The different distances to two BS result not only in different field
strengths but also in group-delay differences, which are recog-
nized by the MS. The test assembly must produce these group-
delay differences with the aid of accurately defined phase shift-
ing of the two BS signals. If the phase position varies irregularly, the
MS determines the jitter, which is also used as a criterion for eva-
luation of the radio signal. Producing this jitter is a further task of a
network-C tester.

In addition to the requirements specific to network C, the tester
must also meet all the other demands placed on normal RT test
assemblies:

® RF and AF full-duplex capability,

@ fast RF frequency settling in transmitter and receiver testing,

@ performance of any analog measurements on transmitters and
receivers, such as frequency, power, deviation and distortion

measurements (transmitter testing) or AF voltage, S/N and
SINAD measurements (receiver testing).
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CMT in
practical use

The network-C-compatible model of the Radiocommunication Tes-

- ter CMT contains all measuring and control facilities necessary

to perform the tasks described.above. As is usual with mobile
phones of cellular-radio networks, the network-C phone only
allows analog transmitter and receiver measurements under prac-
tical conditions when it has been set to speech-channel mode
with the aid of data telegrams and is kept in this mode by data
telegrams continuously nested in the analog test signals.

On the one hand the CMT provides for continued operation, while
on the other it measures the AF voltage, distortion, SINAD or AF
response of the MS in the receiver test. An S/N measurement pro-
vides information about receiver sensitivity. The transmitter test
can only be carried out because of the fuli-duplex capability of
the CMT, since the MS can only be held in transmission mode over
a lengthy period after a receive signal has been applied. In this
mode the following transmitter measurements can be performed:
RF power, transmitter frequency, useful modulation as a function of
AF frequency and microphone voltage, as well as spurious modu-
lation. The modulation distortion and the frequency of the demo-
dulated signal are of particular interest because of the time com-
pression carried out in the MS.

Adjacent-channel power is of similar interest, since compared
with a continuous test tone data transmission is more liable to pro-
duce spectral lines in the adjacent channel.

The focal point of network-C measurements therefore is the data
dialog with the mobile phone, simulated by the CMT with different
signalling protocols in different time siots of the control channel. In
the control channel the CMT provides the time-division clock, whe-
reas in the speech channel it uses its full-duplex capability to con-
trol concentrated signalling. In the burst-signalling mode it sends
time-compressed test tones provided with data to the MS and
separates call tone and data from the MS signal via the built-in
time-expansion facility.

In the following, standard routines are described which are used
for checking an MS for conformity with network C.

Registration

The CMT operates as a BS sending data in one of the 32 time slots
of 75 ms each. If any step of the data dialog is not successfully
completed, it can be retraced on the alphanumeric display of the
CMT for a certain time from the moment of abortion. Confidential
information (eg BS identification) will be blanked due to postal
regulations.

Relocation

Proceeding from the registered state, relocation (cell change) dif-
ferentiates between BS selection according to RF level or dis-
tance. If RF level is the criterion, the CMT simulates two BS with dif-
ferent RF levels in two different time slots. The levels are selected
to allow the BS in which the MS is registered to be operated with
low RF levels, while the second BS has a high RF level. This situa-
tion causes the MS to make a relocation request to the BS with the
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Registration
in control
channel

Dialling information
in controt channel

Channel change

Concentrated
signalling in
speech channel

The idle calls contain identity characteristics of
the BS and limit values to be observed by the MS,
but are not addressed to a particular MS

After sending the registration acknowledgement,
the CMT indicates EINGEBUCHT (registered) on
the display

After reception of the call request from the MS,
the CMT sends the request for dialling information
to this MS

The digits are indicated by the CMT on the display:

egB8i15622

The CMT controls further call setup by sending a
confirmation of dialling information and determin-
ing the speech channel in the outgoing setting-up
call telegram

The CMT offers multiple signalling of “seizing ack-
nowled /hold call acknowled " while

it receives the telegrams sent by the MS
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The MS is switched on and receives the signals of
the standard control channel. It is synchronized to
the time-division-multiplex frame and data clock
determined by the CMT

The subscriber’s ID card is inserted: the MS tries
to get registered

After reception of the registration acknowledge-
ment the MS produces the “registered” message
on the control section

The “registered” state is maintained for 20 min
without any further activities

The MS sends a call request and awaits the
request for dialling information

The MS transmits a maximum of 16 digits

The radio telegram “outgoing setting-up call” con-
tains the number of the speech channel to be
used. This must be occupied within 75 ms after
receipt of the telegram

Eight-times signalling ailows the MS to check the
radiocommunication between BS and MS in the
newly occupied speech channel

During the multiple signailing hold cati/hold cali
acknowledgement the MS waits for the through-
connect instruction to burst signalling and contin-
ues to check radiocommunication

The through-connect instruction is confirmed at
least eight times until a subframe limit is reached
from which MS and CMT switch over to burst sig-
nalling mode

Burst signailing in speech channel follows
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FIG 5 Registration takes place in control channel operating in time-division-multiplex mode. Therefore CMT only sends data in time slot 2
and expects response of mobile station in reply time slot. Outgoing call setup (mobile station calls) comprises four main steps. Registration
takes place in control channel followed by transmission of dialling information. Data exchange with concentrated signalling takes place in speech chan-

nel prior to speech communication proper in burst signalling mode.

stronger signals, whereupon the CMT sends a monitoring request
in the time slot of this BS. The MS message reply terminates the
relocation and the CMT indicates “relocated” (UMGEBUCHT) on its
alphanumeric display.

If distance is the criterion for relocation, the procedure differs from
that described above in the phase shift between the time slots of
the two BS, which is used for simulating different distances. The
MS responds in the same way as described above.

Call setup

To set up a speech connection, four main steps are required. Start-
ing point is the registered state in the control channel, in which the
dialling information is transmitted. BS and MS then change to the
speech channel; first only data are exchanged, while the new
channel is once more evaluated as to its radio quality. By switching
over to burst signalling mode (compressed test tone, interleaved
with data) the way becomes free for speech communication.

After switching to burst signalling mode, the CMT maintains this
state by expanding the time-compressed signals sent by the MS
transmitter, evaluating the data extracted from these signals and
providing the MS receiver with acknowledgement data nested into
the test tone to maintain the connection. In this state analog RT
measurements can also be carried out.

The CMT also offers a standard routine for the incoming setting-up
call (the mobile subscriber is called), which is similar to the out-
going setting-up call described above.

Proceeding from the existing speech connection, the CMT is able
to cause power change and speech-channel change of the MS
and to monitor their execution. With the aid of errors implanted
into the data telegrams reponsible for the power change, the CMT

. checks the error-correction capability of the MS, which should
recognize the error and change the power.

Operation

‘The operation of the network-C tester CMT has been logically
designed to aliow simple and reliable checking of a network-C
mobile phone for conformity with the system and measurement of
the essential performance data. Instead of going into the many
detailed steps that could be taken in the numerous branches of
the routines, priority has been given to the important standard se-
quences. By simply selecting a standard sequence with the rotary
knob, the user employs the network-specific capabilities of the
CMT without having to follow the complex signalling procedure.
The CMT only requires the necessary parameters for the routine
and then automatically performs the signalling with the mobile sta-
tion. Successful, errorfree execution is confirmed by a message on
the alphanumeric display of the CMT, eg “registered” (EINGE-
BUCHT). If a procedure is unsuccessful, the data dialog until abor-
tion can be displayed, thus allowing troubleshooting.
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Fields of application

Due to its compact design and ease of operation, the network-C
tester CMT is suitable both for mobile and stationary servicing.
Using the optional autorun control/printer interface, measure-
ments for a complete and automatic radiotelephone test can be
combined in one program. This test includes checking of call pro-
cessing and analog measurements with data logging on a pripter,
making the CMT ideally suited for routine testing of network-C
mobile phones. The measuring quality and the numercus measur-
ing capabilities known from the basic CMT model are of course
fully available and allow versatile use of the tester in mobile and
automatic service centres, or for adjustments and final inspection
in production.

Thomas Maucksch
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In Signal Generators SMG, SMK, SMPC and SMPD Rohde & Schwarz offers
four universal sigrial sources for radiotelephone measuring applications. The
balanced graduation according to application focal points and price results in

an optimum instrumentation program.

Four for any occasion

Signal generators combined with other measuring instruments are

: biies. They
are indispensable for selectlwty tests in two- S|gna| measurements
where the interfering signal outside the receive channel must have

Signal Generators SMG, SMK, SMPC and SMPD from Rohde &
Schwarz (FIG 1) are four particularly interesting instruments for
radiotelephone measurmg apphcatlons All four are synthesizer-
control!ed foracs :»=1and have high ¢

sis on each instrument. SMG, SMPC and SMPD
cover a!l |mportant radiotelephony bands.

SMG (0.1 to 1,000 MHz) provides universal characteristics and high
ease of operation. SMK (10 Hz to 140 MHz) has particularly good
modulation properties. Its principal applications are measure-
ments on shortwave and SSB receivers (aeronautical radio, ama-
teur and maritime radio) as well as broadcast receivers up to the
VHF range. SMPC (5 kHz to 1360 MHz) and SMPD (5 kHz to

2720 MHz) exhibit exceptional spectral purity. SMPD enables

FIG1 The Rohde & Schwarz range of signal generators is the result of many years of experience in producing high-grade synthesizers.
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Because of their low values for phase noise and nonharmonic spu-
rious signals, all four instruments are especially suitable for two-
signal measurements (determination of adjacent-channel selectiv-
ity, intermodulation, desensitization, etc). Signal Generators SMPC
and SMPD can be used to determine selectivity properties of
receivers far in excess of the values specified by CEPT.

sensitivity with respect to interfering signals. All four signal genera-
tors are suitable for this application; SMPC or SMPD should be
used to verify particularly high-quality receiver properties. The low
SSB phase noise of SMPC and SMPD enables measurement of
dynamic adjacent-channel selectivity at 500 MMz up to above
80 dB; 70 dB is specified by CEPT for mobile-radio receivers.

SMG SMK SMPC SMPD
Frequency range 100 kHz to 1000 MHz 10 Hz to 140 MHz 5 kHz to 1360 MHz 5 kHz to 2720 MHz
Resolution 1Hz 1Hz 0.1 Hzup to 1000 MHz, 0.1 Hz up to 1000 MHz,

1Hz above 1000 MHz 1Hz above 1000 MHz

The high resolution of at least 1 Hz in all four instruments is also
suitable for SSB tests. Special synthesis techniques with phase-
locked loops and fractional division or digital, crystal-exact signal
generation make this possible. Frequency accuracy is determined
by the internal crystal oscillator or an external reference frequen-
cy. SMPC and SMPD come fitted with highly stable, oven-con-
trolled crystal oscillators as standard; these are available as
options for SMG and SMK. Aging is then 1 x 10-%/day and the fre-
quency error 2 x 1079/°C.

Settling times

The frequency settling times until the offset from the final frequen-
cy is less than 100 Hz are:

& SMG 15 ms
@ SMK less than 40 ms

In the case of SMPC and SMPD, the settling times for an offset less
than 1x 1078 are below 18 ms, and in a epecial mode even below

7 ms. The short settling times, which are also below 25 ms for level
settings, guarantee short measuring times in computer-controlled
test sequences covering a large number of testpoints. They also
satisfy the demands for tests on mobile-radio sets for cellular-
radio systems.

Spectral purity

The decisive factors for spectral purity are 888 phase noiss,
broadband noise, spurious FM and the level of nonharmonic spu-
rious signals (FIG 2, FIGs 3 and 4 on page 70). As a result of the
frequency-division principle, the values for SSB phase noise, spuri-
ous signals and spurious FM improve in SMG, SMPC and SMPD as
frequency decreases (FIG 5 on page 71).

Particularly high spectral purity is required for ocut-of-channel

measuremenis. In such applications the signal generator supplies
an RF signal outside the receive channel for determining receiver
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FIG3 Maximum level of nonharmonic spurious signals as function of
frequency.

Low broadband noise of the signal source is essential for blocking
measurements on mobile-radio receivers. Because of the mini-
mum blocking level of 90 dBuV specified by CEPT, only those sig-
nal generators can be used for measurements whose broadband
noise is significantly below =140 dBc. The value is —145 dBc for
SMPC and SMPD at carrier frequencies up to 21.25 MHz, and a
mere —150 dBc for carrier frequencies from 21.25 to 1360 MHz.

Another critical measurement which can be carried out with SMPD

is that of determining the rejection of spuricus responses of
mobile-radio sets up to above 2 GHz. To ensure that the minimum
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FIG 4 Maximum spurious FM (300 Hz to 3 kHz, CCITT weighting) as
function of frequency.

value of 70 dB specified by CEPT can be measured, no interfering
signals above -90 dBc originating from the test generator must
enter the receive channel. The nonharmonic spurious signals of
SMPD remain below ~90 dBc in the frequency range from 21.25 to
680 MHz in which most popular radiotelephony bands are found.

Particularly low SSB phase noise of the test signal is also neces-
sary for desensitization measurements on shortwave SSB receiv-
ers. An interfering-signal setting of 80 dB above the wanted signal
is required at an offset of 30 kHz. Only a signal source can be used
whose SSB phase noise is not above —140 dBc at an offset of
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FIG5 Single-sideband phase noise with1 Hzbandwidth as function of
frequency at 20 kHz offset from carrier.

30 kHz from the carrier to enable measurement without influence
by the sideband noise of the interfering signal. SMPC and SMPD
exceed this limit with =145 dBc in the entire shortwave range with
an adequate margin.

Intermodulation measurements according to CEPT are particu-
larly worth mentioning. The values measured are too good if the
interfering-signal sources tuned to the next and next but one
channels have poor noise characteristics. The sideband noise of
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the interfering signal at the channel spacing must be less than
-130 dBc for correct measurement of the required 70 dB inter-
modulation ratio.

An example of the fact that high demands are placed on spectral
purity even with single-signal measurements is the measurement
of the S/N ratio of 8SB recelvers. The spurious FM of the test sig-
nal must be so small that the wanted signal remains within the
stopband of a very narrowband notch filter. This requirement is
satisfied by each of the four signal generators described.

Nonharmonic spurious signals, produced by the AC line or micro-
phony, may occur in the immediate vicinity of the carrier. These
spurious signals are suppressed particularly well by Signal Genera-
tors SMG and SMK. The spurious signals remain below -60 dBc
with SMG and below =75 dBc with SMK (FIGs 6 and 7).

FIG 6

FIG 7 Spectral purity of SMG close to carrier.

SMG, SMPC and SMK are free of subharmonic spurious signals.
The top octave is generated in SMPD by frequency doubling. The
subharmonic spurious signals produced in the process are atten-
uated to less than —-40 dBc by thinfilm bandpass filters (FIG 8).
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SIGNAL GENERATOR SM

Display of: o

. Display of:
RF output frequency, 10-digit
RF variation step size (STEP) Type of modulation (AM, FM, ¢M, pulse)
RF sweep parameters Modulation source (int., ext., AC/DC)
RF offset Modulation setting
Storage sequence Modulation variation step size (STEP)
Status codes (special functions) AF sweep parameters
IEEE/IEC-bus address Status codes of input and hardware errors
External reference Ext. LOW/HIGH with external modulation

@ ROHDE& SCHWARZ SIGNAL GENERATOR - 100 kHz|..1000 MHz - SMG

FREGUENCY

—o

agEmoTe

Instrument preset and ' o Parameter keypad: Input keypad for data
display of status codes . . and units
: . : Setting of parameters to which

entered values and variation

Definition of shift _ refer
parameters and functions
Keys for storing and calling instru-
ment settings, for defining se-
quence and for manual or auto- Local/remote switchover, input Definition of modulation
matic calling of sequence and display of IEEE/IEC-bus address source, switch-on/off of set

parameters
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FRONT-PANEL DETAILS

Dispiay of:

RF and AF levels o

Level variation step size (STEP)

Level offset L E

Range of interruption-free level variation
External overioad o : o
Address of called instrument setting (sequence)
Internal measured values (instrument test)

801.0001.52

Keypad for parameter Mode selection, Modulation inputs for
variation using spinwheel . external AM, FM, oM and
or STEP keys, three fixed switch-on/off of RF and AF pulse modulation with

and one freely selectable sweep

step size, A REF function to
display frequency offset Output of internal AF signal,
level can also be adjusted
using SMG-B2 option

level check

RF output:

-137 to 13 dBm (16 dBm overrange), pro-
tected up to 50 W
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FIG 8 Thinfilm bandpass filters in frequency doubler of SMPD ensure
optimal rejection of subharmonic spurious signals.

