Catalog Contents 1
[ tome | I [_Rasaddomses |
- Company Profle 2




Company Profile

2

L]

| Catalog Contents I

Type Index

| R&S Addresses I | }I

Competence in Test and Measurement, Radiocommunications and Broadcasting

From our principles

We are an independent manufacturer
of electronic equipment and systems.
Our name is synonymous with innova-
tion, precision and quality. A leading
position on the European market and
worldwide presence are the solid

basis to our success.

o’

Who we are and what we do

Rohde&Schwarz is an internationally
active company in the fields of radio-
communications and test and mea-
surement. For more than 60 years the
company group has been developing,
producing and marketing a wide
range of electronic products for the
capital goods sector. The company is
headquartered in Munich. With 4500
employees worldwide and subsidiar-
ies and representatives in over 70
countries around the world, the
Rohde&Schwarz group achieves an
annual turnover in excess of 1.3 bil-
lion DM. The company is highly
export-oriented: More than 70% of the
total turnover is achieved outside Ger-
many. Due to the comprehensive
know-how and the innovative strength
of its employees, Rohde&Schwarz is
among the technological leaders in all
of its business fields.
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Today the Rohde & Schwarz group of
companies is active in the following
fields:

e Test and measurement

¢ Radiocommunications systems
Mobile radio

Broadcasting

Radiomonitoring and radiolocation
IT security
® Services

Quality management

The quality and environmental manage-
ment system of Rohde&Schwarz has
been certified to DIN EN ISO 9001
and 14001 and complies with the
standards of AQAP 110 and 150. The
company has approval for the develop-
ment, production, installation and ser-
vicing of avionic communication equip-
ment and is the first German transmitter
manufacturer authorized to carry out
BZT (Federal Approvals Office for Tele-
communications) approval testing for
radio transmitter systems.

Radiomonitoring and
radiolocation

Listen, locate, analyze

No matter how elusive the source, it
will not remain concealed with
modern radiomonitoring and radio-
location equipment. Because with the
instruments and systems from Rohde
& Schwarz, you can locate and ana-
lyze practically any type of radio sig-
nal. We offer complete solutions, en-
abling you to monitor frequency man-

Type Index

agement systems and master the intri-
cate tasks involved in the arena of
security irrespective of whether the
threat is from within or from the out-
side.

Backed by more than six decades of
experience, Rohde & Schwarz offers a
complete range of products and has
implemented a large number of key
projects in these fields: with equipment
ranging from single workstations to
nationwide, customized networks.
Rohde & Schwarz has got what it takes
to provide competent solutions even
for the most unusual radiomonitoring
and radiolocation problems.

Radiomonitoring and spectrum
management solutions

From stand-alone systems to com-
pletely automated nationwide net-
works

Industrial nations rely on an efficient
telecommunication infrastructure. An
increasing number of radio service
users pay high license fees and
demand freedom from interference in
return. National monitoring authorities
have the task of policing stringent
national and international legislation
on the use of radio frequencies.

But the task is immense: pagers, cord-
less phones and radio telephones,
radio modems, air traffic control and
train radio, professional mobile radio
— the list of radiocommunication ser-
vices gets longer each year. And as
the radio spectrum gets more and
more crowded, national regulatory
bodies face the increasingly complex
problem of monitoring and managing
spectrum usage.
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Competence in Test and Measurement, Radiocommunications and Broadcasting

Rohde & Schwarz provides flexible
solutions for your radiomonitoring and
spectrum management tasks — from
stand-alone systems to completely
automated nationwide networks, as
recommended and specified by the
International Telecommunications
Union (ITU).

Spectrum management requires radio-
monitoring as an essential element.
Measuring the spectrum occupancy is
indispensable for plan-
ning future
allocations of
frequencies as well

as monitoring all kinds of emissions,
measuring of their technical character-
istics and locating their sources by
using direction finders.

Monitoring the entire frequency band
from 100 Hz to 40 GHz around the
clock and nationwide is obviously a
huge and complex task. Rohde &
Schwarz provides a modular solution
that can be adapted to meet all
national radiomonitoring require-
ments.

Rohde & Schwarz offers a complete
range of ITU compliant equipment for
the measurement of frequency, modu-
lation and field strength. The Rohde &
Schwarz direction finders permit the
remote-controlled, fast and effective
position finding of all kinds of signal
sources.
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Integrating spectrum management
and radiomonitoring is a crucial task.
Rohde & Schwarz systems provide
optimum efficiency by combining up-
to-date radio-monitoring equipment
with powerful and optimum spectrum
management software.

Being an ITU member, Rohde &
Schwarz is always well informed on
current developments and plays an
active role in preparing new recom-
mendations. Considering future devel-
opments, Rohde & Schwarz is pre-
pared to work out solutions that will
fully meet the customers' future require-
ments.

Signal intelligence and elec-
tronic warfare

Solutions for interception, identifi-
cation and electronic countermeas-
ures

Military forces, the police and govern-
ment agencies with security-relevant
tasks can only be successful if their
technical equipment is up to the latest
state of the art.

Survival in the digital battlefield is only

possible through the use of flexible
technology. You simply have to be the
fastest and smartest to intercept and
evaluate the multitude of signals and
information to be successful in the age
of information warfare.
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"SIGINT goes digital" is the trend. All
instruments and systems from Rohde &
Schwarz are completely in line with
this trend through the massive use of
extremely fast data and signal proces-
sors for digital signal processing and
the use of intelligent modular hard-
ware and software.

We assist you in solving your complex
tasks by providing all-inclusive solu-
tions for searching, detecting, analyz-
ing and jamming all communication
signals from HF to SHF as well as non-
com signals. And that for any type of
modulation and transmission method.
Whether voice, fax or data, analog or
digital signals, encryption or LPI meth-
ods such as frequency hopping or
spread spectrum technique — we have
the optimum solution for you in store.
Rohde & Schwarz has specialized in
designing and manufacturing equip-
ment and systems for COMINT and
ELINT applications and provides com-
plete turnkey SIGINT and EW solu-
tions, such as

antennas from 1 kHz to 40 GHz,

— receivers for all communication
bands for stationary, mobile and
even portable use,

— direction finders fully digitally for
landbased, shipborne or air-
borne operation,

- signal analyzers and classifiers

in particular for data communica-

tions signal processing.

On request, tactical monitoring sys-
tems for special applications can be
supplied.
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Competence in Test and Measurement, Radiocommunications and Broadcasting

Rohde & Schwarz does not only pro-
vide a wide product line for SIGINT
and EW applications but its strength is
to design and deliver complete even
turnkey systems based on its modular
hardware and software:

® Amongst other examples there is an

integrated shipborne early warning
(COM ESM) System for automatic
detection and direction finding of
threat signals in the HF band. The
system is also suitable against short
burst transmissions

¢ Based on very fast intercepting dig-
ital direction finders the Scanloc
System allows to intercept locate
and analyze military frequency
hopping networks

e The V/UHF wideband mobile/port-
able networked DF system NetTrap
is designed for tactical applications
even under severe environmental
conditions.

All Rohde & Schwarz systems for

SIGINT application are run by the spe-

cifically designed modular software

RAMON which allows an extremely

flexible configuration of systems.

Radiomonitoring and Radiolocation
for Security Organizations

Security Organizations like Police,
Border or Coast Guard, Intelligence,
e.t.c., make also use of the equipment
and systems designed for Signal Intel-
ligence and Electronic Warfare. They
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are adapted, however, according to

their respective requirements. In addi-

tion Rohde & Schwarz offers on
request, mobile monitoring systems for
special applications.

IT security

The Rohde&Schwarz subsidiary SIT
Gesellschaft fir Systeme der Informa-
tionstechnik satisfies customers'
demands for secure and reliable utili-

zation of information and communica-

tions technology. Key activities are the
development of crypto products and
systems for the protection of informa-
tion in modern data processing and

communication systems as well as con-

sulting and IT security analyses for
industry and government authorities.

® Hardware and software crypto
products

¢ Development of customer-specific
crypto systems

¢ Consulting and IT security analyses

Services

Rohde &Schwarz maintains at its
Cologne Plant one of Europe's largest

service centers for T&M and communi-

cations equipment.

Our training centers in Cologne and
Munich offer a comprehensive choice
of courses on T&M and communica-
tions topics, which on request can also
be held at the customer's.

e Calibration, service and mainte-
nance

e Planning, development, system inte-

gration
¢ Seminars and training courses
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¢ Development of customer-specific
systems

¢ Technical documentation and logis-
tics

¢ Electronic information systems,
multimedia applications

Technical milestones

1938 World's first portable crystal
clock

1948 Europe's first VHF sound
broadcast transmitter

1964 Europe's first airtraffic-noise
monitoring system

1967 Europe's first automatic IC test
system

1974 First microprocessor-controlled
radio measurement system

1975 World's first quality monitoring
system for TV signals

1980 Europe's first stereo/dual-
sound TV transmission system

1984 First processor for automatic
setup of shortwave links

1986 Introduction of radio data sys-
tem RDS for sound broadcast-
ing in Germany

1990 First compact test set for GSM
transmitters and receivers

1992 Exclusive supplier of reference
test equipment for type-
approval testing of GSM
mobile phones

1992 World's fastest digital radio-
monitoring system

1995 Technical equipment for
world's largest pilot project for
digital audio broadcasting
(DAB)

1996 First integrated HF voice/data
radio for use in commercial air-
craft for fully automatic world-
wide transmission of flight data
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Competence in Test and Measurement, Radiocommunications and Broadcasting

1997 Reference test equipment for
first mobile radio standard for
satellite- and ground-based
communications

1997 Order for nationwide DVB-T
transmitter network in Great
Britain (largest DVB project
worldwide)

1999 World's first operational uni-
versal software radios for use
on military platforms

Plants

Munich

Company headquarters in Munich
house the R&D departments, systems
engineering and assembly, training
and service center, central divisions
and administration.

ROHDE&SCHWARZ GmbH & Co. KG
MihldorfstraBe 15 - 81671 Miinchen
P.O.B. 80 14 69 - 81614 Miinchen
Phone +49 89 41 29-0

Fax +49 89 41 29-121 64

Memmingen

The plant in Memmingen is responsi-
ble for the final production and deliv-
ery of all Rohde& Schwarz equip-

ment.

ROHDE & SCHWARZ MeBgerdtebau GmbH
Riedbachstrafe 58 - 87700 Memmingen
P.O.B. 16 52 - 87686 Memmingen

Phone +49 8331 1 08-0

Fax +49 83 31 1 081-124
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Teisnach

The Rohde &Schwarz plant in northern
Bavaria produces the mechanical and
electrical parts for the equipment pro-

duction in Memmingen.

ROHDE&SCHWARZ GmbH & Co. KG
Kaikenrieder Strafle 27 - 94244 Teisnach
P.O.B. 11 49 - 94240 Teisnach

Phone +49 9923 8 570

Fax +49 9923 8 571-174

Cologne

Rohde &Schwarz Cologne Plant is one
of Europe’s largest service cenfers for
electronic T&M and communications
equipment. Services include mainte-
nance and
repair, fraining,
technical docu-
mentation and
logistics (also in

B conjunction with
{ multimedia appli-
cations), system
integration and
adaptation as
well as services for information and

communications technology projects.

= ~ .

Factory for PCBs in Memmingen (Photo 36770)
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The Cologne Plant is an accredited
calibration laboratory of the German
Calibration Service.

ROHDE&SCHWARZ GmbH & Co. KG
Graf-Zeppelin-StraBe 18 - 51147 Kéln
P.O.B. 98 02 60 - 51130 KéIn

Phone +49 2203 49-0

Fax +49 2203 49-51 308

Subsidiaries

ROHDE & SCHWARZ Vertriebs-GmbH
(RSV)

Founded in Berlin in 1946 and relo-
cated to Munich in 1961, RSV is
responsible for domestic sales of
Rohde&Schwarz products as well as
products of other make marketed on
behalf of RSE. RSV has a marketing
network throughout Germany.

Rohde&Schwarz Vertriebs-GmbH
MihldorfstraBe 15 - 81671 Miinchen
P.O.B. 80 14 69 - 81614 Miinchen
Phone +49 89 41 29-20 07

Fax +49 89 41 29-35 67

ROHDE & SCHWARZ International
GmbH (RUSIS)

Since the end of 1993, RUSIS has
been responsible for sales of Rohde &
Schwarz products outside Europe. The
company coordinates agencies, repre-
sentatives and other business partners
in the Asia-Pacific region, Middle
East, Africa, North and Latin America.

ROHDE &SCHWARZ International GmbH
MihldorfstraBe 15 - 81671 Miinchen
P.O.B. 80 14 60 - 81614 Miinchen
Phone +49 89 412920 05

Fax +49 89 41 29-35 97
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Competence in Test and Measurement, Radiocommunications and Broadcasting

ROHDE & SCHWARZ Engineering and
Sales GmbH (RSE)

Founded as a subsidiary in 1972 and
headquartered in Munich, RSE is pri-
marily involved in marketing comple-
mentary products from other manufac-
turers. The objective of RSE is a verti-
cal completion of the Rohde &
Schwarz product line in close cooper-
ation with headquarters and the repre-
sentatives abroad. The numerous com-
panies represented by RSE include
renowned manufacturers such as the
Rohde &Schwarz cooperation partner
Advantest.

ROHDE &SCHWARZ Engineering and Sales
GmbH

MihldorfstraBe 15 - 81671 Miinchen
P.O.B. 80 14 29 - 81614 Minchen

Phone +49 89 4129-137 11

Fax +49 89 41 29-137 23

R & S BICK Mobilfunk GmbH

R&S BICK Mobilfunk GmbH with
headquarters in Bad Minder special-
izes in the development and imple-
mentation of professional mobile
radio systems. In particular, the com-
pany supplies system infrastructure
and applications for trunked radio.

R&S BICK Mobilfunk GmbH

Im Landerfeld 7 - 31848 Bad Miinder
P.O.B. 20 62 - 31844 Bad Miinder
Phone +49 50 42 9 98-0

Fax +49 50 42 9 98-105
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ROHDE & SCHWARZ FTK GmbH
ROHDE & SCHWARZ FTK GmbH with
headquarters in Berlin has developed
from the former broadcast transmitter
manufacturing activities of Funkwerk
KSpenick. The company develops and
supplies products and systems in the
field of VHF sound broadcasting as
well as solutions for the transmission of
ancillary data via digital broadcast
channels. Services offered by

Rohde &Schwarz FTK include software
development.

ROHDE &SCHWARZ FTK GmbH
WendenschloBstrale 168, Haus 28
12557 Berlin

Phone +49 30 6 58 91-122

Fax +49 30 65 55 0221

SIT Gesellschaft fir Systeme der Infor-
mationstechnik mbH

SIT provides solutions for security in
information technology. Key activities
are the development of crypto prod-
ucts and systems for the protection of
information in modern data process-
ing and communication systems as
well as consulting and IT security anal-
yses for industry and government
authorities.

SIT Gesellschaft fiir Systeme der
Informationstechnik mbH
Wendenschlof3str. 168, Haus 28
12557 Berlin

Phone +49 30 6 58 84-222
Fax +49 30 6 58 84-183

Our partners

To secure a complete market presence
in the technological key regions North
America and Japan, we are cooperat-
ing with successful local partners who
guarantee customer-oriented consulta-
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tion and competent servicing —
Tektronix in North America and
Advantest in Japan.

Tektronix

The company was founded in 1946
and with its headquarters in Beaver-
ton/Oregon is now fully devoted to
test and measurement products after
selling its line of printers and video/
network equipment in 1999. With
3600 employees worldwide,
Tektronix achieved a turnover of
US$ 845 million in the fiscal year
1999 with its test and measurement
products. In North America, the
Tektronix product range is enhanced
by almost the full range of T&M
products from Rohde&Schwarz. The
two companies also cooperate in the
development of test and measurement
instruments for special applications.

Advantest

Advantest, a Tokyo-based company
founded in 1954, is the world’s lead-
ing supplier of semiconductor test sys-
tems. The second most important busi-
ness field is test and measurement
equipment. In the fiscal year 1998,
Advantest had a fotal turnover of Yen
141.7 billion. Advantest and Rohde&
Schwarz have concluded a mutual
sales agreement for T&M products:
Advantest sells Rohde & Schwarz
equipment in Japan and Rohde
&Schwarz markets Advantest test and
measurement instruments in Europe,
the Middle East, in Brazil, Australia,
South Africa and other countries. The
two companies also cooperate in the
development of T&M equipment for
the Japanese market.
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Contents of Chapter 1
Designation Type Description Pages
Overview of Formulae and 8
Antennas
HF Antennas and accessories HEOQ10, HEOT1 Active Rod Antennas 13, 14
HEOT16 Active Antenna System 15
HA105, HA230 HF Receiving Antennas 16,17
AK451, AK471 Rotatable Log-Periodic Antenna Systems 18, 19
RDOO8 Antenna Rotator 20
BG030, RB0O40 Control Units 21,22
HL210A3, HL410A3 Log-Periodic HF Antennas 23,24
VHF/UHF Antennas and accesso-  AU900A4 Receiving Antenna System 25
ries HF214, HF902 Omnidirectional Antennas 26, 27
HE200 Active Directional Antenna 28
HE309 Active Vertical Dipole 29
HK309 Passive Broadband Receiving Dipole 30
HE202, HE302 Active Receiving Dipoles 31, 32
HE314A1 Active Omnidirectional Antenna 33
HE 402 Active Directional Antenna 34
INT10, IN115 Power Supply Units 35, 36
VHF/UHF Antennas HLO23A1, HLO23A2, HL223 Log-Periodic Antennas 37, 38, 39
HLO40 Log-Periodic Dipole Antenna 40
HLOO7A2 Crossed Log-Periodic Antenna 41
GBO16 Control Unit 42
HKO14 VHF/UHF Coaxial Dipole 43
SHF Antennas HLO25, HLO25S1 Log-Periodic Antennas 44
HL025S7 Active Antenna Feed 45
HLO24A1, HL 024S1, HL024S2 Crossed Log-Periodic Antennas 46, 47
HL024S5 Active Antenna Feed 48
HL024S7, HL024S8, HL024S9 Active Antenna Feeds 49
ACO008 Microwave Directional Antenna 50
ACO090, AC120, AC180, AC300 SHF Directional Antenna Systems 51,52, 53, 54
AC308R2, AC308R3 SHF/EHF Directional Antennas 55
ACO04R1, ACO0O4R2 Omnidirectional Antennas 56
Antennas ily arranged on a single mast using ¢ Antenna reflectors of different sizes

Receiving signals from

100 Hz to 40 GHz

The Rohde & Schwarz product line
encompasses a wide range of highly
sensitive active and passive antennas
for mobile and stationary use, provid-
ing complete coverage of the 100 Hz
to 40 GHz frequency range. Espe-
cially in radiomonitoring and radiolo-
cation our broadband antennas mini-
mize the number of antennas needed.
Our monitoring antennas can be eas-

both directional and/or omnidirec-
tional elements providing optimum
reception for any polarized signal. All
antennas are fit for use under extreme
weather conditions.

