
News from Rohde & Schwarz

Up to 40 GHz: 
”Mini” microwave signal generators

For EMC measurements to standards:
40 GHz EMI test receivers

Improving availability in networks: Measurement
and monitoring systems for DAB-T and DVB-T

1999/II

162



2 News from Rohde & Schwarz Number 162 (1999/II)

Number 162 1999/II Volume 39

Articles

Microwave Signal Generators SMR: Microwave in handy size ...................4

EMI Test Receivers ESI: EMI professionals through to 40 GHz .....................7

DECT Protocol Testers TS 1220 and PTW15:
Coverage measurements in DECT networks ............................................10

Spectrum Analyzers R 3132 and R 3162: 
New allrounders in the middle class ......................................................13

Database-supported documentation: 
Technical documentation by high-tech methods .......................................16

New for GSM mobile phones: multitone analysis via air interface .............18

I/Q Modulation Generator AMIQ – 
more applications through differential I/Q outputs ..................................20

Coverage measurement and monitoring systems for DAB-T and DVB-T .......22

Extending EMC test systems for determining antenna parameters ..............25

Fading simulation with TV Test Transmitter SFQ .......................................27

Shortwave direction finding on ships .....................................................29

Countrywide ACCESSNET ® trunked radio system in South Siberia ...........30

ISDNwall – intrusion detection and protection for telecommunication systems ..33

Wilhelm Kraemer

Matthias Keller; Michael Wöhrle

Detlef Willam

Patricio Dueñas

Jörg Zorenböhmer

Tilman Betz

Burkhard Küfner

Michael Lehmann; Dr Manfred Schukat

Klaus Ilgenfritz

Erhard Kretschmer

Franz Demmel

Dr Alexej Jalyschko

Volker Schneider

Compact, lightweight and enormously power-
ful – that is probably the best characterization

of the new SMR generator family.
Rohde & Schwarz engineers succeeded in

packing generators with excellent signal char-
acteristics into 19-inch rackmounts that are

only 88 mm high and 450 mm deep. All three
SMR models can be upgraded from a pulse-

modulated CW generator to an AM/FM
signal generator or synthesized sweeper with

analog frequency sweep (see page 4).
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The SMR family comprises three basic
models designed as CW generators
with pulse-modulation capability. All
three have a lower frequency limit of
1 GHz and, depending on the
model, provide coverage up to
20 GHz (SMR 20), 27 GHz (SMR 27)
or 40 GHz (SMR 40). The lower range
limit can be extended down to
10 MHz by means of an option.

SMR as CW generator

SMR stands out for its excellent spec-
tral purity. Advanced frequency syn-
thesis with fractional-N divider makes
for low SSB phase noise (FIG 2) and
high spurious suppression, both es-
sential for reliable receiver measure-
ments.  Modern microwave filters in
the output path of the instrument en-
sure excellent harmonics suppres-
sion, necessary for precise results in
scalar network analysis (see con-
densed data on page 6). 

SMR has standard frequency resolu-
tion of 1 kHz, which offers a sufficient
margin for most applications, eg fre-
quency response measurements on fil-
ters and amplifiers. To satisfy more
stringent requirements, eg radar
cross-section measurements, fre-
quency resolution can be improved to
0.1 Hz by means of an option.

All microwave test setups suffer from
high losses. Expensive microwave
amplifiers are usually the only rem-
edy. This is not so with SMR: due to
the high output power of all SMR

FIG 1   Signal Generator SMR, the cost-effec-
tive, reliable microwave signal source versatile
through options

The sophisticated operating concept of

SMR.  For example just turn the wheel to

select the desired menu item (here: Level).

Push the wheel and you are in the submenu. 

Turn

Click

Microwave Signal Generators SMR

Microwave in handy size
Compact, lightweight and enormously powerful – that is probably the best char-
acterization of the new SMR generator family. Rohde & Schwarz engineers suc-
ceeded in packing generators with excellent signal characteristics into 19-inch
rackmounts that are only 88 mm high and 450 mm deep. Weighing less than
12 kg they are ideal for field applications.  And what is more: all three SMR
models can be upgraded from a pulse-modulated CW generator to an AM/FM
signal generator or synthesized sweeper with analog frequency sweep.  These
features and the extremely attractive price make the generators highly appreci-
ated signal sources in research, development and production as well as for EMC
measurements. 

Photo 43 264/1



News from Rohde & Schwarz Number 162 (1999/II) 5

Articles

10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8

–40.0

–50.0

–60.0

–70.0

–80.0

–90.0

–100.0

–110.0

–120.0

–130.0

–140.0

dBc/Hz

models these costly components are
not needed (FIG 3).

Microwave signal generators are fre-
quently used for level calibration of
test receivers. This task calls for a
highly accurate and stable output
level that can be set with high resolu-
tion. In SMR this is ensured by a
highprecision, frequency-response-
compensated level control for levels
above –20 dBm. The RF attenuator
option extends the setting range
to –130 dBm.

Pulse modulation is still the most im-
portant modulation mode for micro-
wave applications. So each basic
model is equipped with a high-qual-
ity pulse modulator with an on/off ra-
tio better than 80 dB. The rise and fall
times are shorter than 10 ns, pulse
widths of less than 20 ns are possi-
ble.  These guaranteed values make

SMR ideal for use in development,
production and maintenance of radar
equipment. 

The pulse generator option is an ideal
complement to the pulse modulator. It
generates single and double pulses
with pulse frequencies of up to
10 MHz. The pulse generator can be
operated automatically, triggered ex-
ternally or operated in the gate
mode. A pulse width between 20 ns
and 1 s and a delay between 40 ns
and 1 s can be set. 

Sweep functions are also provided in
the SMR basic model: the digital fre-
quency sweep with step times from
1 ms to 1 s permits convenient fre-
quency response measurements on
microwave circuits. The 20 dB level
sweep allows amplifier or mixer com-
pression to be determined for ex-
ample.

SMR as signal generator

With the optional AM/FM/scan mod-
ulator added, SMR becomes a signal
generator with linear or logarithmic
AM and FM capability (main applica-
tion of log AM: simulation of radar
antenna rotation). The bandwidth of
the amplitude modulator ranges from
DC to 100 kHz, the FM bandwidth
from DC to 5 MHz with excellent car-
rier frequency stability. 

The option also includes a high-qual-
ity LF generator based on direct dig-
ital synthesis that covers the range
from 1 Hz to 10 MHz.  All frequen-
cies can be set with 0.1 Hz resolu-
tion, and sinewave as well as square-
wave signals can be generated. With
the aid of this option, the different
SMR models provide coverage of the
entire frequency range from 1 Hz to
40 GHz.

SMR as synthesized sweeper

After installation of the analog ramp
sweep option, SMR offers a function
that basically corresponds to the ana-
log sweep of conventional sweep
generators. There is only one essen-
tial difference: the frequency sweep is
fully synchronized over the complete
span. Thus the excellent frequency ac-
curacy of digital step sweeps is al-
most achieved, and this with much
higher sweep speeds of up to
600 MHz/ms. In conjunction with
scalar network analyzers or suitable
spectrum analyzers, realtime adjust-
ment of microwave filters can be per-
formed. As with the digital step
sweep, the start and stop frequencies
can be set as required in the whole RF
range of SMR.  The sweep time can
be varied between 10 ms and 100 s.

To mark important frequency bands
such as filter bandwidths or the posi-
tion of attenuator poles, SMR has ten
user-selectable frequency markers
that can be output as pulse markers at
the marker output (HCT/TTL level) or

FIG 2   
SSB phase noise 
at 10 GHz

FIG 3  
Typical maximum 
output power (with-
out RF attenuator 
option)
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In the event of a fault, the built-in
diagnostics system will simplify
troubleshooting and shorten repair
times.  SMR excels not only through
its extremely favourable price but
also through low follow-up costs, par-
ticularly because it only needs cali-
bration every three years at the most.

Wilhelm Kraemer

modulated on the RF level in the form
of level markers. SMR can thus simply
be used in conjunction with many
standard scalar network analyzers
(FIG 4). 

SMR as upconverter

To generate digitally modulated sig-
nals up to 40 GHz, SMR offers up-
conversion capability by means of the
IF input option. A typical application
is shown in FIG 5: vector signal gen-
erators such as SMIQ [1] from Rohde
& Schwarz generate all kinds of digi-
tally modulated signals up to RF fre-
quencies of 3.3 GHz. I/Q Modula-
tion Generator AMIQ [2] supplies the
I and Q signals (1) for modulating
SMIQ. The modulated RF signal of
SMIQ (2) is directly applied to the IF
input of SMR. The converted, digitally
modulated signal of SMIQ is avail-
able at the RF output of SMR (3).

SMR – reliable and cost-effective

The reliability of microwave genera-
tors largely depends on the quality of
the RF components. SMR does not
make compromises on this point. All
microwave stages are integrated in
five modules, all designed in aero-
space-tried, patented thinfilm tech-
nology. The stages are optimized for
minimum power consumption, maxi-
mum reliability and long lifetime.
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FIG 4 Network analysis with SMR as synthe-
sized sweeper

Condensed data of Microwave Signal Generators SMR
Frequency range SMR20/27/40 10 MHz to 20/27/40 GHz
Resolution 1 kHz (0.1 Hz with option SMR-B3)
Harmonics �20 GHz/�20 GHz �–55 dBc/�–40 dBc
Subharmonics �20 GHz/�20 GHz �–65 dBc/�–30 dBc
Spurious
�10 GHz/�10 to 20 GHz/�20 GHz �–62 dBc/�–56 dBc/�–50 dBc
SSB phase noise �–83 dBc (at 10 GHz, 10 kHz from carrier)
Level SMR 20 (at 20 GHz) �+10 dBm (without option SMR-B15/17)

SMR 27 (at 27 GHz) �+11 dBm
SMR 40 (at 40 GHz) �+9 dBm

AM/FM (with option SMR-B5) DC to 100 kHz/DC to 5 MHz
Pulse modulation on/off ratio �80 dB

rise/fall time �10 ns
LF generator (option) 
sinewave, squarewave 0.1 Hz to 10 MHz
Pulse generator (option) pulse period 100 ns to 85 s
IF input (option) DC to 700 MHz
RF sweep
Digital step sweep 1 ms/step to 1 s/step
Analog ramp sweep (option) max. 600 MHz/ms

Reader service card 162/01

FIG 5
SMR as upconverter

for digitally modu-
lated signals
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EMI Test Receivers ESI

EMI professionals through to 40 GHz 
The new ESI family combines the flexibility and speed of spectrum analyzers
with the large dynamic range expected of EMI test receivers. They meet all re-
quirements to the full, making them the ideal choice for EMI measurements to
standards as well as for general-purpose measurements in the development
lab. ESI 40, which is the successor of the ESAI, ESBI and ESMI family of test re-
ceivers, opens up the frequency range to 40 GHz in its basic configuration al-
ready.

The ESI family comprises three mod-
els with different frequency ranges:

• ESI 7 20 Hz to 7 GHz
• ESI 26 20 Hz to 26.5 GHz
• ESI 40 20 Hz to 40 GHz

The frequency ranges of models
ESI 26 and ESI 40 can be extended
further by connecting an external
mixer (option FSE-B21).

The ESI models are based on the suc-
cessful Spectrum Analyzers FSE with

their outstanding values of sensitivity
and dynamic range [1; 2]. ESI fea-
tures integrated preselection and so
ensures large-signal immunity, which
is a vital prerequisite for EMI test re-
ceivers. 

These instruments are therefore ex-
tremely well suited for all electromag-
netic emission measurements to in-
dustrial and military EMI standards
such as CISPR, VDE, ANSI, FCC, EN,
VCCI, MIL-STD, VG, DEF-STAN, BS,
DO 160 or GAM EG 13.

Complex measurements –
no problem with ESI

RFI voltage
The voltage peaks occurring in RFI
voltage measurements, for example
during phase switchover of an artifi-
cial mains network, really make great
demands on the pulse-handling capa-
bility of the RF input. ESI overcomes
this problem by means of a second in-
put for the frequency range 20 Hz to
1 GHz, which, in the case of ESI 7
for example, can handle pulses up to
1500 V with maximum energy of
30 mWs.

The autorange function sets the cor-
rect combination of attenuation and
gain in the signal path for the applied
signal. This reliably prevents corrup-
tion of measurement results by over-
load while maintaining maximum
possible sensitivity.

RFI field strength
Measurement of RFI field strength in
the frequency range 30 to
1000 MHz is carried out with the
quasi-peak detector. To speed up
measurements, it is best to make an
overview measurement with the
faster peak detector to identify critical
emissions just above or below limit
values. The critical frequencies that
are found can be measured after-
wards with bandwidth, detector and
measurement time set in conformance
with standards. 

In measurements using the peak de-
tector, the noise floor in CISPR bands
C and D is typically 4 dB higher than
with the quasi-peak detector. But ESI
test receivers have an integrated,
switchable preamplifier that in-
creases sensitivity so that the noise
floor is sufficiently below the limit
value, also with the use of the peak
detector and the antenna transducer
factor taken into account (FIG 2). 

The overview measurement is carried
out in scan mode. ESI measures the
spectra between start and stop fre-

FIG 1 EMI Test Receiver ESI 40
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quencies, defined in a user-config-
urable scan table. The table may com-
prise up to ten frequency ranges,
each of which can be combined with
user-selected receiver settings such as
bandwidth and measurement time to
match the measurement to a given
test specification (FIG 3).

ESI features simultaneous measure-
ment and display of four test traces,
which can be assigned different de-
tectors and display modes. Display-
ing the peak value and average value
both in the clear-write and max-hold
mode is therefore no problem. ESI
stores up to 70 000 values for each of
the four traces. These are transmitted
during the measurement block by
block via the remote control interface
and can be saved on floppy disk or
hard disk.

For final measurements in line with
standards, ESI provides graphic dis-
play of overview measurement results
in one window, and receiver display
with frequency and level indication in
a second window. Measured values
are displayed numerically and in an-
alog form by bargraphs for up to four
detectors. Critical frequencies identi-
fied in the overview measurement
can be set quickly and conveniently

for final measurements by coupling
the frequency indicated on the re-
ceiver display to the marker on the
spectrum display using the ”Marker
to Peak“ function.