Output level

The four signal generators have wide out‘put-levelk ranges of:

@ SMG -137 to +13 dBm (overrange up to +16 dBm) -
@ SMK —-138.9 to +19 dBm
@ SMPC —143 to +13 dBm
@& SMPD -143 to +13 dBm

with resolution of 0.1 dB. The accuracy of the level setting is deter-
mined by the precise mechanical attenuator set — typical accu-
racy 0.03 dB - and the low frequency response of the level control
adjustable in 0.1-dB steps. FIG 9 shows the test record of an atten-
uator set.

Flat frequency response of the output ievel is essential for broad-
band measurements. Variations are below 1 dB for SMG and SMK,
below 2 dB for SMPC and below 2.5 dB for SMPD. Exact sensitivity
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FIG9 Test record for attenuator set.
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measurements can be carried out as a result of the low level
errors. For levels above -127 dBm the total level errors are:

@ within = 1.5 dB for SMG and SMK
@ within 2-1.5 dB up to 1000 MHz for SMPC and SMPD
@ within 222.5 dB up to 2720 MHz for SMPD

With each level setting the mechanical attenuator set can be fixed
and the level varied without interruption for squelch-hysteresis
tests or for measurements on overioad-sensitive amplifiers and
receivers with automatic level control. This interruption-free level
setting is possible over a range 0f10 dB with SMPC and SMPD, and
even above 20 dB with SMK and SMG. The attenuator set integrat-
ed in the instruments was devised for continuous use in automatic
test systems and its precision is maintained even after 10 million
operations.

SMK and SMG are particularly suitable for intermodulation tests
at high levels; in both cases it is possible to fix the electronic level
control. The internal intermodulation products then remain at

FIG10 Combination of two SMKs by resistive 6-dB coupler. Frequency
10 MHz +5 kHz, signal level 0 dBm on generator output.

—-80 dBc when combining two instruments via a resistive 6-dB cou-
pler up to generator levels of 0 dBm (FIG 10).

Overvoltage protection is fitted as standard in all instruments to
protect the output in transceiver measurements. SMK and SMPC
are protected against RF power up to 30 W, SMG and SMPD up to
50 W.

Modulation

Each of the instruments offers high-grade, broadband AM, FM and
(except SMK) pM. Each signal generator enables two-tone modu-~
lation with internal and external signal sources. Two-tone modula-
tion is required for example to simultaneously generate wanted
and pilot-tone modulation (ringing tone, monitoring tone with cel-
lular radio, controlled squelch, channel guard).

AC and DC coupling are possible for external AM and FM. In the

case of AM, DC coupling is used for level control and level keying
(pulse modulation), the dynamic range being 40 to 50 dB.
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Examples of application include tests on automatic gain controls
or measurement of squelch attack times.

In the FM DC mode the signal generator can be used as a VCO for
analog sweep or as a phase-synchronized signal source in a PLL.
An analog sweep is used to display frequency response, of filters
or frequency demodulators for example. The amplitude of the con-
trol signal remains constant with an externally controlled sweep
and the sweep width is defined as a normal deviation input via the
keypad.

DC coupling can also be selected for digital frequency modulation
such as FSK (frequency shift keying). This has the advantage that
no tilts occur, that any nonsymmetrical curve shapes can be used
for modulation and any extreme bit sequences (eg more H than L
states) have no influence on the carrier frequency.

The frequency offset which naturally occurs in the FM DC mode is
kept to a minimum in the instruments by digital storage of the con-
trol voltage. SMK contains a special frequency control loop which
keeps this frequency error particularly low. it also contains a fre-
quency counter which displays the actual output frequency in the
FM DC mode.

AF syntheSizer

An AF synthesizer is used as an internal modulation source in
SMPC, SMPD and SMG (SMG-B2 option). It provides crystal-accur-
ate, Iow—distortion sinewave signals from 10 Hz to 100 kHz with

) resolution of 1 Hz below 10 kHz and 10 Hz above 10 kHz (distortion
0.05%). The AF synthesizer can also generate selective-calling se-
quences of all standards by means of phase-continuous fre-
quency changeover with short switching times (<10 ms).

Modulation characteristics
SMG

The AM frequency range is 10 Hz (DC) to 50 kHz. The modulation
frequency-response flatness is below 0.4 dB up to 10 kHz and
beldw1 dB up to 50 kHz. The low phase shift at 30 Hz (AM DC) and
the large AM bandwidth with flat frequency response up to above
11 kHz mean that SMG is particularly suitable for tests on VOR/ILS
navigation receivers *; the VOR azimuth error remains below 0.1 °.

FM is possible with bandwidths from 10 Hz to 100kHz (AC) and DC
up to 100kHz. Thus stereo modulation with channel separation
of 50 dB is possible. The distortion.is less than 0.1% at 1 kHz and
with half the maximum deviation. SMG contains an internal modu-
lation source as standard with eight fixed frequencies from 40 Hz
to 15 kHz; this can be replaced by the SMG-B2 option (AF synthe-
sizer 10 Hz to 100 kHz). The AF synthesizer serves as an internal
modulation source and audio-signal source for external applica-
tions; the amplitude of the output signal can be adjusted in 1-mV
steps from1mVio V.

*VOR: VHF Omnidirectional Range. Radio position-finding method (rotating

. radio beacon) by comparison of the phase of two 30-Hz signals.

ILS: - Instrument Landing System with azimuth and glide-path guidance by

: generating the section of two beams with an amplitude-modulated
carrier frequency of 90 Hz and 150 Hz.
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Fitted with the AF synthesizer, SMG can be used for an AF sweep
with freely selectable start/stop frequency, step size and time
with phase-continuous frequency changeover. This operating
mode, which is also possible with two-tone modulation together
with an external signal source, is used to record audio-frequency
responses. if SMG is equipped with the SMG-B2 option, it is pos-
sible to control puise modulation and digital frequency modulation
using TTL signals.

Modulation characteristics
SMK

SMK is designed for AM and FM. Two-tone modulation is possible
with one internal and one external modulation source or with two
external sources. Two external moduilation inputs are available. A
pilot-tone input is also available for FM; the applied pilot tone is
not influenced by the deviation setting.

The maximum FM deviation of 500 kHz can be set across the com-
plete carrier-frequency range. The modulation bandwidths with
external modulation are 20 Hz (DC) up to 20 kHz with AM and

20 Hz (DC) up to 200 kHz with FM. The FM frequency response is
flat within 0.2 dB at frequencies up to 100 kHz and within 1 dB up to
200 kHz. The Crosstalk attenuation of 60 dB means that stereo
crosstalk can be neglected.

SMK is equipped with an internal sweep generator (3, 30 and

100 Hz) which enables analog narrowband sweeping of tuning cir-
cuits, IF amplifiers, FM demodulators and steep crystal and ceram-
ic filters. The sweep width can be set using the keypad up to

500 kHz:

A 40-MHz test input is present on SMK for intermodulation meas-
urements on SSB receivers. Two 40-MHz signals applied to this
input are converted to the set output frequency. The 3rd-order
intefmodulation products resulting from SMK — even within the J3E
sideband - are suppressed by at least 60 dB.

Modulation characteristics
SMPC and SMPD

" Both instruments enable simultaneous and independent setting

of AM, FM and QOM; SMPD is also prepared for pulse modulation
(option). The high modulation quality (AM distortion < 1% up to
1360 MHz, FM distortion < 0.1%, stereo crosstalk attenuation 56
dB) also enables measurements on AM and FM hifi broadcast
receivers. The modulation bandwidths are 10 Hz (DC) up to 50 kHz
in AM and 10 Hz (DC) up to 125 kHz in FM. SMPD provides signals

~for extensive tests on radar receivers when equipped with pulse-

modulator option SMPD-B1. Pulse modulation (FIG 11) is possible

“in the carrier-frequency range from 500 MHz to 2.72 GHz. Rise and

fall times of 10 ns apply to the envelope curve of the puised carrier.
The maximum repetition frequency is 1 MHz, the carrier on/off ratio
at least 80 dB. The pulsed carrier can be amplitude-, frequency- or
phase-modulated at the same time.
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Sweep

A useful and powerful digital sweep can be used for many measur-
ing problems with SMG, SMPC and SMPD. The sweep parameters,
start/stop frequency, step size and step time are freely selectable.
The sweep may be periodic, one-shot or manual using spinwheel
tuning. The synthesizer accuracy is still retained in sweep mode. In
addition to the linear frequency sweep, a logarithmic frequency
sweep can be set where broadband frequency responses can be
recorded on a logarithmic frequency axis. In addition to recording
frequency responses, the sweep can also be used for receiver
tests, for example measurement of spurious responses. In compu-
ter-controlled applications the current sweep frequency can be
called by the controller in the talker mode.

Besides the RF sweep, SMG also enabies a digital AF sweep with
freely selectable start/stop frequencies, step size and step time.

FIG 11  Signal Generator SMPD with display of puised carrier.

Operation

The four instruments can be set using the keypad, a spinwheel
(not SMK) and the standard IEEE/IEC-bus remote-control interface.
Variation is carried out in SMK using decadic variation keys. All in-
struments enable frequency variation in any steps, also program-
mable (channel pattern). SMG also permits level and modulation
parameters to be varied in steps as required. The varied parameter
can be displayed as a A\ value (difference from the selected refer-
ence value), which is useful for bandwidth determinations. Para-
meters such as level which can be switched on and off or func-
tions such as modulation or sweep can be initialized at stored
values using one key. As many as 40 instrument settings can be
stored in a nonvolatile memory.
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The stored SMG instrument settings can be set individually using
the RCL key or in a fixed sequence using the SEQ key. An auto-
matic sequence with adjustable dwell time is possible in addition.

Frequency and level of the SMG output signal can be provided
with any offset. This facility is used to compensate for cable atten-

CONDENSED DATA SIGNAL GENERATOR SMPD

uations or to enter the receive frequency directly in local-oscillator
applications.

Manual operation and the remote-control codes are described in
detail for all four instruments on an extractable card.
Franz Littich

Frequency range
Resolution
Qutput level

SSB phase noise with

1 Hz bandwidth and 20 kHz offset
at 100 MHz
at 500 MHz
at 2.72 GHz

Nonharmonic spurious signals
< 21.25 MHz
21.25 to 680 MHz
680 to 1360 MHz
1360 to 2720 MHz

Subharmonic spurious signals
(only for fo>1.36 GHz)

Frequency modulation
Phase modulation

Amplitude modulation

Pulse-modulation option SMPD-B1
Rise/fall time
Carrier on/off ratio

Remote control
Frequency settling time

Ordering number

5 kHzto 2.72 GHz
0.1Hzupto1GHz 1 Hzabove

-143 to 13 dBm (0.016 uVto 1V
into 50 Q)

-147 dBc
-134 dBc
-120 dBc

<-80dBc
<-90dBc
< -84 dBc
< -78dBc

< ~40dBc

0 to 125 kHz, deviation up to
3200 kHz

10 Hz to 8 kHz, deviation up to
400 rad

0to 50 kHz, up to 99% AM

external, f; > 500 MHz
10ns
>80dB

IEC 625-1, IEEE 488

<18 ms
< 7 ms for 34 stored settings

376.8011,52

CONDENSED DATA SIGNAL GENERATOR SMG

Frequency range
Resolution

Output level
Overrange
SSB phase noise with 1 Hz
bandwidth and 20 kHz offset
at 100 MHz
at 1000 MHz
Nonharmonic spurious signals
<31.25 MHz
31.25 10 250 MHz
250 to 500 MHz
500 to 1000 MHz
Frequency moduiation, AC and DC
Phase moduiation
Amplitude modulation, AC and DC
Modulation generator, standard

Modulation generator, option

‘Remote control

Frequency settiing time

Ordering number

100 kHz to 1000 MHz
1Hz

-137 t0 13 dBm
can be set up to 16 dBm

-140dBc
-120dBc

<-70dBc
< -80dBc
< -76dBc
<-70dBc

0 to 100 kHz, deviation up to 800 kHz
10 Hz to 10 kHz, deviation up 80 rad
0 to 50 kHz, up to 99% AM
0.04/0.15/0.3/0.4/1/3/6/15 kHz £+ 3%
10 Hz to 100 kHz, crystal-accurate
IEC 625-1, |[EEE 488

15 ms

801.0001.52

CONDENSED DATA SIGNAL GENERATOR SMPC

Frequency range -
Resolution
Output levei

Remote control -

SSB phase noise with 1 Hz bandwidth

and 20 kHz offset
Nonharmonic spurious signals

Modulation generator
Harmonics and nonharmonics

Frequency modulation
Distortion at half
maximum deviation
Stereo channel separation
Unweighted signal/noise ratio

Amplitude modulation
Distortion

Phase modulation
Ordering number

0.05 t0 1360 MHz
0.1 Hzup to 1 GHz, 1 Hz above
-143 1013 dBm (0.016 uV to

- 1Vinto 50 Q)

IEC 625 bus
-134 dBc at 500 MHz
-147 dBc at 100 MHz

< ~90 dBc from 21.25 to 680 MHz
< -84 dBc from 680 to 1360 MHz
< -80 dBc up to 21.25 MHz

10 Hz to 100 kHz
~65 dBc

0 to 100 kHz, deviation up to 1600 kHz | -

<0.1%

56 dB for 100 Hz to 10 kHz

> 76 dB (stereo) at 100 MHz/
40 kHz/50 us

0 to 50 kHz, 0.1 to 99% AM
< 1% up to 20 kHz at 80% AM

10 Hz to 8 kHz, deviation up to 200 rad

300.1000.52

CONDENSED DATA SIGNAL GENERATOR SMK

Frequency range

Resolution
Output level

SSB phase noise with 1 Hz
bandwidth and 20 kHz offset

Nonharmonic spurious signals
Modulation generator

Frequency modulation
Distortion (deviation =100 kHz,
fm=1kH2) .
Stereo channel separation
Unweighted signai/noise ratio '
(deviation = 40 kHz, 50 us)
Internal sweep

Amplitude modulation
Distortion (80% AM,
fn=1kH2z)

Remote control
Ordering number

10 Hz t0 140 MHz
1Hz
-138.91019dBm

(0.025uVto 2 Vinto 50 Q)

< -130 dBc (typ. -135 dBc)

‘< ~-65 dBc (typ. <-75 dBc)

150, 400 Hz, 1, 3, 15 kHz sinewave
3,30, 100 Hz triangular wave

0 to 100 kHz, deviation up to 500 kHz

< 0.05% (typ. 0.02%)
> 56.dB

>76dB
deviation up to 500 kHz (counter-
accurate display of centre frequency)

0to 20 kHz, up to 100% AM
< 0.5% (typ. 0.2%) up to 2 MHz
< 1% (typ. 0.4%) above 2 MHz

IEC 625-1, IEEE 488
348.0010.02
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Process controllers of the 16-bit computer family PCA from Rohde & Schwarzcan
handle a wide range of tasks in all fields of computer application. Performance,
design and many options for tailored problem-solving distinguish them fromrun-
of-the-mill personal computers.

The PCA
computer concept
in transceiver testing

FIG1 More than just a personal computer: Process Controller PCA 5 with built-in 9-inch monitor.

B ABIBIRERARS | S, 4Bavevaseveg

KEYDOARD

NEWS special 2



Complex test runs and stringently defined test procedures in
mobile radiotelephone testing are noteworthy examples of the use
of powerful test systems* The standard IEC-625 (IEEE 488) bus as
a digital communication interface between instruments and con-
trol unit is an important aid in automating measuring tasks in deve-
lopment, production and final goods inspection.

Standard interfaces

Softkeys

FIG 2 Processor architecture of PCA controllers; options shown in broken lines.