Our antenna systems can be control-
led easily and efficiently with a com-
mercial PC and our software running
under Windows NT. For the micro-
wave range Rohde & Schwarz offers
an extensive line of equipment:

with optimized feeds

e Log-periodic feeds with high polari-
zation decoupling even
at 18 GHz

¢ Integrated preamplifiers
for system optimization

e Complete antenna systems for full
coverage from 1 GHz to 40 GHz

For more antennas see the HF-VHF-
UHF-SHF Antennas Catalog (PD
756.9800.54)
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General Frequency
Tera - Atto Prefixes  Range Classification Band
T Tera 102 c Centi 102 VIF 3 kHz to 30 kHz Very low frequency 4
G Giga 10° m Milli 108 100 km to 10 km
M Mega 100 u Micro 10°¢ LF 30 kHz to 300 kHz Low frequency 5
k  Kilo 103 n  Nano 109 10km fo 1 km
h Hecto 102 p Pico 10-12 MF 300 kHz to 1650 (3000) kHz Medium frequency 6
da Deca 10! f Femto 10-15 1000 m to 182 (100) m '
d Deci 10-1 a Atto 10-18 HF 3 MHz to 30 MHz High frequency 7
100 mto 10 m
VHF 30 MHz to 300 MHz Very high frequency 8
10mto1lm
Measures of length UHF 300 MHz to 3000 MHz  Ulira high frequency 9
1 meter (m) = 100 centimeters (cm) = 1000 millimeters (mm) = TmtoO0.1m
1000000 micrometers (um). SHF 3 GHz to 30 GHz Super high frequency 10
1 m = 10 decimeters (dm). 10cmto 1 cm
1" kilometer [km) = 1000 m. EHF 30 GHz o 300 GH Extremely high f 1
1 sea mile = 10 cable lengths = 1852 m. 10 mmz'oo] mm “ xiremely high frequency
1 English statute mile = 1760 yards = 1609 m.
1 yard = 3 English feet = 36 English inches (") = 91.44 cm.
1 English inch = 25.4 mm (accurately 25.399956 mm). Conversion /0 o A/f
03 y
Inch in mm :I
inch 1 1 1 1 3 1 —
o 2 6 B 16 o ! h=c/f=3x108/f
mm 0.397 | 0.794 | 1.587 | 3.175 | 4.762 | 6.350 s 108
inch 3 1 3 2 Z 1 3 [co = 2.997925 x 108 m/s)
8 2 8 7] 8 U
mm 9.525 |12.700(15.875(19.050(22.225|25.400
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10 MQ ; 0.1us
RO & %o 10 30 100 300 | f—= . 1000
1 MQ % o5 Vv Tus
s Cor 2
100 ke < 5 1048
E o -
3 @, X
10k - v, 100 pS 1o 4 7 9 10,
X e o 3 2 9
Tka > % - 1ms \ X X .
G & = C
1000 g Vi — 10ms 7 7\
¢ $ A 6
100 % l 100 ms v,
N 5 3
° 5 5
TQ v 18 i
< 5 ,l. ‘ z&h i ‘
010 > 105 %
THz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 1GHz 10GHz f } "
¢ : S5 ’
7
2 o 2
izees N
|
% ias = ,L
Do Vo
! 4 510 f }
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Reflection, matching

s VSWR s(VSWR) r% Pt %
r Reflection U Ue
a Return loss LS —_—
Ui U— 8\
S
1.01 0.50 %
s o Bl 102 0.99 0.01 % .
o R B 0 1.48 0.02 RIS
3 o1 0 : : : ) QLK.
10053 1 5| 104 196 | 004 ,,;:.;.?:.?;::52:; e
E ] 31 105 2.44 0.06 H,,-'.':,:_s,&g
1003 05— 3| 1.06 2.91 0.08 RS
1.015 1 1| 107 3.38 0.11 gat i
2 1 1] 108 | 385 | 015 ‘-‘v"ﬂ,"."')":&&"
00— o— 71| 09 431 0.19 “',‘:'5‘:”:{'25:{"’0 3
1,025 — ] i ":»’.‘3%.030:%:%’:?'5"‘"
U 4] 110 | 476 | o023 L
E R 11 1n 5.21 0.27 T
1035 1 s | 1.2 5.66 0.32
1.040 — 1 a 1.13 6.10 0.37
3 207 11 1.4 6.54 0.43
11045 1 14| 115 6.98 0.49
1.050 — s ] 1.16 7.41 0.55
3 2 32
1055 3 ] 1.17 7.83 0.61
E 1o, 4] 18 8.26 0.68
o3 1.19 8.68 0.75
voes—3 4 | 120 9.09 0.83
3 ] 1] 130 13.0 1.70
e N 1.40 167 2.78
1.075 — ' ] 29— 1.50 20.0 4.00
10803 ] 41 1.60 23.1 5.33
3 0] as | 170 25.9 6.72
1.085 — : 1.80 28.6 8.16
1.090 3 ] 11 1.90 31.0 9.63 L
E 1 ]| 200 33.3 11.10 95 :
1095 3 45 -
' 1.5 |
2.20 37.5 14.1 8.5 _
2.40 412 17.0 7.7 1.4 2=P P —
2.60 44.4 19.8 7.0 s =
2.80 47 4 22.4 6.5 ’ ol 1+m 1
3.00 50.0 25.0 6.0 12 [, TS o P —
3.50 55.6 30.9 5.1 11
4.00 60.0 36.0 4.4 o
5.00 66.7 44 .4 3.5 "0 24 6 81012 14161820 30 40 mW 50
6.00 714 51.0 29 0% 1% 2% 4% 6% 8% 10%
7.00 75.0 56.2 2.5 Reflected power  —=
8.00 77.8 60.5 2.2
10.0 81.8 66.9 17 O 90N
20.0 90.5 81.9 0.9 s H
50.0 96.1 92.3 0.3 !
35
T+r 1000547 s—1 s+1 ‘\ ) 0.02-]
= =— r=——0 a=20lg—— _ 4 |
MR To o s+1 % i =1 [ —
-—T \ t—o.os—
30+ s—1 o1
T 51 .
1 \ s+1 IE_():_OA_
T \ o (dB) = —20logr 15 0.05]
25+ N 5
4 N
AN ]
- N [ ]
18 AN -
20 ; N ~ 0.14
i -
15 J
- 0.2+
10 j&
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
VSWR —_—
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Voltage and power ratio
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Levels
Type of level Definition Unit Abbrev.
'|O|g(] ,:W) dB(mW) dBm
Absolute power level
1 o@(ﬁ) dB(W) dBW
UL\ dB(775mv)1 | dB
20lg( 552y )| B! )
Absolute voltage level
20&{%) dB(v) dBv
Power density level P/ Af
referred to frequency ]Olg[m] dB(W/Hz) -
Power density level P/ A 2
referred to antenna surface 10|g[] W/ n’f] dB(W/m?) -
Field strength level 20| L dB(pV/m —
9 g TuvV/ m V/m)
Relative level? 10lg P — dBr
R
Absolute power level reduced to O dB point dB(mW, 0) dBm O
Absolute noise power level reduced to O dB
point and with psophometric weighting dB(mW, 0, p] | dBm Op

1) Ri=Ry=600 Q.
2) Level P; referred to site = power at O dB point (in mWO or pWO).

Inductance, capacitance

Cylindrical coil

Plate capacitor

=0

40

TN
o

C
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A
L=, 1, NQT
Liotar = Ly + Ly
_ l l D1
Liotar = (I.] + ’-z)
wo = 47107 %
Am
A
0 r d
] 'I D1
Ciotal = | =+
total (C] C2)
Ciotal = C1+ &
& =8.8541-10"2£{i=i}
mim

Characteristic impedance of free space

Zo=)\/@= 120 - niQ = 377 Q
€0

Maximum receive power
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Type of antenna

Current distribution Directivit;y factor | Effective Radiation Field strength in direction of
DY antenna resistance maximum radiation?!
length RinQ inmV/m
i rin km rinkm
PinW Pin kW
JP/W JP/kW
. . 30-
Isotropic radiator 120dB /30 (r/km) 173 (r/km)
-— | —» 2
Hertz dipole with end capacitance? 15218dB BOnz(l) 3.5 ~P/W 212. JP/kW
R n (r/km) (r/km)
Short antenna on infinitely conducting ground ! . 2(h ) APIW JP/KW
with top capaciance? 3 324.8dB h 160n (x) 3.J/T0 o | 30020
A
— | 12 / /
Short dipole without end capacitance® 15218dB = 207:2(—) 3.5 P/W 212 P/kW
2 A (r/km) (r/km)
Short antenna on infinitel?/ conducting ground : X h 4072 h\2 3../70. JP/W 300 P/kW
without top capacitance? | 3.024.8dB 2 T (X) (r/km) ' (r/km)
Wil i
«-—)2—
) i A 7. JP/W 291 AP/KW
Halfwave dipole %F 1.6422.15dB p 73.2 (r/km) (r/km)
Quartzr-wave antenna on infinitely conducting ; 328252 db A 366 0. P/W 316. JP/kW
groun i 2 (r/km) (r/km)
Wiiiidizzzzzz‘a
Small single-turn loop in free space Loop su}r\che S 158 1.8 dB 2xF 80n24n2F2 3.5 NAVEPITY ~P/kW
any shape N 24 (r/km) (r/km)
—
i SP/W | ogg . JP/KW
Fullwave dipole q@ 24238dB 62 /) (k)
-— 2
Folded halfwave dipole ; _ JP/kW
1642215d8 | 22 [4:73.2=280 | 7 AW 22140
T (r/km) (r/km)
Turnstile antenna (Hertz dipole) I/
radiating in horizontal plane N 40 2(1)2 3 /0. P/W | 150. JP/kW
075%-1.2d8 W2 wkm (r/km)
Broadsid Hertz dipol JP7KW
(ch;ci;;earray( ertz dipoles) i1 i1 A-L 2. /30 T P/ (346 % /
—_— A A (r/kn (r/km)
Collinear array (Hertz dipoles) - o L T A /KW
L= 245 |-
(L>>2) F—L—j 2 z Q'M'Ji'(r/kn (r/km)
/ JP/kW
Antenna with directivity D D J30..5- LN 73
(r/km) (r/km)
1} Corresponds to gain with loss-free antenna.
2 h<O.1h
3 1<0.2A.
4 Antenna and surroundings loss-free.
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antennas N I o AR |
AK503
I T e M |
A —
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HKO1 HK|C)0
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HKO14 plus diplexer for FT224
Linearly polarized AK451
log-periodic ‘ ‘ ' ” AK47]!
antennas ., H210A3 .
HL410A3 : HL025
_ |
Duql p9|. log HLOO7A2
periodic antennas |
HLO24A1, HL02452
| L]
[ [T T TTTIT 1
L1 | I AIccl)osls [ L1 |
AC090, AC120, AC180,AC300
Reflector antennas NI
AC308R2
Il
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9 kHz HMO020
| | I'I_‘M5I25IIIIIII |
100 Hz | | |1 1 1 Il |
AM524
[
) | | |||
[N
Antennafeeds and 11l 111
test antennas . HLO23A] HL023A2 o
HLO46
L L LIl
12
L1111
HLOAO .
‘ HLO25 .
| | [N
HLOQA"' [N
’ HF906
ADD119, ADDO10, ADDO11, ADDO12 ‘ ‘ H
ADDO51, ADD150
DF antennas - '”AL')mss H A
[ LIl
ADD050 ‘ ‘ ‘ ‘ ‘ ,|L\||)D17o‘
| [ NN
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Active Rod Antenna HE 010

10 kHz to 80 MHz

Excellent characteristics of active receiving

antenna

Brief description

The excellent characteristics of active receiving antennas

are a result of carefully matching the passive antenna struc-

ture to the active circuitry.

Special features

Wide frequency range 10 kHz to 80 MHz
Optimized for maximum dynamic range (high sensitivity,

excellent large-signal characteristics)

Short length (1 m only)

¢ High immunity to nearby lightning strikes

Photo 29050

Specifications Ordering information
Frequency range 10 kHz to 80 (120) MHz Active Rod Antenna HEO10 0523.1414.13
Polarization vertical (connector 1x N female)
Nominal impedance 50 Q
VSWR Extras
50 kHz to 120 MHz <2 Power Supply Unit INT10 4040.8508.02
10 kHz to 50 kHz <3 Power Supply Unit IN115 4004.1707.02
Antenna factor (mounted on
conductive plane) 17 dB
Intercept point
2nd order >50 dBm (typ. 60 dBm)
3rd order >30 dBm
Crossmodulation limit 12 V/m up to 30 MHz
6 V/m, 30 MHz to 80 MHz
Power supply via RF cable,
21 V1026V DC (170 mA)
Connector N female
Operating temperature -40°C to +65 °C
Max. wind speed 188 km/h (without ice deposit)
Dimensions
Length 1000 mm
Max. diameter 120 mm
Weight 0.9 kg
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Active Rod Antenna HEO011

50 kHz to 30 MHz

Careful matching of passive antenna structure to

active circuitry

Brief description

The excellent characteristics of active receiving anfennas

are a result of carefully matching the passive antenna struc-

ture to the active circuitry.

Special features

* Wide frequency range 50 kHz to 30 MHz (operational

up fo 200 MHz)

¢ Optimized for maximum dynamic range (high sensitivity,

excellent large-signal characteristics)

e Short length

¢ High immunity to nearby lightning strikes
¢ Adjustable length of radiator

Specifications

Frequency range

Polarization
VSWR
Antenna factor
Intercept point

2nd order

3rd order
Crossmodulation limit
Power supply

Connector
Operating temperature
Max. wind speed
Dimensions
Max. length with radiator
Max. diameter
Weight

50 kHz to 30 MHz

(up to 200 MHz w/o specification)
vertical

<2

13 dB

>50 dBm (typ. 60 dBm)

>30 dBm

>10V/m

via RF cable; 24 V DC

£15% (190 mA)

N female

-25°Cto +55°C

130 km/h (without ice deposit)

1700 mm
90 mm
0.9 kg

Photo 40323

Ordering information

Active Rod Antenna HEO11
(with power supply unit)

4031.7654.03

For use under extreme environmental conditions as well as on board vehicles
and ships, the proven Active Rod Antenna HEO10 with Power Supply IN115
is available (see page 13).

KN
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Active Antenna System HE016

10 kHz to 80 MHz (vertical)
600 kHz to 40 MHz (horizontal)
Omnidirectional reception also
for horizontally polarized

waves

Brief description

This antenna system is a combination
of Active HF Rod Antenna HEO10 and
two crossed HF dipole antennas. The
two horizontal dipole antennas are
combined via a 90° coupler to
produce an omnidirectional antenna
pattern for the reception of horizon-
tally polarized signals.

Special features

¢ Extremely small dimensions

¢ High sensitivity — same system sensi-
tivity as comparable passive anten-
nas with more than three times the
size

¢ High linearity

Specifications

Photo 43060

¢ High immunity to nearby lightning
strikes

® Optimum results under any receiv-
ing conditions with minimum space
requirement

¢ Omnidirectional reception of hori-
zontally and vertically polarized
signals

Ordering information

Frequency range Active Antenna System HEO16 4051.8504.02
Vertical polarization 10 kHz to 80 (120) MHz
Horizontal polarization 600 kHz to 40 MHz Extras
Nominal impedance 50 Q Power Supply Unit IN115 4004.1707.02
VSWR <2 (10 kHz to 20 kHz: <3) 6 m Plug-in Mast KMOT1 0273.9116.02
Intercept point
2nd order >50 dBm up to 30 MHz
3rd order >30 dBm up to 30 MHz
Power supply 21 Vo 26 V DC (460 mA)
Connector 2 x N female
Operating temperature -40°C to +65°C
Max. wind speed 188 km/h (without ice deposit)
Dimensions (dia. x H) 3mx1.4m
Weight 3kg
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HF Receiving Antenna HA 105

1.5 MHz to 30 MHz

For use in mobile stations and on ships

Brief description

Due to its small size and low weight, the HF Receiving
Antenna HA 105 is particularly suitable for use in mobile
stations and on ships. The V-shaped arrangement of the
radiators enables this antenna to be used for the reception
of both horizontally and vertically polarized signals.

Special features

Wide frequency range

Small size

Omnidirectional horizontal pattern when receiving high-
angle signals (NVIS)
e Proven in mobile and stationary use

Specifications

Photo 3757

Ordering information

Frequency range 1.5 MHz to 30 MHz HF V-Dipole, mobile HA105/1/50 0111.5816.11
Polarization horizontal and vertical HF V-Dipole, stationary HA105/11/50 0101.3262.50
Nominal impedance 50 Q
Connector
HA105/1/50 N female
HA105/11/50 4/10 female
Length of radiators
HA105/1/50 3.5m
HA105/11/50 3.8m
Weight
HA105/1/50 14 kg (with stand)
HA105/11/50 5 kg
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HF Receiving Antenna HA 230

1.5 MHz to 30 MHz

For polarization-diversity reception

Brief description

The HF Receiving Antenna HA230 is a versatile shortwave
antenna for both horizontally and vertically polarized
waves. Made up of electrically isolated and decoupled indi-
vidual elements, this antenna is particularly suitable for
polarization-diversity reception.

Special features

¢ Individual radiators for horizontal and vertical
polarization

e Suitable for polarization-diversity reception

¢ For mobile and stationary use

Photo 13141

Specifications

Frequency range 1.5 MHz to 30 MHz

Ordering information

Polarization Diversity Antenna

Polarization horizontal and vertical mobile HA230/401 0101.1160.02
Nominal impedance 50Q stationary HA230/403 0101.1176.02
Connectors 3 x N female
Preferred application
HA230/401 mobile use
HA230/403 stationary use
Dimensions
Length of radiators
HA230/401 57 m
HA230/403 5m
Height
HA230/401 11.7m
HA230/403 11 m
Weight
HA230/401 35 kg
HA230/403 85 kg
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Rotatable Log-Periodic Antenna System AK451

5 MHz to 30 MHz
For transmission and reception of horizontally

polarized waves over medium to long distances

Brief description

The compact Rotatable Log-Periodic Antenna System
AK451 is used for the transmission and reception of hori-
zontally polarized waves. Due to a transmission frequency
range from 5 MHz to 30 MHz, the antenna system is
particularly suitable for operation over medium to long
distances despite its extremely small size. Reception is pos-
sible from 2 MHz thus covering all distances.

Special features

¢ Extremely small dimensions (size of loaded log-periodic
antenna for 6.2 MHz to 30 MHz)

e Transmission from 5 MHz, reception from 2 MHz

¢ Unrestricted halfwave elements leading to high antenna

Photo 36608-1

* Easy and quick assembly
e little maintenance required

gain
Specifications Ordering information
Frequency range 5 MHz to 30 MHz Log-Periodic HF Antenna HL451 0733.8507.02

(reception 2 MHz to 30 MHz) Lattice Mast

Polarization horizontal 15 m (standard) KM 451B2 4028.3400.02
Nominal impedance 50 Q 10 m (for roof top mounting) KM451B1 4028.3351.02
VSWR <2 30 m (for long-range
Max. input power 1 kW communications) KM451B3 4028.3451.02
Gain 6 dBito 12.5 dBi Antenna Rotator RD0O08 0720.6300.02
Radius of rotation 8.3m Adaption Set/Rotary Joint RDO08Z1 0720.6400.02
Range of rotation +(n x 360°) Control Unit (manual) RBO40 4003.2100.02
Max. wind speed 180 km/h (without ice deposit) Control Unit (remotely/computer-
MTBF >100,000 h controlled) BG030 0749.8501.02
Dimensions

Length of antenna 15 m Other configurations on request.