Frequently, subbands of the spectrum
have to be investigated in greater de-
tail after the overview measurement.
For this purpose, a measured trace
can be displayed as a reference trace
in split-screen mode, while in a sec-
ond diagram the same frequency
range or zoomed subranges of it are
displayed with higher resolution, the
second trace being either based on

stored measured values or measured
anew. 

Measurements to military standards
Military standards also call for meas-
urements at higher frequencies, eg
between 30 Hz and 40 GHz in ac-
cordance with MIL-STD-461. The ESI
models cover the required frequency
range and offer the necessary IF
bandwidths from 10 Hz to 1 MHz in
decade steps. To achieve high sensi-
tivity – required for measurements to
MIL-STD-461 RE 101 in the frequency
range above 30 Hz – the unavoid-
able feedthrough of the 1st LO is sup-

FIG 2
Noise floor of ESI 7
with preamplifier in

CISPR band C/D
with peak detector.
Transducer factors

of test antennas
(HKst116 and

HL 223 from
Rohde & Schwarz)

have already been
taken into account.
Limit line for quasi-
peak to EN 55022

FIG 3 User-configurable scan tables in ESI allow scan to be adapted 
to DUTs and measurement specifications

FIG 4 Split screen with parallel detectors and bargraphs



News from Rohde & Schwarz Number 162 (1999/II) 9

Articles

REFERENCES
[1] Wolf, J.: Spectrum Analyzer FSEA/FSEB –

New dimensions in spectral analysis.
News from Rohde & Schwarz (1995)
No. 148, pp 4 – 8

[2] Wolf, J.: Spectrum Analyzer FSEM/FSEK
– Fast spectrum analysis now through to
40 GHz. News from Rohde & Schwarz
(1996) No. 152, pp 7– 9

[3] Wolle, J.: EMI Software ES-K1 – Windows
for EMI measurements. News from
Rohde & Schwarz (1993) No. 142,
pp 22 – 23

pressed in ESI test receivers by self-
alignment of the mixer. ESI conse-
quently features a sufficient margin
from relevant limit values even in the
lower frequency range (FIG 5).

Standard measurements
Apart from EMI measurements ESI is
also highly suitable for general-pur-
pose measurements as a high-grade
spectrum analyzer. Its special fea-
tures are: 
• low noise floor
• high IP3
• low SSB phase noise
• automatic test routines for noise 

and phase noise as well as 
channel and adjacent-channel 
power measurements

With the optional Vector Signal
Analyzer FSE-B 7, ESI is well
equipped for modulation analysis of
analog and digital signals. Automatic
measurements of all RF parameters of
mobile and base stations are possible
with firmware options FSE-K10 and
FSE-K11. Thus ESI meets the demand
of test houses and RF development
labs for a universal instrument whose
capabilities extend far beyond EMI
measurements.

Automatic measurements,
test systems

ESI, itself a full-featured PC with key-
board and mouse connectors, oper-
ates under Windows NT®, which al-
lows the use of any Windows® soft-
ware and convenient integration of
ESI into network environments.

Combined with EMI Software ES-K1
for example, ESI is turned into a fully-
fledged controller of complete EMI
measurement systems capable of
controlling even accessories like an-
tenna masts and turntables [3]. 

New products operating at higher fre-
quencies as well as more stringent
specifications are creating increasing
demand for measurements in the fre-

quency range above 40 GHz. With its
optional external mixer, ESI is ready
for these applications too. Backed by
a wide range of options (from track-
ing generator to vector signal analy-
sis) ESI is a safe investment for the
future. 

Matthias Keller; Michael Wöhrle

FIG 5
Noise floor from

30 Hz to 100 kHz
with limit values to

MIL-STD-461D
RE 101. Transducer

factor of Coil HZ-10
is already taken

into account

Condensed data of EMI Test Receivers ESI
Frequency range

Input 1 20 Hz to 7/26.5/40 GHz
Input 2 20 Hz to 1 GHz

Preselection 9 filters (10 with ESI26 and ESI40) 
Preamplifier 0/20 dB
Resolution bandwidths 200 Hz, 9 kHz, 120 kHz (CISPR)

10 Hz to10 MHz (in decade steps, MIL)
1 Hz to 10 MHz, in steps of 1/2/3/5 
(analyzer mode)

Detectors peak, average, quasi-peak, rms
Level measurement accuracy �1 dB (150 kHz to 1 GHz)

�2 dB (1 GHz to 4.5 GHz)
�2.5 dB (4.5 GHz to 18 GHz)
�3 dB (18 GHz to 26.5 GHz)
�3.5 dB (26.5 GHz to 40 GHz)

Remote control IEC625-2 (SCPI 1994.0)

Reader service card 162/02
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DECT Protocol Testers TS1220 and PTW15

Coverage measurements in 
DECT networks
DECT (digital enhanced cordless telecommunication) has become established by
now as a standard for a number of applications. In addition to the use for cord-
less telephones (residential application) this particularly applies to the field of
WLL (wireless local loop). DECT Protocol Testers TS 1220 and PTW15 (FIG 1) with
new and enhanced modules provide optimum support for coverage measure-
ments or for in-depth analysis in the case of faults.

Since liberalization of the telecommu-
nication markets, the link over the last
mile to the telephone subscriber has
been the central theme of discussions.
In addition to the classic cabled link,
technologies for the wireless cover-
age of the last mile are coming onto
the market.  DECT is the clear market
leader among these competitive tech-
nologies (FIG 2 in blue box). 

Decisive factors for DETC's position
on the market are:
• the excellent speech quality 

(32 kbit adaptive differential pulse-
code modulation), 

• the great variety of reliable and fa-
vourably priced telephones,

• the open ETSI standard and
• the fact that DECT does not require 

frequency management due to 
DCS (dynamic channel selection).

Moreover, the high data rate speci-
fied by the DECT standard allows
data transmission in addition to voice

transmission. Full coverage is how-
ever essential for the DECT-based
WLL application.

Enhanced channel occupancy 
monitor

Key information at a glance
This module implemented in the
TS 1220 and PTW 15 test systems
was enhanced by some new func-
tions. It monitors the DECT air inter-
face and displays activities and main
parameters all in one (FIG 3). 

The time display of physical channels
also shows the bursts on the data
path between fixed part (network
operator) and portable part (cus-
tomer). The assignment of a fre-
quency to the physical channel is
either freely selectable by software
configuration (TS 1220) or by means
of optional hardware modules
(PTW 15). Each burst represents a
data packet with 320 bits of informa-
tion data (full slot, example in FIG 3:
channel 6, timeslots 0 and 12). The

FIG 1
DECT Signalling Test Unit PTW15 – tried and 
tested not only in laboratory but also in mobile 
applications
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height of the burst is proportional to
the field strength, which simplifies the
determination of the transmission
quality in a first approximation. 

The DECT air interface can show the
activities of different applications at
the same time, eg when WLL and res-
idential activities (cordless tele-
phones) are performed within the re-
ceive range of the DECT test equip-
ment. Since the DECT specification al-
lows for non-synchronous activities,
sliding collisions between the connec-
tions may occur. It is very important to
detect such situations. With the aid of
the channel occupancy monitor, the
different activities can be displayed
in different colours. For instance,
FIG 3 shows

the reference activity, 

activities synchronized to the ref-
erence (in the same network),

asynchronous activities, eg pri-
vate telephones.

The right-hand window of the display
provides detailed numerical informa-
tion on the individual activities in da-
tabase format. This information
mainly includes channel and timeslot,
receive level, sync state (reference,
slot-synchronous, frame-synchro-
nous, multiframe-synchronous, asyn-
chronous), preamble (fixed or porta-
ble), identification codes and mes-
sages of broadcast channel Q (capa-
bilities). 

Statistical evaluation
The main display window of the chan-
nel occupancy monitor shown in
FIG 3 illustrates an instant of the
DECT interface (snapshot). Statistical
evaluation of a great number of snap-
shots is however required for assess-
ing the quality or analyzing a fault.

For this purpose the module continu-
ally saves the database content in a
file (a data record corresponds to a
snapshot). The parameters to be
stored can be selected from a table
and may be complemented by super-
ordinate units. This particularly
applies to local coordinates obtained
from a GPS receiver. If this receiver is

equipped with a standardized
NMEA (National Marine Electronics
Association) interface, the coordi-
nates can be directly read in and
stored via an RS-232-C interface.
FIG 4 shows the parameter selection
window and the associated ASCII

FIG 3 Channel occupancy monitor 

file. Export filters (eg to Microsoft
EXCEL™) are also available.

New: the simulation module

Under certain circumstances passive
monitoring is not sufficient for analyz-
ing a scenario and the test system

DECT is used worldwide on the following frequencies:
Europe
(and others): 1897.344 MHz to 1881.792 MHz 10 channels
China: 1902.528 MHz to 1918.080 MHz 10 channels
Latin America: 1912.896 MHz to 1928.448 MHz 10 channels

All other RF parameters such as modulation (GFSK), power (max. 
24 dBm) and channel spacing (1.728 MHz) are identical

About DECT

FIG 2
Different WLL tech-
nologies in compari-
son (source: DECT 
forum)

analog cellular systems6%
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other cordless systems

proprietary PMP
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needs to actively simulate one of the
partners in the DECT network. The im-
plementation of a GAP (generic ac-
cess profile) compatible fixed part
and portable part as a reference has
always been a function of the two test
systems. Many manufacturers of
DECT terminals are no longer satis-
fied with just transmitting voice, they
are working on the implementation of
data transmission facilities (transpar-
ent ISDN channel). The data rate re-
quired by DECT for this application is
provided by slot coupling (double
slot). This technique with associated
protocol support (advanced connec-
tion) is available as an option for Pro-
tocol Tester TS 1220 (FIG 5).

Protocol Testers TS 1220 and PTW 15
from Rohde & Schwarz are ready for
future applications and of course also
ideal for the development of such
applications.

Detlef Willam

REFERENCES
[1] Gloger, M.; Riedel, P.: DECT Protocol

Tester TS1220 – Type-approval measure-
ments on DECT fixed parts (FP) and porta-
ble parts (PP) to TBR 22. News from
Rohde & Schwarz (1995) No. 148,
pp 9 – 11

[2] Jauch, H.; Riedel, P.: DECT Signalling Test
Unit PTW15 – Support in installation and
maintenance of DECT networks. News
from Rohde & Schwarz (1997) No. 155,
pp 4 – 5

Condensed data for channel occupancy (TS1220)
TS 1220 PTW 15

Scans/s �12 �3
Resolution (time) �10 µs �14 µs
Resolution (level) �1 dB �1 dB
Level range –30 to –100 dBm 0 to –93 dBm
Database export to Microsoft EXCEL™

Condensed data for data services (TS1220)
Double slot implemented
Advanced connection implemented
LU7 protocol implemented
The open platform concept supports the above-mentioned services

Reader service card 162/03

FIG 5 Protocol Tester TS1220 also analyzes
double-slot connections with the aid of the
associated protocol support (advanced con-
nection)

FIG 4
Statistical evaluation: parameter selection 
window (right) and associated ASCII file
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Spectrum Analyzers R 3132 and R 3162

New allrounders in the middle class
Mobile phones, trunked radio and digital broadcasting – the growing impor-
tance of radio systems makes increasing demands on spectrum analyzers.
Advantest is now presenting its latest, powerful middle-class analyzers, two uni-
versal units in synthesizer technology designed for manual operation as well as
integration into automatic test systems in development, production and service.
The two Advantest instruments are ideal vertical additions to the Rohde &
Schwarz product line. For this reason they are marketed by Rohde & Schwarz in
Europe and in many other countries as part of a successful cooperation between
the two companies.

Analyzers R 3132 (up to 3 GHz,
FIG 1) and R 3162 (up to 8 GHz) are
of modular design, ie they comprise a
basic unit and various extensions. So
customized solutions can be config-

ured, which are tailored to the user's
requirements, and costs reduced at
the same time. Options can be retro-
fitted any time. User friendliness and
a clear layout are also evident fea-
tures.

The instruments have a resolution
bandwidth of 1 kHz as standard.
Resolution bandwidths of 30 Hz,
100 Hz and 300 Hz are optionally
available to improve S/N ratio. A

preamplifier is also integrated in the
basic unit (max. 3.2 GHz). So even
very weak signals can be measured.
The permissible input level is
+30 dBm and an RF attenuator with
maximum attenuation of 50 dB
(R 3132) or 75 dB (R 3162) is fitted
for high-power signals. Attenuation
can be varied in 5 dB steps permit-
ting optimization of the intermodula-
tion-free dynamic range.

The new models feature considerably
better RF characteristics than the
leaner R 3131 [1]. They have inher-
ent noise of –118 dBm at 1 kHz res-
olution bandwidth, –132 dBm at
30 Hz and even –146 dBm with the
preamplifier switched on. The dy-
namic range was also extended: the
range free of 2nd order harmonics
and 3rd order intermodulation prod-
ucts is at �80 dBc (with –30 dBm
mixer level), the 1 dB compression
point �0 dBm. Thanks to direct digital
synthesis, the frequency span error is
only 1%, while the maximum total

FIG 1
New Spectrum Analyzer R 3132 from
Advantest, a universal measuring instrument
up to 3 GHz for diverse applications in de-
velopment, production and service
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Other major measurements and func-
tions can be performed at the press of
a button:
• various power measurements, 
• noise measurement,
• adjacent-channel power,
• occupied bandwidth,
• limit lines with pass/fail verdict,
• full-range search for highest signal 

level (autotune),
• frequency counter with 1 Hz reso-

lution,
• determination of AM depth 

(% AM).

Just as with almost all spectrum ana-
lyzers from Advantest, a tracking gen-
erator (up to 3 GHz) is available as
an option. This allows various trans-
mission parameters to be measured,
eg cable loss or filter frequency re-
sponse. With the aid of an additional
SWR bridge, matching characteris-
tics can also be measured.

Measured data, parameters and
traces can be stored on diskette in
three different formats. When saved
in binary format, the data can be re-
loaded any time in the analyzer. In
CSV format, the individual pixels are
stored as numeric values permitting
subsequent use in spreadsheets and

amplitude error is reduced to �1.5 dB
through internal calibration.