The high built-in intelligence of Rohde & Schwarz radio testers per-
mits future-oriented, decentralized evaluation of measurement
results. In other words the instrument itself handies the raw mea-
surement data (voltage, frequency, resistance, etc) providing com-
prehensible data and reducing them to relevant essential informa-
tion. The system control unit only receives the condensed data
record, the measured-data-ready signal being expediently inter-
rupt-controlled. Although the work load of control unit and IEC/
IEEE bus is reduced substantially as a result, demands placed on
the process controller are increased considerably by the decen-
tralized intelligence. This applies in particular to interrupt handling,
multicontroller operation and the required IEC/IEEE-bus
comimand set.

After statistical evaluation of measurement data the results of the
quality control of transceivers should be fed back into develop-
ment and production so that maxima of the frequency distribution
of faulty components can be discovered and eliminated as soon
as they occur. In this way the proper trade-off can be achieved be-
tween equipment quality and competitive price levels.

Up-to-date process controllers should not only be able to control
IEC/IEEE-bus test systems but also have the means of including
product data in a database system and thus enable the drawing
up of easy-to-follow production profiles and quality statistics.

* Jonas, H-J.: Is automatic testing worthwhile; Modern 2-way radio test sets with
integratéd microprocessor control. R & S 1981, 1 GV-0004-e.
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Rohde & Schwarz has underscored the capabilities of its transceiv-
er testers with the new PCA processor concept (FIG 1). These PCA
controllers were developed in close cooperation with measure-
ment-engineering specialists and therefore offer the optimal solu-
tion to numerous measurement problems in many situations. The
standard MS-DOS operating system opens up to the user the

Realtime
clock

e r-sto
] ]
AS%" I colour | 1 |
ané L ————— graphics | Winchesteq
graphics I store Icontroller
controller ] | i H
| I — [ |
r===-"
|

Winchester‘
only 120 Mbytes
PCA5 | i
157
| I

Video RGB

output output

FIG3 PCA software concept.

Operating system

Programming
languages

Basic
software

Auxiliary
programs

Application
software

System
software

Standard utility
programs
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whole range of MS-DOS utility programs such as word proces-
sing, databases, spread-sheet calculation. FIG 2 illustrates the
hardware architecture of Process Controllers PCA 2 and PCA 5
and FIG 3 the PCA software concept.

Even in their basic configuration the PCA processors fulfil the most
stringent requirements. The moduiar hardware and software con-
cept keeps initial investment low but offers the possibility of custo-
mizing the controllers through a variety of options (plug-in cards).
All tasks required in the applications

% general computation

@ automatic measurement and control
@ computer and data networking

% workstation computers

can therefore be solved optimally.

PCA controllers are accommodated in an RF-ghielded 19-inch
heusing. The PCA 5 has an integrated, 9-inch monochrome moni-
tor and is chiefly used in mobile, compact test systems. The PCA 2,
on the other hand, with its separate, 14-inch colour monitor is
intended as a workstation computer for software development or
in technical/business applications. For the latter the standard MS-
DOS operating system proves to be of great value since it offers
the user access to a wide software market (FIG 3).

Volt

@ -
s -
-1
® 6. 28319
120
o
m I { !
T T T
2 3 2 g 2 g 2 13
1 @ Freauency/Hz 1 E 5

FIG 4 Measurement data can be output in variety of representations
with aid of graphics software module GPHMOD.
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In transceiver testing the use of the PCA 5 is of interest not only
because of its powerful IEC/IEEE-bus interfaces and convenient
IEC/IEEE-bus command set but also on account of the well-pro-
ven basic software for transceiver testing and numerous applica-
tion software packages that are partly supplied as standard.

PCA controllers can handie two completely independent IEC/IEEE-
bus interfaces:

Interrupt handling with SRQ

* ON SRQ (a) GOSUB

a=12forlEC1/IEC 2

Paraliel poll

* |[EC (a) PCON, <sense>>; <line> (configuration)
IEC (a) PPL, PP%

Serial poll
* |[EC (a) SPL, SP%

are possible, as well as:

IEC multicontroller mode

*|EC (a) RLC (release control)
*|EC (a) TCT (take control)

* |EC (a) WCT (wait for TCT)

* |EC (a) RQS <status> (SRQ with <status>)

Application software for multicontroller operation, bus-address
search program, etc is contained on the supplied system floppy
as well as a graphilcs module for linear and logarithmic representa-
tion of measurement data (FIG 4). Apart from the construction of
diagrams the graphics module performs conversion of measure-
ment data to graphics coordinates and provides their display with
eight selectable special functions, enabling the user to fully con-
cenirate on the measurement task.

R&S basic software modules for transceiver testing have proved
their exceptional value, incorporating as they do all the routines
required for transmitter and receiver measurements. Example:
receiver sensitivity at 20 dB SINAD (routine 67):

100Y=20:R=67:GOSUB 9000 : PRINTY; “uV”

required  selector branch to output

SINAD for basic basic soft-  sensitivity

value software ware in uvV
routine

The simple handling of the test modules affords fast writing of
application-specific user software. This software is illustrated by a
generally configurable test program for automatic test systems,
written for the PCA 5 in an R&S test department, where the pro-
gram is also used. A PCA 5 graphics hardcopy demonstrates the
modular structure of the test program (FIG 5).

The manager PP-PCA5 is the RAM-resident core of the program
and contains an editor for system-specific test-routine files. A test
protocol is also drawn up containing information on the execution
of test modules as well as test specifications. Test routines can of
course be edited according to specific test procedures and be
saved on mass storage as files (FIG 6) for callup at any time.
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FIG 5 Modular test program MAIN MEMORY
for automatic systems.

PR-FCA

ol

HManager

HINCHESTER<DISKETTE

Test files /

(Libraries)

Hardware matching

Test sheets

FIG 6 Extract from test report for transmitter measurement.




Furthermore, the test-routine file contains test modules which are
identical to the modules of the basic software included in the
transceiver test table. The only difference is that the manager
loads the required test modules in a RAWM overlay area for execut-
ing the test protocol so that only the current test module is in the
working memory. The overlay technique is well supported by the
Basic command set of the PCA controller and permits, on the one
hand, optimal utilization of memory capacity and, on the other,
affords simpie program maintenance and extension through the
modularity of the software.

zurueck mit - Hidfe mit H

weilter mit FPRET

Burueck mit - Hilfe mit H

B

FIG 7 Menu of transmitter modules installed by PP-PCA manager.
Transmitter measurements found to be out of tolerance are printed
bold.

The installation of a virtuai dislk (RAM disi} with negligible access
time upgrades program linking (LOAD) and overlaying (CHAIN) to
professional programming. Through the possibility of program-
ming batch processes and autostart batch files under MS-DOS
control, the boot-up state (eg installation of RAM disk, copying
files from Winchester disk drive to RAM disk, loading PCA Basic
and test programs, etc) can be performed for the user fully in the
background.

FIG 7 shows a PCA 5 printout of the transmitter test modules.
Results of measurements which, according to the test protocol,
exceed rated tolerance values are printed bold. This output attri-
bute is supported in the PCA by the standard ANSI interfacs,
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The test report (FIG 6) reveals that all values of the AM modula-
tion-frequency response (test module 11) are out of tolerance whe-
reas the values for AM modulation distortion 1 are correct. After
checkup of the transmitter concermned, only the measurements
printed bold need (can) be repeated. This feature is brought about
by the complete documentation of the test-routine files and of the
protocol files on mass storage.

The modular hardware adaptations shown in FIG 5 are essentially
IEC/IEEE driver software, which is supplied on the PCA system dis-
kette by R&S for all complex measuring instruments.

If test results are to be stored in a particular format as a text file,
they can also be processed directly by the database system
dBase ll. All the facilities of a worldwide standard database sys-
tem are thus opened up to the user.

It is precisely this combination of a process controller with above-
average capabilities and a workstation computer with wide soft-
ware support that makes the R&S computer family PCA a welcome
alternative in its field.

Franz Dosch

CONDENSED DATA
PROCESS CONTROLLER PCA 5

CPU, clock iAPX 186.8 MHz
RAM 1 Mbyte with parity bit
Floppy-disk drive 1.2 Mbytes per drive (MS-DOS)

Option Winchester drive 20 Mbytes (MS-DOS)

Graphics 640 x 480 points

ASCII characters 128 with 13 attributes

Interfaces IEC 625-1 (IEEE 488), Centronics,

composite video

Options RS-232-C interface, 2nd IEC bus,
realtime clock, TTL I/O port, analog
1/0 port, external floppy-disk drive

Operating system MS-DOS 3.1

L.anguages Basic and Pascal (with graphics and
IEC bus), assembler; others on
request

Ordering number 375.2010.04
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Versatile Modulation Analyzer FAM combines the measuring capabilities of five
instruments: modulation and spurious-modulation meter, frequency counter,
distortion meter and psophometer. Microprocessor controi of the instrument
settings makes for simple measurement and interpretation of all kinds of RF sig-
nals, including stereo. Just as with allmodern Rohde & Schwarztest instruments,
the FAM can be integrated into automatic test assemblies via an [EC/IEEE bus.

Modulation analysis from 55 kHz to
1360 MHz with FAM

Advances in telecommunications and the associated increase in The microprocessar-conirelied, high-precision Modulation Ana-
communications traffic necessitate tighter control of signal cha- lyzer FAM (FIG 1) from Rohde & Schwarz exceeds these require-
racteristics. Subsequently the requirements for quality and quan- ments. In the frequency range from 55 kHz to 1360 MHz it can be
tity of measurements increase, from which the corresponding used for measurements on practically all types of ARk, Fiii and ol
demands on the test instrumentation can be derived. Modulation signals. Although modern radio test sets, test receivers and similar
measuring instruments cannot be excluded; they must be fast, test instruments often possess additional capability for modulation
accurate and versatile. measurements, their accuracy, linearity and dynamic range are in

FIG1 Modulation Analyzer FAM, microprocessor-controlled and system-capable instrument (IEC/IEEE bus) with automatic tuning for analyzing modu-
lated RF signals.

LYZER - FAM
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FIG 2 Block diagram of Modulation Analyzer FAM. Options
shown in blue.

general limited compared with those of an instrument specifically
developed for modulation measurements such as Modulation Ana-
lyzer FAM [1].

Functional description

In order to be able to tackle measuring tasks over a broad area
such as that of modulation analysis, it is not of course sufficient to
measure modulation only. Therefore FAM combines the functions
of five separate test instruments:

RF counter,

AF countes,

AF voltmeter,

psophometer (CCIR/CCITY),
distortion meter (SINAD).

The overall functioning of FAM is shown in FIG 2, together with the
available options. The block diagram is divided into RF, IF and AF
stages and the microprocessor control

The signal to be measured is captured by an automstic freguen-
cy-search routine in the RF stage and the frequency is counted
by the RF counter. Further the RF stage contains an AGC and a
mixer. Should several signals be present at the input of FAM, it can
be tuned manually to the desired frequency.

Signal demodulation is undertaken in the IF stage with the AM and
FM demodulators. Thereafter the signal is evaluated in the AF
stage. All instrument settings, measurements, data input and out-
put of the keypad and display respectively are performed under
microprocessor control.

84

display

temper

Characteristics

With regard to linearity and residual modulation FAM displays
excellent values. &co : nenis of spurious modula-
*ion are easy to carry out as the « al Fil of FAM within iis bas-
equency rangs weighted 1o © amounts to less than 1 Hz,
and less than 5 Hz with a 20 kHz weighting bandwidth. Its residual
#&hd is very low at G.01%.

Precise measuremenis of signal/noise ratio, for example on FM
broadcast transmitters, are no problem at all, especially as the Fii
sterao signal/noise ratio of FAM amounts to 72 48, weighted to
CCITT and referred to 40 kHz deviation. High demands on transfer
linearity, as are made on test instruments by modulation methods
with large bandwidths, are of course fulfilled. The excellent ampli-
tude and phase linearity permit the demadulation of multinlex
signale without distoriion. Distortion of less than 0.1% as well as
50 dB stereo crosstalk attenuation are values which speak for

themselves [2].

Ease of operation

For ease of operation and clear presentation of results, the front
panel of FAM is provided with three functionally divided setting
and display sections. Thus several parameters can be displayed
simuliangously without having to switch over:

Lefthand section: RF input frequency or set frequency with
manual tuning.

Middie section: modulation result, AF input voltage or relative indi-
cation.
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Righthand section: AF modulation frequency, AF frequency mea-
surement, distortion or SINAD value (at 30 fixed frequencies).

Software-backed special functions simplify both manual opera-
tion and fully automatic contro! (IEC/IEEE bus).

These are:

Sidebands changed over (S1)

Peak hold (S2)

Freezing of all internal settings (S3)

Input of distortion test frequency (S4)

Programming of RF level attenuator (S5)

Programming of the modulation and voltage range (S6)
Triggered measurement of RF and modulation (S7)
Triggered measurement of RF, modulation and AF (S8)
RF frequency resolution 1 Hz (S9)

[ X X XK N N N N N/

High measurement speeds can be achieved with the special func-
tions S3 to S8.

Applications

Along with standard measurements of AM, FM, and @M signals, as
well as AF analysis with switchable CCIR and CCITT weighting, FAM
is suited for a large number of applications due to its excellent
characteristics [3]. On the whole these cover the following areas:
selective-call measurements (FIG 3), transient times for switch-on/
off of transmitters, crossmodulation measurements using the two-
tone method, measurements of transmitter beacons and traffic

Selective-call
radio Selective-call

(transmitter) High-power FAM receiver

REFERENCES

[1] Burkhart, D.; Minihold, R.: Modulation Analyzer for 55 kHz to
1.36 GHz. News from Rohde & Schwarz (1980) No. 89, pp.
4-7. ‘

[2] Schreyer, W.: Analysator mit NF-Messmdoglichkeit. Markt & Technik
(1982) No. 13, pp. 38-39.

[3] Rohde & Schwarz Info: Applications of Modulation Measurements.

No. 001122 (1984).

CONDENSED DATA
MODULATION ANALYZER FAM

Carrier-frequency range
Resolution

FM
Frequency range
Deviation
Display error

AM
Frequency range
Modulation depth
Display error

oM
Frequency range
Deviation
Display error
AF
Frequency range
Resolution
AF filters
Highpass
Lowpass
Weighting filters (option)
AF detectors
Other options
Ordering number

55 kHz to 1360 MHz
10 Hz

10 Hz to 200 kHz

= 500 kHz

= 1.5% (dev.= 100 kHz,
fmod = 30 Hz to 60 kHz)

10 Hz to 200 kHz

= 99%

== 2% (M= 80%,

fmod = 30 Hz to 60 kHz)

300 Hz to 20 kHz
= 500 rad
=+ 3.5%

10 Hz to 200 kHz
01Hz

10/30/300 Hz

3/20/200 kHz

CCIR, CCITT

+ peak, RMS, quasi-peak
distortion meter, OCXO
334.2015.54

attenuator,

Y

Oscilloscope
FIG 3 Setup for measurements on selective-call radios.
broadcast signals, measurements on FM stereo signals, station

monitor for AM and FM broadcasting stations, phase-noise measu-
rements and measurements on systems and installations.

Philip McDouall

NEWS special 2

85




Rohde & Schwarz power meters like the NAP and NAUS can be used to advan-
tage in the measurement of incident and reflected power, standing-wave ratio,
reflection coefficient, modulation depth and many other factors. Since the
meters function according to the directional-coupler principle, they enable
simultaneous checking of, for example, transmitter output power as well as of

antenna und load matching.

Power and

VSWR measurements

in radiotelephony

‘To enable unimpaired radiocommunications, transceiver units and
systems for mobile land and air services must provide certain mini-
mum levels of output power. To ensure that the power is actually
radiated rather than reflected, the antenna must be matched to
the transmitter output. On the other hand, the output power may
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not exceed specified maximum values so that mutual interference
between different radio networks caused by excessive ranging is
avoided. National PTTs, as the responsible bodies for radio sove-
reignty, control compliance with their regulations by means of
various kinds of measuring and test equipment. Only in this way
can radio traffic be kept largely interference-free, particularly in
densely populated areas.

A graphical illustration of the very intensively utilized frequency
range 25 to 1000 MHz will make evident the multitude of radio
services operating here (FIG 1).