Width of antenna 16 m
Weight of antenna 260 kg
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Rotatable Log-Periodic Antenna System AK471

7 MHz to 30 MHz

For transmission and reception
of horizontally polarized
waves especially over long

distances

Photo 37391-3

Brief description

Special features

The compact Rotatable Log-Periodic Antenna System ¢ Extremely small dimensions

AK471 is used for the transmission and reception of hori- * Low weight
zontally polarized waves. Due fo its transmission frequency ~ ® Easy and quick assembly
range from 7 MHz to 30 MHz it is used especially over long e little maintenance required
distances. Reception is possible from 3 MHz to 30 MHz

leading to coverage of almost all distances. Its low weight

and small size make the antenna system ideal for installa-

tion on roofs.

Specifications Ordering information
Frequency range 7 MHz to 30 MHz Log-Periodic HF Antenna HL471 0755.3008.02
(reception 3 MHz to 30 MHz) Lattice Mast
Polarization horizontal 15 m (standard) KM 451B2 4028.3400.02
Nominal impedance 50 Q 10 m (for roof top mounting) KM451B1 4028.3351.02
VSWR <2 30 m (for long-range
Max. input power 1 kW communications) KM451B3 4028.3451.02
Gain (with 15 m mast) Antenna Rotator RD0OO8 0720.6300.02
7 MHz to 8 MHz 0 dBi to 6 dBi Adaption Set/Rotary Joint RD008Z1 0720.6400.02
8 MHz to 30 MHz 6 dBito 12.5 dBi Control Unit (manual) RB0O40 4003.2100.02
Radius of rotation 5m Control Unit (remotely/computer-
Range of rotation +(n x 360°) controlled) BG030 0749.8501.02
Max. wind speed 180 km/h (without ice deposit)
MTBF >100,000 h Other configurations on request.
Dimensions
Length of antenna 8.8m
Width of antenna 1m
Weight of antenna 100 kg
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Antenna Rotator RD 008

For azimuth positioning of

antennas and antenna systems

Photo 36007

Brief description Special features

The Antenna Rotator RDOO8 is used for azimuth positioning Smooth start-up thanks to starting clutch

of antennas and antenna systems. It features a positioning Overload protection thanks to slip-friction clutch

accuracy of £1°. A manual control unit (RBO40) or compu-  ® Easy to service

ter-controlled model (BG030) is available for the rotators. e High MTBF

Specifications Ordering information

Range of rotation +(n x 360°) Antenna Rotator RDO0O8 0720.6300.02
Max. vertical load 3000 N

Max. bending moment referred to Extras

upper edge of drive flange 4250 Nm Control Unit RBO40 4003.2100.02
Max. radial force on upper bearing 23,500 N Control Unit BG030 0749.8501.02
Max. bending moment referred to Adaption Set/RF Rotary Joint RD0O08Z1 0720.6400.02
lower edge of base flange 6750 Nm Adaption Set/ RF Rotary Joint

Drive speed 0.5 rpm and 4 Slip Rings RD008Z3 4042.4200.02
Power supply 220 VAC +5%, 50 Hz, 2.2 A

Operating temperature -25°C to +70°C

Weight 110 kg
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Control Unit BG030

For controlling Antenna Rotator RD0O08

Brief description

The Control Unit BGO30 is used for controlling the Antenna
Rotator RDOO8 in local mode or in computer-controlled
remote mode. Optional the BGO30 is available with an
IEC-625/IEEE-488 interface or a serial R5-232-C and
RS-485 interface.

S ELeor BEDIENGERAT — CONTROLUNIT BG030  © |

\ [

MEMORY VORWAHL-PRESET

NETZ
POWER

|
|
REMOTE
@
{
|

Photo 36208-1

-

Specifications Ordering information
Operation local or computer control Control Unit BG030 0749.8501.02
Display accuracy t1°
Power supply 220 VAC +10/-15%, Extras
47 Hz to 63 Hz Serial Interface BG030-Z1 0749.8547.02
(45 VA, without rotator) IEC/IEEE Bus Interface BG030-22 0749.8582.02
Operating temperature 0 to +50°C
Dimensions (W x H x D) 220 mm x 133 mm x 312 mm
Weight 6 kg
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Control Unit RB040

For manual control of Antenna Rotator RD00S

and antenna positioning

Brief description

The Control Unit RBO40 for the Antenna Rotator RDOOS is
used for positioning antennas, eg log-periodic antennas,
preferably in radiomonitoring and radiolocation systems.
The RB0O40 is available as a desktop unit or as a 19" rack-

o T
N\ 3300
N

Vs
30° /.
>

® o

0° NETZ - POWER

1
180°
7y, W\
Wty oS

mount.
Photo 37795

Specifications Weight 58kg
Operation manual control with three-position Orderlng information

switch for CW and CCW rotation

d standstill

Display accuracy o naet Control Unit RBO4O 4003.2100.02
Power supply 220 VAC +10/-15%,

47 Hz to 63 Hz

(max. 7.5 A, with rotator)
MTBF >100,000 h
Operating temperature 0 to +50°C
Dimensions (W x H x D) 220 mm x 145 mm x 360 mm

(V2 x 19", 3 height units)
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Log-Periodic HF Antenna HL210A3

1.5 MHz to 30 MHz

For high-sensitivity radiomoni-
toring through reception of
ground waves and vertically

polarized sky waves

Brief description

The Log-Periodic HF Antenna
HL210A3 is suitable for the reception
of ground waves as well as vertically
polarized sky waves and allows even
very weak signals to be detected.
According to the physical characteris-
tics of vertically polarized waves,
maximum sensitivity is obtained at low
and medium elevation angles. For

Specifications

additional reception of horizontally
polarized waves and predominantly
horizontally polarized high-angle
radiation the antenna can be com-
bined with the horizontal Log-Periodic
Antenna HL410A3. The azimuth
range of the HL210A3 of about 120°
can be enhanced up to 360° cost-

effectively by adding further antennas.

Max. wind speed

with ice deposit

\

Special features

¢ Reception of even very weak sig-
nals

e Very high efficiency through dipole
structure

¢ Extremely large frequency range

¢ No ground net required

¢ Small antenna size for 1.5 MHz to
30 MHz range and high directivity

e little maintenance required

170 km/h for survival
145 km/h to DIN 4131
135 km/h to DIN 4131

Frequency range 1.5 MHz to 30 MHz M,TBF . 2100,000 h
Polarization vertical Dimensions
Nominal impedance 500 Len‘gth of antenna array approx. 97 m
VSWR Height of supporting mast approx. 20 m

1.5 MHz to 2 MHz <6

2 MHz to 30 MH 2.5 (typ. <2 . . :
Directivity <2:3byp. <2 Ordering information

1.5 MHz to 2 MHz 8 dBto 10.5 dB

2 MHz to 30 MH 10.5dBto 12 dB
Eficiency § S90% Log-Periodic HF Antenna HL210A3 4045.9002.xx
Connector N female ) )

Further information on request.
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Log-Periodic HF Antenna HL410A3

1.5 MHz to 30 MHz

For radiomonitoring over
short, medium and global
distances with extremely high

sensitivity

Brief description

The Log-Periodic HF Antenna
HL410A3 is suitable for the reception
of horizontally polarized waves and
allows even very weak signals to be
detected. The vertical patterns are
shaped taking into account the trans-
mission characteristics in the iono-
sphere. In conjunction with the

extremely large frequency range from
1.5 MHz to 30 MHz the antenna thus
allows reception of signals over short,
medium and global distances. The
azimuth range of about 70° can be
enhanced up to 360° in a costsaving
way by adding further antennas. For
the reception of vertically polarized
waves the antenna can be combined

with the vertical Log-Periodic Antenna
HL2T0A3.

MTBF

Dimensions

Length of antenna array
Width of antenna array
Height of supporting masts

Special features

® Reception of even very weak sig-
nals

* No skip zone

 Extremely large frequency range

® Small antenna size for 1.5 MHz to
30 MHz range

e Star-shaped arrangement possible

e Little maintenance required

>100,000 h

approx. 94 m
approx. 88 m
approx. 66 m

Ordering information

Log-Periodic HF Antenna

HL410A3 4049.8000.xx

Further information on request.

Specifications
Frequency range 1.5 MHz to 30 MHz
Polarization horizontal
Nominal impedance 50 Q
VSWR

1.5 MHz to 2 MHz <6

2 MHz to 30 MHz <2.5 (typ. <2)
Directivity

1.5 MHz 7.5dB

1.6 MHz to 30 MHz 8dBto 12 dB
Efficiency >90%
Connector N female

Max. wind speed

with ice deposit

170 km/h for survival
145 km/h to DIN 4131
135 km/h to DIN 4131
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Receiving Antenna System AU900A4

10 kHz to 3 GHz

Omnidirectional and directional reception of

vertically and horizontally polarized waves

Brief description

The rotatable Antenna System AU900A4 is designed for the
reception of linearly polarized electromagnetic waves in the

frequency range 10 kHz to 3 GHz. Featuring a wide fre-

quency range and omnidirectional and directional recep-

tion of signals with vertical and horizontal polarization,

Antenna System AUQ00A4 is particularly suitable for radio-

monitoring. The compact size of the antenna designed for

extreme environmental conditions makes for reduced space

requirements, simple installation and thus low infrastructure

costs.

Specifications

Frequency range

Polarization

Nominal impedance

Photo 42146-1

10 kHz to 3 GHz

horizontal and vertical

50 Q

e

Ordering information

Number and type of outputs according to antennas used Receiving Antenna System AU900A4 4045.0205.02
Operating temperature -40°C to +50°C
Max. wind speed 180 km/h (without ice deposit)')
Wind load (at 180 km/h) 13,500 N)
MTBF >15,000 h
Range of rotation 0 to 400°
Dimensions
Height 6.5m
Radius of rotation 24m E ) i )
Weight approx. 350 kg]) ) For maximum configuration.
10 kHz 20 MHz 68 MHz 80 MHz 500 MHz 1.3 GHz 3 GH The Antenna System
S N
sl HF903 Directional antenna 3 AU9O00A4 is of
g5 HLO23A1 irecti .
5 S Directional antenna 4 modulqr de3|gn cmd
€| - HE402 Directional ant 1 .
s 2 rectional antenna consists of standard
HE HF903 Directional antenna 3 antennas. Based on
.§ ;Eg; HLO23AP Directional antenna 2 the maximum possi-
a < HE402 Directional antenna 1 ble conﬁgumﬁon,
w c
g "g HF902 Omnidirectional antenna 3 the antenna system
e N
£l s HF214 Omnidirectional antenna 5 can be adapted to
o| & o[ . .
e HE314A1 Omnidirectional antenna 4 specific applications
cl= T T
- by omitting individ-
3| HF902 Omnidirectional antenna 3 | ant
2R val antennas.
fg £ HKO14 Omnidirectional antenna 2
o
El HEO10 Omnidirectional antenna 1
o|¢ |
10 kHz 20 MHz 68 MHz 80 MHz 500 MHz 1.3 GHz 3 GHz
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Omnidirectional Antenna HF 214

500 MHz to 1300 MHz

For reception of horizontally polarized waves

Brief description

The Omnidirectional Antenna HF214 is designed for the
reception of horizontally polarized waves. It is ideal for

broadband detection and monitoring of RF signals in the fre-

quency range 500 MHz to 1300 MHz.

The compact broadband antenna is suitable for applica-
tions where the available space is limited. With a maximum
diameter of 0.31 m and a height of 0.49 m it is ideal for
use in mobile systems.

A compact omnidirectional receiving system for horizontally
and vertically polarized electromagnetic waves in the fre-
quency range 20 MHz to 3000 MHz is obtained by com-
bining HF214 with Antennas HE309, HE314A1 and
HF902.

Special features

HF214 without radome (photo 42314)

* Mobile use

* Easy infegration into extremely broadband antenna

e Small size systems
® Rugged design
Specifications Dimensions 310 mm
Height 492 mm

Frequency range 500 MHz to 1300 MHz Weight approx. 8 kg
Polarization horizontal
Imped 50 Q . . .
VowR % Ordering information
Gain 0 dB (typ.)
Departure f irculari +3 dB
Coparture from circulartly N fomale Omnidirectional Ant HF214 4042.7009.02
Operating temperature -40°C to +65°C
Max. wind speed 188 km/h

with 30 mm radial ice deposit 130 km/h
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Omnidirectional Antenna HF 902

1 GHz to 3 GHz
For simultaneous reception of horizontally and

vertically polarized waves

Brief description

The Omnidirectional Antenna HF902 is designed for simul-

taneous reception of horizontally and vertically polarized
waves. It is ideal for broadband detection and monitoring
of RF signals.

The compact broadband antenna is suitable for applica-
tions where the available space is limited. With a maximum
diameter of 0.31 m and a height of 0.49 m it is ideal for
use in mobile systems.

A compact omnidirectional receiving system for horizontally
and vertically polarized electromagnetic waves in the fre-
quency range 20 MHz to 3000 MHz is obtained by com-
bining HF902 with Antennas HE309, HE314A1 and
HF214.

Special features

Small size

Rugged design
Mobile use
e Easy integration into extremely broadband antenna

HF902 with radome (photo 42313-1)

systems
ificati Dimensions
SpeCIﬁcatlonS Diameter 310 mm
Height 492 mm
Frequency range 1.3 GHz to 3 GHz Weight approx. 8 kg
(from 1 GHz with reduced data)

Polarizati horizontal and vertical CO :
Impedance. s0q o onaveriad Ordering information
VSWR <3 (iyp.)
Gai 0dB .
Conmecior aR iyl Omnidirectional Antenna HF902 4042.8005.02
Operating temperature -40°C to +65°C
Max. wind speed 188 km/h

with 30 mm radial ice deposit 130 km/h
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20 MHz to 200 MHz

200 MHz to 500 MHz

0.5 GHz to 3 GHz

Active Directional Antenna HE 200

Brief description

Due fo its small size and low weight,
the Active Directional Antenna HE200
in conjunction with a compact, porta-
ble minireceiver (eg EB200) is ideal
for tracing signal sources and interfer-
ing sources. The direction is found by
pointing the antenna towards the
direction of maximum signal voltage.
The overall frequency range from

20 MHz to 3000 MHz is covered by
three exchangeable antenna modules,
which handle both vertically and hori-

zontally polarized signals and have
almost identical cardioid patterns in
both planes.

Special features

¢ Distinct, unambiguous directional
pattern

Wide frequency range
® For horizontal and vertical polariza-
tion

Handy size, low weight

Wide dynamic range

Specifications

Frequency range 20 MHz to 3000 MHz

RF modules 20 MHz to 200 MHz
200 MHz to 500 MHz
500 MHz to 3000 MHz

Nominal impedance 50Q

Radiation patterns in

H and E plane cardioid

Power supply four 1.5 V Ré dry cells

Connector N male

Operating temperature
Dimensions (in transit case)

(Lx W xH)
Length of connecting cable 1000 mm
Weight of antenna 1 kg max.
with case 5kg
Ordering information
Active Directional Antenna HE200

Extras
Loop Antenna 0.01 MHz to 20 MHz HE200HF

-30°C to +60°C
470 mm x 360 mm x 180 mm

4050.3509.02

4051.4009.02

15 \3.0 GHz

Antenna module
0.5 GHz to

0 /
~ 5| Antenna module

Antenna module

20 MHz to 200 MHz to
_10| 200MHz 500 MHz
-15 //
vy
-25 /
"o 102 10°

Frequency in MHz

104 Gain, active mode
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Active Vertical Dipole HE309

20 MHz to 1300 MHz
Large bandwidth, wide

dynamic range and high

sensitivity

Photo 41241

Brief description

Extremely large bandwidth, wide dynamic range and high

sensitivity make the HE309 ideal for all receiving tasks in

radiocommunication, detection and monitoring in which

small size, minimum amount of distribution and switching

units and high S/N ratio are at a premium.

The broadband characteristic of the Active Vertical Dipole

Special features

High sensitivity

Extremely wide frequency range
Small dimensions — only 1.2 m in length

* Just one active antenna replaces several passive anten-

nas

e High immunity to nonlinear distortion
9

High immunity to nearby lightning strikes

HE 309 is obtained through the combination of the active * Low weight
anfenna principle with a special design of the radiator.
ifi 1 Dimensions
Specifications i 1210 mm
Diameter 100 mm
Frequency range 20 MHz to 1000 MHz (up to Weight approx. 3 kg
1300 MHz with reduced sensitivity)
Polarization vertical . . .
Nominal impedance 50 Q Orderlng information
Horizontal pattern omnidirectional
Noise figure (frequency-dependent, ' ' X
referred fo external noise) 22 dB (typ.) at 20 MHz Active Vertical Dipole HE309 4027.5009.02
10 dB [typ.) af 100 MHz f
7 dB .) at 1000 MH Xiras
Infercept point (iyp.] z Power Supply Unit INT10 4040.8508.02
2nd ord 55 dB ) Power Supply Unit INT115 4004.1707.02
i o 32 dam fgg} Mast Adapter HE20271 0649.7510.02
Power supply o RF b RF Cable HE20272 0649.7785.02
21 V1o 28 VDC. 150 mA Active Omnidirectional
Connector N female ' Antenna HE314A1 4027.6505.02
Operating temperature -40°C to +70°C
Max. wind speed 180 km/h (without ice deposit)
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Passive Broadband Receiving Dipole
HK309

20 MHz to 1300 MHz
Large bandwidth
Suitable for high field strengths and mobile use

Brief description

Extremely large bandwidth and high sensitivity make the
HK309 ideal for all receiving tasks in radiocommunication,
detection and measurement in which small size, minimum
number of distribution and switching units and high S/N
ratio are at a premium.

The broadband characteristic of the Receiving Dipole

HE 309 is obtained through eight impedance elements
which generate travelling waves with the antenna and pre-
vent nulls in the radiation pattern.

Special features

Extremely wide frequency range

Small dimensions — only 1.7 m in length
High sensitivity
Large-signal immunity

High immunity to nearby lightning strikes
¢ Low weight

Specifications

Frequency range 20 MHz to 1300 MHz

Polarization vertical or horizontal
(depending on mounting)

Nominal impedance 50 Q

VSWR see diagram

Practical gain see diagram

Connector N female

-40°C to +70°C
180 km/h (without ice deposit)

Operating temperature
Max. wind speed

Photo 43312-2

Fractical gain/dBi

=20

=25
0O 100 200 300 400  S00 EOO YOO SO0 900 1000 4400 1200 4300

Frequency/MHz

VEWR

. V\/\/’—\_,

o 0 20 300 400 30 a0 700 20 SO0 1000 1100 1200 1300

Frequency /MHz
Dimensions
Length 1710 mm
Diameter 100 mm
Weight approx. 4 kg

Ordering information

Passive Broadband Receiving Dipole HK309 4054.2007.02
Extras

Mast Adapter HE202Z1 0649.7510.02
RF Cable HE20272 0649.7785.02
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Active Receiving Dipole HE202

200 MHz to 1000 MHz
Careful matching of passive antenna structure to

active circuitry

Brief description

The excellent characteristics of active receiving antennas
are a result of carefully matching the passive antenna struc-
ture fo the active circuitry.