The analyzers excel in a very short
sweep time of 20 ms and can display
20 traces/s – a high refresh rate unri-
valled by measuring instruments of
this price class. As a result waveform
variations are perceived in an almost
analog way. With mobile communi-
cations standards such as GSM, an
even shorter sweep time is needed in
the time domain for burst display. To
meet this requirement an option with
a sweep time of only 50 µs is availa-
ble.

Basically the instruments are
equipped with a number of other use-
ful functions such as gated sweep and
delayed sweep for measurements in
line with different mobile radio stand-
ards. In the gated sweep mode,
TDMA signals can be examined in
the frequency domain, while with de-
layed sweep detailed analysis of the
rising and falling edges of a single
burst can be made.

Thanks to their universal characteris-
tics, the spectrum analyzers can eas-
ily be integrated into production
lines. Fast data transmission via the

IEC/IEEE bus is of great advantage
for automatic in-production measure-
ments.

Another highlight is the large TFT col-
our screen with a diagonal of
16.5 cm. Its features include a multi-
screen function (FIG 2), high resolu-
tion (1001 horizontal pixels) and a
logarithmic display range of 100 dB.
Large level differences can thus easily
be determined. The picture content
can also be viewed on an external
monitor via the VGA output.

Their versatile capabilities also make
the analyzers suitable for TV applica-
tions. Noteworthy is the trigger on
vertical and horizontal TV lines,
which is standard in all basic units. A
model with input impedance of 75 �

is available for cable TV measure-
ments.

The EMC functions integrated in the
analyzers allow precompliance EMC
measurements using different detec-
tors. For the quasi-peak detector,
6 dB resolution bandwidths of 9 kHz,
120 kHz and 1 MHz are provided in
the basic unit. A resolution filter of
200 Hz is optional.

FIG 2
With the multi-screen function selected, two
signal windows are displayed
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thus data editing by PC. The whole
screen content can be stored as a
monochrome or colour bitmap, which
is very useful for the documentation of
results.

The analyzers are provided with a
Centronics interface in addition to an
IEC/IEEE bus and a serial interface.
So test results can be output direct to
a printer (ESC/P and PCL standard)
or plotter (via IEC/IEEE bus).

With these instruments Advantest sets
new standards in the middle class.
Users will find these universal spec-
trum analyzers to be the ideal tool for
everyday measurements.

Patricio Dueñas

Condensed data of Spectrum Analyzers R3132 and R3162
Frequency range 9 kHz to 3/8 GHz
Sideband noise �–100 dBc/Hz (at 10 kHz offset)
Resolution bandwidths 1 kHz to 3 MHz (30 Hz optional)
Sweep time 20 ms to 1000 s 

(optional 50 µs in time domain)
Data storage binary, CSV and bitmap
Interfaces Centronics, IEC/IEEE bus and RS-232-C
Display 16.5 cm TFT colour screen
Weight 15 kg
Dimensions (W x H x D) 424 mm x 177 mm x 300 mm

Reader service card 162/04

The new multimedia CD-ROM on Digital Radio
Tester CTS is a particularly attractive presenta-
tion of this mobile radio tester. Interactive se-
quences allow the customer to take actively
part in the presentation, receiving a realistic
impression of the tester's functions and opera-
tion. 

The versatility of the CTS is demonstrated viv-
idly as under real-life conditions on the cus-
tomer's PC – without a demo unit being re-
quired. The user-friendly navigation enables a
concise overview of the available features as
well as detailed presentation of specific test
runs that are commonplace in the mobile radio
sector.

Interactive sequences allow
the user to familiarize
himself effortlessly with
the unit and its meas-
urements, with a
spoken comment
on each step to
elucidate. The CD
is therefore also
an optimal tool
for training pur-
poses.

A configuration aid
demonstrates the ver-
satility of the basic unit
and presents options and ex-

tensions tailored to the user's
individual needs. Win-

dows™ user programs
– for instance remote-
control software –
are also provided
as simulation ver-
sions that can be
started directly
from the CD.

The CD is available
free of charge from

your nearest Rohde&
Schwarz representative

under the order number
PD 757.4401.51.

Walter Schmitz

Digital Radio Tester CTS on CD-ROM – 
experience interactive product information CD-ROM

REFERENCES
[1] Wollmann, P.: Spectrum Analyzer R3131,

the allrounder for the small budget. News
from Rohde & Schwarz (1998) No. 159,
p 32
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Database-supported documentation

Technical documentation by high-tech methods

Technical documentation must be 
of a high standard

The general automation of daily life
and increasing product complexity
also place more stringent demands
on technical documentation: in the
meantime it must do much more than
just provide information. Today prod-
ucts are also judged by the quality of
their documentation.

Quality not only means presentation
of information in correct language or
optimized to the requirements of spe-
cific user groups, the user must also
be able to rapidly and easily find the
information he needs.  And in addi-
tion, documentation has to comply
with common standard specifica-
tions, regulations and laws.

Globalization of the market also
means serious consequences for tech-
nical documentation. Not enough
that information is required in differ-
ent languages, it frequently also has
to be held in data networks (Intranet
or Internet) and made available to us-
ers worldwide. It goes without saying
that the information must be kept up-
to-date.

Technical documentation today 
must be organized differently

As development times become
shorter and cost pressures increase,
technical authors are compelled to
create documentation parallel to
product development. This requires
fast, flexible and global access to de-

velopment data. Information should
preferably be obtained at its source
and go straight into the documenta-
tion. The exchange of information
and the work flow involved have to
be defined and channelled by way of
information organization. The re-
quirements of documentation should
consequently be taken into account
already during product development
or modification.

Rohde & Schwarz on a new road

About two years ago, Rohde &
Schwarz Cologne Plant started to
convert its documentation software
into database-supported formats, edi-
tors and illustration programs. In the
meantime the whole range of modern

The capabilities of the service center for technical documentation of the Rohde &
Schwarz Cologne Plant are not only available for use within the company, the
center's know-how is also offered to external customers. The services go far be-
yond traditional hardcopy documentation. With automatic generation of docu-
ments from databases, cross-media publishing and multimedia productions, the
competence center utilizes the whole range of modern publication means.

Production/
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FIG 1 Concept of media database
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documentation can be offered on
hardcopy or in electronic form via
cross-media publishing. This particu-
larly fulfills the requirements of public
authorities in line with AECMA-Spec
1000 D and 2000 M (Association
Européenne des Constructeurs de
Matériel Aérospatial). It was made
possible through consistent utilization
of the internationally standardized
and platform-independent formats
SGML for text and CGM for illustra-
tions.

Database – nucleus of the system

The nucleus of the described concept
is an Oracle database that is able to
handle all the needs of a modular so-
lution in terms of both graphics and
text. Standard tools are used for text
(Adept Arbortext SGML editor) and
graphics (ISO Draw).  Hardcopy pub-
lications are prepared by means of
FrameMaker + SGML.

All standard tools are configured and
adapted to the database with the aid
of integrated script languages so that
finished sections can be automati-
cally combined to form complete doc-
umentation.

Integrated work procedures

Cooperation between technical au-
thors and illustrators is essential.
Modular makeup and clear, prede-
fined structures allow procedures to
be performed in parallel without re-
dundancies. Ready modules are
available to everyone involved in a
project (eg warnings). This ensures a
uniform terminology.

The layout of a document type is de-
fined at the beginning and cannot be
changed by authors during prepara-
tion of the documentation. Thus uni-
form appearance of all documents is
achieved.

Very often, different models are avail-
able and have to be described within
a project. With the aid of the media
database, the documentation can be
tailored to the product model sup-
plied to a specific customer, eg as a
function of the serial number.

This work method guarantees custom-
ized documentation that meets mod-
ern quality standards. Synergy comes
into play at the same time, so the total
outlay involved for documentation
can be reduced. 

Tried and tested in practical use

As an example, the Broadcasting and
Paging, Broadband Communications
Division of Rohde & Schwarz decided
to use this database-supported con-
cept for its new generation of DVB
transmitters. The Cologne Plant will
generate the complete user and serv-
ice documentation in parallel with
product development. 

In addition to small manufacturers of
electronic equipment, large company
groups like ESAB Hancock and
Ingersoll have entrusted Rohde &
Schwarz Cologne Plant with the prep-
aration of their technical documenta-
tion. New projects for military cus-
tomers are always documented in this
way.

Fit for multimedia

In addition to integration of text and
graphics, preparations are being
made to include audio, video and an-
imation data for multimedia products
in the database according to the
same concept. 

This is the prerequisite for generating
not only actual documentation but
also brochures, multimedia product
or company presentations at low cost
and making them available for publi-
cation on CD-ROM and the Internet. 

Jörg Zorenböhmer

Catalog of services 
(extract)

• Manuals for operation, use, 
maintenance, service and cali-
bration

• Spare parts catalogs
• Training documentation
• Leaflets, brochures
• Technical manuals
• Concepts for logistics, materials 

management, repairs
• Integrated logistics support
• Comprehensive company presen-

tation on Internet
• Online documentation 
• Multimedia productions for main-

tenance, service, marketing and 
product presentation

• Electronic information systems
• Production of CD-ROMs

Reader service card 162/05
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Why the frequency 
response of GSM tele-
phones cannot be deter-
mined using sinusoidal 
tones...

The purely sinusoidal tones normally used,
eg for frequency response measurements,
cannot be used in this case. This is because
of the GSM coder and decoder algorithms.
A so-called vocoder is used to produce the
lowest possible data rate. Instead of the
actual voice only the filter and fundamental
parameters required for signal reconstruc-
tion are transmitted. Particularly in the me-
dium and higher audio frequency ranges,
the static sinusoidal tones become a more
or less stochastic output signal. For
example, if a tone of approx. 2.5 kHz is
applied to the telephone at constant sound
pressure, the amplitude of the signal ob-
tained at the decoder output varies by ap-
prox. 20 dB.  In type-approval tests, where
highly accurate measurements are re-
quired, the coder and decoder are ex-
cluded from the measurement. The special
test mobile is equipped with a digital audio
interface for the transmission of audio sig-
nals with linear PCM coding.

Air interface -
the new alternative

The acoustic transmission and repro-
duction quality of a mobile phone is
its most important characteristic in
everyday use. Instruments and proce-
dures for measuring acoustic charac-
teristics are therefore essential tools
for determining the quality of a mo-
bile. 

For type-approval tests on GSM spe-
cial mobiles, Rohde & Schwarz devel-
oped Audio Analyzer UPL 16, which
can perform all audio measurements
in line with GSM 11.10 via the dig-
ital audio interface (DAI) [1].

Trade journals for communications,
consumer test institutes or GSM net-
work operators are interested in per-
forming their own measurements for a
comparison of the acoustic character-
istics of mobiles. But on commercial

mobile phones the DAI interface is
not available, so measurements can
only be performed during normal
operation via the air interface with
the voice coder and decoder in-
cluded.  

With the new Mobile Phone Test Set
UPL-B 8 option the acoustic character-
istics of standard GSM mobile phones
can for the first time be measured via
the air interface and the results com-
pared with the subjective impressions
of the user. 

How to measure

Accurate and reproducible results
cannot be achieved with static sine-
wave tones. In this case test signals
simulating the characteristics of the
human voice, ie tones that are har-
monic multiples of the fundamental,
are required (see blue box). Whether
the results obtained for the fundamen-
tal are favourable depends on how
far the values coincide with the clock
of the coding algorithm. Through a
skilful choice of fundamental frequen-

cies, test signals with overlapping
spectral distribution can be gener-
ated, giving a sufficient number of
testpoints in subsequent measure-
ments at different fundamental fre-
quencies so that a practically continu-
ous frequency response curve is ob-
tained. Evaluation is by means of FFT
analysis with a special window func-
tion and selection of result bins. The
results are sorted and smoothed by
the software and displayed in the
form of a frequency response curve.
Depending on the measurement, the
program calculates the sending or re-
ceiving loudness rating in line with
CCITT P.79 and shows the result in
the graphics display. Just as with type-
approval measurements via the DAI
interface, UPL checks the measured
frequency response in the transmit
and receive direction for compliance
with the limits specified by
GSM 11.10 and outputs a “pass“ or
”fail“.

New for GSM mobile phones: 
multitone analysis via air interface

FIG 1   Audio Analyzer UPL with optional
Mobile Phone Test Set UPL-B8 measures acous-
tic characteristics of GSM mobile phones via
air interface
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FIG 2 shows that the measurement re-
sults achieved excellently match those
of a type-approval test via the DAI in-
terface.

Measurement requirements

Rohde & Schwarz offers the Mobile
Phone Test Set UPL-B8 as an option
for Audio Analyzer UPL. It contains
the complete test program with instal-
lation code and an external trans-
former for matching the impedance of
the artificial mouth. The options Ex-
tended Analysis Functions UPL-B 6
and Universal Sequence Controller
UPL-B10 are also required for these
measurements. The same components
as for type-approval tests are needed
for acoustic coupling: artificial
mouth, artificial ear, test adapter, etc.
Digital Radiocommunication Tester
CMD from Rohde & Schwarz acts as a
base station. Depending on the re-
quired GSM band, CMD 52,

FIG 2   Comparison 
of frequency re-
sponse measured by 
two methods (top: 
sending; bottom: re-
ceiving). Dotted 
trace shows meas-
urement result via 
DAI, and solid trace 
result obtained with 
multitone sinusoidal 
signals via air inter-
face and voice 
coder 

CMD 55 or CMD 65 may be used
and fitted with the optional Voice
Coder CMD-B 5. Input and output of
the voice coder are connected to the
50-pin multifunction connector on the
CMD front panel. A GSM TEST SIM
card is required for operating the mo-
bile under test. 