The measuring-bridge
principle

The kind of bridge used in the field of general measurements also
finds application in RT testing. Unfortunately, bridges feature seri-
ous drawbacks especially as far as power matching is concerned.
VSWR bridges absorb most of the applied power and only pass a
small part of it to the test item. Thus they act as an attenuator
inserted between transmitter and antenna. High powers cannot be
measured because of the limited loading capacity, and in the case
of mismatch between the load and transmitter, the inserted atte-
nuation causes considerable variation of the matching characte-
ristics.

The directional-coupler principle

In contrast to the VSWR bridge, the Rohde & Schwarz concept of
employing a line directional coupler with defined and high direc-
tivity offers decisive advantages. Owing to the extremely low

«4FIG1 Frequency-band occupancy 25 to 1000 MHz.
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Power head

Transceiver

FIG - 2  Measurement of
VSWR at antenna with Power
Reflection Meter NAP.

insertion loss (<0.75 dB), the NAUS and NAP power heads can be
connected between the transmitter and its load without changing
the power transmission and matching characteristics (FIG 2). Mea-
surements are made under normal operating conditions and moni-
toring is possible during transmission [1].

The directional-coupler power head

The power heads of the NAUS and NAP family of units function
according to the principie of coupled lines. The input power is fed
to the load via the main line with almost no attenuation (FIG 3).

The RF voltages proportional to the incident and reflected power
are available at the outputs of the secondary line. The frequency
response of the transmission characteristics of the directional
coupler over the wide frequency range 25 to 1000 MHz (1:400) is
balanced by compensation networks.

The now frequency-independent RF voltages are rectified by
separate diodes. As the diodes operate in the nonlinear range of
their characteristics (the low driving power lies 60 dB below the
transmission power), exact RMS evaluation of the applied RF
signals is performed, thus providing a strictly linear meter scale for
the indicated powers.

FIG 3 Basic circuit diagram of NAUS power heads.
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+ FIG 4  Directional Power Meter NAUS 3.

Even in the case of amplitude-modulated signals with several sig-
nals of different frequency applied or in the presence of harmon-
ics, the RMS-responsive rectification ensures correct power indi-
cation. High loading capacity of the rectifying diodes through the
use of chopper amplifiers and careful thermal compensation yields
very low temperature response of the indication of <0.25%/°C as
well as a total operating range of —20 (—10) to 55°C, which permits
use under extreme ambient conditions [2].

The sturdy diecast housing of the power head with its stable RF
connectors [2, 3] ensures high reliability even under the stress of
mobile applications.

Since the incident and reflected powers are simuitaneously
detected by two directional couplers and are also taken to two
meters for indication, there is no need for the usual switchover be-
tween incident and reflected power as well as indication on a
single meter.

Directiohal Power Meters
NAUS

These units have found use in their thousands all over the world.
They are particularly valued for their high reliability and accuracy.
The four meters NAUS 3/4/5 and 6 cover the power range 20 mW
to 1.1 kW. Each unit of the series in conjunction with its power
head can be used to measure in the frequency range 25 to 1000
MHz. The scales of the two indicators are linearly calibrated. The
RF-pickup-proof design of the power head and measuring section
provide for a high degree of interference immunity. FIG 4 shows
the Directional Power Meter NAUS 3.

~The metérs are powered by five commercial IEC R20 cells (1.5 V).

Owing to the very low current drain, a set of batteries has a lifetime
of almost one year in continuous operation (7000 operating

“hours).
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Power Reflection Meter NAP

The NAP (FIG 5) combines the design and operation of the well-

proven NAUS power heads with state-of-the-art microprocessor

technology in the display section. Through mathematical combi-
nations of incident and reflected powers, the following quantities
can therefore be measured and directly indicated:

@ incident and reflected power in W or dBm,

@ standing-wave ratio (VSWR),

@ reflection coefficient in %,

@ reflected-to-incident power ratio in %,

@ transmission loss and return loss in dB,

@ modulation depth in % with AM,

@ deviation of incident and reflected power in % or dB from speci-
fied reference values and

@ minimum and maximum values of a measurement series.

In addition to these measurement functions, the meter can per-
form service and special functions.

The measured values are indicated on twe large LCD displays.
Below the 3'%-digit display, the two measured values are aiso indi-
cated in analog form by means of a bar meter on a calibrated
scale. The analog display facilitates adjustment procedures - a
benefit which is only partly realized with purely digital indication.
Practically all measurement functions can be selected with a
single keystroke.

The basic NAP model contains six IEC R20 single cells (1.5 V) with
a lifetime of 500 hours as its power source. This long service life is
attributed to a newly developed microprocessor using state-of-
the-art CHMOS circuits. Further factors contributing to the very
low power consumption of the unit are a special operating mode
of the microprocessor, the exclusive use of CMOS ICs for the digi-
tal circuitry and implementation of low-power circuits in the analog
section. In addition, the unit switches off automatically if it is not
used for half an hour. The automatic switch-off can, if required, be
disabled by a special function [1].

Instead of the round cells the option NAP-B4 can be fitted. This
comprises a power-supply section for connecting to an AC supply
(100 t0 120V, 220 to 240 V), an IEC/IEEE-bus interface and rechar-
géable nickel-cadmium storage batieries, which enables the NAP
to be used in mobile operation in this configuration also.

The IEC/IEEE bus makes the NAP system-capable: via the bus
measurement and special functions can be set, and the results
obtained can be read out. This offers a variety of applications, for
example the automatic monitoring of unattended transmitters with
the aid of process controllers such as the PUC or PCA from R&S.

The analog outputs for incident and reflected power on the rear
permit the connection of a recorder and therefore the tracing of
curves. In this way the longterm stability of transmitter stages for
example can be checked very simply. In addition, intermittent
faults of test items are easier to detect.

The fact that the power heads of the NAP are plugged onto the
display section opens up further uses. With a view to problemfree
measurements in the vicinity of antennas and transmitters, the dis-
play section and power heads of the NAP are of RF-screened con-
struction. The Extension Cable NAP-Z2 permits the detached use
of power heads up to a distance of 25 m. The automatic identifica-
tion of the power head by the display section is in this case not
affected.

The universal basic concept of the Power Reflection Meter NAP
opens up many possibilities for future system extension.

Klaus Thomé

REFERENCES

[1] Loser, A.: Power Reflection Meter NAP for SWR measurements. New from
Rohde & Schwarz (1984) No. 106, pp. 9-11.

[2] Burkhart, D.: Directional Power Meters NAUS 3 and NAUS 4 reach 1000
MHz. News from Rohde & Schwarz (1977) No. 79, pp. 36/37.

[3] Loser, A.: Directional Power Meters NAUS 5 and NAUS 6. News from Rohde
& Schwarz (1981) No. 93, p. 35.

FIG5 Power meter NAP for
frequency range 25 to 1000
MHz measures 20 mW to
1,100 W with four detachable
power heads.
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Whether 0.2 1V or 40000 V, 1 pA or 1000 A, Rohde & Schwarz has the right
measuring instrument for all values within these limits. Instruments of various
accuracy classes from simple handheld multimeters to high-precision system
voltmeters are available, no matter whether DC or RF signals up to 18 GHz are
to be measured. The multimeters are also capable of resistance measure-
ments from mQ to MQ.

'RF, AF and DC voltmeters
from Rohde & Schwarz

Voltmeters are part of
the basic equipment of
any test bench in all
fields of engineering.
The wide range of dif-
ferent applications is
reflected in various
demands for accuracy,
resolution, measure-
ment speed, size, price,
etc. The R&S line of
voltmeters (FIG 1) in-
cludes the right instru-
ment for any applica-
tion.

FIG1

Rohde & Schwarz volt-
meter line with Scanner
UVZ (at the back).
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DC voltmeters and
multimeters

The analoc BC Microvoltmeter UIG is able to indicate values as
small as 0.2 uV or 1 pA. This permits, for instance, the detection of
minute reverse currents in semiconductors or unwanted thermo-
electric voltages in circuits or at contacts. The UIG is supplied from
a battery of course, making it suitable for completely off-earth
operation.

The group of digital multimeters (DMMs) permits measurements
above 1 1V to be made. The upper range limit of 1000 V may be
extended to 40 kV with the aid of a high-voltage probe. Using
clamp-on probes currents up to 1000 A can be measured without
tappihg cables.

For mobile use and service there are the high-grade Digital Multi-
meters UDL 33 and UDL 4. The star among the DMMs is the 5/ »-
digit, microprocessor-controlled Digitai Multimeter UDS 5. It stores
calibration data for all subranges, and these values are considered
in the accurate determination of measurement results. Further-
more, in the most sensitive measurement range linearity correc-
tions produce an indicated value that is to a very large extent free
from any errors caused by the inherent noise of the instrument.
Other tasks of the microprocessor that does all this are continu-
ous offset monitoring and correction as well as functional check-
ing of the individual subassemblies and the processing of any error
messages. This ensures the high accuracy and longterm stability
of the UDS &.

High sensitivity and immunity to interference in a measuring instru-
ment are always at the expense of the measurement rate, but it is
precisely speed that is of great importance in automatic test sys-
tems. For this reason the measurement rate of the UDS 5 can be
varied and optimally matched to the respective application. This is
a feature of all microprocessor-controlled R&S voltmeters by the
way. Very low-frequency AC voltages (below 10 Hz) are sampled in
point-by-point measurements using the fast UDS 5 (80 measure-
ments/s). Calculation of the rms value is made by a system con-
troller with freely selectable integration time (FIG 2). Thus the
entire frequency range down to DC voltages is covered.

@
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FIG2 Determiningrmsvalue of very low-frequency signalsin point-by-
point measurements using high-speed Digital Multimeter UDS 5. Time
response of rms value calculated by controller may be recorded viaD/A
converter (here transient response and decay after switching signal on
and off).
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AF and broadband
instruments

The 4/ 2-digit BMS Volimeter URE with its special rectifier circuit
permits true-rms measurements with a wide bandwidth in the fre-
quency range 10 Hz to 20 MHz - and this up to 30 times per
second. Series of measurements, as required for determining the
transmission characteristics of twoports for instance, can be car-
ried out rapidly and exactly with this instrument. Similar to the UDS
5, the fast measurement mode of the URE permits rms values as
well as the maximum and minimum of signais modulated at low
frequencies to be determined.

Among the AF measuring instruments from R&S the Psophometer
UPGR is particularly worth mentioning. This psophometer, which

is also designed for mobile use, permits weighted and unweighted
noise measurements according to CCIR, CCITT and DIN standards
to be carried out besides wideband measurements up to 100 kHz.
Because of its excellent accuracy and wide measurement range
the UPGR is highly appreciated by postal authorities and radio-
broadcasting studios. - -

The new Audio Analyzer UPA (FIG 3) is a system-capable psopho-
meter. In conjunction with appropriate options this IEC/IEEE-bus
psophometer can be used as a low-distortion generator, psopho-
meter, distortion, SINAD and wow-and-flutter meter. A large num-
ber of weighting filters can be switched into circuit. The absolute
or relative values of test results are read off on three different dis-
plays with digital and analog indications. The inputs and outputs
can be selected via internal relays as balanced or unbalanced and
with different input impedances. :

FIG 3 Audio Analyzer UPA is a system-capable psophometer which,
together with various options, can be used as a low-distortion AF gen-
erator, distortion, SINAD or wow-and-flutter meter and, of course, as a
psophometer.

can be selected via internal relays as balanced or unbalanced and
with different input impedances.

RF voltmeters

Rohde & Schwarz has been producing RF voltmeters for as long as
the company itself has existed. From the very beginning the instru-
ments have exhibited exceptional characteristics. Decades of
experience and consistent use of the latest technologies have
gone into perfecting these RF voltimeters. The present series URY,
URV 3 and URV 4 are being used all over the world. One of the rea-
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sons for this popularity is the large variety of available probes and
their special circuitry (bridge compensation of rectifier diodes and
their linearizing effect), permitting an interchange of probes.

The youngest member of this family, the URV §, may with good
reason be described as the most modern RF voltmeter presently
on the world market. With this instrument a new generation of
“intelligent” probes is being used for the first time. What is so spe-
cial about them is that the data determined in their calibration are
stored in an EPROM fitted in the plug and continually used as cor-
rection values during measurements. This applies to level and fre-
quency as well as to temperature. The result is unequalled accu-
racy and - closely related to this — excellent repeatability of test
results. Digital memories for storing the calibration data are not
affected bymechanical influences or climatic conditions; they are
insensitive to shock and will not age. The accuracy is maintained
over long periods of time; regular recalibration is not required. This
means that the technique of digital calibration reduces the costs
for the customer.

The microprocessor in the URV 5 not only handles the usual con-
trol and monitoring tasks, it also evaluates the measurement data
at both inputs almost simultaneously, relates them and calculates
their level differences either.in dB or % as required. Different
probes may be connected to the two channels, even a combina-
tion of an RF and a DC probe is possible. Thus not only the atten-
uation characteristics of twoports, filters or lines, but also the tran-
sient response of converters, demodulators, etc can all be meas-
ured in a single process. Long measurement sequences may be
evaluated by a controller via the built-in IEC/IEEE bus. Six meas-
urement rates with a maximum of 25 measurements/s can be
selected.

Scanners

The need to measure voltages or currents simultaneously at sev-
eral points of a system occurs quite often. Changing connections
allthe time is out of the question, at least as far as series measure-
ments are concerned. In cases like this a checkpoint selector can
‘avoid the considerable cost involved in providing whole batteries
of voltmeters. With the aid of such a scanner the required connec-
tions between source and instrument can be established in no
time at all (FIG 3). A scanner may be used for measuring any para-
meters that a digital muitimeter can handle (up into the MHz
range).

The Scanner UVZ (see FIG 1) has 48 freely selectable switching
contacts grouped in either three- or six-pole channels. The built-in
IEC/IEEE bus is an essential part of this unit, permitting the high

switching rates to be made full use of. Via this |[EC/IEEE bus several

channels may be programmed simultaneously. As many scanners
can be stacked as there are IEC/IEEE-bus addresses available.
This opens up a wide range of applications. Other special features
- recently certified by the Federal-German office of standards -

are the extremely low thermoelectric voltages (fractions of yV) and

the low-capacitance design.
Alfred Weinberger
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FIG 4 left: basic circuit layout using Scanner UVZ to measure filter
bank.Low-capacitance design of UVZ permits transmission ofinputand
output signals in same channel. Up to eight twoports (+ guard) may be
switched with one scanner. Right: switching of individual lines: In
IEC/IEEE-bus operation UVZ is able to activate several channels simul-

" taneously. It thus offers 39 single-pole channels; 48 channels may

be added with each additional scanner.

R&S VOLTMETERS

DC Microvqltmeter uIG 0.2 uV to 320 V (30 kV)

1pAto 320 mA
Digital Multimeter UDS 5 1uVto1200V

100nAto 16 A

1 mQ to 20 MQ
Digital Multimeter UDL 33 100 1V to 1000 V

1uAto10A

100 mQ to 20 MQ
Digital Multimeter UDL 4 10 uVto 1200 V

10nAto2A
RMS Voltmeter URE 50 uV to 300 V

(DC, 10 Hz to 20 MHz)
Psophometer UPGR 3 1V to 350 V (15 Hz to 100 kHz)
Audio Analyzer UPA 1uVto 300V (10 Hz to 100 kHz)
RF DC Millivoitmeter URV 50 4V 10 1050 V

(DC, 10 kHz to 2 GHz)
Millivoltmeter URV 3 700 puV t0o 1050 V

(10 kHz to 2 GHz)
Millivoltmeter URV 4 700 uV to 1000 V

(10 kHz to 2 GHz)
Millivoltmeter URV 5 200 uV to 1000 V

(DC, 9 kHz to 18 GH2z)
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The wide choice of instrumentation presently available for testing radiotele-
phones, ranging from a combination of different instruments right up to compre-
hensive test sets, makes it difficult for the user to select suitable equipment. The
following article will give both user and buyer some assistance in choosing the

best equipment for their requirements.

Multi-function test set
or discrete instrumentation?