Special features

e Extremely small dimensions
e High sensitivity despite small size

Photo 435718

* Wide frequency range

* Just one active antenna instead of several passive anten-
nas

¢ High immunity to nonlinear distortion (same as passive
antenna with high-grade preamplifier)

® High immunity to nearby lightning strikes

* Low weight

® Shock- and vibration-resistant (MIL-STD-810C)

Speciﬁcaﬁons Power supply \(/;%ORF;:)E)I(&; 18 Vto 30V DC
Connector N female
Operating temperature -40°C to +70°C

;;elg:igct:i);;cnge ESSGCAHZ to 1000 MHz Max. wind speed 180 km/h (without ice deposit)

Nominal impedance 50 Q Dlm.er;]swns (L x H) 512kmm x 238 mm

VSWR <2.5 (typ.) Weight 2.1kg

Electronic gain 5dBto 9 dB

Practical gain 7 dBito 11 dBi . . Jor

Directivity 2 dB average Orderlng information

Antenna factor 10 dB to 22 dB

Noise fi
200 Mty 6 dB Active Receiving Dipole HE202 0630.0310.02
1000 MHz 7 dB

Field sensitivity (Af = 1 kHz) Extras
200 MHz ~17 dB(uV/m) Power Supply Unit INT110 4040.8508.02
1000 MHz ~2 dB(uV/m) Power Supply Unit IN115 4004.1707.02

Intercept point Mast Adapter HE2027]1 0649.7510.02
g o 555 dBm RF Cable HE 20272 0649.7785.02
3rd order >30 dBm
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Active Receiving Dipole HE302

20 MHz to 500 MHz

Careful matching of passive antenna structure to

active circuitry

Brief description

The excellent characteristics of active receiving antennas

are a result of carefully matching the passive antenna struc-

ture fo the active circuitry.

Special features

e Extremely small dimensions

e High sensitivity despite small size

-

Photo 43519

Wide frequency range

-

| p—

* Just one active antenna instead of several passive anten-

nas

High immunity to nonlinear distortion (same as passive

antenna with high-grade preamplifier)

® High immunity to nearby lightning strikes

* Low weight

Shock- and vibration-resistant (MIL-STD-810C)

ificati Power supply via RF cable; 18 Vto 30 V DC
Specifications 070 mal
Connector N female
Operating temperature -40°C to +70°C
Ejg:ig?;;ange ﬁr?e:;/:HZ fo 500 MHz Max. wind speed 180 km/h (without ice deposit)
Nominal impedance 50 Q Dimensions (L x H) 1000 mm x 240 mm
Electronic gain -11dBto+8 dB
Practical gain -9 dBito +10 dBi . . e
Directivity 2 dB average Orderlng information
Antenna factor 0dBto 14 dB
Noise fi
20 Mite 28 dB Active Receiving Dipole HE302 0644.1114.02
500 MHz 9 dB Ext
Field itivity (Af = 1 kH xiras
v ( 2 15 dB(uV/m) Power Supply Unit INT10 4040.8508.02
500 MHz -6 dB(uV/m) Power Supply Unit INT15 4004.1707.02
Infercept point Mast Adapter HE20271 0649.7510.02
2nd order <60 dBm RF Cable HE202Z2 0649.7785.02
3rd order >30 dBm
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Active Omnidirectional Antenna HE314A1

20 MHz to 500 MHz
For reception of horizontally

polarized signals

Photo 40707-1

Brief description

The Active Omnidirectional Antenna HE314A1 is a turnstile
antenna consisting of two Active Receiving Dipoles HE302
which are connected via a 90° hybrid coupler. It is used for
the reception of horizontally polarized signals. Its horizontal

radiation pattern is omnidirectional.

The Antenna HE314A1 can be extended for omnidirec-
tional reception of vertically polarized waves using the

Special features

Small dimensions

Ideal for mobile or semi-mobile receiving systems
High sensitivity

Active Vertical Dipole HE309 mounted on top. * Wide frequency range
ifieati Power supply via RF cable; 18 Vto 30 V DC
Specifications (340 mA]
Connector N female
Operating temperature -40°C to +70°C
E;elg:iz?;;ange ﬁgrir\zl\gzqtlo 500 MHz Max. wind speed 180 km/h (without ice deposit)
Nominal impedance 50 Q Dimensions (L x W x H) 1000 mm x 1000 mm x 327 mm
VSWR 2.5 Weight 8k
Electronic gain -15 dB to +8 dB
Practical gain -14 dBi to +5 dBi . . .
Directivity 1 dB average Order]ﬂg information
Antenna factor 2 dB to 20 dB
Noise fi
20 ME. 29 dB Active Omnidirectional Antenna ~ HE314A1 4027.6505.02
500 MHz <10dB Extras
Field sensitivity (Af = 1 kH X
el sensitivity | 2 12 dBjuv/m) Power Supply Unit INT15 4004.1707.02
500 MHz -3 dB(uV/m) Mast Adapter HE20271 0649.7510.02
Infercept point RF Cable HE20272 0649.7785.02
2nd order >60 dBm Active Vertical Dipole HE309 4027.5009.02
3rd order >30 dBm
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Active Directional Antenna HE 402

20 MHz to 87 MHz
Cardioid-shaped horizontal pattern

Brief description

The Active Directional Antenna HE402 consists of two
Active Receiving Dipoles HE302, a combining network and
the mechanical fixing elements. The antenna normally
receives vertically polarized signals; it can, however, also
be used for horizontally polarized signals by mounting the
dipoles by 90° from the vertical. The horizontal radiation
pattern is cardioid-shaped.

Special features

¢ Small size (approx. 1 m x 1 m)
¢ |deal for use in mobile or semi-mobile receiving systems

Specifications

Frequency range 20 MHz to 87 MHz
Polarization linear

Nominal impedance 50 Q

VSWR <2.5

-19dB to+5 dB
—14 dBi to +10 dBi

Electronic gain
Practical gain

Directivity 5 dB average
Noise figure
20 MHz 34 dB
87 MHz 11dB
Field sensitivity (Af = 1 kHz)
20 MHz -12 dB(uV/m)
87 MHz -22 dB(uV/m)
Horizontal pattern cardioid

Photo 33907

Intercept point

2nd order >60 dBm

3rd order >30 dBm
Power supply via RF cable; 18 Vto 30 V DC

(340 mA)

Connector N female

Operating temperature -40°Cto +75°C
Max. wind speed 180 km/h (without ice deposit)
Dimensions (L x W x H) 990 mm x 170 mm x 1099 mm

Weight 12 kg

Ordering information

Active Directional Antenna HE 402 0684.2011.02
Extras
Power Supply Unit IN115 4004.1707.02
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Power Supply Unit IN 110

Powering of active receiving antennas via
coaxial cable

100 Vto 240 V AC

10Vto 32V DC

Brief description

The Power Supply Unit IN110 is used for powering active
receiving antennas via the inner conductor of a coaxial
cable.

The DC feed is operated from an external AC supply unit or
battery via a low-voltage connector to DIN 45323. After the
two-stage DC filter and the DC RF feed circuit the voltage is
available at a BNC connector; the second connector is

without voltage. A LED indicates the operating state (ON).

Special features

* AC supply or battery operation

e Shortcircuit-proof (polyswitch fuse making again after
elimination of short circuit)

* Small size and favourable price

ifieati RF connectors BNC female

SpelelC&tl()nS DC connector low-voltage connector to DIN 45323
Operating temperature 0°C to +40°C
Dimensions (L x W x H) 140 mm x 60 mm x 40 mm

Frequency range 10 kHz to 1.3 GHz ! :

Nominal impedance 50 Q Weight asprox, 250 g (without AC/DC

VSWR <2.5 typ. adapter)

Insertion loss <1.5 dB typ.

AC supply 100 V to 240 V (47 Hz o 63 Hz) oo .

Battery supply 10V 1032V Ordering information

Switch-on monitor LED

Output volt ith AC ti 24V

Mok Tomd e PO A Power Supply Unit INT10 4040.8508.02
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Power Supply Unit IN 115

115/125/220/235 VAC
Supply of active receiving antennas via

coaxial cable

Brief description

The Power Supply Unit IN115 supplies the following active
receiving antennas via coaxial cable: HEO10, HEO16,
HE 309, HE202, HE302, HE314A1 and HE402.

Special features

e AC supply or battery operation
e Shortcircuit-proof
¢ Three DC feed sections for up to three active antennas

ROHDE & SCHWARZ 4004.1707.02 '
STROMVERSORGUNGSGERAT - POWER SUPPLY UNIT - IN 115 - 10KHz...16Hz

MADE IN GERMANY

NETZ | MAINS

BATTERIE/BATTERY

—

Photo 38691-1

ifieati RF frequency range of
Speelﬂcatlons DC feed sections 10 kHz to 1.3 GHz
Connectors N female
o Operating temperature -25°Cto +55°C
+ /o

lljocwseurpcpcll):sumpfion ;(!)5\//A] '%150{320/235 VAC£10% Dimensions (W x H x D) 170 mm x 125 mm x 350 mm
DC supply 24V +35/-20% Weight 5.5kg
Switch-on monitor pilot light
Output voltage . . e

with AC operation 3x 24V 5% Ordering information

with battery operation 3x18V+5%
Max. load t 500 mA tput
Chor 200 A T P Power Supply Unit INT15 4004.1707.02
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Log-Periodic Antenna HLO023A1
80 MHz to 1300 MHz
Particularly suitable for radiomonitoring and
measurements
Brief description
Due to its broadband characteristics, the Log-Periodic
Antenna HLO23A1 is particularly suitable for radiomonitor-
ing and measurements.
Special features
¢ Only one antenna required to cover wide frequency
range
e Selectable polarization plane
¢ Radiation pattern virtually independent of frequency
e Sturdy construction Photo 29358-1

¢ Suitable for mobile use
¢ Long dipoles can be removed for transportation
¢ Individual calibration

Specifications

Max. wind speed
Dimensions (L x W)

150 km/h (without ice deposit)
1670 mm x 1960 mm

Weight 5 kg
Frequency range 80 MHz to 1300 MHz
Polarization ?Ilienzzr:;ﬁng on plane of antenna Ordering information
Nominal impedance 50 Q
VSWR <2.5 _
Max. input power 460 W to 150 W + 100% AM Log-Periodic Antenna HLO23A1 0577.8017.02
Gain 6.5 dBi
Connector N female
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Log-Periodic Antenna HL023A2

80 MHz to 1300 MHz
Particularly suitable for radiomonitoring and

measurements

Brief description

Due fo its broadband characteristics, the Log-Periodic
Antenna HLO23A2 is particularly suitable for radiomonitor-
ing and measurements.

Special features

¢ Only one antenna required to cover wide frequency
range

e Selectable polarization plane

¢ Radiation pattern virtually independent of frequency

e Sturdy construction

e Suitable for mobile use

¢ Center bracket

Specifications

Frequency range 80 MHz to 1300 MHz

Polarization depending on plane of antenna
(linear)

Nominal impedance 50 Q

VSWR <2.5

Max. input power 300 W to TO0 W + 100% AM

Gain 6.5 dBi

[_contens oveviow | [ chaper overview ]

Photo 29601-1

Connector

Max. wind speed
Dimensions (L x W)
Weight

Ordering information

Log-Periodic Antenna
with center bracket

[ rasaddroses |

N female

150 km/h (without ice deposit)
1670 mm x 1960 mm

5kg

HLO23A2 0624.2815.02
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Log-Periodic Antenna HL223

200 MHz to 1300 MHz
Particularly suitable for radiomonitoring and

measurements

Brief description

Thanks to its broadband characteristics, the Log-Periodic
Antenna HL223 is particularly suitable for radiomonitoring
and measurements.

Special features

¢ Only one antenna required to cover wide frequency
range

e Selectable polarization plane

¢ Radiation patterns virtually independent of frequency

Specifications

Frequency range 200 MHz to 1300 MHz
Polarization linear

Nominal impedance 50 Q

VSWR <2, typ. 1.6

Max. input power 1500 W to 600 W CW
Gain >6 dBi

Connector N female

Max. wind speed 200 km/h (without ice deposit)

Photo 40423

e Sturdy construction

e Suitable for mobile use

¢ Individual calibration to ANSI C63.5/DIN45003 and
ARP958

Dimensions (L x W) 710 mm x 765 mm
Weight 2 kg

Ordering information

Log-Periodic Antenna HL223 4001.5501.02
Extras
Antenna Case HL223Z1 4001.6189.02
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Log-Periodic Dipole Antenna HL040

400 MHz to 3000 MHz
Broadband transmission and reception, for use in

labs and open-field applications

Brief description

The linearly polarized Log-Periodic Dipole Antenna HLO40
provides broadband transmission and reception in the
frequency range 400 MHz to 3000 MHz and can be used
in the lab as well as for open-field applications.

Special features

e Suitable for field-strength and EMI measurements thanks
to high precision

Individual calibration to ANSI C63.5/DIN45003
Suitable for mobile radio measurements

High symmetry of radiation patterns

Very low frequency dependence

Compact and sturdy design

Specifications

Frequency range 400 MHz to 3000 MHz
Polarization linear

Impedance 50 Q

VSWR <2.5, typ. <2.0

Max. input power 150 W to 50 W CW

Gain 5 dBi to 7 dBi

Frontto-back ratio >10 dB (400 MHz to 450 MHz)
>15 dB (450 MHz to 3000 MHz)
>20 dB

Polarization isolation

[_contens oveviow | [ chaper overview ]

Photo 42038-1

Connector
Operating temperature
Max. wind speed

without ice deposit

with %" radial ice deposit
Dimensions (H x W x L)
Weight

Ordering information

Log-Periodic Dipole Antenna

[ rasaddroses |

Photo 42038-2

N female
-20°C to +70°C

200 km/h

118 km/h

130 mm x 302 mm x 680 mm
2.8 kg

HLO40 4035.8755.02
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Crossed Log-Periodic Antenna HLO007A2

80 MHz to 1300 MHz
Particularly suitable for measurement and

monitoring of RF signals

Brief description

The Log-Periodic Antenna HLOO7A2 with crossed elements
is particularly suitable for measurement and monitoring of
RF signals.

Special features

e Polarization horizontal, vertical or +45°/-45°, selecto-
ble with option ZS107

¢ Remote-controlled polarization switchover with GBO16

¢ Wide frequency range with virtually frequency-independ-
ent radiation pattern

Specifications

Frequency range
Polarization

(remotely selectable)
Nominal impedance
VSWR
Gain
Connector

with ZS107
Operating temperature
Max. wind speed
Dimensions (L x W x H)
Weight

80 MHz to 1300 MHz
horizontal, vertical,
+45°/-45°

50 Q

<2.5

6 dBi typ.

2 x N female

2 x SMA female
—40°C to +50°C

180 km/h (without ice deposit)
1.7mx2mx22m
15 kg

Photo 42490

Ordering information

Crossed Log-Periodic Antenna HLO07A2

Extras

Polarization Network Switch

for hor./vert./+45°/-45°polarizationZS 107
Polarization Network Switch

for hor./vert. polarization 75107
Control Unit (computercontrollable) GBO16

4025.8700.03

0428.2853.02

0428.2853.04
4056.7006.02
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Control Unit GB016

Designed for local control,

used for polarization switchover of antennas

Brief description

Control Unit GB 016 is used for controlling the polarization
network, amplifiers and bypass switchover of Antenna
Feeds HL 025 S7, HL 024 S7, HL 024 S8, HL 024 S9 and
Log-Periodic Antenna HL 024 S2 using negative logic and
Antenna Feed ZS xxx.xx using positive logic. Polarization,
amplifier and bypass seftings can be selected manually
using four keys S1, S2, S3 and S4 or remote-controlled via
a serial RS232 inferface.

Specifications

Operation local or remote control

Selectable functions
(depending on controlled unit)

ey

\/\3§> ROHDE&SCHWARZ CONTROL UNIT - GB 016 4056.7006.02

[HLozas2| w v RHC _ LHC | oN

TR R R o

Photo 43551

Operating temperature -10°C to +55°C

Dimensions
(W x HxD) 23 cm x 12 cm x 30 cm (approx.)
Weight approx. 3.5 kg

Polarization horizontal/vertical . . .
left-/righthanded circular Orderlng mformatlon
or +45°/-45°
Amplifi b
mpiier on or bypass Control Unit GBO16 4056.7006.02
Power supply
Voltage 85V AC to 264 V AC,
50 Hz to 400 Hz (80 VA) or
100 VDC to 375V DC
Current 3Ap
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VHF/UHF Coaxial Dipole HK014
100 MHz to 1300 MHz/80 MHz to 1600 MHz
Extremely broadband omnidirectional antenna
with vertical polarization featuring high suppres-
sion of skin currents
Brief description
The VHF/UHF Coaxial Dipole HKO14 is an omnidirectional
anfenna with vertical polarization featuring high suppres-
sion of skin currents. Due to its sturdy design it is also suit-
able for mobile use, in particular on board ships. | |
|
f 1{
Special features A _.‘..,‘— -
¢ Wide frequency range !
¢ Low weight |
* Minimal wind load Photo 39646
e Sturdy design
¢ High suppression of skin currents
* Protected against lightning
e Vertical pattern with null fill-in
Sp@CiﬁCﬂtiOnS Max. wind speed 160 km/h (without ice deposit)
Dimensions (dia. x H)
Model 02 308 mm x 1100 mm
Model 12 308 mm x 1252 mm
Frequency range !
Model 02 100 MHz to 1300 MHz Weight Sk
Model 12 80 MHz to 1600 MHz
Polarization vertical . . .
Nominal impedance 50 Q Orderlng information
VSWR <2
Mox. [npus power VHF/UHF Coaxial Dipole HKO14
op 1o 150 MHz 800 W + 100% AM 100 MHz to 1300 MHz 0644.1514.02
up to 1000 MHz 270 W + 100% AM
up fo 1300 MHz 240 W + 100% AM Extras
Model 12 20 W CW Diplexer for frequency ranges
Gain 2 dBi typ. 100 MHz to 162 MHz and
Horizontal pattern omnidirectional 225 MHz to 400 MHz F1224 0525.5117.03
Connector N female 6 m Plug-in Mast KMO11 0273.9116.02
Operating temperature —40°C to +85°C Mast Adcpfer KMO011Z22 4022.3608.02
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Log-Periodic Antennas HL025, HL025S1

1 GHz to 26.5 GHz
Extremely broadband directional antennas with

rotationally symmetrical radiation pattern

Brief description

Due to their broadband characteristics, the Log-Periodic
Antennas HLO25 and HLO25S1 are particularly suitable for
measurement and monitoring of RF signals. Their almost
rotationally symmetrical radiation patterns ensure optimum
secondary radiation patterns when used as a feed in reflec-
tor antennas.

HLO25 serves as a stand-alone antenna and as a feed for
the Microwave Directional Antenna AC0O08.