With the aid of this test setup all rele-
vant acoustic measurements to
GSM 11.10 can be performed on
standard mobiles without DAI:

• Sending frequency response
• Sending loudness rating
• Receiving frequency response
• Receiving loudness rating
• Sidetone masking rating
• Listener sidetone rating *
• Echo loss
• Stability margin
• Distortion sending
• Distortion receiving
• Idle channel noise receiving
• Idle channel noise sending

Special features

Since the measurement also includes
coding and decoding, the limit values
specified by GSM 11.10 for type-ap-
proval tests must not necessarily be
adhered to. Measurement results for
sending and receiving distortion in
particular will generally be slightly
above or even below the specified
limits. With echo loss measurements
the specified value of 46 dB will nor-
mally not be achieved. But this is due
to definitions in the test standard
which has to be revised. Although the
echo loss test is of considerable im-
portance from an acoustic point of
view, it is consequently not part of the
type approval. To avoid additional
confusion, the stringent limit values of
GSM 11.10 for the type approval of
standard mobile phones apply never-
theless. The program can easily be
adapted, if required, or when differ-
ent limit values are specified for com-
mercial mobiles at a later date. If ap-
propriate, the ”fail“ verdict can be ig-
nored and only the numeric value
used for a comparison.

Tilman Betz

* (For listener sidetone measure-
ments, additional hardware is re-
quired to generate a sound field.)

REFERENCES
[1] Betz, T.; Rubatos, A.: Audio Analyzer

UPL16 – Speech quality of GSM mobile
phones improved by precise audio meas-
urement. News from Rohde & Schwarz
(1998) No. 159, pp 16 –17
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AMIQ becomes even more 
versatile

Rohde & Schwarz developed I/Q
Modulation Generator AMIQ (FIG 1)
for convenient generation of base-
band signals [1] for complex I/Q
modulation, which is increasingly
used in modern communication.
AMIQ is operated either from Vector
Signal Generator SMIQ [2] or Soft-
ware WinIQSIM [3] supplied with it.

In addition to uses at the RF, more and
more applications are being per-
formed in the baseband or at IF level,

where RF carrier modulation with
SMIQ is not required. 

Thanks to its excellent characteristics,
AMIQ equipped with the differential
I/Q output option can be used for
numerous new applications. The op-
tion adds two outputs to the front
panel of the generator, where the in-
verted I and Q signals are available. 

Some DUTs like I/Q modulators have
balanced differential amplifiers at
their inputs to reduce or avoid the
coupling in of unwanted signals or to
compensate the offset drift of their in-
put transistors. AMIQ with its differen-
tial outputs is ideal for examining
DUTs of this kind because it provides
highly accurate and highly stable I/Q
signals and DC bias voltages for set-
ting operating points. 

New features

• A DC (bias) voltage between 
–2.5 V and +2.5 V can be super-

imposed on the modulation sig-
nal. This bias affects both the I and 
I (or Q and Q) signals but can be 
set separately for the I and Q 
channels.

• Output impedance selectable in the 
OFF state:
50 �: for experimental purposes 
the modulation signal can be 
switched off without changing the 
operating point of the DUT set via 
the bias voltages. The bias voltage 
is maintained at the output.
HIGH Z: the output is high-imped-
ance, the bias voltage is switched 
off.

• The output level of the basic unit is 
always referred to a 50 � termina-
tion to ground. With the new op-
tion, the output level is the open-cir-
cuit voltage between the non-in-
verting and the inverting output, 
since most DUTs have a high input 
impedance. The level at the DUT 
can easily be calculated from the 
open-circuit voltage and the input 
impedance. Since the impedance 
of an active AMIQ output is al-

I/Q Modulation Generator AMIQ – 
more applications through differential I/Q outputs

FIG 1  Making four out of two: 
new option doubles number of 
generator outputs for inverted I/Q 
signals and considerably extends 
AMIQ application range

FIG 2   AMIQ menu of WinIQSIM: with new
differential I/Q output option, menu item ”Dif-
ferential Output“ with various setting possibili-
ties is available
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Condensed data of AMIQ-B2
Outputs I, I, Q and Q
Bias voltage –2.5 V to +2.5 V (suitable for ECL)

Resolution �1.5 mV
Difference between I(Q) and I(Q) �0.5 % + 1.5 mV

Output voltage
Fixed mode 2 V

DC residual offset �1 mV
DC fine variation typ. �120 mV
Resolution 120 µV

Variable mode 0 mV to 4 V
DC fine variation typ. �280 mV
Resolution 280 µV

Maximum output voltage �2.5 V (to  ground)

Reader service card 162/07

REFERENCES
[1] Kernchen, W.; Tiepermann, K.-D.: I/Q

Modulation Generator AMIQ – Conven-
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in calculating complex I/Q signals. News
from Rohde & Schwarz (1998) No. 159,
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ways 50 �, the voltage division 
across high-impedance loads 
(�5 k�) is negligible in most cases 
(error �1%).

Operation: convenient as usual

When AMIQ is controlled via
WinIQSIM, the AMIQ operating
menu is displayed (FIG 2).  With
”Single Output“ activated, the gener-
ator acts like the basic unit without the
option. The modulation signals are
looped through to the non-inverting

outputs and the inverting outputs are
disabled. This is a useful feature
when only unbalanced signals are
needed and very high performance is
called for, eg the best values for out-
put offset. 

Clicking on ”Differential Output“
makes all features of the option avail-
able. Not only modulation signals are
applied to all four outputs, a DC volt-
age can also be superimposed on
these signals (see example in blue
box).  

Burkhard Küfner

+

Vbias(I)

I + Corr

I + Corr

I + Corr

I + Corr + Vbias

+

+

+

I + Corr + Vbias

I

Offset I  User Correction

Vbias(Q)
Q

Q + Corr

Offset Q  User Correction

AMIQ

AMIQ-B2

I

I

I

Q

Q
Q + Corr

DUT
(I/Q modulator

chip)
RF carrier

Q + Corr

Q + Corr + Vbias I

RF carrier with I/Q modulation

+

+

Q + Corr + Vbias

 

FIG 3
Driving modulator chip

!
Example: Driving an 
I/Q modulator chip

The modulation input of a typical chip com-
prises a balanced semiconductor circuit
with constant current source, which nor-
mally has a high input impedance so that it
can also be driven by high-impedance gen-
erators. Differences in the base-emitter paths
cause a DC offset, which produces inadmis-
sibly high LO amplitude at the output and
has to be eliminated for optimum LO sup-
pression.

Using AMIQ with the new option this can be
achieved as follows (FIG 3): AMIQ gener-
ates the desired modulation signals with fre-
quencies up to 25 MHz. The operating
point of the chip is adjusted via the bias volt-
age. By superimposing the bias voltage with
an offset voltage set in the basic unit (under
”User Correction“), the selected bias volt-
age can be influenced and the offset differ-
ences eliminated.

The circuit of the option causes the originally
set bias voltage of the respective channel (I
or Q) to diverge. The additional DC voltage
applied via ”User Correction” is looped
through unaltered to the non-inverting out-
put. This increases the set bias voltage by
0.24 mV for example. In contrast, the offset
at the inverting output reduces the set bias
by 0.24 mV. The difference between the
I and I or Q and Q signal is therefore twice
as great as the ”User Correction” set on the
basic unit (ie 0.48 mV). This balancing of
bias voltages corrects unsymmetries and
minimizes the residual RF carrier at the out-
put of the DUT.



22 News from Rohde & Schwarz Number 162 (1999/II)

Application notes

After successful completion of numer-
ous European pilot projects, digital
audio broadcast (DAB) is about to be
introduced also in Germany. With
digital video broadcast (DVB), vari-
ous pilot projects are in progress that
furnish the necessary know-how for
an implementation in the near future.
For all parties concerned from the
program provider to the customer, the
availability of a defined signal quality
at the receiver input is decisive for the
quality of the service offered (apart
from the program content) and an es-
sential criterion for user acceptance.

Definition of availability

All transmitters of DAB or DVB net-
works use the single-frequency
method, ie each transmitter emits the
same information on the same fre-
quency at the same time. The signals
pass through different network mod-
ules along the whole transmission
chain from the studio to the DAB/DVB
receiver. 

Availability within this chain is de-
fined as follows: all network parame-
ters have to be complied with so that
a defined BER (bit error rate) is ob-
tained at the receiver site. Unim-
paired reception of say 99.9% per
year means that the receiver has to
put up with a signal below the de-
fined minimum quality in the network

for no more than 8 hours over the
whole year. 

To assess the availability of a module
in the network, a priority factor PF is
assigned to each module in the trans-
mission chain. This factor depends on
the task performed by the module, its
position in the transmission chain and
its effect on the overall availability in
the case of a failure. The PF of each
network module therefore indicates
its importance in the measures taken

to maintain the required availability
of the transmission chain. 

It is obvious that in a network with
several transmitters a higher priority
is assigned to the multiplexer and the
satellite link than to the individual
transmitters (FIG 2). 

With reference to the whole transmis-
sion chain, the (total) network avail-
ability can be defined as a sum of the
availability 
• in the transmission chain (from the 

studio to the transmitter inputs),
• of individual transmitters in the net-

work (transmitter input to transmis-
sion antenna),

• of reception in the radio channel,
• and of the parameters of the 

single-frequency network.

The sum of the individual availabili-
ties gives the required availability at
the receiver.

Coverage measurement and monitoring systems 
for DAB-T and DVB-T

Modulation
feed

PF = n

Coverage 1

Coverage 2

Coverage ...

Coverage network

Single
transmitter 1

PF = 1/n

Single
transmitter 2

PF = 1/n

Single
transmitter …

PF = 1/n

Single-frequency operation
Σ PF = n

Coder/
multiplexer

PF = n

Maintenance Service
Spare parts

store Redundancy MTBF

Monitoring

Coverage measurement

FIG 3  Submodules in transmission network ensure high availability

FIG 1  Vehicles 
equipped with 
Rohde & Schwarz test 
systems support plan-
ning and ensure high 
availability of DAB 
and DVB networks

FIG 2   Assigning priority factors 
(PF) to network modules

!How to increase the avail-
ability in the network at low 
cost
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How to achieve a high 
availability

To achieve the required availability,
submodules are added to the network
modules (FIG 3). Together with the
network modules they maintain net-
work operation and ensure the stabil-
ity of the defined network availability.
The monitoring and coverage meas-
urement submodules are essential
tools for implementing and monitor-
ing the required availability in the net-
work. 

Monitoring
Monitoring systems continuously
check the physical parameters of the
individual network modules during
operation. This is done at the site of
the module (indoor monitoring) or in
the single-frequency network (outdoor
monitoring). The probability of pre-
dicting the failure of a network mod-
ule should be very high (principle of
”Looking into the future”).  This is the
main feature of monitoring systems
and indispensable for high availabil-
ity.

Monitoring can be defined as the
continuous surveillance of specific pa-
rameters at the module (eg multi-
plexer, transmitter), in the transmis-
sion link (eg multiplexer through to
transmitter) and the network (at a spe-
cific geographical location). 

The monitored parameters are se-
lected depending on the task the net-
work module performs in the transmis-
sion chain.  Relevant points for in-
door monitoring in the DAB/DVB
chain are for example 
• the multiplexer output (digital ETI/

TS signal), 
• the uplink signal (frequency, band-

width, power, spectrum) in the 
case of satellite transmission,

• the received ETI/TS signal (Eb/
No) and transmitter parameters 
(mask, etc) at the transmitter site. 

With outdoor monitoring, the net-
work is monitored at a fixed location,

eg at a place where the coverage
areas of different transmitters over-
lap. Information on single-frequency
behaviour is obtained by measuring
channel impulse response and/or
performing a Go/NoGo test. The pa-
rameters are monitored according to
the ”Looking into the future” principle.
This allows the time of failures to be
predicted within certain limits and
measures to be taken to minimize the
failure or the downtime. 

FIG 4 gives an example for the avail-
ability of the ETI signal at the modula-
tor input of a transmitter site moni-
tored in March 1997.  When the
value Eb/No �6.5 dB is attained, the
satellite receiver can no longer detect
the signal and switches off. Therefore
the modulator does not have an input
signal and no signal is output by the
transmitter. 

Measurements have shown that slope
classes can be defined as indicators
for specific failures, eg faults in the

uplink or satellite or weather effects.
The failure time can be predicted
fairly exactly from the gradient of the
slope. In the above example the time
for the power decrement (from maxi-
mum to Eb/No = 6.5 dB) is 3.5 min-
utes. After the time required for deter-
mining the slope there will be enough
time left to inform the network center.
To avoid a complete failure of the sta-
tion(s), the center could for example
increase the power on the uplink by a
certain value (0.7 to 1.9 dB) for
about 5 minutes. 

This monitoring philosophy can also
be used for other modules in the net-
work and their parameters within the
transmission chain. This means that
suitable monitoring methods increase
the network availability at a mini-
mum of outlay and cost. 

Coverage measurement 
Coverage measurements (CM) deter-
mine the signal quality in the network.
They can be carried out in the plan-

FIG 4
Top: four failures at
DAB transmitter site

in March 1997
(1 to 4); 

bottom: parameters
of failure 2
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ning phase (to support calculated val-
ues) or during normal operation.

If faults are detected in the network
(network monitoring), the source can
be located with the coverage meas-
urement system and the effect elimi-
nated with the aid of the other sub-
modules. 

In contrast to monitoring, coverage
measurements are mostly performed
with mobile equipment so that the
coverage quality can be determined
within the propagation area. With
stationary and mobile CM, receive
parameters (eg field strength, BER)
are measured with respect to time
and location in the network. Single
network parameters (eg field
strength), channel characteristics
(Gaussian, Rice, Rayleigh distribu-
tion) and the conditions of the single-
frequency network can also be deter-
mined in stationary or mobile meas-
urements.  Measurements can be per-
formed in two ways: preventive to
avoid failures and in response to a
warning from the monitoring system. 

Preventive measures are required be-
cause the propagation conditions in
the network may be different, for ex-
ample, at different times of the year.
It could be of advantage to use a sim-
ple, mobile and therefore favourably
priced coverage measurement system
that moves through the network area
for 24 hours (eg in taxis, public serv-
ice buses, etc). Coupled with GPS this
system may perform Go/NoGo tests
(signal received/not received). The
outlay required for equipment and in-
stallation is relatively low. Data ex-
change can be performed via GSM
and a clear picture of the  network
status can be obtained by superim-
posing the different measurements
versus time and distance covered.