Each aspect of work in radiotelephony engineering, whether it be
development, production, acceptance tests, quality assurance or
repair, makes different demands on the measurement equipment
used. For example, the development engineer wants a signal
generator to have a wide dynamic range and low noise in order to
examine a new circuit right down to the last detail while a service
technician is satisfied with more moderate performance. On the
other hand, ease of operation combined with quick results is most
important in the servicing workshop - there is no time here for the
whimsical but often necessary exercises of the ambitious develop-
ment engineer.

Modern measuring equipment -offers a high standard of operating
faclilities and excellent technical specifications by incorporating
up-to-date technology like synthesizer circuits and microproces-
sors. But for each application there must be a compromise be-
tween the required performance and the overall cost of the equip-
ment. The financial outlay cannot simply be expressed by the pur-
chase price because contributory factors must be taken into
account such asreliability (maintenance costs), speed of measu-
rement (total throughput) and ease of operation (reflected in the
level of training or education of the operator).

Instrument intelligence
simplifies operation

Nearly all modern measuring instruments incorporate a micropro-
cessor which endows the equipment with more or less inteliigent
functions withouth having to use an external control computer.
Signal generators can therefore store a wide variety of settings,
which can be called up when required by pressing a button. Volt-
meters not only give readings in the usual units of measurement
(V, mV, dBm) but also in relative units (dB and A% with reference to
a chosen datum).
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FIG 1 shows a setup assembled from the single pieces of equip-
ment necessary for measurements in radiotelephony. Seen as a
whole, such a setup appears to have a high degree of intelligence,
but one must note that the intrinsic intelligence is so distributed
that it is hardly of any use when making measurements that are
typical in radiotelephony. Each interaction between the different
instruments has to be from outside the setup — either manually or
automatically from a computer over an IEC/IEEE bus.

In contrast to having individual units of equipment, the multi-func-
tion test set is actually a combination of all the instruments need-
ed for measurements on radiotelephones. FIG 2 shows how this
results in a form of “centralized” intelligence. Using this method,
the microprocessor embodied in the test set can process compli-
cated series of measurements which require the coordination of
several instruments, and it can do this without any manual or auto-
matic control from outside. In addition, there is an integral inter-
face for controlling the functions of the radio, thereby ensuring
selection of the correct mode of operation (eg transmission/
reception, squelch on/off, etc) for each measurement. If the test
sethas a special memory area for the customer’s own programs
(eg Autorun Control/Printer Interface CMT-B5), it is possible to take
an entire sequence of measurements and record themfully
automatically on a printer withouth having to use an external
computer.

Technical specifications
as the deciding factor

The evaluation of suitable test sets from different manufacturers
often starts with a comparison of the most salient technical fea-
tures. For sets within the same price range, this is certainly a useful
way of deciding which is the better set. However, the first and fore-

NEWS special 2




FIG1 Test setup comprising

single items of equipment has
distributed intelligence: in-
struments -can only interact

Trans- b RF;‘)o‘w‘e:r . i
ceiver 1 meter - P o ]

with one another if there is
outside control (man or
machine).

[ —— ——— ]

i RFcaunter“p I

ceiver

FIG2 Multi-functiontestset
has centralized intelligence: it
is possible to carry out com-
plex series of measurements
which require coordination of |
several instruments, automa- l

|

tically and without any exter-
nal control.

most consideration should be the suitability of a set for the intend-
ed task of measurement rather than just the level of the technical
data.

It is important, especially when assembling test sets using discrete
items of equipment, to ensure that the performance of the instru-
ments is mutually compatible. For example, the extra cost of an
audio analyzer measuring SINAD values up to 65 dB cannot be jus-
tified as long as the accompanying signal generator has modula-
tion distortion of 1%, which limits SINAD measurement to a maxi-
mum of 40 dB. Users who assemble their own combination of mea-
suring equipment are ultimately responsible for seeing that the
performance of the individual instruments is effectively achieved in
practice.

In a multi-function test set, the job of matching the data has
already been done by the designer of the equipment.

Even the electrical connections between the different instruments
can have a marked negative effect on the specified data. A classic
example of this is when an accurate and sensitive RF power meter

NEWS special 2
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is used. To measure the typical power output of radio equipment
(from 2 to 50 W), attenuator pads must be included in the test cir-
cuit. Careful assembly of the measurement apparatus and extra
work on calibration will be needed to ensure that the high accu-
racy of the power meter is not lost through uncertainties caused
by reflection or attenuation of the signal. With an integrated test
set, this has already been taken into account in the design of the
equipment. The user can plug his radio straight into the test set,
knowing that he canrely on the accuracy laid down in the data
sheet without corrections to the readings.

Is it worthwhile
moving to a test system?

Both the multi-function test set and the simple combination of dis-
crete measuring instruments offers testing capability which, as a
rule, is quite sufficient for the needs of production, repair and
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maintenance. This equipment allows all the socalled in-channel
measurements to be carried out, meaning those receiver measu-
rements calling for just one signal generator.

The postal regulations of most countries require an evenmore

Summary

State-of-the-art measurement technology offers equipment with
excellent specifications and operating features which were incon-
ceivable some years ago. Even a manual test set is distinguished

extensive range of measuremants in thedevelopment, accep-
tance testing and quality assurance of radio equipment. In this
work, it is the simulation of disturbances that takes priority and this
is achieved by employing a second radio-frequency signal genera-
tor so that measurements can be made of adjacent-channel selec-
tivity, intermodulation, etc. Measurements to determine theinter-
ference caused by the radio itseif also form part of these more
extensive tests. A test receiver is necessary for this task (see
NEWS special 1 “Signal-strength and interference measure-
ments”).

by its high intelligence in the form of semi-automatic measure-
ment and stored settings.

Test sets with an integral autorun control can even perform com-
plete tests on radio equipment and record the results without the
assistance of an external computer. Comprehensive measure-
ment systems can be assembled without any great difficulty on
the IEC/IEEE bus by using a multi-function iest se? together with
additional instruments.

For the utmost flexibility, high accuracy and the widest scope of
testing, measurement systems can also be assembled using top-
quality discrete instruments. To give a better overall view, the table
relates the criteria which have been discussed to the possible
equipment configurations.

Test stations may not be used exclusively for measurements on
radiotelephony equipment. Thus a manufacturer might want to
test his broadcast receivers or stereo equipment at the same
bench as his CB and mobile-radio products. The extra workload
provides a good reason for developing a simple test setinto a
complex system. The key to this is the now indispensable IEC
625/IEEE 488 interface bus. All kinds of equipment can be operat-
ed over the bus from a central controller, thus combining the in-
struments to a complete system operated from the computer.
Even when a system is chosen, it may still make good sense to use
the multi-function test set as the heart of the instaliation. Its per-
formance is good enough for a much wider range of measure-
ments and, in addition, the switch matrix can save much effort dur-
ing system integration. Finally, it greatly simplifies the software if all
the functions of an instrument are combined at one address on
the bus. )

David Picken

Even in the context of a system it will often be possible to use
resident, intelligent measuring routines of the multi-function test
set. The decision, therefore, to build a measuring system out of
discrete instruments can only be justified where there are strin-
gent requirements regarding the degree of flexibility, the scope of
testing and the accuracy of the measurements.
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Automatic test assemblies for laboratory
and acceptance testing

Two examples illustrate concepts of auto-
matic test assembilies suitable for testing
modules and for final and acceptance
tests on AWM, FM, oM and SSB transcely-
ers.These test systems were conceived
and supplied as part of customer con-
tracts. The two system concepts differ
essentially in the scope of measurement
capabilities, the adaptation of the test
item and the software itself. The basic
measurement quality is the same in both

systems since it is determined by pub-
lished standards and the technically
advanced state of the test items. FIG 1
shows an automatic test assembly for
military maintenance level 3/4.

The tasks to be fulfilled can be divided
into two groups, ie testing of modules and
final units in the laboratory and accep-
tance testing on completed units.

The laboratory test
assembly

Transceiver tests using a laboratory test
assembly are needed at all stages of the
development process, eg basic investiga-
tions on modules such as filters, duplex-
ers, oscillators and digital control circuits
or on subassembliessuch as IF boards,
RF output amplifiers and synthesizers

FIG1 Automatic test assembly in laboratory for testing modules and acceptance tests on transceivers.

AN AUTOMATISCHER
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through to transmitter and receiver sec-
tions or complete transceivers.

At this time those characteristics of
modules and transceivers are of particular
interest that are not measured later in the
final test of batch-produced units. This is
important in the case of characteristics
which are attained in the end-product
through specific measures in develop-
ment and cannot be integrated into the
end-product, regardless of the complexity
of measurements made at a later stage.
Other transceiver characteristics are
determined in the series final test by indi-
rect measurements since direct measure-
ments are too complex in this case.
Selective RF measurements and most
Impedance measurements are examples
of this group of characteristics. The latter
are performed with vector-analyzer test
assemblies in the laboratory whereas in
the final test RF power measurements
under matched conditions suffice.

In the course of development and for
repairs the object of tests is often just a
single module. As modern transceivers
are mostly digitally controlled internally,
the test system must supply the control
inputs with appropriate signals since the
modules cannot otherwise function pro-
perly. The same also applies to the provi-

T

sion of analog signalsto the modules
that are not apparent in the complete
transceiver. The signal paths from and to
the modules must be flexible and if any-
thing generously dimensioned in compari-
son to the requirements for the final test
of transceivers.

During development the defined interface
characteristics are controlled step by step
and recorded in order to document every
stage of development. As far as the mea-
suring technique is concerned, this means
that in most cases a parameter is tested
merely as a function of one or several
input parameters for a specified hardware
status. These measurement procedures
are relatively simple and can frequently be
repeated, logging in the form of graphs
being the preferred method of documen-
tation.

The system software must satisfy require-
ments for simple callup of a variety of
measurement functions and for recording
in terms of graphs and tables. The system
instrimentation must be able to accom-
modate the connection of the test item
equally as a sye i

Following the laboratory testing of
modules, the complete unit is tested for
rated valuas at the end of the develop-
ment stage. This is performed in the labo-
ratory at a greater test depth than stipu-
lated by published standards. The manu-
facturer thereby obtains graater reliability
for his data-sheet specifications.

The system software for this type of mea-
surement must be capable of permitting a
muititude of partly complex, single mea-
surements to be run in frazly selectable
sequences without the burden of exten-
sive programming and debugging.

Apart from computer-controlled test runs
on modules and final units, it shouid also
be possible for laboratory test assemblies
to carry out manual measurements for
the rapld check of test methods or one-
off checks that do not call for certification.

FIG 2 Automatic test assembly for accep-
tance tests on transceivers in production.




The acceptance test
assembly

In contrast to the laboratory test
assembly, the acceptance test assembly
for transceivers has a simpler configura-
tion, ie it does not need the high degree of
flexibility for adapting the test item within
the system, and vector analysis is in most
cases not required.

If the acceptance test system is con-
ceived for only one transceiver family and

writing of programs at different depths of
testing. Example: all measurements in line
with CEPT recommendations or only
selected parts of them. )

Practical examples

During the course of 1984 and 1985 the
following automatic systems for testing
modules and final units in the laboratory
(FIG 1) and for acceptance testing in line

@ Test system for acceptance tests in
production
Brief details: measurements on AM, FM,
©M and SSB transceivers up to 100 W, fre-
quency range 400 kHz to 1 GHz, two-
signal measurements up to 1360 MHz,
sideband analyses with 100-Hz test band-
width, adjacent-channel power meter with
86 dB dynamic range, selective RF mea-
surements from 9 kHz to 30 MHz (espe-
cially SSB).
The configuration of the two test systems
is tailoredto customer requirements.

Relay control
from SMFP 2

Mobile Tester
SMFP 2
¥ la

vDC
meas.

Test item

with
SMFP 2 =——

20 dB/400 W i

-

FIG 3 Block diagram of automatic test assembly as shown in figure 1.

is planned for use over an extended
period of time, it can be of advantage to
incorporate a transceiver-specific test
adapter into the system. The test-item
interfacing of a system for official accep-
tance testing must preferably have gen-
eral application since test items are
expected to be constantly changed.

Acceptance tests are run at the manufac-
turer's and at an officially approved test
centre (eg type testing) in line with stan-
dards in force.In this case, just as for the
laboratory test assembly, it is imperative
that measurements be reproducible and
produced with the highest accuracy. The
system software must afford the simple
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with CEPT (FIG 2) were supplied and put
into operation:

@ Test system for modules and final
laboratory test on transcelvers

Brief details: measurements on AM, FM,
oM and SSB transceivers and modules up
to 400 W; frequency range 400 kHz to

1 GHz, two-signal measurements up to
1360 MHz, sideband analyses with 100-Hz
test bandwidth, selective measurements
from 20 to 1300 MHz, vector analyses
from100 kHz to 1 GHz. The system can be
retrofitted for mobile use.

Whilst the first system is optimized for
VHF and UHF transceivers and modules,
the second system mainly finds applica-
tion for SSB units. Common features of
the test systems are described below.

All test systems essentially consist of
three elements:

@ measuring instruments,

@ hardware integration,

® software and documentation.

The selection of the measuring instru-
ments is dictated by the required system
applications and measurement stan-
dards, whereas the total efficiency of the
system is determined by the intelligence
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of the measuring units, the ergenomics of
hardware integration, the guality of sys-
tem softwareand its documentation.

The well-proven Mobile Tester SMFP 2
serves in both systems as the central
measuring instrument for ail usual trans-
ceiver tests. The system program is there-
fore considerably simplified and shor-
tened because the SMFP 2 automatically
performs a muititude of complex test
routines. For the occasional manual mea-
surement the SMFP 2 is ideal, especially in
combination with the Analog Display
SMFS-BY.

The Test Receivers ESH 3 (9 kHz to 30
MH2z) and ESVYP (20 to 1300 MHz) perform
selective measurements and, with the
incorporated calibration facility and
microprocessor-controlled test routines,
measurement capabilities and precision
of the highest standard are ensured (see
NEWS special 1“Signal-strength and
interference measurements”). The spec-
trum of applications ranges from twoport
measurements with automatic frequency
scan through to frequency-compensated
measurements of spurious signals.

A further system component is the low-
noise Signal Generator SMPC.This sup-
plies, for example, test signals with 0.1-Hz
resolution for SSB receivers, interfering
signals for two-signal measurements on
VHF and UHF transceivers in line with
CEPT. It also functions as a local oscillator
for the Precision Sideband Mixer ATS-SM
or Adjaceni-channel Power Meter NKS
and as a signal source for the Vector Ana-
lyzer ZPV.Naturally, the SMPC also serves
as a general-purpose signal source be-
tween 5 kHz and 1360 MHz.

The Generator SPMserves as a second
AF source for SSB intermodulation measu-
rements. Equally important are the peri-
pheral units:

® RF Relay Matrix PSU and Relay Matrix
PSH (AF and DC) for switching signal
paths,

€ programmable Power Supplies NGPU
70/20,

® NF Step Attenuator PSP (010139 dB,
1W) and High-power Attenuator RBU
(20 dB, 100 or 400 W),

@ Code Converter PCWas TTL control-
signal source,

@ Universal impact and Ink-jet Printers
BUD 2/3 (graphics capability)

as well as an IEC/IEEE-bus expander pro-

viding for the isolated connection of fur-
ther bus devices.
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Hardware integration

In both systems the integration of the
units into racks was conceived in accor-
dance with customer stipulations and
implemented from the points of view of
ergonomics, measuring technique and
safety. Units most frequently used are set
at eye level, allowing optimal access
especially for program writing and manual
control. For reliable performance of two-
signal measurements for example, all RF
cables are double-shielded and made as
short as possible. Reproducible signal
conditions are ensured by fixing in cable
ducts or through cable clamps.

All units and measuring-rack components
are earthed in line with VDE (Federal-Ger-
man Electrical Engineers Association)
requirements. The AC power supply is
applied to the system via EMi filters, thus
preventing any external noise from affect-
ing the test routines. An emergency
switch quickly isolates all units with the
exception of the Process Controller PUC
from the AC power supply.