HLO25S1 has been designed as a feed for the SHF Direc-
tional Antenna Systems AC090 to AC300.

Special features

Extremely wide frequency range

Constant and almost rotational symmetrical radiation pat-
terns

High gain due to V-shaped arrangement

Ideal for use as a feed for reflector antennas

Photo 33011

Specifications Ordering information

Frequency range 1 GHz to 26.5 GHz Log-Periodic Antenna HLO25 0671.5317.02
Polarization linear HLO2551 4053.3000.02
Nominal impedance 50 Q

VSWR <2 Extras

Max. input power 10 Wto 5 W CW (not required if used as a feed in systems ACO90 to AC300)

Gain 8 dBi typ.

Connector SMA female Microwave Cable, 10 m ACO08W2 0751.6931.03
Operating temperature ~40°C to +55°C Mast Adapter HL025.Z 0661.9910.02
Max. wind speed 180 km/h (without ice deposit) Wooden Tripod HZ-1 0837.2310.02
Dimensions (dia. x L) with radome 210 mm x 300 mm Adapter for HZ-1 HLO25Z1 4053 4006 02
Weight 0.7 kg ' ’
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Active Antenna Feed HL025S7 .

1 GHz to 26.5 GHz
Consisting of HL025 and broadband

preamplifier

Brief description

The Active Antenna Feed HLO25S7 for microwaves is pri-
marily used in reflector antennas, eg AC090, AC120,

AC 180 and AC300 systems, where the signal is picked up
by the Log-Periodic Antenna HLO25 and taken to the ampli-
fier unit incorporated in the active antenna feed. The unit is

designed with a low-noise amplifier.

Special features
Photo 38864-2
e Extremely wide frequency range 1 GHz to 26.5 GHz
¢ Constant and rotationally symmetrical radiation pattern
* Maximum system sensivity due to integrated preamplifier

Specifications

Antenna

Frequency range 1 GHz to 26.5 GHz
Polarization linear

Nominal impedance 50Q

VSWR <2

Gain 8 dBi

Connector SMA female

Control connector 10-contact male round connector
Weight 1 kg

Amplifier

Noise figure <3.6dB

Amplifier gain 27 dB +2 dB

1 dB compression point >+5 dBm

Power supply +15V DC (0.25 A)

Ordering information

Active Antenna Feed

+12V DC (0.75 A)

HLO25587 4051.4250.02

Photo 38864-1
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Crossed Log-Periodic Antennas HL024A1, HL024S1

1 GHz to 18 GHz
For simultaneous reception of
horizontally and vertically

polarized waves

Photo 32994-2

Brief description

The Log-Periodic Antennas HLO24A1 and HL0O24S1 with
crossed antenna elements are suitable for simultaneous
reception of horizontally and vertically polarized waves.
Furthermore they can be used as transmitting antennas for
low power. The HLO24A1 can also be used as a feed in the
Microwave Directional Antenna AC008. The HL024S1 has
been designed as a feed in the SHF Directional Antenna
Systems AC090 to AC300.

Specifications

Special features

* Horizontal and vertical polarization

¢ Wide frequency range with virtually frequency-independ-
ent radiation patterns

* |deal for use as a feed for reflector antennas

Ordering information

Frequency range 1 GHz to 18 GHz Crossed Log-Periodic Antenna HLO24A1 0650.7510.03
Polarization horizontal and vertical HL024S1 4055.1256.02
Nominal impedance 50Q

VSWR <2.5 Extras

Max. input power 1%W to 3 W CW (not required if used as a feed in systems ACO90 to AC300)

Gain 7 dBi

Connector 2 x SMA female Microwave Cable ACO08W2 0751.6931.03
Operating temperature ~40°Cto +55°C Mast Adapter HLO25Z 0661.9910.02
Max. wind speed 180 km/h (without ice deposit) Wooden Trinod HZ-1 0837.2310.02
Dimensions (dia. x L) with radome 210 mm x 300 mm Adapter forFl)'|Z-] HLO25Z1 4053.4006.02
Weight 0.7 kg P ' '
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Crossed Log-Periodic Antenna HL024S2

1 GHz to 18 GHz
Consisting of HL024A1 and polarization
switching network

Brief description

The HL0O24S2 consists of the HL024A1 and a polarization
switching network. Four types of polarization can be
selected by remote control. The HLO24S2, just like the
HLO24A1, can be used as a feed for reflector antennas, eg
the Microwave Directional Antennas AC008 to AC 300.

Special features

¢ Horizontal, vertical, circular lefthand and circular right-
hand polarization

¢ Remotely controlled polarization selection with Control
Unit GBO16

* Wide frequency range

¢ Ideal for use as a feed for reflector antennas

Specifications

Photo 34203

Ordering information

Frequency range
Polarization

1 GHzto 18 GHz
horizontal, vertical, circular left-hand,
circular righthand

Crossed Log-Periodic Antenna

Extras

HL024S52

4052.1003.02

Nominal impedance 50 Q (not required if used as a feed in systems ACO90 to AC300)
VSWR

1 GHz to 12 GHz <2.5 i

1 Gzt 12 GHz =2 Contrl Unit GBO16 4056.7006.02
Gain (with polarization 5m HLO24W 1 4052.1203.02
SWilChing ne’rwork) 4 dBi to 6 dBi 10m HLO24W1 4052.1203.03
Connector SMA female Microwave Cable ' ’
Control connector 10-contact male round connector 5m ACO08W?2 0751.6931.02
Operating temperature -40°C to +55°C ’ ’
Max. wind speed 180 km/h (without ice deposit) 10m ACO0BW2 0751.6931.03
Dimensions (dia. x L) with radome 210 mm x 353 mm
Weight 1 kg
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Active Antenna Feed HL024S5

1 GHz to 18 GHz (passive)/
2 GHz to 18 GHz (active)
Consisting of HL024A1, polarization switching

network, and four subband amplifiers

Brief description

The feed consists of the Crossed Log-Periodic Antenna
HLO24A1 with polarization switching network, four pream-
plifiers and an RF switch for choosing the different frequency
bands. An additional switchable bypass which bridges the
preamplifiers is also integrated. The coverage of the fre-
quency range 2 GHz to 18 GHz by four amplifiers, each
approximately one octave wide, provides the advantage
that the noise figures thus obtained are better than for a
broadband amplifier; moreover, intermodulation products
of the second order are avoided. The Active Antenna Feed
HLO24S5 is mainly used in reflector antennas, eg AC090,
AC120, AC180 and AC300.

Specifications

Antenna
Frequency range 2 GHz to 18 GHz (active)

1 GHz to 18 GHz (passive)

Photo 43031-1

Special features

e High sensitivity due to low-noise amplifiers
Wide frequency range (2 GHz to 18 GHz),
four subbands

Remotely switchable polarization

Remotely switchable bypass
BITE

Ordering information

Active Antenna Feed HLO24S85 4047.7507.02

Extras

Polarization horizontal /vertical (not required if used as a feed in systems AC 090 to AC300)

Nominal impedance 50Q

VSWR 25 Control Unit GBO16 4056.7006.02
Gain 7 dBi Control Cable

Power supply +12VDC (1.3 A) 5m HLO24W1 4052.1203.02
Connectors 2 x SMA female 10 m HLO24W1 4052.1203.03
Control connector 10-contact male round connector Microwave Cable ' ’
Operating temperature -30°C to +55°C 5m ACO08W?2 0751.6931.02
Max. wind speed 180 km/h (WithUf ice deposn) 10m ACO08W?2 0751 693] 03
Amplifiers

Frequency range (GHz) 2to4 4108 8to12 121018

Gain (dB) 26+2 30+x2 33%2 38+2

Noise figure (dB) <2.5 <3.5 <4 <4.5

1 dB compression

point (dBm) >+15 >+15 >+15 >+15

VSWR in/out <2 <2 <2 <2

DC supply +15V DC 02A 03A O03A 0.3 A
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Active Antenna Feeds HL024S7 HL024S8, HL024S9

1 GHz to 18 GHz
Consisting of HL024A1 or HL024S2 and broad-

band preamplifier

Brief description

The Active Antenna Feeds HLO24S... consist of the Crossed
Log-Periodic Antenna HLO24A1 with a broadband pream-
plifier unit and a polarization switching network (HL02459
only). The antenna feeds are optimally matched to the SHF
Directional Antenna Systems AC090 to AC300.

Special features

antenna output

Wide frequency range, ie no change of feed required
Remotely selectable polarization

HL024S7 and HLO24S8 with remotely switchable bypass
High system sensitivity due fo low-noise amplifier at

Photo 34203

Specifications Ordering information
Frequency range 1 GHz to 18 GHz Active Antenna Feed HL024S7 4042.8505.02
Polarization HLO24S8 4042.7509.02
HL024S7 horizontal or vertical HL024S9 4047.6252.02
HL024S8 horizontal and vertical
HL024S9 horizontal or vertical Extras
left- or right-hand circular (not required if used as a feed in systems AC 090 to AC300)
Nominal impedance 50 Q
VSWR <2 .
Gain (HL024A1 only) >6 dBi Conrral Unit cBoTS 4056.7006.02
Noise figure <3 d8 5m HLO24W1 4052.1203.02
Amplifier gain (active netw.) 26 dB +2 dB 10m HLO24W1 4052.1203.03
Amplifier gain (HL024S9) >22 dB + 2 dB (circular only) Microwave Cable ’ '
1dB comprlession point approx. +8 dBm 5m ACO08W?2 0751.6931.02
Power supply ’ ’
HL02457 +15VDC (0.3 A) 10m AC008W2 0751.6931.03
HL024S8 +15VDC (0.7 A)
HL02459 +15VDC (0.5 Al
HLO24S... +12VDC (1.5 A)
Connector SMA female
Control connector 10-contact male round connector
Weight
HL024S7, HL024S8 1 kg
HL024S9 1.2 kg
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Microwave Directional Antenna AC008

1 GHz to 26.5 GHz/1 GHz to 18 GHz
Manually steerable directional antenna for
detection of RF signals and field-strength

measurements

Brief description

The AC008 is a manually steerable directional antenna
(reflector diameter 0.9 m) for the detection of RF signals and
field-strength measurements in the range from 1 GHz to
18 GHz or from 1 GHz to 26.5 GHz (depending on feed
used). It can also be directed towards geostationary satel-
lites. Different feeds are available to allow reception of
signals with any type of polarization.

Special features

* Wide frequency range
¢ Llinear, duaHinear and circular polarization, depending

on feed used

e Collapsible design (including feed) for easy transport

Specifications

Frequency range

1 GHz to 26.5 GHz (model 03)

Photo 34271-1

Ordering information

Microwave

1 GHz to 18 GHz (models 02/04) Directional Antenna ACO008 0671.5017.02
Polarization 0671.5017.03
with feed HLO25 linear (model 03) 0671.5017.04
HLO24A1 duaHinear (model 02)
HL024S2 linear and circular (model 04) Extras
Nominal impedance 50Q Tripod AC008-Z 0671.5117.02
VSWR <2.5 Control Unit for Feed HL02452 GBO16 4056.7006.02
Gain 15 dBi to 40 dBi Control Cable
Half-power beam width 20°to0 1.5° 5m HLO24W1 4052.1203.02
Positioning range 10m HLO24W1 4052.1203.03
Azimuth +360° Microwave Cable
Elevation -6° to +44° 5m ACO08W2 0751.6931.02
Connector SMA female 10m AC008W?2 0751.6931.03
Reflector diameter 09m Telescope ACOO08F1 0751.6919.02
Weight 12 kg
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SHF Directional Antenna System AC090

1 GHz to 26.5 GHz/1 GHz to 18 GHz
Extremely broadband steerable 0.9 m directional

antenna for radiomonitoring

Brief description

The ACO90 is a directional antenna adjustable in azimuth
and elevation with a reflector diameter of 90 cm. It is suit-
able for general radiomonitoring tasks in the frequency
range 1 GHz to 26.5 GHz or 1 GHz to 18 GHz depending
on the feed used. The frequency range can be enhanced to
40 GHz by flange-connected options.

Special features

® 0.9 m reflector diameter

¢ Extremely wide frequency range using the same feed
) ) . ) Photo 43168

¢ Adjustable in azimuth and elevation

¢ System control (rotafor, antenna and polarization

selection) via PC interface (Windows NT4.0)

Specifications Ordering information
Frequency range SHF Directional Antenna System AC090 4051.4509.00
(depending on feed) 1 GHz to 26.5 GHz/
1 GHz to 18 GHz

Gain 15 dBi to 40 dBi
Half-power beam width 20°to0 1.5°
Minimum field strength 13 dB(pV/m)

with HLO24S9 (Af = TMHz)
Range of rotation Azimuth +180°

Elevation -5°10 95°
Connector RPC3.5 female
Operating temperature -30°Cto +55°C
Max. wind speed 180 km/h (without ice deposit)
Reflector diameter 0.9m
Weight 165 kg
The following antenna feeds are available
Frequency range Polarization Page

HL025S1 Log-Periodic Antenna 1 GHz to 26.5 GHz linear 44
HL025S7 HLO25 with preamplifier 1 GHz to 26.5 GHz linear 45
HL024S1 Crossed Log-Periodic Antenna 1 GHz to 18 GHz Hand V 46
HL024S2 HLO24A1 with passive polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 48
HL024S5 HLO24A1 with four subband preamplifiers 2 GHz to 18 GHz HorV 48
HL024S7 HLO24A1 with preamplifier 1 GHz to 18 GHz HorV 49
HL024S8 HLO24A1 with two preamplifiers 1 GHz to 18 GHz Hand V 49
HL024s9 HLO24A1 with active polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 49
Options (retrofittable):
AC308R2 250 mm Reflector Antenna, 29 dBi to 33 dBi 18 GHz to 26.5 GHz H, V or 45° 55
AC308R3 250 mm Reflector Antenna, 33 dBi to 36 dBi 26.5 GHz to 40 GHz H, V or 45° 55
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1 GHz to 26.5 GHz/1 GHz to 18 GHz
Extremely broadband steerable 1.2 m directional

antenna for radiomonitoring

Brief description

The AC120 is a directional antenna adjustable in azimuth
and elevation with a reflector diameter of 120 cm. It is suit-
able for general radiomonitoring tasks in the frequency
range 1 GHz to 26.5 GHz or 1 GHz to 18 GHz depending
on the feed used. The frequency range can be enhanced to
40 GHz by flange-connected options.

Special features

® 1.2 m reflector diameter

e Extremely wide frequency range using the same feed

Photo 43316

¢ System control (rotafor, antenna and polarization
selection) via PC interface (Windows NT4.0)
¢ Adjustable in azimuth and elevation

Specifications Ordering information
Frequency range SHF Directional Antenna System AC120 4051.5005.00
(depending on feed) 1 GHz to 26.5 GHz/
1 GHz to 18 GHz
Gain 18 dBi to 42 dBi
Half-power beam width 15°t0 1°
Minimum field strength 10 dB(pV/m)
with HLO24S9 (Af = TMHz)
Range of rotation Azimuth +180°
Elevation -5°1t0 95°

Connector RPC3.5 female
Operating temperature -30°Cto +55°C
Max. wind speed 180 km/h (without ice deposit)
Reflector diameter 1.2m
Weight 170 kg
The following antenna feeds are available

Frequency range Polarization Page
HLO25 S1 Log-Periodic Antenna 1 GHz to 26.5 GHz linear 44
HL025S7 HLO25 with preamplifier 1 GHz to 26.5 GHz linear 45
HL024S1 Crossed Log-Periodic Antenna 1 GHz to 18 GHz Hand V 46
HL024S2 HLO24A1 with passive polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 48
HL024S5 HLO24A1 with four subband preamplifiers 2 GHz to 18 GHz HorV 49
HL024S7 HLO24A1 with preamplifier 1 GHz to 18 GHz HorV 49
HL024S8 HLO24A1 with two preamplifiers 1 GHz to 18 GHz Hand V 49
HL024s9 HLO24A1 with active polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 49
Options (retrofittable):
AC308R2 250 mm Reflector Antenna, 29 dBi to 33 dBi 18 GHz to 26.5 GHz H, V or 45° 55
AC308R3 250 mm Reflector Antenna, 33 dBi to 36 dBi 26.5 GHz to 40 GHz H, V or 45° 55
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SHF Directional Antenna System AC 180

1 GHz to 26.5 GHz/1 GHz to 18 GHz
Extremely broadband steerable 1.8 m directional

antenna for radiomonitoring

Brief description

The AC 180 is a directional antenna adjustable in azimuth
and elevation with a reflector diameter of 180 cm. It is suit-
able for general radiomonitoring tasks in the frequency
range 1 GHz to 26.5 GHz or 1 GHz to 18 GHz depending
on the feed used. The frequency range can be enhanced to
40 GHz by flange-connected options.

Special features

® 1.8 m reflector diameter

Extremely wide frequency range using the same feed

Enhanced antenna gain

Adjustable in azimuth and elevation

System control (rotator, antenna and polarization AC 180 with options AC308R2 and AC308R3 (photo 42845-3)

selection) via PC interface (Windows NT4.0)

Specifications Ordering information
Frequency range SHF Directional Antenna System AC180 4051.5505.00
(depending on feed) 1 GHz to 26.5 GHz/
1 GHz to 18 GHz

Gain 22 dBi to 46 dBi
Half-power beam width 12°10 0.7°
Minimum field strength 6 dB(pV/m)

with HLO2459 (AF = 1MHz)
Range of rotation Azimuth +180°

Elevation -5°1t0 95°
Connector RPC3.5 female
Operating temperature -30°Cto +55°C
Max. wind speed 160 km/h (without ice deposit)
Reflector diameter 1.8 m
Weight 420 kg
The following antenna feeds are available
Frequency range Polarization Page

HL025S1 Log-Periodic Antenna 1 GHz to 26.5 GHz linear 44
HL025S7 HLO25 with preamplifier 1 GHz to 26.5 GHz linear 45
HL024S1 Crossed Log-Periodic Antenna 1 GHz to 18 GHz Hand V 46
HL024S2 HLO24A1 with passive polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 48
HL024S5 HLO24A1 with four subband preamplifiers 2 GHz to 18 GHz HorV 49
HL024S7 HLO24A1 with preamplifier 1 GHz to 18 GHz HorV 49
HL024S8 HLO24A1 with two preamplifiers 1 GHz to 18 GHz Hand V 49
HL024S9 HLO24A1 with active polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 49
Options (retrofittable):
AC308R2 250 mm Reflector Antenna, 29 dBi to 33 dBi 18 GHz to 26.5 GHz H, V or 45° 55
AC308R3 250 mm Reflector Antenna, 33 dBi to 36 dBi 26.5 GHz to 40 GHz H, V or 45° 55
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SHF Directional Antenna System AC300

1 GHz to 26.5 GHz/1 GHz to 18 GHz
Extremely broadband steerable 3 m directional

antenna for monitoring even weak signals

Brief description

The AC300 is a directional antenna adjustable in azimuth
and elevation with a reflector diameter of 300 cm. It is suit-
able for general radiomonitoring tasks in the frequency
range 1 GHz to 26.5 GHz or 1 GHz to 18 GHz depending
on the feed used. The frequency range can be enhanced to
40 GHz by flange-connected options.