To obtain more exact and compre-
hensive results, the test system is in-
stalled in a vehicle (FIG 1) to measure
eg RF spectrum, field strength and
BER.  On the basis of the monitoring
results, the test vehicle is directed to
specific points in the network to lo-
cate the sources of expected or al-
ready occurred failures. All measure-
ments are coupled to GPS and can in
addition be supported by displace-
ment sensors. Results can be viewed
online, displayed after the test trip by
means of the replay function or for-
warded to the network center for eval-
uation. It is also possible to access the
individual monitoring systems at the
transmitter sites from the test vehicle
via GPS and to check the prevailing
parameters. 

FIG 5 shows measurement results of a
CM system. The distance covered to-
gether with associated measured val-
ues is shown on the map. The test pa-
rameters may also be marked on the

covered route after the measurement
so that the values shown in different
colours can be evaluated any time. 

Conclusion

All three (sub)systems (for indoor
monitoring, outdoor monitoring and
coverage measurements) help in dif-
ferent ways to detect faults in the net-
work before their effects show. 

The systems developed by Rohde &
Schwarz are used successfully world-
wide in DAB and DVB networks.

Michael Lehmann;
Dr Manfred Schukat

Reader service card 162/08 for further infor-
mation on coverage measurement and moni-
toring systems

FIG 5  Results recorded during test trip
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Measurements via antenna 
more and more important 

To ensure undisturbed operation of
the continuously increasing number
of mobile and cordless communica-
tion equipment, narrow tolerances
have to be defined in the specifica-
tions. In the future, manufacturers will
have to cope with more stringent
measurement regulations, eg stand-
ardized type-approval tests or EMC
measurements including measure-
ments of antenna parameters. 

Since more and more standards pre-
scribe measurements via the antenna,
conducted measurements have be-
come of minor importance. As a re-
sult, manufacturers of mobile commu-
nication systems require facilities for
measuring the antenna parameters of
their products.

Antennas considerably influence the
function of mobile communication
systems eg of mobile phones. It is
therefore important to optimize their
characteristics. 

It must also be taken into account that
the user's head or even his hand may
influence the antenna characteristics
during a call and that transmission
conditions are different in this case to
those in free space. To simulate these
external influences, an artificial head
or an artificial user can be integrated
in the test setup.

Measuring antenna parameters of 
mobile communication systems

Antenna parameters of mobile
phones or other cordless communica-
tion systems cannot be measured with
the well-known methods (two- and
three-antenna measurements or re-
flector method) because the antennas

of these products are mostly screwed
to the equipment for reasons of cost
and a standard 50 � or 75 � inter-
face is not available for the measure-
ments.  Since antenna characteristics
are also influenced by the equipment
housing, measuring the antenna sep-
arately is not appropriate.

To obtain informative results neverthe-
less, auxiliary parameters are meas-
ured and the antenna characteristics
calculated therefrom. Since different
frequencies are used for transmission
and reception (eg with GSM and
DECT), the measurements have to be
performed separately in the transmis-
sion and reception mode.

Measurements in reception mode
An auxiliary parameter in reception
measurements is BER (bit error rate). It
is normally evaluated in the data
stream in the base station. In the test
system this measurement is for exam-
ple performed by Digital Radiocom-
munication Tester CMD from Rohde &
Schwarz. The S/N ratio and/or the
sensitivity and thus the relative an-
tenna gain can be indirectly calcu-
lated from the BER. FIG 1 shows the
basic test setup. A precondition for a
correct measurement is that the radio
link between the DUT and the radio-
communication tester is undisturbed

as otherwise the BER measurement
will yield incorrect results. 

Two different test methods can be
used:
1. Fixed signal level – measurement
of actual BER
A signal generator applies a signal to
the DUT (eg a mobile phone) with the
worst-case level  expected in prac-
tice. The mobile is moved over the
whole hemisphere with the aid of a
positioning device and the BER is
measured at predefined angle steps.
The resulting diagram shows the BER
referenced to zero (direction of maxi-
mum radiation of mobile to source an-
tenna) or absolute values. This
method can only be used when the
DUT is provided with a so-called
EMMI (electrical man machine inter-
face) which allows automatic call
setup between base station and mo-
bile without any manipulations from
the outside. If the signal level re-
ceived by the DUT is too low, the con-
nection is interrupted. To continue the
measurement, the call has to be set
up again without intervention from
the operator. Such intervention would
impair measurement results or require
the measurement to be restarted.

2. Controlled signal level – fixed BER
The other possibility is to set a con-
stant BER (reference BER) with the aid

Extending EMC test systems for determining 
antenna parameters

Digital Radiocommunication
Tester CMD

Control unit

Controller

Remote-control unit
Positioning device Positioning device

Anechoic chamber

DUT

FIG 1
Test setup for BER

measurement
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of a controlled signal level. The signal
generator first supplies a high level
which is reduced after each BER
measurement until the reference BER
is attained. Positioning the DUT and
drawing the diagram is performed in
the same way as with method 1 with
the only difference that not the BER
but the signal level at which the refer-
ence BER is attained is displayed. The
advantage is that the measurement is
not interrupted each time a signal of
insufficient level is received, but on
the other hand a much longer time is
required for the BER measurement
over several information data pack-
ets. This measurement may take up a
few seconds and require several con-
trol steps at each antenna position. 

Measurement in transmission mode
In the transmission mode, information
on antenna characteristics can be de-
rived from the auxiliary parameter
EIRP (effective isotropically radiated
power), which is the power emitted
by the DUT referred to an isotropic ra-
diator. 

The test environment has to be cali-
brated prior to the measurement for a
subsequent determination of the
power emitted by the DUT. A simple
test setup consisting of signal genera-
tor, power meter and antennas (trans-
mitting antenna with known gain re-
placing the DUT) will do for calibra-
tion. The RF output power of the sig-
nal generator should be high enough
for obtaining a sufficiently high level
at the power meter positioned at the

required measurement distance (1 to
3 m).  The power meter (eg NRVD
with Peak Power Sensor NRV-Z 31
from Rohde & Schwarz) should have
a wide enough dynamic range and
allow correct measurement and eval-
uation of the digital pulsed signal
with a sensitivity �–40 dBm.

During the measurement the digital
radiocommunication tester (replacing
the base station) sets up a call and the
DUT is driven to maximum output
power. The emitted power is meas-
ured with a receiving equipment con-
sisting of an antenna and a power
meter. Based on the results obtained
in calibration, the measured values
are referred to an isotropic radiator
(FIG 2). 

A diagram can also be drawn in this
case which shows the EIRP referred to
zero (direction of maximum radiation
of mobile to source antenna) or as ab-
solute values. 

Required test site conditions

Measurement uncertainties are
closely related to the characteristics
of the test chamber. The quality crite-
ria NSA (normalized site attenuation;
measurement in comparison with the-
oretical free-space loss) or UA (uni-
form area; field-strength variation
above a defined plane) used for EMC
measurements are not sufficient for
accurate measurements of antenna
parameters. 

To obtain small measurement errors,
a quiet zone is required, ie a return
loss of �40 dB for measurement er-
rors ��2 dB.

Antennas with a highly directional ra-
diation pattern (high gain in main di-
rection of radiation; nulls with consid-
erably lower gain, eg �–25 dB re-
ferred to main direction of radiation)
can only be measured in a sufficiently
quiet zone. In this case the antenna
may receive the signal reflected by
the floor or the walls in its main direc-
tion of radiation but the signal to be
measured is received/transmitted via
a null in the antenna pattern (FIG 3).
With a gain difference of more than
25 dB, the signal power received in

the main direction of radiation may
then be just as high or only insignifi-
cantly lower than that received via
the null. 

To remedy this, additional absorbers
(on the floor and/or mobile absorber
walls) can be used, which feature a
reflection attenuation of �35 dB in the
useful frequency range. 

Extending available EMC test 
systems

Many manufacturers are therefore
looking for ways to perform rapid
and convenient measurements via the
antenna in the development phase

Power meter

Control unit

Controller

Remote-control unit
Positioning device Positioning device

Anechoic chamber

Digital Radiocommunication
Tester CMD

DUT

FIG 2  Test setup for 
EIRP measurement

FIG 3  Test setup in anechoic chamber with ro-
tated DUT featuring highly directional pattern

Anechoic chamber

Reflected 
signal

Main beam

DUT
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and to measure antenna characteris-
tics without having to resort to a test
house or an antenna lab. Other man-
ufacturers of mobile communication
systems already possess EMC test sys-
tems that can be easily upgraded to
antenna test systems.

Rohde & Schwarz offers a compre-
hensive line of measuring equipment
from radiocommunication testers via

antennas to absorbers and highly ac-
curate measuring heads. This allows
almost any EMC test system to be ex-
tended for measurements of antenna
parameters, no matter whether the
characteristics of a mobile phone, a
vehicle antenna or of other DUTs are
concerned. The described measure-
ments can also be performed with
stand-alone antenna test systems.

Klaus Ilgenfritz
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After the start of digital TV transmis-
sion via cable (DVB-C) and satellite
(DVB-S), terrestrial digital transmission

(DVB-T) is about to be introduced. In
contrast to analog programs, DVB-T
programs are broadcast via single-
frequency networks, which allow a
much more economical use of frequen-
cies than conventional analog
multifrequency networks. Influences of
the terrain and the resulting problems
of multipath propagation however
prevail in this case as well (see blue
box on next page). 

The simulation of realistic receiving
conditions in the terrestrial transmis-
sion channel is therefore an absolute
necessity in the development of DVB
receivers. Fading simulators [1] are
used to create the corresponding sce-
narios.

TV Test Transmitter SFQ [2] introduced
on the market with great success for
all DVB standards is now available
with Fading Simulator SFQ-B11
(option). It is therefore ideal for testing
and simulating receiving conditions
particularly since all necessary fea-
tures are combined in a single unit.

SFQ comes in two versions: with one
option SFQ-B11 for simulating 6-path
fading and with two options for 12-
path fading. A fading profile using
Rayleigh, Rician or pure Doppler dis-
tribution can be assigned separately
to each path. 

Pure Doppler fading simulates trans-
mission on a single direct path be-
tween transmitter and mobile receiver.
The Doppler shift is at its maximum
when the receiver is moving on a di-
rect path towards the transmitter or
away from it. 

Rayleigh fading simulates a radio traf-
fic area where many strongly scat-
tered waves evenly distributed in am-
plitude and phase arrive at the mobile
receiver from all directions. With un-
modulated signals, the Doppler spec-
trum typical of Rayleigh fading is ob-
tained.

Rician fading simulates a radio traffic
area where a strong direct wave is re-
ceived in addition to many scattered

Fading simulation with TV Test Transmitter SFQ

FIG 1  TV Test Transmitter SFQ, complete solu-
tion for testing digital TV links and receivers

Photo 43072
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above-mentioned fading types. Pre-
defined channel models are stored in
SFQ (FIG 2) and can be readily se-
lected. The parameters can be varied
as required.

In autumn 1998, the suitability of sev-
eral DVB-T receivers for mobile oper-
ation was tested at the technology
center of Deutsche Telekom within the
MOTIVATE (mobile television and in-
novative receivers) project. On this
occasion, SFQ with optional Fading
Simulator SFQ-B11 and Noise Gen-
erator SFQ-B5 demonstrated its mer-
its in this field of application in an im-
pressive way. 

Erhard Kretschmer

REFERENCES
[1] Lüttich, F.: Signal Generator SMIQ +

SMIQ-B14 – Fading simulator and signal
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Transmitter SFQ – Digital test signals  for
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waves. The fading spectrum of an un-
modulated signal is the superimposi-
tion of the classic Doppler spectrum
with a discrete signal line. 

Log normal fading simulates an addi-
tional, rather slow variation of the re-
ceiving amplitude of a mobile re-
ceiver. If Rayleigh fading is switched
on at the same time, Suzuki fading is
obtained.

For each path, attenuation, delay,
Doppler frequency and speed as well
as the parameter denoting slow fad-
ing can be entered in addition to the

!
Multipath propagation

A signal emitted by the transmitter arrives at
the receiver not only on the direct path. The
transmission channel may be influenced by
local conditions, eg topographical obstacles
which cause reflections. The transmission be-
haviour also depends on the transmission fre-
quency and in mobile operation on the vehi-
cle speed. The sum signal at the receiver in-
put may be made up of many single waves
arriving with different delays phase and am-
plitude (FIG 3).  In the worst case, the field
strength at the receiver can be zero due to
the mutual cancellation of the various waves.
The Doppler effect has an additional degrad-
ing effect.

Impairment of mobile reception

The DVB-T standard was originally defined
for stationary and portable reception but not
for mobile operation. Detailed laboratory
tests and field trials have shown however that
the multicarrier method OFDM (orthogonal
frequency division multiplexing) used with
DVB-T is very reliable and also suitable for
mobile reception. Mobile TV receivers are
not equipped with roof antennas common for
stationary analog receivers but with rod an-
tennas that feature neither directivity nor
gain. Due to this design aspect, the impair-
ments caused by multipath propagation are
difficult to eliminate. 

TV Test Transmitter SFQ with option SFQ-B 11
is able to simulate the complex conditions in
the transmission channel and so furnishes in-
formation on the response of mobile receiv-
ers in such situations.

FIG 2 Predefined fading parameter set
”DIFFICULT RA 250“ in SFQ with six paths

FIG 3  Spectrum of three-transmitter DVB-T 
single-frequency network. Signals are received 
with different delays

Condensed data of Fading Simulator SFQ-B11
RF bandwidth (3 dB) 14 MHz
Paths 12 (using 2 options SFQ-B11)
Path attenuation 0 to 50 dB, resolution 0.1 dB
Path delay 0 to 1600 ms, resolution 50 ns
Doppler shift 0 to 1600 Hz
Fading profiles Rayleigh, Rician, pure Doppler, log normal 
Predefined fading parameter sets 5 for 6 paths, 8 for 12 paths

Reader service card 162/10
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VHF/UHF DF Converter
ET 050

Control Interface Unit
GX 092 HF   Model 03

HF DF Antenna 
ADD 015
1 to 30 MHz

DF1 DF2 DF3 Cal CTRL

Digital Processing Unit
EBD 060

VHF/UHF DF Antenna 
ADD 150
20 to 1300 MHz

Reference
antenna

HF DF Converter
EH 010

DF1 DF2 DF3 Cal CTRL

Example of shipboard direction finding in fre-
quency range 1 to 1300 MHz with Digital
Monitoring Direction Finder DDF 06M. HF DF
Antenna ADD 015 covers the HF range to-
gether with reference antennas used in diver-
sity operation (group of three or four HE 010P
rod antennas). Selection of antenna signals
and conversion to IF is effected by triple HF DF
Converter EH 010. The HF antenna is de-
signed so that it can easily be combined with
VHF/UHF DF Antenna ADD 150, which oper-
ates on the principle of the correlative interfer-
ometer in the range 20 to 1300 MHz. Triple
ET 050 is used as DF converter. The frequency
range can be extended to 3000 MHz simply
by adding UHF Antenna ADD 070 and DF
Converter ET 070.