The test system for modules and final test
is fitted with the universal system Connec-
tion Panel ATS-8P (FIG 4), offering all the
connectors required for the adaptation of
atestitem:

RF inputs/outputs 30 and 400'W,
output of Signal Generator SMPC,
input of Test Receiver ESVPR,

freely assignable RF and AF contacts,
TTL control outputs of PCW,

DC power supply,

multipoint connector for AF, DC, relay
and BCD control signals,

N N N N N N

® |EC/IEEE-bus connector for hooking up
additional measuring devices.

An elapsed-time meterhelps keep track
of calibration intervals and replacement/
cleaning of air filters.

In the adaptation of the test item, the mul-
tipoint connector allows modules or com-
plete transceivers to be connected up
without producing a “jungle” of cables. For
the adaptation of a typical transceiver in-
cluding the digital control of the transcei-
ver's control section, all that is needed are
three cabled connections:

RF input and output,
multipoint connector,
DC power supply.

The system can be retrofitted for mobile
use by replacing the cabinet legs with
shock-absorbing rubber runners. Shock
absorbers are fitted between the rear of
the cabinet and the shelter wall for pro-
tection against vibration and possible tilt-
ing in the direction of travel. A flexible
duct through the enclosed top section of
the rack conducts the warm air to the out-
side

The system for acceptance tests does not
require the versatility of the system con-
nection panel; such facilities can be retro-
fitted however.

Know-how + experience
= gystem software

Apart from the adaptation of the test item,
the two systems also differ in the software

@ ROMDE & SCHWARZ |SYSTEM - ANSCHLUSSFELD - ATS-SP.

aAgssuG von

CLHEHSPARHUNG

+

FIG4 System Connection Panel ATS-SP for automatic test assembly for module and acceptance

testing.
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concept. The building-block structure of
the system software is identical through-
out. Whereas the laboratory test system
for modules is required not only for com-
plete transceiver tests but often for
simple, one-shot test routines, ie general
RF measurements such as vector analysis
or selective twoport measurements, the
acceptance test system finds application
almost exclusively in long test runs on
transceivers.

This explains why the laboratory test sys-
tem is provided with four software
packages with a view to optimal utilization
of the test assembly:

AM, FM, oM transceiver tests,
SS8B transceiver tests,
impedance measurements,
selective RF measurements.

The acceptance test system is only pro- k
vided with the first two software packages.
In order to maintain the same software
structure for different hardware configura-
tions and to make the software itself tran-
sparent, the concept.of medular basic
software is applied to Rohde & Schwarz
test systems.

Why modular
basic software?

A particular test module remains the same
even when used for widely differing appli-
cations, eg testing modules in the labora-
tory in contrast to acceptance test in final
units. The difference lies in the overlay
structure that determines access to the
test modules, in other words in the form in
which the user software is created.

At the outset, the user edits the module in
the required sequence, assigns measure-
ment parameters and specifies data out-
put. The construction of menu-controlled
user software is only meaningful if the
requirements regarding extent and flexi-
bility are known exactly. Otherwise, the
system of plausibility and control checks
for the software management will be too
complex, meaning that possible exten-
sions to the user software for increasing
measuring capability may only be accom-
plished by specialists. In the case of the
acceptance test system the menu con-
cept was devised for the SSB software
package. The underlying principle, howev-
er, remains that of the modular basic soft-
ware as shown in FIG 5.

By keeping the test-driver module and
device-driver module separate, measuring
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instruments for a particular function can,
if required, be changed rapidly. In this
case it is only a matter of replacing the
device driver for the required function and
instrument initialization (interface bus) in
the basic software package. The technical
know-how inherent in the test-driver
module can therefore continually be used
unchanged and need not be “re-invented”
To simplify the‘test-system user’s task

Key to test-function
and device driver

FIG 5 Block diagram of basic software concept.

when creating new device- and test-driver
modules, the system controller must be
configured optimally for this task. This is
the case for the Process Controllers PUC
and PCA 5, which are provided with an
extended Basic especially for IEC/IEEE-
bus commands. As the bus commands
use virtually plain-text notation (eg IEC
OUT for outputting on the bus or [EC DCL
for IEC DEVICE CLEAR), it is simple to
write an appropriate driver or to follow
programs written by others.

The growing
test system

With a view to exploiting all the capabili-
ties of the test system, a complex field
such as transceiver testing in the labora-
tory and during acceptance tests calls for
engagement on the part of the user.
Rohde & Schwarz supplied for both sys-
tems the necessary tools:basic software
packages, utilities for selftest and data
management, system documentation
and training. Since technology is under
continuous development, R & S is there to
provide after-sales support.

The test systems described can be linked
to acentral computer for further proces-
sing of the measurement data. For the
laboratory test system this represents the
leadup to the “lab of the future”, which will
afford more efficient and faster develop-
ment with the use of synthesis and analy-

sis programs also via host computers con-
nected to form LANs. Data thus obtained
can be directly transferred to production
robots in the “factory of the future” and
used in final test programs.

Hans-Joachim Jonas

User software
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Radio test assemblies from Rohde & Schwarz in everyday use and what their users think of them - those are the subjects of the thirteen inter-
views on the pages that follow. But first a look at the production of radio test assembilies at the R&S plant in Memmingen, Alig&u.

Production of radio test assemblies

For more than 15 years Rohde & Schwarz
has been producing highly successful ra-
dio test assemblies. The earlier genera-
tions of equipment such as SMDA/SMDF
and SMDU were followed by SMFP 2 and
SMFS 2, several thousand of which have
already been sold. The following descrip-
tion of the manufacturing process refers
to these two types of equipment.

Test philosophy

The first stage in the production of any
electronic equipment is the testing of the
chosen components, since there is a rule
that the costs at the next production
stage rise by a factor of 10. Therefore
defective components must be detected
as early as possible.

At all stages of equipment production mis-
takes can unfortunately be made when
inserting components, soldering and
assembling. Extensive tests during pro-
duction help to eliminate these errorsin
good time. Tight feedback throughout
production minimizes potential sources of
error.

In R&S instrument production the inser-
tion of components is automated to
approx. 70%. During insertion the identity
of the components on the banderole is
checked on a sequencer. The finished
printed circuit boards (PCBs) are subse-
guently passed on to automatic testers
for preliminary checking.

A

Wilfried Kalmus is a product-group manager
and has been responsible for the manufac-
ture of radio test assemblies and RF signal
generators for more than 16 years.

Final-inspection bay for Mobile Testers
SMFP 2 and SMFS 2.

Ways of testing PCBs

1. Wiring tester for checking all types of
motherboards.

2. In-circuit testing. An in-circuit tester
checks the functioning and tolerances of
components already integrated into the
circuit. This basic test takes approx. one
to two minutes and ensures that a PCB is
at least 90% free of errors.

3. Digital performance test. Digital PCBs
are compared in performance to a sample
PCB. Owing to this procedure program-
ming and troubleshooting can be effected
very rapidly.
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4. Analog performance test. The test
assemblies required for analog perform-
ance testing are developed and produced
by Rohde & Schwarz itself. In addition to
test functions the programs include align-
ment instructions. This means that the
interface specifications set for the PCBs
must be aligned; checked and recorded.
As a consequence, boards can be
replaced later on during final inspection
and servicing without any readjustment.

Final inspection

In the final stage mechanical parts and
electronic boards are combined to pro-
duce radio test assemblies. By taking ran-
dom samples quality assurance also
checks the mechanical quality of the
finished equipment.

The entire testing procedure is laid down
in the test sequence plan shown here.
R&S works standards prescribe trimming
instructions (HVB 400) and a test report
(HVB 410) in addition to this test se-
quence (HVB 405).

Trimming instructions are necessary to
optimize product quality and minimize
production costs. They are also the basis
for preparing test reports and extracts are
included in manuals to assist servicing.

For keeping records of the final inspection
of modules, devices and systems test
reports must be drawn up. As a matter of
principle, the rated values and tolerances
measured during final inspection have to
meet the specifications given in the
respective data sheets (sales literature).
The rules for testing on automatic equip-
ment and for manual testing are more or
less the same. Test reports are placed at
the disposal of customers at their request.

Below the individual inspection stages are
described in greater detail.

@ Turn-on test: computer-controlled per-
formance test ensuring that all func-
tions are operative.

@ Burn-in test: during this one-week test
line-voltage values and temperatures
are cycled through in the test chamber
at+45°C in order to provoke, detect
and eliminate early failures.
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WERKNORM

Priifablaufpléne
- Allgemeines -

3 Priifphilosophie

Ziel:
kollierten Daten.

3.1 Schema

Priifkriterien

Priifung von gedruckten
Schaltungen

Latfehler
Funktionsfehler

Leiterplatten-Fehler
Bauelement-Fehler

Leiterplatten-Fehler
Bauelement-Fehler
Bestlickungsfehler

Baugruppen-/Gerat-/Anlagen-Priifung

Abgleich
Restfehler

Schwachstellen-Analyse
Funktionspriifung

Fehlerfreies Endprodukt mit Zuverldssigkeitsgarantie und proto-

Art der Priifung

Leiterplatten-Test
BE-/IC-Test

]

[Bestﬂcken (Vormontage) ‘

} nur bei Bedarf

GS-Priifung
In-Circuit-Test ‘
Burn in
Funktionstest
Analogtest mit Spezialstationen
Digitaltest mit Fluke.

I Montage / Verdrahtung

Endpriifung

Automatische Testsysteme
Burn in

Ecktemperaturpriifung
(wenn erforderlich}

Abnahme

3.2 Verantwortlichkeit fiir die Produktqualitét

Die Verantwortung fiir die Qualitdt des Fertigproduktes liegt beim Kommis-
sionsverantwortlichen; er ist daher zusténdig fiir Endpriifung, Burn in,
Ecktemperaturpriifung, Protokollierung und in diesemn engeren Sinne -auch
fir die Beantwortung technischer Fragen der Abnahme bzw. des Kunden.

Seite 3
i

Stelle
<l%ﬂl:ﬂi&scuwnmz 3E-B/3CA

Name

Datum Ordn.-Nr. :
za/me- 01.84 HVB 405 T

Test sequence plan acc. to R&S works standard HVB 405.

@ Generator alignment: computer-con-
trolled alignment and testing on the

basic of more stringent specifications.

@ Recelver alignment: semi-automatic
testing and alignment on the basis of
more stringent specifications.

® Signal-purity check: harmonics and
spurious responses are automatically
checked overnight on twelve SMFP 2/
SMFS 2.

® Testlisfinished and set down in a
report after these test cycles: ‘

® Reliability test: test assemblies must
prove their reliability in one week of -
continuous operation.

@ Test ii: the final or sales inspection
ensures the outgoing quality. The final:
inspection report that serves as proof
of quality is kept on file for up to three
years.
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Quality assurance

The guality analysis of serial equipment
(R&S standard QVP 050) is an additional
way of ensuring quality. This is carried out
at irregular intervals by quality assurance,
which also determines the types of equip-
ment to be inspected and the date of
inspection.

According to the test sequence every-
thing from the simulation of transport and
packing conditions to the completeness

Hans Sulger, telecommunications engineer

and senior project manager at Autophon in
Solothurn.
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report: attenua-

RF-OFF » 139dB 1.0.  tion test on Mo-
FEHLEREABI | FEWLERLdB1  bile Tester SMFS 2.
HESSUNG MESSUHG 11

-8.13 -8.12

-2.83 -8.87

-8.87 8.88

+8.93 +8.02

-9.87 +0.86

+8.01 ~8.86

-9.81 -8.82

-9.83 +8,01

+8.84 +8.082

+9.82 -9.81

+8.81 +8,02

8.08 -8.01

8,00 -8.81

+8,03 +8,83

+8.85 +8,85

+9.01 +8.82

+8,87 +2.96

18.02 9.8 Quality  certifi- P>

-8,82 8.98 cate of the kind

.08 +9.93 issued by the

1‘3;3} :gjgg finalinspector for

+8,83 +8.02 each item of

+8,81 v.08 equipment.

of accessories must be checked. The
focus in quality analysis is on determining
quality during operation.

Quality certificate

The final inspector makes out a quality
certificate for each item of equipment
tested. This certificate is the “formal con-
nection” between production and the
user. The certificate and the attached
“Shortcomings” card furthermore ensure

OLALITATS ZERTIFIKAT

Sehr goohrter Kunde,

Sie erhalien heute ein nach modernsten Qualitatssicherungsmethoden
gefertigtes Rohde & Schwarz-Gerdt. Es wurde in meiner Verantwortung
endgeprift.

Sollten Sie trotzder bei Anla zu einer

haben, bitte ich Sie, die Karte ausgefit

und den néchstiiegenden R&S-Service mit der Reparatur des Gerdtes zu
beaufiragen.

Danke fir e Information!

& i

ROHDE&SCHWARZ
MEX Méyer..

D™ BEANSTANDUNGEN
Beschidigte Verpackung
Mechanische Mange!

SHORTCOMINGS e
Packing damaged

Mechanical faults

Electrical faults

Damage probably due to transport

Elektrische Méngel
Vermutfich Transportschaden
ubehor 4

ooooo

Reparatur durch R& S-Servige: Repair by R&S service center.

Weitere Informationen: Further information:

G Name U Sancire

e LangiGuny

that any defect detected by the customer
on receipt of the equipment is immediate-
ly reported to the production plant, so
that measures can be taken to.improve
quality in the future.

The system applied by Rohde & Schwarz
for quality assurance is approved by
government authorities and civil organi-
zations.

Wilfried Kalmus

At Autophon in Solothurn systems come out

customized

Simulating complex radio systems

Switzerland’s Autophon AG has acquired a
solid reputation worldwide as a communi-
cations specialist since the company was
established in 1922. The 15 employees of
those early days are now 3500 in number
and the product range includes units and
systems from major areas of communi-
cation like voice, music, data and image
transmission by wire and radio plus data-
display and paging systems, pneumatic
dispatch, cable and antenna installations.
The company headquarters, development,
production and central administration are
based in Solothurn.

Autophon producesradio sets for the 4-
m, 2-m and 70-cim bands, and of late also
for 900 MHz. Then there are car tele-
phones for the Swiss NATEL network.
“Our real strength lies in radio systems”,
explained telecommunications engineer
Hans Sulger, senior project manager at”
Autophon, “these are tailored o users’
special requirements”

Such radio systems are microprocessor-
controfled and the control functions can
be very complex; thoroughly simuiating
these systems and maintaining them is
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no easy job. “We looked for suitable radio
test assemblies for a long time and then
came across those from Rohde &
Schwarz. Using them we can test our radio
systems extremely fast and, above all, in a
reproducible fashion”. Mobile Testers
SMFP 2 and Signal Generators like SMS
and SMPD are consequently much in
evidence at Autophon.

The foundation for the measuring rou-
tines was the basic software from R&S,
which was adapted in parts to the special
requirements at Autophon. Thus it was
necessary, forinstance, to perform a
deviation measurement reliably in just
300 ms.

As an absolute noveity Autophon recently
sold a radio system complete with an
SMFP 2: “The customer is quite enthu-
siastic and considers it an enormous
advantage. In future we’ll continue to sell
testers like this as an integral part of our
systems”.

Computér-controlled radio centre as an example of the radio systems that Autophon develops

and produces tailored to user requirements.

BBC markets radio sets worldwide from Kappelerhof in Baden

Professional sets for professional customers

The worldwide concemn Brown, Boveri &
Cie (BBC) has been involved in radiocom-
munications since the 1930s —long
enough to acquire a wealth of know-how.
Its information and communications -
group nevertheless represents a relatively
small part of the activities that have made
BBC's worldwide reputation: generation,
distribution and application of energy.

The communications division supplies
large-scale communication systems to all
parts of the world. Radiocommunication
engineering and sales are based in Turgi,
as are production and testing facilities.

The sales centre for radioc‘oms‘ products,
ie essentially mass sales by way of
appointed dealers, is the Kappelerhof
near Baden. From here Swiss dealers are
supplied and importers in neighbouring
countries. Among these products the RT-
41 series of mobile radios is particularly
successful and the concern is also
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Claude E. Petignat, Swiss sales manager for
BBC'’s radio sets and systems.

strongly engaged in Switzerland’s BATEL
car-telephone system: “BBC supplied @i
fixed stations for this and in mobile tele-
phonas we hold a market share of 50%”,

explained Claude £, Petignatl, Swiss sales

manager for radio sets and systems.