Special features

® 3 m reflector diameter

Extremely wide frequency range using the same feed

High antenna gain

Adjustable in azimuth and elevation

System control (rotator, antenna and polarization
selection) via PC interface (Windows NT4.0)

Specifications

Frequency range

(depending on feed) 1 GHz to 26.5 GHz/

1 GHz to 18 GHz
Gain 26 dBito 51 dBi
Half-power beam width 6° 10 0.35°
Minimum field strength 2 dB(pV/m)
with HL02459 (Af = TMHz)
Range of rotation Azimuth +180°
Elevation -1°t0 91°

Connector

Operating temperature
Max. wind speed
Reflector diameter
Weight

RPC3.5 female

-30°Cto +55°C

160 km/h (without ice deposit)
3m

1460 kg

The following antenna feeds are available

Photo 42844

Ordering information

SHF Directional Antenna System AC3004051.6546.00

Frequency range Polarization Page
HL025S1 Log-Periodic Antenna 1 GHz to 26.5 GHz linear 44
HL025S7 HLO25 with preamplifier 1 GHz to 26.5 GHz linear 45
HL024S1 Crossed Log-Periodic Anfenna 1 GHz to 18 GHz Hand V 46
HL024s2 HLO24A1 with passive polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 48
HL024S5 HLO24A1 with four subband preamplifiers 2 GHz to 18 GHz HorV 49
HL024S7 HLO24A1 with preamplifier 1 GHz to 18 GHz HorV 49
HL024S8 HLO24A1 with two preamplifiers 1 GHz to 18 GHz Hand V 49
HL024S9 HLO24A1 with active polarization switching network 1 GHz to 18 GHz H, V, RHC or LHC 49
Options (retrofittable):
AC308R2 250 mm Reflector Antenna, 29 dBi to 33 dBi 18 GHz to 26.5 GHz H, V or 45° 55
AC308R3 250 mm Reflector Antenna, 33 dBi to 36 dBi 26.5 GHz to 40 GHz H, V or 45° 55
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SHF/EHF Directional Antennas AC308R2, AC308R3

18 GHz to 26.5 GHz/26.5 GHz to 40 GHz

Broadband directional antennas for radio-

monitoring

Brief description

The Directional Antennas AC308R2 for the K band

(18 GHz to 26.5 GHz) and AC308R3 for the Ka band
(26.5 GHz to 40 GHz) have a reflector diameter of 25 cm.
They are especially suitable for extending the frequency
range of the Directional Antenna Systems AC090 to

AC300.

The antennas come in two models:

¢ With integrated preamplifier (model 02)

* With downconverter and integrated reference crystal

(model 03)

Special features

e Fast and simple installation

* Rugged design

* Infegrated info operational concept of ACO90 to AC300

Specifications

Antennas

Frequency range
Polarization

Nominal impedance
VSWR

Gain

Half-power beam width
Reflector diameter
Weight approx.

Preamplifier

Amplifier gain

1 dB compression point
Noise figure

Power consumption

RF connector

Downconverter

PLL frequency
Frequency stability

IF frequency

Noise figure

Gain

1 dB compression point
Power consumption

RF connector

AC308R2

18 t0 26.5 GHz
H, V or 45°
50Q

<2

29 dBi to 33 dBi
4.5°to 3°

250 mm

2.5 kg

28dB+2dB
>+8 dBm

<3 dB
+15V/0.2 A
RPC3.5

27.5 GHz

3 kHz/°C

9.5 GHzto 1 GHz
<5dB

>34 dB

T dBm (o
+15V/3 A

SMA female

AC308R3

26.5 to 40 GHz
H, V or 45°

50 Q

<2

33 dBi to 36 dBi
3°to0 2°

250 mm

2.5kg

28dB+2dB
>+8 dBm

<4 dB
+15V/0.2 A
K

41 GHz

3 kHz/°C

14.5 GHz to 1 GHz
<6 dB

>30 dB

-3 dBm (typ.)
+15V/3 A

SMA female

Photo 42612-1

Ordering information

SHF Directional Antenna

with amplifier AC308R2 4051.6001.02

with downconverter AC308R2 4051.6001.03
SHF/EHF Directional Antenna

with amplifier AC308R3 4051.6253.02

with downconverter AC308R3 4051.6253.03
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Omnidirectional Antennas AC004R1, AC004R2

18 GHz to 26.5 GHz/26.5 GHz to 40 GHz
Broadband reception of circular, horizontal and

vertical polarization

Brief description

The Antennas ACO04R1 and AC004R2 are designed for
omnidirectional reception in the frequency range 18 GHz to
26.5 GHz and 26.5 GHz to 40 GHz. Both antennas are
circularly polarized, so that signals with horizontal and ver-
tical polarization can be received, too. Due fo their mechan-
ical design the antennas are suitable for use under extreme
environmental conditions, eg in mobile applications.

Special features
¢ Omnidirectional reception

* Wide frequency range
e Circular polarization

Specifications

Frequency range

ACOO04R1 18 GHz to 26.5 GHz
ACO04R2 26.5 GHz to 40 GHz
Polarization circular

Nominal impedance
VSWR

Gain

Departure from circularity
of azimuth pattern
Connector

Operating temperature
Max. wind speed
Dimensions (H x dia.),
with radome

50Q
<2.5
2 dBi

+2 dB

RPC2.92(K) female

-35°Cto +65°C

180 km/h (without ice deposit)

ACO04R1 and ACO04R2 without radome (photo 36600-1)

Ordering information

Omnidirectional Antenna
18 GHz to 26.5 GHz
26.5 GHz to 40 GHz

ACO04R1
ACO004R2

0749.3000.03
0749.3251.03

ACO004R1 150 mm x 155 mm
ACO004R2 170 mm x 150 mm
Weight
ACO004R1 1.4 kg
ACO004R2 1.8 kg
| 4 I | Contents Overview I | Chapter Overview I Type Index R&S Addresses I | > I




Receivers 57
[_coments Overview | [ Chapter Overview | | tpeindex | [ RasAddresses |

Contents of Chapter 2

Miniport Receiver EB200 Portable monitoring from 10 kHz to 3 GHz

VHF-UHF Search Receiver ESMA Fast radiomonitoring from 20 MHz to 3000 MHz

VXI Monitoring Receiver EMO10 Efficient and versatile solution for radiomonitoring systems
Receivers ¢ With networking and remote Our receivers search at extremely high

control capability via software speeds of several GHz/s. This makes

Searching/intercepting even the * Providing all features for measuring them ideal for intercepting frequency-
weakest of signals field strength, type of modulation, agile emissions and LPI signals.
Whatever kind of receiver you need, efc, as required by ITU

we can offer it:

e Stationary as well as mobile
¢ From HF, VHF/UHF and SHF
through to 18 GHz

¢ Extremely sensitive even in a con-

gested signal environment
¢ Incorporating state-of-the-art DSP
technology
e Featuring intelligent search Miniport Receiver
EB200 with active
handheld directional
antenna for portable
radiolocation in

frequency range
10 kHz to 3 GHz

routines
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Monitoring Receiver ESMB

MONITORING RECEIVER - 9kHz...3GHz - ESMB

ITU-compliant measurements

from 9 kHz to 3 GHz | = 6 000
l o i EII:FL;E‘-
| ' w @ @ @ |
. @ @ )
Brief deseription o @ D e (Ladizs)
Monitoring Receiver ESMB is a test :......................... o@

0000000000000000000000000
00000000000000000000000000 . |
£0000600C0000CC00000000000

monitoring tasks according to ITU-R — S

and monitoring receiver for all radio-

0

and for radio investigation services.
The compact and sturdy design

Photo 43406-1

combined with low weight makes
ESMB a versatile and universal unit for
stationary and mobile use. ® Spectrum occupancy and identifica-  ® A/D and DSP module with digital IF
tion with external PC to ITU-R SM filters, digital demodulators for CW,
ESMB covers the wide frequency 182 AM, LSB, USB, PULSE, FM, PM, IQ
range from 9 kHz to 3 GHz. Process- ¢ Bandwidth to ITUR SM 328 and ISB, parameter measurements

ing the various signals available with and FFT processing of IF panoramic

optimum signalto-noise ratio requires For radio investigation services the display

a large number of IF bandwidths. This following tasks can be performed: ® Processor system
problem cannot be solved with analog e Display and control unit
filters, as space is limited. The solution ® Frequency scan with predefined fre- @ Remote interface

is a digital IF section in which a wide quency ranges e Power supply unit
variety of different filters can be real- Memory scan of up to 1000

ized on relatively small space with the memory channels Scan modes

aid of DSP. ESMB is provided with 18
IF bandwidths between 150 Hz and
300 kHz and up to T MHz in the IF

panorama mode. Bandwidths above
300 kHz are for level, deviation and
bandwidth measurement. Demodula-

RF frequency spectrum (option)
Audio monitoring of CW, AM, SSB
and FM transmissions
Identification

Storage of measured values for
later download to PC

® Frequency scan
* Memory scan
* Frequency spectrum

Optimized view for current task

tion is not possible.
Overview

Monitoring Receiver ESMB is

a ¥ 19" rack-mountable unit. [129 EHZ] FM | HMGC OFF [ SGU us | TOME OFF | LOCK

The basic elements of ESMB ::; i !lh 1 23456? DDU

With ESMB the following measure- are: G 2o 40 o0 =0 4
2330 DIZFLAY
F—FAM | LEVEL | TOME | COMFIG | MORE

Main features

ments in line with ITUR specifications

can be performed: ¢ Band and tracking prese-

IF panorama
lection

f h 120 KHZ| FM [ MGG OFF | SGU OFF | TOME OFF [ FRG
¢ RF frontends to convert the [EraTrerme e =0 =r-R so0ws 107695 onol
antenna signal into an IF of [ AFz | | lm
AG IF-FAN
10.7 MHz ol RS
e Fast synthesizer TN TR [+ c_orr ]| | |

¢ Frequency and frequency offset to
ITUR SM 377

e Field strength to ITUR SM 378

* Modulation to ITUR SM 328

KN
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Monitoring Receiver ESMB

DIGI-Scan listen mode

[Fe 20,000 [ 450,000 [ & [77.=7E oo FRG
; 200 KHZ
FM

' -« IETE
¢ D=SGAN

.
ElW ZooM[a T | [REF 7o = —H &

|EIEER] ciF F [ Rus BRI
DIGI-Scan differential mode

[Fe 20,000 [ 450,000 [ & [77.=7E oo FRG

=00 EHZ
. “ li FH

o / D—SCAM
HWORH [d| RUNBIER|EW Zo0M|[a To | [REF 70 [ —H &

Bandwidth measurement

00 KHZ| FH | MGG OFF | 50U OFF | TOME OFF | REF
AUTO | REF @8 RHG 0 SFAN ZO0KHZ 105700 Qoo
AFC
153.0 kHz
ol El
Mit MAx  [GRCEELE| < 48 | FEA | conrs

Modulation measurement

3 KHZ | AM [ MGG OFF | SaU OFF | TOWE OFF [ FRG

AUTY | MoD DEFTH: 9.8 + 9.8 - 288 X

AFC | FRE@ DEV: 0026+ 0035 - 0037 KHZ

G | FHASE DEW: RAD FT=ORE
ol MoD

=0 KHZ | FM [ MGG OFF | SGU OFF | TOWE OFF [ FRG

AUTO [ MoD DEFTH: 323 +: 226 = Z8d4

AFC | FREQ DEL:  ALF? 4 AWFTF = 4477 KHZ

G | FHASE DEL: RAD ESEE ORI
ol HoD

ESMB in measurement mode

Use in computer-controlled systems

For use in computer-controlled systems Rohde & Schwarz offers the
system monitoring software ARGUS and RAMON.

Full use of the measurement features of the receiver is possible only
in the remote mode via LAN using a powerful PC in connection with
the Rohde& Schwarz Spectrum Monitoring Software ARGUS or
RAMON, for example.

RAMON, used in the military field, is for fast frequency detection and
transfer to support monitoring receivers, while ARGUS is intended for
civil applications, eg for authorities with frequency management tasks
such as long-term monitoring of specific frequency bands.

To simplify entry into ARGUS, the software ARGUS MON is offered
- a version reduced in functionality and consequently price - for
remote control of one ESMB. This version allows remote control of all
seftings, measurement and scan functions and saving of measured
data such as frequency, level, offset, date and time. The basic ARGUS
MON software can be extended to ARGUS for use in systems of any
size. Operation of ARGUS MON is user-friendly and clear. ESMB
together with ARGUS MON is a low-cost minisystem that fulfils all the
recommendations according to ITU.

E0 KHZ | FM | MGG OFF | 00 OFF | TOME OFF | FRo Antenna inputs N socket, 50 Q
AUTO | MoD DEFTH: =3 4 24 = L3 X VSWR <3, byp- 2
= FRED DR =L L  nz Oscillator rgradiation <-107 dBm
AiG | FHRSE DEL:  2.88  RAD Input selection
R~ ORF 9 kHz to 30 MHz 5 bandpass filters
om Moo 20 (30) MHz to 1500 MHz tracking preselection
1 | | | 1500 MHz to 3000 MHz highpass, lowpass
spr e Interference rejection, nonlinearities — HF range
Spelelcatl()ﬂS (only with optional HF Unit EB200HF)
Image frequency rejection >90 dB, typ. 100 dB
IF rejection >90 dB, typ. 100 dB
Frequency range 2nd order intercept point >40 dBm, typ. 55 dBm (ATT off)
EOS{C U“f: th oofionl 20 MHz to 3 GHz 3rd order intercept point >20 dBm, typ. 25 dBm (ATT off)
asic unit with optiona Internal i ianal <107 dB
HF Unit EB200HF 9 kHz o 3 GHz nierndl spurious signais m
Frequency setting Interference rejection, nonlinearities - VHF-UHF range
via keypad or rollkey 1 kHz, 100 Hz, 10 Hz, 1 Hz; Image frequency rejection 290 dB, typ. 100 dB
orin selegfuble increments IF rejection >0 dB, typ. 100 dB
Frequency accuracy <1 x 107 (0°Cto +45 °C) 2nd order infercept point >30 dBm, typ. 40 dBm
Input for external reference 10 MHz (F = 20 (30) MHz to 2700 MHz
Synthesizer setting time <3 ms low distorti d '
Oscillator phase noise <-120 dBc/Hz at 10 kHz offset 3rd order intercept point ZO]WO dlgrc:]t Irc;,:)'m]% z)Bm
(HF range) (f = 20 (30) MHz to 2700 MHz,

<-100 dBc/Hz at 10 kHz offset

(V/UHF range)

low distortion mode)
Internal spurious signals <-107 dBm
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Monitoring Receiver ESMB

Sensitivity — HF range

(only with optional HF Unit EB200HF)

Overall noise figure
(including AF section)

Signalto-noise ratio

(f= 0.1 MHz to 30 MHz)

<14 dB, typ. 12 dB
(F =50 kHz, ATT off)

CW, bandwidth 300 Hz, V = 0.6 pV
SSB, bandwidth 2.5 kHz, V = 1 pV

AM, bandwidth 9 kHz,
frod =1 kHz, m=0.5,V =1 pV

Sensitivity — VHF-UHF range
Overall noise figure
(including AF section)

Signalto-noise ratio

AM, bandwidth 9 kHz,
frod = 1kHz, m = 0.5
20 (30) MHz to 2700 MHz,

V=1pv
2.7 GHz to 3 GHz,
V=13pv

FM, bandwidth 15 kHz

fnod = 1 kHz, deviation = 5 kHz
20 (30) MHz to 2700 MHz,
V=1pv
2.7 GHzto 3 GHz, V = 1.3 pV

Detection modes

IF bandwidths for level detection
and offset measurement

IF bandwidths with standard
demodulation (-6 dB bandwidth)

Squelch, signal-controlled
Gain control

AFC
Modulation measurement
AM (f,.o, = 100 kHz)

Indication error

FM {froc = 100 kHz)

>10 dB, measurement with telephone
filter

<12 dB, typ. 10.5 dB

(F = 20 (30) MHz to 2700 MHz,
low noise mode)

measurement with telephone
filter

>10 dB (low noise mode)

>25 dB (low noise mode)

AM, FM, PM, USB, LSB, CW, ISB,
PULSE, 1Q

23 filters (150 Hz to 1 MHz)

0.15,0.3,0.6,1,1.5,2.4,3, 4,6,
8,9, 15,30, 100, 120, 150, 250,
300 kHz

(reduced IF bandwidth

in HF range: 5 kHz)

-10 dBpV to 110 dBpV

AGC, MGC (120 dB)

digital retuning for unstable signals

m= 1% to 99 % (resolution 0.1 %)
<5% for m=50%,

S/N >40 dB, AF=1 kHz

deviation max. 125 kHz less modula-
tion frequency

IF panorama display
Span range

Scan characteristics
Automatic memory scan
Frequency scan

DIGI-Scan (option)

Inputs / outputs
Bidirectional reference
frequency connector

IF 10.7 MHz, wideband

AF output (digital)

AF output, symmetrical
Loudspeaker output
Headphone output
BITE

Data interface

General data

Operating temperature
Power

Dimensions (W x H x D)

Rack model (1/2 19" x 3 HU)

Weight

internal module

0.15 kHz to 1000 kHz (23 steps)

1000 definable memory locations
start/stop/step and 100 suppress

ranges
RF spectrum 9 kHz to 3 GHz or
smaller on display

10 MHz, SMA
+1 MHz, VHF-UHF range
15 kHz, HF range

uncontrolled for external panorama

display, SMA

AF signal, 2 x 16 bit

600 Q, 0 dBm

4 Q, 500 MW

via volume control
monitoring of test signals by
means of loop test

LAN (ETHERNET 10Base-T)

or
9-pin RS232C, PPP

0 °Cto +50 °C

10 Vto 32 V DC (max. 40 W) or via

external AC/DC supply
227 mm x 153 mm x 474 mm
210 mm x 132 mm x 460 mm

Ordering information

Monitoring Receiver

with external power supply
Tuner for 9 kHz to 30 MHz

RF Spectrum DIGI-Scan
Software ARGUS
ARGUS driver for ESMB

8 kg

ESMB 4056.6000.02
EB200HF 4055.3107.02
EB200DS 4052.9604.02

4049.9859.02
4049.9859.35

(resolution 0.001 kHz) Block diagram of Monitoring Receiver ESMB
Indication error
Narrow BW (<15 kHz) 100 Hz plus 3 % of reading R eessmsaamsan "
Broad BW (<250 kHz) 2 kHz plus 3 % of reading for :P:seclie?"li':“ HE . Frontend HF :
- bant iiter - mixer 1 norama
S/N >40 dB' AF=1 kHZ - switchable attenuator \ - IF amplifier 1 ke
PM (f = 0.3 to 5 kHz) Ap =0 to 4n {-preomplifer R
A9 =0to12.5 rad f o
(resolution 0.01 rad) T g —
Indication error <0.1 rad plus 5 % of reading for . D — - 2 switchable prefilters IF
dB. AF=1 kH HE Presel;c'lop V/UHF Tonten - A/D converter
S/N >40 dB, z e | ecking || -coprocessor PDC] [T
inpot - band fier jicrpic -digital signl processor AP
Level and offset measurement . . ) switchable oreamplif hesies ZZLZFJEE!?‘.LL‘;" digital
Offset indication igiraclllp;hmally with tuning label or numer- Zf.li'::u oo cnchs JE A'F
Signal level indication -10 dBpV to 110 dBpV (dBpV/m) et -
. . . .onfrol processor
numerical 3 dIngS Front panel - embed’;ed PC
resolution 0.1 dB - display - firmware
(error max. +2 dB - keys Remote interface
T - knobs LAN (TCP/IP) or -~
for V = 20 dBuV to 100 dBuYv, - rollkey RS232 remoe
AVG, 0°C to +45°C) control
or graphical as level line DC/DC converter -~
acoustic indication by level tone dota and conrol bus power
—— RF, IF, AF andlog supply
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Miniport Receiver EB200

@ romoEssomARZ o

@

Brief description

Miniport Receiver EB200 is a miniatur-
ized portable professional receiver for
the HF-VHF-UHF range. The EB200 is
characterized by high input sensitivity
and frequency setting accuracy
throughout the frequency range from
10 kHz to 3 GHz.