DF antenna

Direction finders as key components
of radiomonitoring systems on ships –
together with optical and radar
equipment – considerably expand the
detection range in terms of frequency
spectrum and distance. In the short-
wave band, however, direction find-
ing systems on ships have to cope
with extremely unfavourable electro-
magnetic environments (FIG 1):
• Field distortion caused by scatter-

ing is highest in the shortwave 
band, where masts, communica-
tion antennas and shipboard struc-
tures produce marked resonances.

• Requirements made on electro-
magnetic compatibility with com-
munication transmitters installed on 
board the ship are very high in the 
HF range – several 1 kW transmit-
ters operating on an antenna less 
than ten meters from the DF an-
tenna are not uncommon.

Whereas electromagnetic compatibil-
ity can be provided by means of suit-
ably dimensioned antennas, filters
and protective circuits, it takes a
large number of measures and proc-
esses which are combined to handle
the effects of scattering. Such meas-
ures became possible only when
modern computing and signal
processing concepts were available.

Interference in the incoming wave
field calls for DF methods which take
into account the actual behaviour of
DF antennas in the surroundings of
shipboard structures. There are essen-
tially two methods:
• Direction finding based on the 

classic Watson-Watt principle by 
evaluation of the signals from two 

orthogonal loop antennas and an 
omnidirectional reference antenna. 
Bearings are then corrected by 
means of a correction table based 
on measurements.

• Direction finding by comparison 
against a reference (correlation 
principle, direction finding by vec-
tor matching), in which a 
measured set of antenna voltages 
(measured vectors) is compared 
with reference vectors stored in a 
table. The value that offers the best 
match together with the associated 
azimuth value yields the actual DF 
value. The table is created on com-
missioning the DF system by deter-
mining the reference vectors as a 
function of azimuth and frequency.

The method that yields more accurate
bearings depends on the antenna
configuration, the electromagnetic
characteristics of the shipboard struc-
tures, the stability of the electrical pa-
rameters of the structures, and on the
accuracy of the reference and correc-
tion data.

Principal requirements for solving the
specific problems of HF direction find-
ing on board of ships are the optimi-
zation of the antenna setup, the accu-
rate measurement of correction data
and evaluation of measured data
(FIG 2).

Rohde & Schwarz offers optimum pre-
requisites for meeting the diverse re-

Shortwave 
direction finding on ships FIG 1 Model for numerical error simulation: 

DF antenna on top of center mast exposed to 
extremely hostile electromagnetic environment 
(red: typical HF communication antennas on 
board of ships)

!
Direction finding on ships from 
1 MHz to 1300 MHz
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quirements in this field: a wide range
of fast, digital direction finders [1; 2],
a comprehensive choice of services
and, last but not least, long-standing
experience in direction finding at all
frequencies:
• Direction finding based on correla-

tion or Watson-Watt principle
• Antenna diversity methods to mini-

mize 180° ambiguity
• Correction memory integrated in 

direction finder
• Comprehensive service packages: 

assistance in optimizing antenna 
position by numerical simulation, 
support in determining correction 
data (measurement, error compen-
sation, handling of ambiguities, in-
terpolation of frequencies and an-
gles)

For example, the DF system from
Rohde & Schwarz (see blue box on
page 29) reduces the effects of ship-

board structures to the extent that, de-
spite non-correctable errors remain-
ing (caused by changes in the mast

surroundings or by field singularities),
total measurement uncertainty will
not exceed 5° for single-mast ships
and 7° to 10° for two-mast ships (typ-
ical rms values, samples evenly dis-
tributed across frequency and azi-
muth ranges). In the VHF/UHF range,
inaccuracy without bearing correc-
tion is just about 3° (rms).

Franz Demmel

REFERENCES
[1] Demmel, F.; Unselt, U.; Schmengler, E.:

Digital Monitoring Direction Finders
DDF0xM – State-of-the-art monitoring di-
rection finding from HF to UHF. News from
Rohde & Schwarz (1996) No. 150,
pp 22 – 25

[2] Demmel, F.; Genal, W.; Unselt, U.: Digital
Scanning Direction Finders DDF0xS – Fast
direction finding of broadband and short-
term signals. News from Rohde &
Schwarz (1998) No. 158, pp 21– 23

Reader service card 162/11 for more 
detailed information on shortwave direction 
finding on ships

FIG 2 Minimization of bearing errors through
computer-aided selection of antenna position
and accurate measurement and evaluation of
correction data

Selection of DF method

Determination of bearing errors
by numerical simulation

Selection of antenna position

Measurement of correction data

Selection of reference antenna ranges

Processing of correction data

Evaluation

Final measurement

Irkutskenergo is a big Russian utility
company operating in the vast region
west of Lake Baikal in South Siberia
(FIG 1). The Irkutsk administrative re-
gion (FIG 2), where Irkutskenergo op-
erates, has an area of about
770 000 km2 and a population of
around three million people. In this
area, there are several huge power
plants (among which the Bratsk and
Ust'-Ilimsk plants are the biggest) and
major industrial enterprises, including
an aluminium plant.

A year ago, the company's adminis-
tration decided to upgrade its tele-
communications and information net-
work. The old system could no longer
provide the necessary reliability and
performance.

To provide the company with state-of-
the-art communication facilities, a
countrywide ACCESSNET ®multicell
trunked radio system which includes
a high-speed ATM (asynchronous
transfer mode) backbone is being
built. Special measures have been
taken to ensure long-term and reliable
operation of the network. The trunked
radio system is envisaged to contain

FIG 1
A countrywide trunked radio system from

Rohde & Schwarz is going to be installed at the
deepest lake of the earth – Lake Baikal in South

Siberia (1620 m deep, 636 km long, up to
80 km wide)

Countrywide ACCESSNET ® 
trunked radio system in South Siberia

Photo: author
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both mobile and fixed terminals, and
subscribers should be able to make
calls between one another and con-
nect up to the PSTN (including long-
distance and international calls).

It was particularly important to pro-
vide for reliable means of communi-
cation for service teams that should
immediately arrive on site in the event
of a failure. Reliable mobile communi-
cation is vital not only for service
teams but also for Irkutskenergo's ex-
ecutive personnel, expediters and
other employees who often have to
work far from their base. In addition,
Irkutskenergo's infrastructure com-
prises many smaller sites, which need
to have a wireless connection to the
communication network since they
are so small and so far away from
main sites that it would be unreason-
able to install wired links for them.

So, the new communication network
was to meet the following require-
ments:
• The system should consist of 

several cells, and users should be 
able to make calls both within a 
cell and between cells.

• Call setup time should be very 
short, also for calls between cells.

• Both individual and group calls 
should be possible.

• Both voice and data calls should 
be provided.

IIrkutskenergo decided in favour of
an MPT 1327 ACCESSNET ® trunked
radio system from Rohde & Schwarz –
as did the United Arab Emirates some
time ago [1] –, because this system
optimally fulfils all the above require-
ments, and this at a very favourably
price (see blue box on page 32).

The order for installing the new net-
work was placed with RC & C Mos-
cow, the Russian partner company of
Rohde & Schwarz. The system in-
tended for South Siberia is called
IRTRANK. The first stage, which was
commissioned in late 1998, covers a
800 km section of the ATM network
and comprises 13 base stations and
nine ACCESSNET ® trunked site con-
trollers, with a total of 80 radio chan-
nels. After completion of the second
stage of the project, 31 base stations,
26 trunked site controllers and 150
radio channels will be available.

The IRTRANK system is based on the
MMX trunked site exchanges of the
ACCESSNET ® family (mobile-to-mo-
bile exchange). The master controller,
a fast digital MMX 64/64 controller,
is installed at Irkutskenergo head-
quarters (FIG 3). This central control-
ler provides for the linkup of mobile
subscribers to the PSTN via the Merid-
ian PBX from Nortel. It is also con-
nected to the network management
and administration system. Two
smaller MMX 64/32 digital control-
lers are used at two other sites where
traffic is expected to be particularly

FIG 2
The Irkutsk administrative region has an area

of about 770 000 km2 and a population of
around three million people

Illustration: RC & C
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dense. At all other sites, MMX 4 and
MMX 8/16 controllers are used.

The base stations of the IRTRANK net-
work also belong to the
ACCESSNET ® family. Stations of
three different types are used:
ND 950 (four, six, eight or twelve ra-
dio channels), ND 951 and ND 953
(four radio channels each). Sub-
scriber terminals are mostly half-du-
plex stations from Motorola
(GP 1200, GP 600 and GM 1200).
Irkutskenergo's corporate manage-
ment is provided with full-duplex
H 70 and R 72 mobiles from Nokia.

Links between cells of the first stage
are on the whole based on an ATM
network. A typical node of the net-
work includes an ACCESSNET ®

trunked site controller, an
ACCESSNET ® base station, a Merid-
ian 1 PBX and an ATM switch from
FORE Systems. The PBX integrates all
the voice signal streams from the
wired and wireless subscribers allo-
cated to the node and routes the inte-
grated stream to the ATM switch via a
digital ISDN channel. For the connec-
tion between cells, 2 Mbit/s channels
are provided in the ATM network
based on the circuit emulation proto-
col.

IRTRANK subscribers can use the fol-
lowing network services:
• Voice calls
• Transmission of status messages
• Data transmission
• Alarm signalling

IRTRANK subscribers can initiate indi-
vidual and group calls of standard
and high priority. The system adminis-
trator determines which subscribers
may only initiate calls between
trunked system users, which subscrib-
ers can connect up to the users of the
corporate phone system, and those
allowed to make calls to the PSTN.
The system administrator also defines
the subscribers who can participate
in group calls. The group configura-
tion can be changed very quickly by
means of the network operating sys-
tem (NeOS), which is especially im-
portant for organizing emergency
teams.

Alarm messages are calls of the high-
est priority. The system administrator
therefore determines which subscrib-
ers are allowed to initiate such calls.

Status information can be transmitted
to exchange messages with prede-
fined contents. The total number of
such messages is 30.

Data can be transmitted in short and
extended blocks and in contiguous
streams of arbitrary length. Short and
extended data blocks are transmitted
in the control channel (maximum
length of short block 184 bits, of ex-
tended block 736 bits), whereas con-
tiguous streams are sent via the traffic
channel.

Dr Alexej Jalyschko

REFERENCES
[1] Wagner, K.-H.: A vision comes true –

trunked radio for United Arab Emirates.
News from Rohde & Schwarz (1995)
No. 151, pp 50 – 51

Reader service card 162/12 for more infor-
mation on ACCESSNET ®

!
Why ACCESSNET ® won over 
competitive systems
• ACCESSNET ® allows building systems of 

arbitrary topology. This factor turned out 
to be very important for Irkutskenergo be-
cause if the ”pure” star topology were 
used, the traffic between adjacent cells 
would be forwarded to the central control-
ler, leading to unnecessary loading of the 
network links.

• Only ACCESSNET ® allows the use of 
2 Mbit/s links between network control-
lers, thus providing for very fast establish-
ment of calls between cells.

• Only ACCESSNET ® provides for a 
smooth transfer from analog to digital 
trunked radio networks based on the 
TETRA protocol.

FIG 3 Central exchange of
trunked radio system
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ISDNwall – 
intrusion detection and protection for 
telecommunication systems

The increasing digitization of infor-
mation is gradually eliminating the
differences between classic communi-
cation networks and modern digital IT
networks. Consequently, communica-
tion networks are confronted with the
same security problems as classic IT
networks. 

Information and communication are
of great strategic importance these
days. This applies to industry as well
as to military and government author-
ities. The vulnerability of information
transmission means that the protec-
tion of IT resources and communica-
tion infrastructure becomes more and
more important, as attacks on infor-
mation may have disastrous conse-
quences. 

ISDN telecommunication systems 
are vulnerable 

The aim of intrusion is to find weak
spots in the telecommunication infra-
structure 

• to obtain or manipulate informa-
tion without physically entering 
buildings and systems, 

• to manipulate telecommunication 
systems so that they fail or alter the 
information they transmit.

Threats to ISDN telecommunication
[1] are for example eavesdropping in
rooms or listening in on conversations
by secretly activating the hands-free
facility or misuse of the three-party
conference feature, and the manipu-
lation of charges by activating call
forwarding. 

Up to now targeted and massive intru-
sions into telecommunication net-
works and equipment at the informa-
tion level have not often made the
headlines. It is unquestioned among
experts, however, that organized
crime for example has the necessary
technical and intellectual potential for
such actions. If the intruder succeeds
in manipulating the displayed calling
party number, he will also be able to
conceal his intrusion.

Intrusions to the information level of
telecommunication systems imply an
access to the system. This access
could be made via the administration
interface, which is normally used for

local or remote configuration, servic-
ing and maintenance of the system.
Such an interface must therefore be
protected by identification and au-
thentication methods like those
known from IT systems.  

Another characteristic way to access
ISDN telecommunication systems is
via the ISDN D-channel. All digital in-
formation for the control of call setup,
services and performance features
are exchanged via this channel. Nor-
mally it cannot be used by the sub-
scriber, but that does not exclude mis-
use. With the aid of suitable technical
equipment and special know-how,
services and features or special sys-
tem functions can be activated by ma-
nipulating the command sequences in
this channel and thus be used for
criminal purposes. Professional in-
truders are able to feed special byte
sequences into telecommunication
systems, which have a similar devas-
tating effect than viruses and Trojan
horses in computers. This has also
been confirmed by experts. If a
break-in is successful, the intruder
practically controls the telecommuni-
cation system. 