So that customers can be offered a wide
range of radio equipment of all kinds, vari-
ous special items of equipment are pur-
chased and resold. Parsonal radios for
the 934-MHz band were a success right
from the start. “Switzerland was the first
European country to offer this service.
We adopted the Japanese system right
away. Our unit has 40 channels: 39 for
voice and one data channel. in the bands
4, 2y and 70 cm our customers are
entirely professional. With personal radio
we also want to draw customers who can
use the units professionally at an attrac-
tive price. The possibility of implementing
extensive selective-calling programs by
datea telegrams means that you have to
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BBC is strong on the NATEL market and in personal radio (unit to the left of Mobile Tester
SMFP 2).

get into Hagelbarger code when servicing
- a typical case for Rohde & Schwarz's
Radiocode Test Set SCUD. The radio sets
themselves are thoroughly checked out
by a Mobile Tester SMFP 2.

Of course we need optimal measuring
Instrumentation because of the diversity
of our radio equipment. We do all we can
to ensure that our technicians are able to
work rationally and efficiently. 'm con-
vinced of the worth of R&S’s instrumenta-
tion”.

The data telegrams of personal radios do
not tax an SCUD to the full of course. At
BBC it is mainly used to check the many
kinds of signalling involved with NATEL
units. Anyone, like BBC, installing all the
fixed stations of such a network needs
really unassailable measuring gear.

In Dubendorf Ericsson runs a comprehensive technical service

Customized adaptation and speedy service

In the field of telecommunications Swe-
den’s Ericsson ranks among the biggest
concerns. Its product range is corre-
spondingly large and varied: screen termi-
nals, printers, radio sets, personal compu-
ters, paging systems, typewriters, inter-
com systems and lots more. In Diibendor?
in Switzerland Ericsson has its central
technical service, offering adaptation,
maintenance and repair for the entire
spectrum of equipment.

The wireless side of business, ie radia
sets and paging systems, is mainly in the
hands of Armioid Stingel. “Our products
come to us from Sweden. For the Swiss
market many an adaptation has to be
devised, and that's what we do here. Serv-
icing is also carried out from here, we
don’t send anything back to Sweden*,

For what are often very different kinds of
work Stingel uses instrumentation from
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Rohde & Schwarz: Mobile Testers SMFP
and SMFS 2 as an “individual” test
assembly, Radiocode Test Set SCUD,
Process Controller PPC. To make sure
there are no ambiguities in the values
measured, all test assemblies are linked to
an R&S frequency standard (XSD 2 with
XKE 2, XSRM-Z, XKE 2-Z1), which functions
more or less as the central “pacemaker”.

“Before we procured the R&S test
assemblies we looked around at shows
and exhibitions for a computer-controlled
system — who made this sort of system
and what the software situation was like.
And we arrived at the conclusion that
Rohde & Schwarz offers the most. We
received the basic software and modified
it somewhat, and thus we didn’t have to

Arnold Stingel, technical manager for radio-
communications at Ericsson in Diibendorf
near Ziirich.
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start from scratch. Software today is a big
cost factor and there’s little sense in
inventing the wheel a second time, so to
speak”.

Ericsson is particularly successful with its
1#P-controlled C-600 mobile radio. The
available frequencies and channels plus
selective-calling codes are stored in a
PROM, so the characteristics of these
units are defined purely digitally. “The
SCUD was purchased so that we had a
selective-call measuring apparatus which
can do everything we couldn’t do before”.
Errors in selective calling now become
clear straight away.

Ericsson conducts 100% outgoing
inspection. The technicians who repair
the units measure with the same test
assembly (SMFS) as in the computer-
controlled facility (SMFP) and work with
the same routines. “In the R&S test
assemblies there are a lot of things that
run automatically and thus take some of
the workload off our shoulders. We're well
satisfied with them”.

A C-600 mobile radio with 1P control being put through its paces by SMFP and SCUD.

ESG in Linz/Danube: energy supply, district heating and transport utilities
Radiocommunications in service to the public

Things like reliability, saftey and opera-
tional readiness take on special signifi-
cance when they are spoken of in con-
nection with an energy-supply and trans-
port utility like ESG in Linz/Danube. Here
communication is an indispensable aid,
whether it be computer communication
over microwave links for controlling trans-
former stations and load distribution or a
radio set in a tram or bus. As is only sen-
sible in such a large undertaking, all radio
devices are maintained and repaired in
ESG’s swn workshops, and the demands
made of the measuring instrumentation
are in direct relation to the high levai of
responsibility attached to them.

Engineer Johann RBeisinger, who is chiefly
responsible for radio operations within
ESG, explained his work as follows:
“Everything that has to do with radio is
planned, acquired, installed and main-
tained in and by this department. We have
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At ESG in Linz/Danube engineer Johann Rei-
singer is chiefly responsible for radio opera-
tions.

about 500 mebile radios in use and
numerous repeater stations; the operating
frequencies go from the 4-meter band up
into the 1.5-GHz region”.

The range of equipment that has to be
serviced is correspondingly diverse:
mobile and handheld radios, paging and
secondary-paging receivers, microwave
links and repeater stations in the way of
fixed installations.

With variety and range like this the radio
group can hardly complain about lack of
work, and its tools of the trade from
Rohde & Schwarz are fully up to the mark:
a Radiotelephone Test Assembly SMDA
for servicing 2-m and 4-m units, a Mobile
Tester SMFP plus Radiocode Test Set
SCUD, Printer PUD and RF Relay Matrix
PSU.

These are all managed by Process Con-
troller PPCover an JIEEE hus, and when
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the SCUD is not working with the SMFP it
monitors, by way of a VHF-UHF Receiver
ESM 500, the cali-tone sequences of
ongoing radiocommunications as a sort of
control instance. “The SCUD saves us an
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mental head, engineer Kmenta. “Errors
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When a radio set arrives for repair, it is first
put through its paces on the automatic
tester (SMFP). “For simple tests we also
have another assembly. But when we're
looking for accuracy we use the SMFP”.
The software is composed of the standard
R&S software and software speciaily writ-
ten for the equipment concerned. SCUD
uses the special R&S software SCUD-K1.

After its repair a set passes to final inspec-
tion, again on the automatic tester. The
measured values are logged and also
stored as stiatistics on floppy disks: “Thus
we know precisely what errors occur in
what equipment in the course of ayear
and very often we can then undertake
preventive measures”.

There is consequently lots for the instru-
mentation to do in an energy-supply and
transport utility like ESG: “All our radio
sets are in use for a high proportion of
time and the conditions involved in
energy supply can be very rough. The
sets are exposed to high temperatures
when our vehicles are standing in the sun,
or the abrasion produced by trams
causes metallic dust to be deposited in
them, and so on”. For field service, ie on
microwave links and repeater stations too,
ESG also takes along the compact and
sasy-to-use R&S Wattmeters NAU and
NAUS when it comes to determining
whether transmitters are producing the
necessary RF power and how well an
antenna is working (reflection, etc). For
the growing tasks facing them in future
ESG’s radio technicians are looking to,
among other things, the new Power
Reflection Meter NAP so that they can ful-
fil their complex duties even faster and
with greater precision.
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A mecca of CB and personal radio:
Jacob Trading in Othmarsingen

In-house testing guarantees

the lead

Anyone interested in CB radio or, since of
late, personal radio or simply looking for
antennas, microphones, multirange
receivers or VSWR bridges will find the
right address in Othmarsingen in Switzer-
land: Jacob Trading Intemational. The
small company celebrated its tenth birth-
day in 1985 and has grown quite excep-
tionaly during the relatively short period. It
is'well supported by a number of instru-
ments from Rohde & Schwarz: two Mobile
Testers SMFP and two SMFS 2 (plus ana-
log display option), two Process Control-
lers PPC, a Radiocode Test Set SCUD, a
Power Reflection Meter NAP and a Printer
PUD 2.

At Jacob they are particularly proud of
their own five type-approved CB seis
series Mark | through Mark lll, PC 404 and
PC 1010, which in addition to AM and FM
are also in part equipped for SSB (USB
and LSB). “For SSB tests we take the
SMFP and use a little trick”, company
ownerErmst Jacob told us. “We offset the
receiver upwards by 1 kHz and thus obtain
the difference between the two frequen-
cies we're measuring. We do it on the
transmitter too — we can measure modu-
lation frequency response for SSB”. For
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this application R&S'’s basic software was
slightly modified. More than 10,000 radio
sets have been tested in this manner
alone during the last two years.

—

Jacob Trading inte mai&f}{im

Big in CB and personal radio: Ernst Jacob,
owner of Jacob Trading International in Oth-
marsingen.

The type tests on
Jacob’s own five CB
models are perform-
ed on these setups.

SMFS 2 (with analog
display), SCUD and
NAP form the nuc-
leus of the personal-
radio test assembliy
for 934 MHz.
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Typical test report for a radio set, here the Mark lil.

Radio-set maintenance by the thousands

at the KMV in Bern

Test system proven

under rough conditions

If you operate haruiheld radios in their ten
thousands and have to keep a few thou-
sand onboard radio installations opera-
tional, you naturally need reliable measur-
ing aids for their maintenance. At the Kii¥
irs Bern, the ordnance administration of
the Swiss military department, the highest
demands in all of Europe are made of
radio equipment and measuring instru-
mentation, meaning that any radio testing
equipment which is introduced must be
absolutely faultless and flawless — even at
—25°C.
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All kinds of Rohde & Schwarz radio test
equipment can be found in use with the
KMV: SMDHs procured 15 years ago,
SMDUs and SMPUs, SMFPs and of late
also SMFP 2 and SMFS 2. With the newer
equipment Process Controllers PUC are
also employed. “The situation here is like
this: when an item of equipment is intro-
duced, it generally has to do reliable serv-

Dr. sc. techn. Jiirg Wettstein, departmental
head at KMV in Bern, bears overall respon-
sibility for electronics.

Jacob is also very much engaged in the
new personal radio in the UHF band

34 MHz. The SCUD is used to make the
complicated signalling of the daiz isie-
grams in Hagelbarger code transparent.
The market is flourishing and there is a lot
to do: “Sooner or later we’ll be needing
another SCUD”. The SCUD is additionally
used for selective-call signalling (five-tone
sequence, etc).

Where there are special needs for soft-
ware, Rohde & Schwarz offers the assis-
tance of its specialists. “The Hagelbarger
code that's used in UHF units goes a long
way into machine language and we don't
have time to get down properly to prob-
lems of this kind. R&S’s people have
helped us here with their experience and
we were glad that we could use the pre-
pared software after slight modifications”.

At Jacob they are very satisfied with their
R&S instrumentation: “You always meas-
ure the same, whether it's Monday morn-
ing or Friday afternoon. And with a little
technical understanding anyone can work
the instruments. For satisfying the testing
requirements stipulated by the PTT
there’s no hetter-value solution than an
R&S measuring setup”. Jacob looks ahead
to coming equipment generations with
every confidence: “We’re well equipped
and ready to take on anything”.
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ice for between ten and 20 years”, is how
Dr. sc. techn. Jiirg Wetistein putit, who is
a departmental head at the KMV. He is
responsible for the maintenance of elec-
tronic material and radar installations in
the Swiss army. “The operational reliability
of the new SMFP 2 and SMFS 2 is particu-
larly good”. Which is no wonder, because
before acquiring them Dr. Wettstein’s
engineers conducted extensive frials in
rough environmental conditions. The veri-
fication of the radio test sets by Dr. Wett-
stein started up when the development
phase of the equipment had barely end-
ed. In other words, before market intro-
duction the Mobile Testers SMFP 2 and
SMFS 2 had ailready been thoroughly put
through their paces for a period of one
and a half years and approved for use.

“Procuring the R&S testers has proved
very worthwhile for us”, continued Dr.
Wettstein. “The manual testing of a hand-
held radio used to take us more than half
an hour, but now we only need one and a
half minutes. And for onboard radio instal-
lations, what the SMFP and PUC can now
do in 15 minutes used to be a job lasting
an hour, We’re naturally very pleased with
these new test setups”.

There is a special advantage in the fact
that an onboard radio instaliation can be
ieft in the vehicle for testing and no long-
er has to be removed, as used to be the
case. A custom application has been
created, fairly revolutionary in form, made
up of the following functional units:

1.a mobile test system with the Mobile
Tester SMFP as its nucleus, a Process
Controller PUC, an adapter and a printer
for hardcopy results;

2. a‘portablé measuring equipment, con-
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Mobile radio-set testing system with Mobile Tester SMFP and Process Controller PUC from Rohde &
Schwarz plus adapter and printer. The portable measuring equipment with the control unit and RF
measuring head is placed in the vehicle next to the radio installation that is to be tested.

sisting of a control unit and a measuring

-head for RF power and reflection.

‘The portable measuring equipment is

placed in the vehicle next to the radio in-
stallation that is to be tested, while the

mobife test system can be left standing
up to 50 m away. Depending on the type
of vehicle concerned, the portabie meas-
uring equipment can be setupin 3to 5
min. Defective radio equipment can sub-
sequently be dismounted and repaired on
an SMFS 2. A final inspection is made
after the equipment has been reinstalled.

“With these testers we have managed to
achieve a clear improvement in the quality
of our radio apparatus. In the first tests
using the equipment we had 30 to 40%
faults on our radios. This was because our
engineers and technicians judged the
values differently In earlier measure-
ments. But now we have uniform and
exact series of measurements” Switzer-
land insists on reliability and precision —
not only in its watches.

The control unit of the portable measuring

equipment as a means of communication be-

tween the operator and the test system.
Photos: Martin Béni (2)
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Hannu Ansio is the test manager of Nordic
Division at Mobira Oy in Salo, Finland.

The Finnish #obira ©y company is one of
Scandinavia’s major designers and manu-.
facturers of radio equipment, a wide range
of products.coming from its four plants
Aanekoski, Espoo, Outu and 8alo, such
as radiophones of different kinds, trans-
ceivers, personal-paging receivers plus all
the associated stationary fixtures and
base stations. The customers for this
equipment are private persons, small busi-
nesses like taxi operators, corporations
responsible for running public transport
and on up to companies or administra-
tions requiring complete, turnkey projects.

In the town of $aia, about one and a half
hours by car from Helsinki, personal-pag-
ing recelvers and mobile phenes for cel-
lular networks like AMPS, MMT and TACS
are developed and manufactured. At this
plantHannu Ansio is the test manager
and responsible for the procurement and
installation of automatic test equipment in
the production area. He adapted in good
time to the big worldwide demand for cel-
lular mobiles by looking for an instrument
supplier whose measuring systems were
up to the high standards called forin the
development, production and quality
assurance of suchcomplex radiophones.
In the early summer of 1984 Rohde &
Schwarz was able to present a very flex-
ible system composed of Radiocode Test
Set SCUD, Mobile Tester SMFP 2, Pro-
grammable Power Supply NGPU plus
ready software for thoroughly checking
out mobile shones for cellular-radio net-
WOrks,

With this system it is possible to run com-

plete tests either under manual control or
managed over anlEC bus, and it can be
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High quality from Mobira in Europe’s north

Of AMPS, NMT, TACS and Co.

matched to production requirements in a
Listener/Talker mode. The measuring
accuracy, the speed and especially the
reliability of the system were decisive fac-
tors where Ansio was concerned: “Some-
times our tests run round the clock, six
days a week. We've no room for downtime

in a schedule like that”..

If the worst should come to the worst
however, assistance is available and véry
close. The R&S representative Orbis Oy
has its offices and instrumentation service
in‘nearby Helsinki. This is a comforting
thought for the test manager because he
and his team are responsible for running
and maintaining the testing facilities that
will ensure a high-grade end-product. In
the final part of this process all radio sets

Rohde & Schwarz
system for testing
cellular-radio

mobiles as used
on the production
lines at Mobira Oy.

go through temperature chambers,
where they are tested undereaxirame
climatic conditions and checked for
adherence to specification. This takes
some time but it can be managed fully
automatically.