Its small dimensions — 219" in size
corresponds to two height units — and
low weight as well as a sturdy, pickup-
proof die-cast aluminium housing with
well-protected integrated operating
elements make the EB200 ideal for

use in places which cannot be
reached with a vehicle. Its low power
consumption permits battery opera-
tion typically of six hours. The EB200
battery pack is easily accessible and
can be exchanged quickly. In case of
power supply interruption, all the data
are stored. Operation can thus be
resumed immediately after the power
supply is restored.

EB200 fulfils the following tasks:

* Monitoring of given frequencies, eg
storage of 1 to 1000 frequencies,
squelch setfting, constant monitoring
of one frequency or cyclical scan-
ning of several frequencies

W 4 Z00 . EE7 | M

2 Loo . EE7 I « 4 EZL.E&7 £30 |[F- STOF

1Z0KH2
FH
SRU OFF

# FRF-FAN

HORMAL | ScAk

& TO | TO -i-F:FINGESIIIIH--H -

Scan mode

e Searching in a frequency range
with freely selectable start and stop
frequency and step widths of 1 kHz
to 9.999 MHz

¢ Location of close-range to medium-
range targets with the aid of Hand-
held Directional Antenna HE200

¢ Detection of undesired emissions
including pulsed emissions

e Detection of unlicensed transmitters
communicating illegally or interfer-
ing with licensed transmission

e Protection against tapping by
detecting miniature spy transmitters
(bugs)

® Monitoring of one's own radio exer-
cises in a service band

¢ Monitoring of selected transmis-
sions

® Remote-controlled operation via
modem and PC in coverage mea-
surement and monitoring systems

1Z0KHZ |

| MGz 10u | EE

[ | TOME 15 | LOCKED

w ENFODINAN] | M 2 w00 . S67| & 4 £3L . 567 290 |F- START

1Z0EHZ ALTO
: o e 1959.800 397
L RF-FAM]| 4330 p— D T HMAIN

MORMAL | LISTEM [+ TO +#|## TO0 & |RAMGE S0] M- H &

M-2CAH | F-2GAH | RF-FAH | RH-CONF [ DisFLAy [ SETUR

Listen mode Overview
120 KHZ | | MEc 1ou | EXIEERE | ToME 1S | LOGKED
4 200 BT |[HHE F-CEMTER EInE
1Z0FHZ 14E0.515 315
AFi
FH
" PR . FEAK E0.5 AEwb
M., pifep g ity 1] =0u oFF
G850 A HAIN
= (2 [APPGI H-5CAH | F-5cAH | RF-FAN | Rd-codF [ osELAy [ SETUR
DIFF | ScAM [+ 7O [+ T0 « [RAMGE 25| 4+ 4 =
Differential mode IF panorama
| 4 I | Contents Overview I | Chapter Overview I Type Index | R&S Addresses I | > I




Receivers

62

L]

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I | >I

Use in computer-controlled

systems

For use in computer-controlled systems

frequency management tasks such as
long-term monitoring of specific

Rohde & Schwarz offers the system

monitoring software ARGUS and

RAMON.

RAMON, used in the military field, is
for fast frequency detection and trans- @ Continuous frequency range
fer to support monitoring receivers, 10 kHz to 3 GHz

while ARGUS is intended for civil e Digital IF section with 12 band-

Specifications in brief

Frequency range
Frequency setting
via keypad or rollkey

Frequency accuracy
Aging

Synthesizer setting time

Oscillator phase noise

Antenna input

Oscillator reradiation

Input attenuation

Input selection
100 kHz to 20 MHz
20 MHz to 1.5 GHz
1.5 GHzto 3 GHz

Interference rejection, nonlinearities
Image frequency rejection

IF rejection

2nd order infercept point

3rd order intercept point

Internal spurious signals

Sensitivity
Overall noise figure

Demodulation
IF bandwidths

IF bandwidths for level and
deviation indication

Squelch

Gain control

AFC
Deviation indication
Signal level indication

IF panorama (option SU)

Scan characteristics
Automatic memory scan

Frequency scan

Inputs/outputs
Digital IF output

Main features

¢ Ergonomic design for on-body

operation

applications, eg for authorities with

frequency bands.

e Fast, accurate level indication
across 110 dB dynamic range
¢ Scanning modes

- Frequency scan

- Memory scan

— Frequency spectrum
¢ Remote-controllable via RS232 PPP

widths (150 Hz to 150 kHz)

10 kHz to 3 GHz

1kHz, 100Hz, 10Hz, 1 Hzorin
selectable increments
<1.5x107¢(-10°Cto + 55 °C)
<0.5x 107 /year

<3 ms

<-100 dBc/Hz at 10 kHz offset
N female, 50 Q, VSWR <3, SMA con-

nector on rear panel for rack mounting
<-107 dBm
manual or automatic

highpass/lowpass
tracking preselection
highpass/lowpass

>70 dB, typ. 80 dB
>70 dB, typ. 80 dB
typ. 40 dBm

typ. 2 dBm

<-107 dBm

typ. 12 dB

AM, FM, USB, LSB, CW
12 (150/300/600 Hz/1.5/2.5/6/
9/15/30/50/120/150 kHz)

15 (150 Hz to 1 MHz) only with

IF Panoramic Unit EB200SU
signal-controlled, can be set from
70 dBpV to 100 dBpV

AGC, MGC

digital retuning for frequency-unstable
signals

graphical with tuning label

graphical as level line or numerical
from =10 dBpV to 100 dBpV, acoustic
indication by level fone

internal module, ranges 25, 50, 100,
200, 500, 1000 kHz

1000 definable memory locations to
each of which a complete data set can
be allocated

START/STOP/STEP definition with

receiving data set

serial data (clock, data, frame)
up to 256 ksps

1/Q output (digital)
IF 10.7 MHz, wideband

AF output, balanced
Loudspeaker output
Headphones output
Output, log. signal level
BITE

Data interface
Option

General data
Operating temperature
Rated temperature
Storage temperature
Power supply

Dimensions (W x H x D)

Weight (without battery pack)
Battery pack

Brief specifications of HE200

Frequency range

HF module
RF connector
Length of connecting cable

General data
Operating temperature
Rated temperature
Storage temperature
Power supply
Dimensions (W x H x D)

Weight (without battery)

Ordering information

Miniport Receiver

Extras

Carrying Case (telescopic anfenna,
headset, belt and space for EB200
and battery pack)

Battery Pack

Internal IF Panoramic Unit

RF Spectrum DIGI-Scan

LAN (Ethernet 10 Base-T) Interface
Handheld Directional Antenna
including carrying case

HF Module 10 kHz to 20 MHz

or LAN (Ethernet 10 Base-T, option)

Directional antenna

see chapter “Antennas” on page 28

AF signal, 16 bit

+5 MHz uncontrolled for external
panoramic display

600 Q, 0dBm

8 Q, 500 MW

via volume control

OVto+4.5V

monitoring of test signals by means of
loop test

RS232C 9-pin, PPP
LAN (Ethernet 10 Base-T)

-10°Cto +55°C

0°Cto +50°C

-40°Cto +70°C

AC 110/230V, 50/60 Hz

battery pack (typ. 4 h operation) or
DC 10 Vto 30V (max. 22 W)
210 mm x 88 mm x 270 mm;
219" x 2 HU

4kg

1.5kg

20 MHz to 3000 MHz with 3 RF
modules

10 kHz to 20 MHz as an option
N, male, 50 Q

0.9m

-10°Cto +55°C

0°Cto+50°C

-30°Cto +60 °C

in handle, 4 x 1.5 V mignon cell R6
470 mm x 360 mm x 180 mm

(in transit case)

4.5 kg including transit case

EB200 4052.2000.02
EB200SC 4052.9304.02
EB200BP 4052.4102.02
EB200SU 4052.3206.02
EB200DS 4052.9604.02
EB200R4 4052.9156.02
HE200 4050.3509.02
HE200HF 4051.4009.02
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Compact Receiver ESMC

Lightweight - compact -
user-friendly:
optimized radiomonitoring

from 0.5 MHz to 3000 MHz

Brief description

With the Compact Receiver ESMC, a
universal and multipurpose receiver for
radiomonitoring applications has been
produced in a compact size that was
thought not possible up to now.

The new receiver is only half the size of
customary 19" multipurpose receivers
of 3 height units but its technical data

are even superior fo those of such units.

Applications
e Signal reception
— aural monitoring
- radiomonitoring
- recording
e Searching and scanning
— continuous manual tuning
— at any channel spacing
- 5 start/stop frequency ranges
- spectrum display with a
speed of up to 13 GHz/s
— within 1000 memory locations
* Measurement of
— frequency occupancy
— level and frequency
- coverage

Main features

¢ Custom-specific frequency exten-
sion from HF to UHF (see diagram)
¢ Detection of frequency-agile emis-

7 J<8>ROMDE&S(:HWARZ G:OMPACT RECEVER )-( 20 . mooMHz )

) -ESMC

T wwamzz )&

e
a6
Ble)

IF FAM % 400 KHZ

TUNING D20
et

| @m@=
BOEE
BOEE
BOEE

FREAUENGY MHZ
460.5151

LEVEL dEpW
40 &0 z0| 50

| ABW ATT ] by £ n
:] D SCAM | SCAN

A RF RX a9
SCAM | SFDS | CONF MASTA

@@@@

MENU

W) = OO

| PDWER PHONES
- T

=sf

Photo 43150-3

e Simple operation via LC display

¢ Wide dynamic range and high
overload capacity

¢ 1 Hz frequency resolution

® RF and IF spectrum display

¢ Low phase noise

* Master/slave operation without a
PC

¢ Accurate measurement of signal
level

o Offset display for channel fre-
quency

® Remote control unit for mobile use

¢ AC/DC supply without changing
the power supply unit

Frequency range

VDLUME CDNTRAST

CJC]CJD.ﬂ,

CURSOR MEMDRV DATA

@” m H @
| i‘@r@ o] @]

Operation

The operating concept meets all the
demands made on a state-of-the-art
radiomonitoring receiver, ie all main
functions such as type of demodula-
tion, bandwidth, etc, can be set
directly via labelled keys. A hotkey
permits returning fo the main menu
from any submenu. Menu control is
organized in priority levels so that sig-
nal processing is not interrupted by
menu changes and the user never
loses sight of what is going on.

Device view Basic configuration

20 MHz to
650 MHz

.Hz to 1300 MHz

uuuuuuuuuu

Hz fo 650 MHz I

ESMG; ESMCGZTO,

ESMG; ESMC-T2

20 MHz to 3000 MHz

EINNC, ESMC-T2,
ESMC-FE

uuuuuuuuuu

MHz to 3000 MHz

ESMC; ESMC-T2,
ESMC-FE; ESMC-TO,

uuuuuuuuu

DO®0oco2ag

ESMC-TC

\ \
. . N N N N N
sions with anfllog sweep I I I z I
e Compact design and low weight p Q 3 g é
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Compact Receiver ESMC

Search facilities

The ESMC uses highly advanced
search routines. Fast synthesizer set-
ting and short level measurement
times guarantee highly effective
search operations.

Frequency scan
Five start/stop frequency ranges (5
jobs) may be defined and a complete
data set allocated to each range. In
addition to receiver settings, the fol-
lowing scan parameters may be
included in the data set:
- Step width
- Signal threshold (dBuV)
— Dwell time (s)
- Hold time (ms) plus the time
required for external devices,
if any
- Number of scan repetitions
- Signal-controlled continuation
(on/off)
- Suppression (individual frequen-
cies or ranges)

Memory scan

ESMC uses 1000 memory locations,
each holding a complete receiver set-
ting, such as frequency, type of modu-
lation, bandwidth, etc. The content of
the memory can be modified manually
or overwritten by results of a scan oper-
ation. User-definable code names,
group ID and scan enable flags may
also be defined for each location. Final-
ly the whole memory can be sorted ac-
cording to increasing frequency val-
ues. The content of any memory loco-
tion can be transferred to the receiver
manually, by using the RCL key, by turn-
ing the tuning knob or automatically by
activating the memory scan.

Andlog scan - full-speed detection of
bursts and hoppers

The advantage of analog sweep is the

extremely high speed. This allows
detection of burst signals and fre-
quency-agile transmissions. With

achieved. With the aid of a printer,
measurement results may be docu-
mented as a frequency-versustime

plot.

the option ESMC-AS and an exter-
nal PC a program under Win-

dows™ is provided, which enables

panoramic and waterfall displays.

Start and stop frequency are freely

selectable within any tuner range.

Depending on the performance of

A |EDIT ASCAN 100
[F H} COR][EREF[FAST]ZIG]DATA] T4 _JEAY 2
UsE ASGAN RUMMING -
AGC

100 10.0
KHZ 4E pt
A C FSTART: FMARK: FSTOF: 50
Za—L o000 MHZ [IEEEERMHZ  402.000 MHZ =
AEW | MARK | MARK |ascan RAMGE| SET 1
— | ™ 0

ATT | FEAK [CEMTER| IF co 48| & | HEZOR

the controlling PC, a scanning
speed of up to 13 GHz/s can be

Option overview

With option ESMC-AS fast hopping frequencies can be
detected

Several “plug&play” options allow the user to tailor the ESMC to his special needs.

All these options can be added to the basic version of the ESMC without any soft-

ware reconfiguration; whenever a module is changed or added, a recalibration

process is started automatically after power-up.

Description

Frequency extension from 0.5 MHz to 30 MHz instead of

ESMCT2 1)

Frequency extension up to 1.3 GHz 1

Separate ! /519" unit for frequency extension from

1.3 GHz to 3 GHz or 0.5 MHz to 3 GHz

Antenna splitter for one antenna input, 20 MHz to 3 GHz

(only with ESMC-FE) 2

10 MHz OCXO reference (error <0.1 x 1079)

Reception of LSB/USB and A1

Low-cost panoramic adapter using the receiver’s LCD

Analog scan function and software

Remote control via IEC 625-2/IEEE488
(instead of ESMCR2) 3

Remote control via R$232, RS422 and RS485 bus

(instead of ESMCR1) 3)

Remote control unit (operator front panel) for controlling

ESMC model .02 or 03 via serial link especially for

mobile applications

IF section with special bandwidth
(see ordering information on page 66)

1) Only one of these options to be fitted.

Type Order No

ESMC-TO  4039.9004.03
ESMCT2  4037.5201.02
ESMC-FE  4042.6002.02
ESMC-AN 4042.6702.02
ESMC-OR 4042.6902.02
ESMC-S3  4037.5501.02
ESMC-SU  4037.5553.02
ESMC-AS  4042.0404.02
ESMCR1  4037.5401.02
ESMCR2  4037.5453.02
ESMC-GB 4039.8508.02
ESMC-Z1  4037.5253.xx

2) Slot in option ESMC-FE available, otherweise in ESMC basic unit instead of option ESMC-SU.

3) Only one of these options to be fitted.

KN

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I | }I




Receivers

65

L]

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I | >I

Compact Receiver ESMC

Click & listen

For fixed frequency monitoring a spec-

Use in computer-controlled

systems

trum line can be selected by mouse click

or by frequency marker.

Specifications

Frequency range

Basic unit (with tuner 1)

Tuner 2

Tuner O

Frequency setting

Frequency error

Frequency aging

Oscillator phase noise
for tuner O

Synthesizer settling time

Antenna input

Oscillator reradiation
Tuner O

Input selectivity

Tuner O

Immunity to interference,
nonlinearities
Image frequency rejection
IF rejection
IP2
Tuner O
IP3
Tuner 2
Tuner O
Spurious
Tuner O

Sensitivity
Total noise figure (incl. AF section)

For use in computer-controlled systems
Rohde &Schwarz offers the system
monitoring software ARGUS and

RAMON.

20 MHz to 650 MHz

650 MHz to 1300 MHz (optional)
0.5 MHz to 30 MHz (optional)

1 kHz, 100 Hz, 10 Hz, 1 Hz
<+1.5x1074(-10°C to +55°C)
<+0.5 x 107¢ per year
<-110dBc (10 kHz)

<-138 dBc (10 kHz)

<1 ms

N connector, 50 Q, VSWR <2.5,
overload-protected

<-107 dBm

<-127 dBm

tuned filters

4 switched bandpass filters

typ. 110 dB, 290 dB
typ. 110 dB, 290 dB
typ. 50 dBm, 240 dBm
typ. 70 dBm, =55 dBm
typ. 11 dBm, = 8 dBm
typ. 9 dBm, =6 dBm
typ. 35 dBm, >28 dBm
<-107 dBm

<-113 dBm

<13.5dB, typ. 10dB

RAMON, used in the military field, is

for fast frequency detection and trans-

fer to support monitoring receivers,

while ARGUS is intended for civil
applications, eg for authorities with
frequency management tasks such as

long-term monitoring of specific fre-

quency bands.