Users with increased security require-
ments are not only interested in pre-
venting intrusions but also in early de-
tection of access or manipulation at-
tempts.

The solution: ISDNwall

A great variety of mechanisms are
known and being used in classic IT
networks for the detection and pre-
vention of intrusions. Firewall facili-
ties have nowadays become an inte-
gral part of security concepts for LAN
connections to the Internet, and intel-
ligent tools for the detection of intru-
sions are under development and in
use. 

An effective means of detecting intru-
sion attempts and of preventing ille-
gal access via the D-channel is to

FIG 1   D-channel filter ISDNwall for intrusion 
detection and prevention of unauthorized ac-
cess to ISDN telecommunication systems

Photo 43 292/3
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monitor and evaluate all information
transmitted in the D-channel between
the PSTN and the telecommunication
system. This protection method is also
referred to as D-channel filtering [2].  

In the D-channel filter the information
is packetized and the packets are
checked and compared to presettings
(filter conditions).  Protocol-based fil-
ter rules ensure protocol-conformal in-
formation transmission. User-specific
filter rules assign activated services
and features to the dialling numbers
of individual subscribers. 

A comparison of D-channel packets
with the configurable filter conditions
reveals any infringement of filter rules
that may point to intrusion and manip-
ulation attempts. Infringements are
signalled by appropriate facilities,
registered and stored in a nonvolatile
memory. The general filtering princi-
ple ”All services and features not ex-
plicitly activated are barred!“ ensures

that any infringement of filter rules is
met by a link cleardown so that intru-
sions become impossible. 

The D-channel filter ISDNwall (FIG), a
product of SIT Gesellschaft für
Systeme der Informationstechnik in
Berlin, a subsidiary of Rohde &
Schwarz, was developed by order of
and in close cooperation with the
German information security agency
BSI. In addition to the protection of
telecommunication systems against il-
legal access, ISDNwall may be used
as a device for intrusion detection, in-
dependent of the make of the tele-
phone system. By using the wide-
ranging and versatile capabilities for
defining filter rules as well as the com-
prehensive protocol information, de-
tected infringements can be evalu-
ated and illegal access and intruders
identified.

The D-channel filter allows the firewall
principle for IT networks to be used

also for access via ISDN telecommu-
nication systems. But the D-channel fil-
ter not only complies with the classic
principle of intrusion detection by
monitoring the control information in
both directions, it also detects and
prevents infringements of conditions
and illegal access of ”internal intrud-
ers“.

ISDNwall can be supplied as a sepa-
rate unit for basic access (S0) or pri-
mary rate access (S2M). 

Volker Schneider

REFERENCES
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[2] Hornauer, G.: D-channel filter – essential
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telecommunication systems. 
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No. 156, pp 42 – 43

Reader service card 162/13

John M. Pieper's tutorial appeared in January
1999 as an Rohde & Schwarz publication
(hard cover, 295 pages, numerous program-
ming examples, tables and diagrams) and is
obtainable from our sales
representatives for approx.
45 EUR. The author was
over many years a member
of the standardization bod-
ies dealing with IEC 625,
IEEE 488 and SCPI, and has
thus acquired an enormous
expertise in the field of re-
mote-controlled T & M instru-
ments. He is running his
own business called ACEA,
which offers consulting in
ATE and SCPI matters.

This tutorial is the first book
worldwide describing the basic concepts of
SCPI (Standard Commands for Programmable
Instruments) and of the standards IEEE 488.2
and IEC 625.2, on which SCPI is based. It is

written for all users of instruments and systems
involved in programming automatic test sys-
tems via the remote interface or for those wish-
ing to understand the basic concepts of these

standards. The various
ways in which instruments
can be remote-controlled
are described in detail, pro-
viding valuable information
for the effective generation
of application programs. 

With the bulky reference
manual of the SCPI stand-
ard compiled in alphabeti-
cal order it is often very dif-
ficult to find the appropriate
command for remote-con-
trolling a particular instru-
ment function. The standard

resembles a dictionary rather than a tutorial –
and no one can learn a new language just
from a dictionary. Pieper's book is a help in
this respect: The author explains the basics of

the "SCPI language", ie the communication
protocols and the syntax defined in the IEEE
488.2 standard, and then discusses the SCPI
approach to programming the remote control
of device functions. John M. Pieper describes
the device model and the signal flow between
subsystems as well as the way in which they
are linked to the programming commands de-
fined in SCPI. Further chapters deal with the
synchronization of internal processes such as
data collection or signal generation as well as
the modelling of the device status and the con-
cept of device classes, which will increasingly
gain in importance in the future. 

Comprising ten chapters and comprehensive
appendices, this book is an indispensable ref-
erence and a useful supplement to users' man-
uals for all involved in the SCPI programming
of instruments for use in automatic test systems.

Jochen Wolle

Automatic Measurement Control – a tutorial on SCPI and IEEE 488.2Booktalk
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If the dimensions of the DUT exceed
the half-power beamwidth of the an-
tenna used for measuring the DUT's
immunity to electromagnetic fields,
most standards prescribe tests to be
repeated at different antenna posi-
tions changed in steps. This ensures
at least that each part of the DUT is
exposed to the required field
strength.

Utility vehicles, aircraft, booster rock-
ets and their payload can only be
tested in sufficiently large chambers
or on open-area test sites. Commonly
used concepts will do as long as the
DUT is no more than about four me-

ters in height. Mobile tripods or
remote-controlled antenna masts can
be used for example in the frequency
range up to 1 GHz. To attain the re-
quired field strength, transmitting an-
tennas are fed via low-loss cables.

A customer from the aerospace indus-
try had to test an eight-meter-high
DUT, which could not be laid flat, in
the frequency range 10 kHz to
18 GHz with a field strength of
100 V/m. 

After detailed investigations it be-
came clear that the required field
strength at 18 GHz can be obtained

with a 200 W amplifier only if the RF
amplifier is lifted up together with the
transmitting antennas. Otherwise the
power loss would be too high be-
cause of the required cable length. A
load of approx. 500 kg would have
to be lifted. This excluded the use of
plastic masts or light steel construc-
tions. 

Rohde & Schwarz found an economi-
cal solution which could be used as a
universal antenna support for the
whole frequency range. The test
equipment was mounted on a highly
stable, telescopic and scissor-type lift-
ing platform which meets all require-
ments (FIG):
• Permanently installed EMS Test 

System TS 9983 (1 to 18 GHz)
• Hoisting range 1 to 8 m (upper 

platform end)
• Low-torsion and low-swing scissor-

type concept ensuring high posi-
tioning accuracy

• Electro-hydraulic drive and hoist-
ing (lead accumulators)

• Antenna arms for electric field gen-
erator and antennas (f �1 GHz)

• Use of test receiver (1 to 40 GHz) 
with horn antennas on platform 
possible 

• Power cables, coaxial cables and 
fiber-optic IEC/IEEE-bus cables in 
dragchain

• Carrying capacity for one person
• Remote-controlled height adjust-

ment (option)

The installed EMS Test System
TS 9983 from Rohde & Schwarz con-
tains
• a Microwave Signal Generator 

SMP,
• two Dual-Channel Power Meters 

NRVD with four Power Sensors 
NRV-Z2,

• four 200 W amplifiers with travel-
ling-wave tube and

Test systems reaching for the skies: 
measuring the EMS of large DUTs

Rising high from a solid
base: test systems ”growing”

with DUTs
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CMD 55 reduces test times

Faster – further – higher. This princi-
ple is the driving force not only in
sports but also for measurements. Fast
service of good quality throughout is
essential for successful marketing,
particularly of mass products like mo-
bile phones.

This is why Motorola also uses the
fast Digital Radiocommunication
Tester CMD 55 from Rohde & Schwarz
in its GSM Service Test Systems
GATE 22. Because this digital multi-
mode, compact tester offers consider-
ably shorter test times than compara-
ble solutions.  Short test times for each
phone increase the throughput rate
for repairs, particularly in a standard-
ized shop environment similar to that
in production. 

High quality through standardi-
zation

Motorola expects its authorized serv-
ice partners to use standardized sys-
tems for the alignment and testing of

Motorola Service Test System GATE 22:
Faster with T & M from Rohde & Schwarz

VPhone

Industrial PC

PSU 1

PSU 2

PSU 3

EMMI

Radiocommunication
Tester

CMD 55

RFin / RFout

AFout

AFin

Rx Hi

Tx

Vout

Vout

Vout / Vsense

RS-232-C

IEC/IEEE bus

VPhone,
Ctrl, AFin/out

FIG 1 Schematic of GATE 22: EMMI (electric
man/machine interface) is the only interface to
the phones besides the RF link

• four horn antennas with remote-
controlled polarization on tiltable 
support (elevation 0 to –20°).

The field-strength sensor is connected
to the monitor in the control room. For
an EMS test using the substitution
method, the sensor need not be
moved to a great height because the
reference calibration performed at a
height of say two meters is also valid
higher up.  If a field-strength measure-

ment is nevertheless desired during
the test, the antenna mast of an EMI
test system can be used.

Amplifiers with sufficient output
power have been chosen for the fre-
quency range below 1 GHz and in-
stalled in a shielded room. Connec-
tion to the antennas on the platform is
via the coaxial cable in the
dragchain. 

The telescopic, scissor-type lifting
platform with the EMS test system is of
particular interest for EMC laborato-
ries that have to test large DUTs. If the
test frequency range is to be ex-
tended at a later stage, the described
platform is the ideal choice.

Reinhard Göster

Reader service card 162/14

GSM mobile phones. The same tests
worldwide guarantee high repair
quality, and firm test times allow opti-
mum planning of resources.  Service
Test System GATE 22 (generic auto-
mated test environment) was devel-
oped by Motorola's service engineer-

ing departments. Hardware design
was harmonized in close cooperation
with two manufacturers of the instru-
ments used in the system. These man-
ufacturers are also responsible for as-
sembly, final inspection and dispatch
to the user. Service Test System
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GATE 22 thus comes in two versions
and the Motorola service centers can
choose their model.

FIGs 1 and 2 illustrate the Rohde &
Schwarz version. The nucleus of the
system is Digital Radiocommunication
Tester CMD 55, which establishes an
RF connection to the phone and per-
forms RF and audio tests. Mobiles are
powered from three power supply
units connected to the EMMI (electric
man/machine interface). Except for
the RF connection, the EMMI is the
only interface with the phones for ap-
plying power and audio signals or for
controlling and programming. 

Motorola software

The test systems are driven by
GATE 22 for Windows software, writ-
ten and continually upgraded by
Motorola. It includes a number of pre-
defined tests:
• Call measurement Telephone pa-

rameters are measured during a 
call in various, adjustable test 
channels

• Phasing   All adjustable telephone 
parameters are adjusted without 
any action on the part of the user

• Final test   Phasing and call meas-
urement test are performed without 
any interruption

• Flashing   Update of telephone 
firmware

• Flexing  Matching of telephone 
software and features

Additional software tools are avail-
able for more complex repairs. To al-
low for local conditions (eg interfer-
ence or work flow in the service
center) that might cause problems for
the test sequence, some test parame-

ters can be adjusted within preset lim-
its (eg test and phasing channels as
well as autoprint function). 

Worldwide support

Service Test Systems GATE 22 are
used worldwide in all service areas.
Updating of test software and devel-
opment of test adapters for new tele-
phone models are tasks centralized in
Germany at Motorola in Flensburg.
Regional Motorola staff and trained
personnel are responsible for on-site
support.

A support page from Motorola is
available on Internet to all GATE 22
users. It contains the current versions
of the test software, flash and flex files
and lots more for downloading. A
special service is the online order sys-
tem for spare parts. In this way cables
and other accessories can be ordered
straight from the manufacturer for ex-
ample.

Competence close to user

For integration of Service Test Sys-
tems GATE 22, Rohde & Schwarz has
created competence centers world-
wide in Europe, America and the Far
East, ie as near as possible to the user
and as centralized as necessary.
Through close cooperation with the
Motorola support groups, compre-
hensive support can be provided to
the service centers.

Axel Schneider (Motorola); Bernd
Petersen (Motorola); Martin Stumpf

Reader service card 162/15 for more infor-
mation on CMD55

FIG 2
Rohde & Schwarz model of GATE 22: Digital
Radiocommunication Tester CMD 55 consider-
ably speeds up Motorola's GSM service test
system compared to solutions from other man-
ufacturers.
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First test system for CDMA 
mobiles

In close cooperation with
QUALCOMM, Rohde & Schwarz
developed a ready-to-go system
solution for complete tests of
CDMA phones. TS 8180 com-
prises CDMA Radiocommunica-
tion Tester CMD 80 as well as two
signal generators, a power supply
and the interface for the CDMA
phones. The test system meets
CDMA specifications IS-98-A and
J-STD-018 including AMPS, and it
addresses manufacturers as well
as network operators and service
centers. Applications include pro-
duction, conformance verification
as well as service and quality
assurance.

Rohde & Schwarz CDMA Test Sys-
tem TS 8180 was designed for a
universal final test station for
CDMA phones in line with
QUALCOMM specifications and
equipped with the test routines of
the QUALCOMM terminal test
set. All system components are
accommodated in a 19-inch rack
that can easily be integrated into
any production line.

”The CDMA test system from
Rohde & Schwarz provides a
worldwide standard system solu-

tion for our partners, designed
exactly according to our require-
ments. It has already proved its
performance during several prac-
tical tests in our facilities“,
explained James W. Silk, pro-
gram manager at QUALCOMM,
Technology Transfer Licensing.
”Rohde & Schwarz, as a leading
supplier of CDMA test equipment,
also stands for a high degree of
quality, safety of investment as
well as excellent worldwide sup-
port to its customers and part-
ners.“

PI

Innovative products from Rohde & 
Schwarz at HYPER 99 in Paris

This year Rohde & Schwarz had
its own stand at the radiocommu-
nications exhibition ”Hyper &
RF“, held in Paris from 19 to 21
January. A large number of inno-
vative products from different
fields were presented. Rohde &
Schwarz showed its new Micro-
wave Signal Generator SMR for
the very first time (see article on
page 4). This new model is char-
acterized by convenience of op-
eration and small size. A special
feature is its ”EasyWheel“, an in-
novative control allowing simpli-
fied menu selection and equip-

ment manipulation by turning and
clicking.