The problem of software for the signalling
measurement routines that are called for
- a very comglex miatter because of the
complicated procedures in the different
cellular-radio networks — has largely been
solved in R&S’s software packages for
AMPS, NMT and TACS. Thus the team has
been able to concentrate on the main
task, that of integrating the AMPS, NMT
and TACS test systems into the manufac-
turing environment.
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From pager to fixed station: Motorola in Taunusstein

World fame starts in development

As a producer of electronic equipment,
systems and components Motorola is
now one of the hundred biggest industrial
undertakings in the USA. The company
employs some 90,000 people at produc-
tion plants in 16 countries and in sales
organizations in 110 countries.

In the area of radio sets and systems
Motorola has won itself a high reputation
worldwide. In Taunusstein, not far from
Wiesbaden, mobile radios, fixed stations,
handheld radiophones, signalling and
alarm receivers, mobile and portable
radio-data sets plus complex systems
have been developed for more than ten
years now. Klaus Pai, Dipl-Ing., of product
development works with SMFP and SMFP 2
Mobile Testers from Rohde & Schwarz:
“These test assemblies can do just about
everything that’s required in radiotele-
phone measurements. We use them, for
instance; to measure the sensitivity, selec-
tivity, large-signal rejection, modulation

The workbench of a
radio-set designer:
Mobile Tester SMFP
2,Digital Multimeter
UDS 5, two Signal
Generators SMPC
plus a program-
mable Power
Supply NGPU.
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characteristics, output power, adjacent-
channel power and frequency stability of
radio sets of every kind according to the
prescribed measuring procedures of the
different postal avthorities. We've also
written some programs for routines that
serve for testing synthesizers, VCOs and
squelch circuits during their develop-
ment”.

For measuring the adjacent-channel pow-
er of radio sets intended for Britain and
France, which work on a channel grid of
12.5 kHz, Pai additionally uses R&S Signal
Generators SMPC: “We've had very good
results using the SMPC. With its low side-
band noise the measuring limit here is at
about 8¢ ¢, and that really is good”.

Instrumentation is controlled by a com-
puter over an[EC/IEEE bus. “A very int-
eresting application of the SMFP for in-
stance is the direct control of synthesiz-
ers. Thus it’s possible to carry out all the

Klaus Pai, Dipl-Iing. (FH), is a development
engineer at Motorola in Taunusstein.

previously mentioned measurements
within a freely selectable frequency band.
The software that we’ve created for this is
specially tailored to individual units and
types of synthesizer and it's too struc-
tured for use with other units. | don’t find it
meaningful to produce a global program
for this”.
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Until 1983 the people in Taunusstein 4]
worked successfully with radiotelephone -
test assemblies of the SMDU type, and

Gancmiltte [dB]
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Typical results from a biocking measurement on a mobile radio at intervals of between 100 kHz and
10 MHz above and below the receive frequency in a temperature range of —20 to +55°C.

In Grodig Pfitzner produces radiophones for
big customers

A lot to do in the test-shop

If you want to survive in the hard-fought
market forVHF and UHF radioielephones,
you not only need good equipment but
also to produce it in series that can be
adapted to different user needs speedily
and cost-effectively. What is more, if your
production is geared to big customers,
quite considerable demands will be made
of the testing aids you use.

At its Grédig works near Salzburg, Pfitz-
ner, an affiliate of H. Pfitzner Nachrichten-

112

technik GmbH in Frankfurt, produces pri-
marily mobiie radios and fixed radio in-
stallations. The major customers are
authorities and institutions like fire bri-
gades, police forces, rural constabularies,
energy utilities, and a large quantity is also
exported.

Engineer Reinhard Liitte, executive
secretary at the Grodig plant, had good
reasons for procuring R&S radio test sys-
tems: “With the appearance of the SMFP

Engineer Reinhard Liitte is executive secre-
tary at the Grodig works of H. Pfitzner
Nachrichtentechnik GmbH.

on the market, there was just the compact
test assembly we were looking for. This
was not only our own decision in Grédig
but also one shared by the company in
West Germany and by our branches
abroad. In the definition of acceptance
measurements it was also found that
most of our customers likewise work with
R&S radio test systems, computer-con-
trolied setups in particular”.

Here a PUC-controlled SMFP 2 is examining
a mobile radio from the T-8000 family. The
results are logged by a PUD 3.
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Another test assembly in action: SMFP plus Process Controller PPC.

In Grodig there are consequently SMFP
and SMFP 2 testers for measuring 200 to
300 radio sets daily, some of these sets
going through the procedures several
times. The test assembilies are controlled

by Process Controllers PPC and PUC; the
basic software and in part the application
software come from Rohde & Schwarz,
whilst the “finer points” are harmonized
with the particular customer. “The contact

with our headquarters and with our cus-
tomers is such that we exchange floppies
with data so that we can immediately
compensate tolerances in measurements.
Thus high quality can be expected of our
radios. The advantage is simply that
everyone knows from everyone else what
‘measuring aids he’s using and at what
level'we're all working”.

Currently two special equipment series
are being produced: first there is the T-
8000 family for 4 m, 2 m and 70 cm, and
then there is the TMC-82, likewise for all
bands. The T-8000 is a simplex or semi-
duplex unit with PROM-based channel
programming, while TMC-82 is processor-
controlied, ie software. ‘

“The assembly of the electronic modules
is in part farmed out to another company
and we concentrate on assembling ready
units and test opearations” Once the units
have gone through the various continuous
tests, like an active burn-in for instance,
and passed the R&S test assemblies
without fault, they are given the green
light.

Swiss PTT: free test campaign for NATEL car telephones

A firm grip on complex signalling

The NATEL car-telephone network has
been in operation in Switzerland since
the end 0f1977. There are 4500 subscrib-
ers in network A and network B will, afier
extension, have 8000 subscribers. In the
setting up and clearing down of car-tele-
phone calls as weli as during the actual
call (when a subscriber drives into a tun-
nel, etc) there are complicated signalling
procedures, which can now be measured
for the first time strictly in line with
specifications using Mobile Tester SMFP
2 (full-duplex capability) and Radiocode
Test Set SCUD.

In order to obtain a representative impres-
sion of the technical state of private
NATEL sets, the general PTT administra-
tion in Bern announced a free and volun-
tary test campaign in Zirich. Some 800
subscribers took up the invitation and
their sets were fully checked out within
four weeks.
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“In carrying out this campaign we were
only interested in factors that are critical
for the system, like signalling, RF power,
receiver sensitivity”, explained Budaif Bii~
ter, Dipl-ing. (HTL), responsible for mobi-
le-radio operations at the general PTT
administration in Bern. “With R&S’s

SMFP 2/SCUD test system it's now
become possible, for example, to analyze
a subscriber’s identification in terms of
frequency of the various tones, amplitude
and burst length, and strictly according to
specifications”.

That is saying something, because as
many as sight different frequencies (in-
stead of normally five) are measured in a
subscriber identification of 250 me. “And
then there’s the ciearing signal, more or
less the going on~hook; this, according to
specifications, should be 100 ms=+ 10 ms.
In practice you find that it ranges from O
to 200 ms”.

Rudolf Ritter, Dipl-Ing. (HTL), of the general
PTT administration in Bern is responsible for
mobile radio.
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Remote measurement as a special application: the test setup is in the hut, contact to the car

telephone is by way of a 10-meter cable and a special interface (devised by the PTT).

Measurement of the clearing signal has
become possible with SCUD. The problem
used to be that different people applied
different standards when testing. This pro-
duced statistics with a poor confidence
level. “Now we have relatively hard
resuits of course, which means good
statistics”.

Software support by Rohde & Schwarz
was especially praised by Ritter: “We got
very good support for some machine
instructions, without which none of this
would have been possible. And now
everything'strue to standard and specifi-
cation”. SCUD was originally acquired
especially for NATEL applications, but it is
due to get a lot more work from about
1987 onwards when the NMT network
starts up. This will be a system for 120,000
subscribers, with some 450 transmiiting
stations and a total of 4000 channels.

The PVE in Vienna: planning, operations, maintenance

“When you look at NMT, you see thatit's a
centrally controlled system in which the
exchange says what's to be done. A
measuring facility made up of SMFP 2
and SCUD consequently has to tell the
radio mobiles what to do. In NATEL things
are the other way round — there the
mobiles say what they want”. In other

“words: the PTT makes high demands of

its instrumentation, and has not at all
been disappointed by the SMFP 2/SCUD

~.combination. s :

There’s space in the smallest hut: SMFP 2 and SCUD fit snugly in the corner while, close at
hand, PUD 3 produces hardcopy resulits.

Putting equipment to the acid test

The matters that concern the office for
defence engineering in Vienna range
from physics through to mechanical engi-
neering. It is directly responsible to the
Austrian ministry of defence and is divided
up into specialist sections. One of these is
the testing and research esiablishment
for low-voltage and power engineering in
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Vienna, known as BYE for short. This is the
central instance for planning, operations
and maintenance in the field it covers.

Helmuth Buchsbaum has been a testing
technician and acceptance official at the
PVE for more than 20 years: “Allradio sets
have to come through here, for instance,

from thelr introduction through to thelr
retirement”. For his measurements he
uses an R&S Mobile Tester SMFP 2, linked
to a Process Controller PUC. Power comes
from a programmable DC Power Supply
NGPU. Acceptance measurements are
conducted in ashielded cabin so that the
values measured remain free of any envi-
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ronmental influences. The test setup also
occasionally goes on the road: “For the
recent introduction of a new system of
radio sets for the army we used the R&S
setup for quality testing at the producer’s
plant”

For this newly commissioned system
there is now the task of creating appropri-
ate software.“We intend, based on a
given flowchart, to have the testing soft-
ware from status measurement through to
troubleshooting at module level written by
RSO (Rohde & Schwarz Austria) for our
instrumentation”.

The PVE has had a long period of familiar-
ity with R&S instruments. it still uses the
first R&S radio test set SMDA, and signal
generators like SMLR are still in regular
use. It is not easy to part with oid and
trusty friends.
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Helmuth Buchsbaum is a testing technician
and acceptance official for radio equipment
at the PVE in Vienna.

<« Typical test report for a radio set, printed
out by an R&S PUD 2.

In the shielded cabin: a PRC-77 being test-
ed by SMFP 2 and PUC. v
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Quality assurance with emphasis in Flensburg

Storno calling — over

Engineer Kjeld Biilow Thomsen is quality-
control manager at Storno Electric in the
Flensburg works.

Test setup for NMT units: two Radiocode Test
Sets SCUD and aduplex Mobile Tester SMFP 2
get to the bottom of the matter.

This is where car telephones have to show
what they are worth. The computer-control-
led SMFP 2 are integrated into a test system
devised by Storno.

The name Store Mordiske is closely asso-
ciated with the big telegraph lines of the
north: the company still operates lines like
that from Europe to China, right across
the Soviet Union. In its search for new
fields of activity the company founded
Storno in 1948 for the production of
mobile radios. Storno, based in Copenh
gern, employs some 2000 persons.

In the Flensbura works, established in
1967, some 600 persons are currently
engaged in the production of all mobile
and base stations of the range. These in-
clude car telephonas the Mo net-
works and, since recently, also for net-
work €, Engineer ijeld homsen is
responsible for guaiity conirol for goods
inward inspection and the maintenance
and calibration of measuring instruments

3

and also for the development of test
systems for new products. “We test ICs
and we test crystals 100% with Rohde &
Schwarz's Vector Analyzer ZPV. For the
equipment in network C very high fre-
quency accuracy is called for, 1 ppm flr
transmitters alone”.

Thomsen uses a great deal of computer
controf and computer networks. For the
testing of radio sets he has set up new
test lines with 16 R&S Mobile Testers SMFP
and SMFS 2 plus 15 Radiocode Test Sets
SCUD for selective-caliing and car-tele-
phone simulation. “To be able to supply
TACS units for example, special calibration
systems and quality-control measures are
necessary, otherwise you won't even be
certified as a supplier”.

For radiocommunications Storno pro-
duces units whose system specifications
are given by the control unit; the radio
itself is a standard item and is tested as
such. Here R&S-produced software is pri-
marily used, for NMT units too. But there is
not only a lot of software in the test sys-
tems nowadays but also in the processor-
controlled radio sets: “The software of
future equipment families will be very ela-
borate. We'll soon be working with 256K
EPROMSs so that we can get the software
into the units at all”.

As early as equipment development

Thomsen ensures that subsequent testing
effort will be as small as possible, because
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testing time is expensive. “Today, in the
electronics industry of the western world,
ayield of about 50% is usual for ready
prints and units. But that isn’t good
enough; at Storno we already have yields
of more than 90%”. Good workmanship,
all-pervading quality assurance and reli-
able measuring instrumentation must of
course produce better results: “Less than
one percent of our units have a fault when
they are unpacked, like a small scratch on
the housing or a button that sticks”

Before units arrive in the hands of custom-
ers — some 85% of production is exported

- they go through a six-heour burs-in. Here
Thomsen keeps elaborate statistics about
what fails and when.
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High-grade measurement engineering on and under the bench: SMFP 2 integrated into the test

system, SCUD, SMS, NGPU.

Rational testing methods shorten approval procedures at ZZF

Measuring when the day is done

The fast expansion and growth of tele-
communications services plus the intro-
duction of new forms of communication
produced a stormy development in termi-
nal sets. Domestic and foreign producers
are swamping the market. The scope, the
complexity and the significance of the
approval procedures for private telecoms
facilities are consequently also growing.

This trend led on 1 July 1982 to the crea-
tion of the central office for approvals in
telecommunications (ZZF), based in
Saarbriicken. This is the specialized point
of application for approvals in telecommu-
nications, a task that was previously
handled by the telecommunications
engingering centre (FTZ) in Darmstadt.

In saction T4-8 of the ZZF Karl Koch,
Dipl-ing., is concerned with radio systems
in public networks such as Rhine radio,
the radiotelephone service, the European
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Receiver measurements are a speciality of
Karl Koch, Dipl-Ing., of section T4-8 of the
ZZF in Saarbriicken.

radio-paging service and receiver meas-
urements on systems in private radio
(pagers, taxi radio, police radio, etc) in as
much as they are prescribed in directives.
For mastering these wide-ranging measur-
ing tasks Koch mainly uses instrumenta-
tion from Rohde & Schwarz: a Mobile Test-
er SMFP, a Process Controller PUC, two
Signal Generators SMPC and two RF
Relay Matrices PSU.

With the transfer of the SMFP and PUC
from the FTZ, the ZZF

“The

had not
only become necessary because of the
constant increase in the amount of work
facmg us”, explained Koch. “With an =

somethmg WhICh we doin pamcular when
itcomestor sris
in the range 100 kHz through
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Equipment for public and private land mobile radio is thoroughly examined here for certifica-
tion.

1000 MHZ". Qutside of normal working
hours also means the weekend or parts of
it. Such measurements of spurious
responses can take something like 32 to
35 hours, depending on how many weak
points are found and measured. First the
noise-quieting is tested throughout the
frequency spectrum in increments of

5 kHz. “If there is quieting that's not
caused by harmonics or subharmonics of
the generator, optimization is made in
1-kHz increments to find the greatest
degradation and then the level is varied
until the reference quieting level is found.
With this procedure, time-consuming as it
is, one simply tries to play it safe.

Basically the Federal-German PTT is inter-
ested in seeing economic use of the fre-
quencies that it makes available. This
means that for certain radio systems, for
example, a minimum sensitivity is pre-
scribed so that transmitted energy can be
kept as small as possible. With radio
equipmentthat is operated in a public
network, it is not only the active interfer-
ence of a transmitter and receiver that is
of interest but also the transmission qual-
ity of the entire system. “Thus we measure
adjacent-channel selectivity and, some-
thing which at present is only prescribed
for receivers, intermodulation ratio. In the
foreseeable future we'll also be measuring
transmitler intermodulation ratio,
because with increasing density of radio
stations and the field strengths that go
along with this, transmitter intermodula-
tion cannot be ruled out, which again
appears as spurious emission. This can be
a problem with cordiess telephones in
particular”.

Koch, who has become specialized in
receiver measurements, has been work-
ing with the two SMPCs since March 1983:
“For the measurement of spurious
responses in particular you naturally need
signal sources that have negligibly small
harmonics and large spurious rejection on
the one hand and are also very low in
sideband noise for measurements close
to the carrier. A special advantage of the
SMPC it its internal AF synthesizer,
because then you can measure AF
response without an additional generator”.
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