Another premiere was that of
Spectrum Analyzers R 3132 and
R 3162 from Advantest. These
new middle-class units up to
3 GHz or 8 GHz are for use in
production and servicing as well
as consumer electronics and EMC
applications during development,
which makes them highly versa-
tile tools (see article on page 13).
”Hyper & RF“ also saw the pres-
entation of Miniport Receiver
EB 200, which detects and moni-
tors emissions, faults and espe-
cially low-power transmitters even
in adverse terrain.

The show drew a lot of visitors.
Attendance on the Rohde &
Schwarz stand was very high,
with many customers calling by
and plenty of new contacts being
made.

Stefan Böttinger

Photo: RSF
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Shenzhen BC visits 
transmitter site

Late last year a delegation from
the Shenzhen Broadcasting Trans-
mission Corp. based in South
China visited Rohde & Schwarz in
Munich for the acceptance testing
of their 20 kW UHF TV transmit-
ters. Besides technical discussions
in the plant, the visitors were pri-
marily interested in getting to see
transmitters in realtime operation.
Obligingly, the management of
the broadcaster Bayerischer
Rundfunk arranged for a visit to
the station atop the Wendelstein
mountain. The head of the Chi-
nese delegation, Mr Yu De Jiang
(3rd from left), once managed a
transmitter station in the Chinese
mountains himself for 20 years,

and was therefore very happy
about this chance to see a Ger-
man transmitter site. Accompa-
nied by the splendid natural scen-
ery of the mountains thick with
snow – it was the first live encoun-
ter with snow for most of the visi-
tors – the visit to this optimally
equipped transmitter station and
the precise information from the
station manager formed the cul-
mination of the delegation's stay
in Germany.

Johannes Beckmann

ZVR top product of 1998

The journal ”Microwaves & RF“,
which is circulated worldwide,
declared Vector Analyzers ZVR
from Rohde & Schwarz ”Top Prod-
uct of 1998“. The choice is made
by the magazine's editors and fo-
cuses on innovation and perform-
ance. ZVR found the jury's favour
because, as they said, it is the first
vector network analyzer enabling
production lines to benefit directly
from its enormous measurement
speed.

Stefan Böttinger

Get-together of shortwave 
specialists

The ”Nordic Shortwave Confer-
ence HF 98“, which was held on
the Swedish island Farö from 11
to 13 August 1998, is one of the
most important events in the short-
wave calendar. HF specialists –
users and researchers alike –
come together to discuss their
work and to obtain information
on the latest trends in research
and product development in the
field of shortwave.

This time Thomas Kneidel from
Rohde & Schwarz presented the
Postman software, which pro-
vides access to the Internet via
shortwave and TCP/IP. Further-
more, Prof. Geoffrey Gott of the
University of Manchester Institute
of Science and Technology and
his team reported on a research
project for measuring the spectral
occupancy of the HF band in
northern Europe. One of the
project's four measurement sites
is in Munich and is run by Dr
Christof Rohner from Rohde &
Schwarz.

Günter Greiner

World DAB Symposium 
in Singapore

Between 13 and 15 January
1999, DAB experts met in Singa-
pore for their most important
event worldwide, the DAB Sym-
posium. This is held only once
every two or three years and is a
platform for specialist papers on
DAB, presentations of DAB appli-
cations in practice as well as of
the latest trends and products.
Rohde & Schwarz used the oppor-
tunity to show its latest solutions to
a keen circle of specialists. The
range of products presented here
comprised DAB transmitters and
multiplexers as well as encoders
and DAB measurement equip-
ment.

Set up strategically in the foyer of
the show, the Rohde & Schwarz
stand attracted many visitors.
Even BG George Yeo showed up,
Singapore's minister of informa-
tion and arts and deputy minister
of commerce and industry. He
was mostly interested in DAB
transmitters. On the occasion of
the symposium the DAB transmit-
ter system was put into operation.
Rohde & Schwarz supplied the
entire equipment required such as
DAB transmitters, encoders and
multiplexers.

Stefan Böttinger

Photo: Beckmann
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Information in print

Phase Noise Measurement Software FSE-K 4
enables Spectrum Analyzer FSE to be used as
a phase noise tester with free editable sweep
settings and fast residual FM/PM measure-
ments; comprehensive marker functions, stor-
age of results, detailed printouts.

Data sheet PD 757.4201.21 enter 162/16

High-Performance Coverage Measurement
System TS 9955 Depending on its configura-
tion TS 9955 helps in the planning, installation
and optimization of analog and digital mobile
radio systems as well as of broadcasting net-
works. It also allows mobile quality monitor-
ing. Use in multifrequency networks is no prob-
lem.

Data sheet PD 757.2138.22 enter 162/17

Power Meter NRVS, Level Meter URV 35 and
Dual-Channel Power Meter NRVD (now all to
40 GHz and from 100 pW, depending on
sensor used)  Among other things, the follow-
ing options have been included in the revised
data sheets:

• New 50 � Sensors NRV-Z 15 (diode, 
50 MHz to 40 GHz, 400 pW to 20 mW) 

• NRV-Z 55 (thermal, DC to 40 GHz, 1 µW to 
100 mW) 

• 2 x NRV-Z 32 and NRV-Z 33 (peak, 30 MHz 
to 6 GHz; 100 µW to 2 (4) W or 1 mW to 
20 W)

Data sheet
NRVS: PD 756.3182.23 enter 162/18
URV35: PD 756.9497.23 enter 162/19
NRVD: PD 756.3176.23 enter 162/20

Hearing Aid Test System UPL + (test chamber
and accessories) UPL-B7 enables measure-
ments to standards (IEC 118, ANSI S 3.22)
and other tests as well as tolerance checks; for
all fields of application.

Data sheet PD 757.2696.22 enter 162/21

Stream Combiner® DVG-B 1 Enlarged trans-
port stream capacity, remote control of
MPEG 2 Generator DVG from DVG-B1 and
other new features are contained in the data
sheet.

Data sheet PD 757.3611.22 enter 162/22

Stream Explorer™ DVMD-B 1 Transport stream
monitoring, offline operation and remote con-
trol of MPEG 2 Measurement Decoder DVMD
from DVMD-B1 are characteristics of the new
model.

Data sheet PD 757.3628.22 enter 162/23

Miniport Receiver EB 200 (10 kHz to 3 GHz)
The data sheet has been revised especially to
update the specifications. 

Data sheet PD 757.3728.22 enter 162/24

Solid-State UHF TV Transmitter NH 500  The
new data sheet covers also the extended
power range (from 2.5 kW and up to 40 kW).

Data sheet PD 757.1690.22 enter 162/25

50 W VHF Data Radio XU 250 D (118 MHz to
144 MHz) of Series 200 for speech and data
communication in ATC is already designed to
handle VDL modes 3 and 4 (to MOPS).

Data sheet PD 757.4353.21 enter 162/26

UHF DAMA SatCom Terminal XD 482 UD (Rx:
245 MHz to 270 MHz, Tx: 290 MHz to
320 MHz; 150 W) from Rohde & Schwarz
and Viasat Inc. enables universal satellite com-
munications to MIL-STD-188-181, -182, -183.

Data sheet PD 757.4330.21 enter 162/27

Schz
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Press comments

Requirements met
In its 11/98 edition ”Microwaves & RF“, which
circulates worldwide, presented Rohde &
Schwarz's ZVR family of vector network ana-
lyzers in a feature titled ”Vector Analyzers
Pare Test Time“:

Vector analyzers have become standard meas-
uring aids in RF engineering. They detect a
large amount of data during a measurement,
so their sweep speed is the critical factor when
using them in a production environment. With
sweep speeds of 125 µs/point for measure-
ments from 10 kHz to 4 GHz or 20 kHz to
8 GHz, the ZVR family from Rohde & Schwarz
satisfies these production test requirements.

Automatic testing
In its 45/98 issue ”Markt & Technik“, the well-
known German electronics weekly, looked at
an automatic cell from Rohde & Schwarz for
electrical and optical testing of electronic
boards:

International competition, short product cycles,
lots of product variants and small-sized
batches all force the electronics producer into

more and more automation, but it should not
halt where testing starts. …Rohde & Schwarz's
automatic test cell combines an electrical and
an optical test system with automatic fixtures
for inserting, interfacing, sorting and stamping
the boards. The individual units are optimally
attuned to one another, allowing graduated so-
lutions, at the right price, for practically every
application.

Head and shoulders
The 22/98 edition of the German trade publi-
cation ”Telecom Handel“ looked at the subject
of GSM/DECT testers. In a comparison under
the title ”Service has its price“, CTS60 and
CTS65 from Rohde & Schwarz were out in
front:

…Digital Radio Tester CTS 65 from Rohde &
Schwarz, a multimode service tester for GSM
and DECT, is not your ordinary instrument. For
DECT alone there is CTS 60. For upwards of
about DM 20,000 they offer a wide variety of
test possibilities. …A direct comparison shows
that the Rohde & Schwarz testers win on price/
performance and can consequently be recom-
mended without any reservations for telecom
service.

”Een roterend antenne systeem“ was the focus
of the October issue of the Dutch mobile tele-
communications magazine ”Verbinding“. The
title page captioned Rotatable Antenna System
AU 900A4 from Rohde & Schwarz as ”profes-
sional quality“.

I/Q Modulation Generator AMIQ decorated
the cover page of number 12/98 of ”HF-
Praxis“. Inside, under the title ”Unique duo for
generating I/Q signals“, there was an accom-
panying report on AMIQ and WinIQSIM simu-
lation software.

Rohde & Schwarz technology also enjoyed a
center-stage role on the cover of ”TV
Technology & Production“ (12/98), a specialist
journal appearing in Europe, Africa and the
Middle East. It showed TV Transmitter NH 500
in conjunction with a report about the creation
of a terrestrial DVB network in Great Britain,
for which Rohde & Schwarz equipment is being
used.

The December issue of ”NET“, the specialist
magazine for communications management,
was devoted to third-generation mobile radio.
Rohde & Schwarz's pioneering role was evi-
dent on the title spread, with picture extracts of
Signal Analyzer FSIQ attractively illustrating
the subject of W-CDMA. The publication went
on to report in detail about the status of devel-
opments in this new generation and the inno-
vative T & M instrumentation designed spe-
cially for the purpose by Rohde & Schwarz.
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Final article

The early beginnings
Ten years have passed since Rohde &
Schwarz won the order for the devel-
opment of a test system for type-ap-
proval testing of GSM mobiles in the
900 MHz band [1]. The invitation to
tender was put out by a consortium of
six European GSM network opera-
tors. Hardly anyone could foresee at
that time the importance the simulator
would have for the rapid develop-
ment of mobile radiocommunications.
Although originally created as a Euro-
pean standard, GSM soon enjoyed
great popularity all over the world.

The test system (photo) was de-
signed for the GSM 900

band only because at the time of the
order the mobile radio bands
GSM 1800/1900, EGSM (extended
GSM) or the combination of several
bands in a multiband mobile were
not yet defined. According to the re-
quirements of the GSM specifica-
tions, the test system simulates up to
three active base stations with differ-
ent fading profiles and up to seven
neighbouring cells. 

Top performance in a minimum of 
time
Rohde & Schwarz took only one year

and a half to develop

the complete system together with a
few demo programs for verifying the
system functions. After another three
years of development, around 300
highly complex test cases for phase-1
mobiles were ready for use and vali-
dated by independent test houses.
On 1 April 1994, the type-approval
tests of the mobiles started as
scheduled. 

In the past ten years the GSM system
simulator went through several devel-
opment phases. The system under-
went the strongest expansion in
1996/97 when a follow-up order
was placed for the implementation of
GSM phase-2 functions. For this pur-

pose GSM
Association

founded the
GSM Facilities Ltd.

as the contractor. In the
course of the extensive contract

negotiations with this company, the
participants fixed an ambitious
schedule for the development of
about 140 test cases. New half-rate
functions and the support of data-
only mobiles had to be implemented
in complex RF, protocol and cell-rese-
lection test cases.

Extensive project management
The new functions necessitated a

close cooperation between the
Rohde & Schwarz
engineers and the

mobile manufactur-
ers. At times the devel-

opment department
worked in three shifts on

the available reference
system to verify also test
cases with a run time of sev-
eral hours. Thanks to the ex-
cellent cooperation between

leading mobile manufac-
turers and Rohde & Schwarz

this hurdle could also be taken

GSM system simulator –
the pacemaker in mobile radiocommunications
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Final article

cleanly. A complication in the devel-
opment of GSM phase 2 was that the
parts concerned with phase 1 had to
remain unchanged – the certification
of the GSM phase-1 mobiles should
not be disrupted in any way. After the
completion of defined milestones, the
software and hardware modules
were validated by two independent
organizations against accurately de-
fined reference implementations. The
Rohde & Schwarz experts presented
each milestone to the relevant Euro-
pean bodies.

The GSM story with open end
With the recent expiry of the war-
ranty period and the end of the
phase-2 development contract, GSM

Facilities Ltd. had done its job. The
close-down of the company was noti-
fied to Rohde & Schwarz in a letter of
thanks (see extract in the photo
above).

Twelve GSM system simulators were
installed in all: in addition to the ref-
erence system at Rohde & Schwarz,
ten systems are in operation in
Europe and one in China. 

Rohde & Schwarz Munich keeps act-
ing as the hub of the worldwide GSM
system support via its different field
offices.  Maintenance service con-
tracts ensure continuous development
and updating of the systems.

Axel Meier

REFERENCES
[1] Maucksch, T.: GSM system simulator for

type-approval testing of mobile stations.
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No. 137, pp 36 – 37

Ten years of history: 
The GSM system simulator paved the way for
the rapid development of mobile radiocommu-
nications

Having attained all its goals, GSM 
Facilities Ltd. has now been closed 
down. Extract from the letter to 
Rohde & Schwarz:

”We were pleased to find in 
Rohde & Schwarz the necessary 
professionalism to address the 
contractual issues“.
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