Tuner 0
USB/LSB, IF bandwidth 500 Hz,
Af = 500 Hz

USB/LSB, IF bandwidth 2.5 kHz,
Af =1 kHz

AM, IF bandwidth 2.5 kHz,

frod =1 kHz, m=0.5

Large signal behaviour for tuner O

0.5t0 20 MHz 20 to 30 MHz
Vin= 0.4 nv Vin= 0.5 uv
>10dB >10 dB
Vin= 0.6 vV Vin= 0.7 uv
>10dB >10 dB
Vin=100 pV
>46 dB
Vip=1 v Vip= 1.2 nV
>10 dB >10 dB

Crossmodulation: interfering signal 2.5 V (+21 dBm), Af > 30 kHz;
m = 0.3; f = 1 kHz, signal level 5 mV (-33 dBm)

Modulation transfer

<10 %

Blocking: interfering signal 3.15 V (+ 23 dBm), Af > 30 kHz,
signal level 500 pV (-53 dBm), m = 0.3, f = 1 kHz

Signal attenuation

<1 dB

Desensitization: interfering signal 150 mV (-3.5 dBm), Af > 30 kHz,
signal level 15 uV (-83.5 dBm), IF bandwidth 2.5 kHz

SINAD

Other receiving characteristics
Demodulation

Squelch

AGC range
RF attenuator

AGC speed for 90 dB range

>20 dB

AM, FM, LOG, PULSE;
SSB and CW optional
signal-controlled, adjustable
~70dBuV 1080 dBuV (max. 110dByY,
120 dBuV with tuner 0)
90dB; 1 uVto 10 mV makes <4 dB dif-
ference in AF level
30dB (40 dB with tuner O) selectable or
signal-controlled

Attack Decay

AM/B=15 kHz <15ms 15ms
L%a@ljé fo 65]0-' '\3;2) Pulse/B=100kHz <0.1 ms [3 s, corr. to
_6 OM . typ. 300 M SSB/B=2.5 kHz <Ims [3dB/100ms
. X (650 MHzto 1 Hz) Range of MGC (manual gain control) 90 dB
(S+N)/N ratio (measurement using EGC (external gain control)
telephone filter to CCITT) Tuner 1 Tuner 2 by andlog voliage 90 dB
20 to 650 MHz 650 to 1300 MHz
AM, IF bandwidth = 8 kHz, Vy=-107 dBm  V,,=—103.5 dBm COR
fod=1 kHz, m= 0.5 ("uV) 210dB (15 V) 210 dB Decay adivstable 1510 10's
Vin=-47 dBm Attack <25ms
(1'mV) 247 dB AFC digital tuning for signals of unstable fre-
. quency
FM, IF bandwidth =15 kHz, Vin=—107 dBm  V;,=-103.5 dBm Offset indication raphical using tuning markers
froq =1 kHz, deviation = 5 kHz (1 wV) 225 dB (1.5 pV) 225 dB i 50 i Sfess (B <100 kHz)
Vin=-47 ng‘ Signal-level indication graphical as level line or numerical
(1 mV) 270 dB from —10 dBuV to 80 dBuV (110 dB-
) WV), with tuner 0 120 dBuV
USB/LSB, IF bandwidth=2.5 kHz, V;,=-117 dBm V;,=-47 dBm Resolution graphical 1 dB, numerical 0.1 dB
Af =1 kHz (0.3 uV)210dB (1 mV) 250 dB Error <+3 dB, <+2 dB for level > 0 dBuV
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Compact Receiver ESMC

Automatic memory scan
Frequency scan

Analog sweep (option)

Frequency marker
Sweep time
Resolution filter
Built-in test (BIT)
Continuous test

Loop test

Real-time display on
Spectrum Display EPZ 513')
IF

RF

Inputs and outputs
IF 21.4 MHz, controlled output

IF 21.4 MHz, uncontrolled output

21.4 MHz, wideband output
Video output, AM/FM/LOG

AF output, balanced

AF output, filtered, unbalanced
AF output, unbalanced

AF loudspeaker output

(AF filter 0.3 kHz to 3.4 kHz
may be switched to any AF output)
Output, log signal level
Output, channel offset

Input, ext. MGC voltage
Output, 1stLO

Output, 2nd LO

Bidirectional reference-
frequency connector

Special function ports

Output for controlling
antenna selectors

Data interfaces

1000 definable memory locations,
each location may be allocated a com-
plete set of receive data

five definable start/stop frequency
spans with separate receive data sets
(5 jobs)

full receive range (max. 650 MHz) or
any expanded section

added for receiver tuning

approx. 47 ms

IF filters of receiver

module monitoring, test points of mod-
ules can be shown on display, fault sig-
nalling with error code + text
key-triggered, automatic test of com-
plete receive section incl. AF section

+3.5 MHz, £1 MHz, £100 kHz or
zoom

full receive range (max. 650 MHz) or
any expanded section

500 Hz to 8 MHz?), BNC,
500,10 dBm

500 Hz to 8 MHz2), BNC, 50 ©,
Vi, + 12 dB

+4 MHz uncontrolled, BNC, 50 Q,

Vin +9 dB, for external spectrum display
1/2 IF bandwidth, DC-coupled, BNC,
509Q,2V (pp); forlog 1V

600 Q, 0 dBm

0.3 kHz to 3.4 kHz, fixed, 1V (rms)
1V (rms)

40,500 mW

OVio+5V, Zyy=1kQ
—5Vio 45V, Z, = 1 k@
0Vio2V,Z,=10ka
50 Q, SMA, —10 dBm
50 Q, SMA, ~15 dBm

10 MHz, BNC

in: 0.1 V102V, Z;y= 500 Q

out: 3 dBm, Z,,; =50 Q

configurable for muting, ext. scan stop,
efc

BCD, TTL level (for frequency
information)

IEC 625-2 (IEEE 488) (standard) or
RS232C/RS422/RS485 (option)

General data

Operating temperature
Nominal temperature
Power supply AC

DC
Power consumption AC

DC
Dimensions (W x H x D)
Weight

Model .02/.03
Model .22/.23

Ordering information

VHF/UHF Compact Receiver ESMC

-10°Cto +55°C

0°Cto+50°C
100/120/230/240V,-12%/+10%,
47 Hz to 440 Hz, overvoltage protec-
tion to VDE 160

10 Vto 32V, reversed polarity protec-
tion

<100 VA

<75W

219 mm x 147 mm x 460 mm

(/2 19", 3 height units)

11.5kg
12 kg

Basic units including IEC625 (IEEE488)
interface and IF section (filters 2.5 kHz/

8 kHz/15 kHz/100 kHz/2 MHz)
with front-panel control
without front-panel control
Basic units without IEC625 (IEEE488)
interface and IF section

4030.2007.22
4030.2007.02

with front-panel control 4030.2007.23
without front-panel control 4030.2007.03
Options see table on page 64
Tuner O for 0.5 MHz to 30 MHz ESMCT03) 4039.9004.03
Tuner 2 for 650 MHz to 1300 MHz ~ ESMC-T29) 4037.5201.02
(combination of tuner O and tuner 2
in one ESMC not possible)
SSB Unit ESMC-S3 4037.5501.02
IF Spectrum Unit ESMC-SU 4037.5553.02
Analog Scan (software) ESMC-AS 4042.0404.02
IEC625 (IEEE488) Interface ESMCR14) 4037.5401.02
Serial Interface (RS232/422/485) ESMC-R24) 4037.5453.02
Remote Control Unit
for model .02/.03 ESMC-GB 4039.8508.02
Frequency Extension
1.3 GHz to 3 GHz
(separate ! 519" unit) ESMC-FE 4042.6002.02
OCXO Reference ESMC-OR 4042.6902.02
Antenna Splitter ESMC-AN ) 4042.6702.02
Extras
Spectrum Display EPZ513 4011.9500.04
(data sheet PD756.9451)
19 " Adapter Z7A98 0827.4533.00
1) External unit.
2 | Depending on selected bandwidth (see table on this page).
3)Only one of these options to be fitted.
4]0Only one of these options to be fitted.
5 Slot'in option ESMC-FE available, otherweise in ESMC basic unit instead

of option ESMC-SU.
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Option for model .23/.03
IF Section (special bandwidths) ESMC-Z1 4037.5253 XX
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VHF-UHF Search Receiver ESMA

Fast radiomonitoring from

20 MHz to 3000 MHz

Brief description

The Rohde & Schwarz VHF-UHF
Search Receiver ESMA is the perfect
central unit of a processor-controlled

system for fast and efficient radiomon-

itoring.

Scanning

e Scan rate up to 5 GHz/s

e Signal verification processing

¢ User-definable threshold pattern
variable over frequency axis for up
to 10,000 channels

e Suppress function for single fre-
quencies or subranges

¢ Scan based on frequency range or
frequency list supporting up to 500
entries

¢ Multiple range operation

Interception and identification
¢ Aural monitoring

® Frequency

* Frequency offset

* level

* Modulation
® Bandwidth

Occupancy monitoring

¢ On-ine display for state of occu-
pancy for frequency ranges and
channel groups by means of pan-
oramic and waterfall diagrams

Off-line functions (optional)

e Scan replay
o Statistical evaluation

Main features

Designed as a search receiver for fast
radiomonitoring in the VHF/UHF

range, the ESMA is setting standards :

* Wide frequency range, 20 MHz to
3000 MHz (with option ESMA-T2
and ESMAFE)

¢ Wide dynamic range

¢ Accurate measurement of signal
level

* Measurement of frequency offset

e Detection of shortterm signals due
to high scan rate

=

¢ High-speed data link between front-
end and process controller

e User support by means of sophisti-
cated control panel and on-line help

¢ Man-machine interface running on
standard IBM-compatible PC featur-
ing flexible system upgrade (LAN,
printer, data backup, etc)

¢ Builtin test equipment (BITE) down
to submodule level

* Mains and battery operation

Applications

National organizations and authori-
ties in charge of radiomonitoring and
radio reconnaissance, such as radio-
monitoring services, police, customs,
security services, as well as military
customers require equipment provid-
ing fast and efficient radiomonitoring
with a minimum of accessories and
staff.

Consequently, the ESMA has been
designed as a fast search receiver
which forms the key component of an
advanced radiomonitoring system.
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VHF-UHF Search Receiver —
ESMA Tuner Synthesizer IF LDoegn:l%;nggr
ESMA
Control interface I

The versatile concept allows both sta- High-speed transputer link
tionary and mobile use in land vehi-
cles, vessels and airplanes. The scope Control unit | PC inferface (add-on card) |
of ESMA applications ranges from sta- (PC-AT) Fr— — — 9= — —
tistical channel monitoring and diq|og- RS-232 interface Ethernet inferface IEC interface

. . o . - - L — 7 -
based searching and identifying to j C
continuous scenario monitoring of fre- = — — = Option RS-232 LAN « IEC/IEEE

quency bands. The monitoring of fre-
quency-agile systems or burst transmis-
sions is also possible. Thanks to the
wide dynamic range and the low-
noise synthesizer the ESMA is per-
fectly suited for use as a frontend for
digital postprocessing.

Scan features

e Scan rate up to 5 GHz/s

¢ Predefinable sequence of up to
nine frequency ranges and one fre-
quency list for multiple range oper-
ation

¢ Overview mode for continuous
monitoring

¢ Search mode for identification
purposes

e Alarm threshold variable over
frequency axis for monitoring of
complex scenarios

e Suppress function for single chan-
nels and subranges via temporary
and permanent suppress lists

Receive features

¢ Tracking preselection

¢ High sensitivity

¢ Wide dynamic range

¢ Low oscillator reradiation

* May be equipped with up to 5 IF
bandwidths from 8 kHz to 8 MHz

e Synthesizer switching time better
than 150 us

¢ Low oscillator phase noise even
close to carrier

Block diagram of ESMA connected to PC via high-speed transputer link

o Thermostat-controlled reference
crystal featuring an extremely high
frequency accuracy

Operation

A standard stand-alone configuration
consists of Search Receiver ESMA
including control software and IBM-
compatible PC, which is operated via
keyboard, mouse and VGA monitor.
The PC communicates with the
receiver via a high-speed transputer
link and a link adapter which is to be
installed in the PC (see diagram).

The control software operates under
MS-Windows 3.x/95/98/NT and
features:

Transfer

User interface for o 150 d

M

Setting of all receiver and scanning
parameters for overview and search
mode including a global threshold
level or polygonal threshold pattern
which may be adapted to the cur-
rent scenario during scanning
Onine display of event data
gained, multiple ways of represen-
tation (panoramic, waterfall) in
overview mode

Interactive panel for identification
of channel and station in search
mode

Transfer of receiver setting to slave
receiver and direction finder
Recording function for overview
mode (optional)

Off-line statistics (optional)

Scan replay (optional)

Device Esma Yiew Tools Options Window Help

CE0EEEmEEEOEEE

ESMA -]

1 Values

Suppress[MHz]
$1 $2/

128 148

overview mode

[ —
§3 St
o

allows inferactive
definition of a
polygonal thresh-

“"I | Status
Ll

old pattern even
during scan opera-

tion

[For Help. press F1

[TESTSPEC.ORD |Ovenview [10:25:08 am
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VHF-UHF Search Receiver ESMA

Moreover, the stand-alone configura-
tion can be upgraded to a standard

monitoring system including:

Specifications

Frequency range
Basic unit
Tuner 2
Tuner FE
Frequency resolution
Stability
Reference frequency
Temperature stability
Aging
After warm-up time
Antenna input

Oscillator reradiation
Input selectivity
Oscillator phase noise

Synthesizer switching time

e Extracting tools for offline analysis
e Linking of several standard systems

to form a multi-position system

20 MHz to 3000 MHz

20MHz to 650 MHz

650 MHz to 1300 MHz (optional)
1300 MHz to 3000 MHz

100 Hz

like reference frequency

10 MHz

<1.5x108(-10°C to +55°C)
<5x107'9/day

<3 x 10°8/5 min

50 Q, N socket, protected against
overvoltage, VSWR 2.5

<-107 dBm

tuned filters

<115 dBc (10 kHz),

typ. 120 dBc (10 kHiz)

<150 us

Immunity to interference, nonlinearities

Image frequency rejection

IF rejection

2nd order intercept point

3rd order intercept point
20 MHz to 650 MHz
650 MHz to 1300 MHz

Spurious

Sensitivity
Total noise figure (incl. AF section)
20 MHz to 650 MHz
650 MHz to 1300 MHz
(S+N)/N ratio (CCITT)
AM (m=0.5)

FM (deviation=5 kHz)

Signal level indication

IF bandwidths

Demodulation
Squelch
Control

Automatic AGC

Manual MGC
Attenuator

Built-in test equipment (BITE)
Continuous test
Loop test

Status indication
Outputs

IF outputs
21.4 MHz, controlled

typ. 110 dB, 290 dB
typ. 110 dB, 290 dB
typ. 50 dBm, 240 dBm

typ. 11 dBm, =8 dBm
typ. 9 dBm, 26 dBm
<-107 dBm

typ. 10dB, <13.5 dB
typ. 11 dB, <14.5 dB

>10 dB, for Viy=1.5 1V,

IF bandwidth 15 kHz

25 dB, for Viy=1.5 1V,

IF bandwidth 15 kHz

graphical as vertical level line in pan-
oramic display, numerical in static and
search mode

8/15/30/100 kHz/2 MHz (stan-
dard), max. 8 MHz possible
AM, FM, LOG

signal-controlled

90 dB signal variation for < 4 dB AF
variation

IF control 90 dB

30 dB selectable

module monitoring, fault signalling
automatic test of complete receive sec-
tion including signal evaluation section
LEDs on front panel

8 kHzto 8 MHz '), =10 dBm,
BNC, 50 @

21.4 MHz, uncontrolled
AF outputs
Balanced
Unbalanced
AF loudspeaker output
Headphone output
AM, FM, LOG video output

Reference frequency output

Special function ports

Control interface
General data

Operating temperature
Nominal temperature
Power supply

AC

DC

The menu gives a complete overview of
all operating modes. Even in time-rele-
vantsituations the user is effectively sup-
ported by the graphical user interface.
A convenient on-line help is also part of
the standard software.

+4 MHz wideband output, Vi, + 11 dB,
BNC, 50 Q

AF filter 0.3 kHz to 3.4 kHz, may be
switched to any AF output

0 dBm, 600 Q

0.5V (rms), Rj=600 Q

500 mW, 4 Q

1V (rms), Ri=5 Q, jack socket, 6.35
mm, controllable

1/2 IF bandwidth, DC-coupled, BNC,
5090, 2V (pp) (for LOG 1 V)

10 MHz, BNC, 50 Q, 5 dBm

2 ports, configurable

outputs: frequency information, control
signals for antennas, log signal level,
frequency offset

input: IF analog voltage for external
gain control

transputer link (RS422)

-10°Cto +55°C
0°Cto+50°C

100/120/230/240V, -12/+10%,
47 Hz to 440 Hz, overvoltage protec-
tion to VDE 160

20 V1o 32V [reversed polarity protec-
tion)

Power consumption (without PC)

DC
Dimensions (W x H x D)
Weight

<150 VA

<120 W

436 mm x 192 mm x 460 mm
20 kg

Ordering information

VHF-UHF Search Receiver

Accessories supplied

Recommended controller

Options
Tuner 2 for frequency range

extension 650 MHz to 1300 MHz

Data Evaluation Package

ESMA 4024.5008.02
Transputer Card ESMA-TK (ISA-16),
standard software, control cable
ESMA-PC, operating manual, power
cable

IBM-compatible PC-AT486, at least
66 MHz, including SVGA adapter
(800 x 600 pixels, 256 colours); one
free ISA slot for ESMA-TK

ESMA-T2
ESMA-EV

4034.4256.02
4047.3060.01

11" Depending on selected IF bandwidth.
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Digital VLF-HF Receivers EK895, EK896 - Overview

EK895 and EK896 (Photo 41623)

10 kHz to 30 kHz

Compact DSP-based receivers
for radiomonitoring and detec-
tion, radiocommunication,
search operation, DF systems
and as front-end for HF intelli-

gence tasks

Brief description

The compact and modular VLF-HF

receivers are ideal for use in station-

ary, mobile and remote receiving sys-

tems. Thanks to the modern and
flexible concept, the receivers can be
used as communication receivers in
communication networks and for fast
search, scanning, radio detection and
radiomonitoring tasks. Moreover, the
units are optimally suitable as high-
performance front-end units (eg for
special post-processing applications
(COMINT) as well as for frequency-
synchronous receiving or DF systems.

Digital VLF-HF Receivers EK895/896
resort to the use of digital signal

processing (DSP) for the IF, demodula-

tion and AF. The DSP, equipped with a
very powerful microprocessor, offers a
variety of additional features to the

user such as automatic signal process-

ing, signal optimization and high

operating convenience. All this signifi-

cantly improves the attainable recep-
tion quality.

The very compact ¥2 19" single
receivers or 19" (rackable) single or
dual receivers allow any type of sys-
tem combinations in the form of oper-
ator positions or handoff receivers
(master-slave operation). Handoff or
remote receiving operation over any
distance is possible without any con-
straints using master (EK896)/slave
(EK895) concepts (see page 77).

Moreover, Remote Control Unit
GB899 or serial computer interfaces
(also bus-compatible) for PC-controlled
operation of single receivers or up to
99 handoff receivers (addressable)
are available in the system.

Features and benefits

All the well-proven features of the
EK890 family such as RF characteris-
tics, operating and remote-control con-
cept, applications, high immunity fo
spurious emission as well as high reli-
ability (especially in the RF field and
under environmental stress) can be
found in these two receivers.

Well-proven system concept

e 2 different models:
- Halfrack receiver EK895
— Search receiver EK896 (19")

* Receiving range throughout with
1 Hz resolution

® 13 or 128 bandwidths

® Excellent large-signal behaviour

® Very short frequency change time
(typ. 10 ms)

* High rejection of strong interfering
signals

® BIT (builtIn-test) integrated down to
module level

® MIL-STD-810D and MIL-STD-461B

* Digital signal processing (DSP) for
convienient and versatile operation

* Excellent radio signal analysis
application with Digital Spectrum
Display EPO90
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Digital VLF-HF Receivers EK895, EK896 - Overview

Operational features

e Easy to operate via terminal, com-
puter, remote control unit or front
panel

- Menu-guided settings

¢ Remote control of all settings — over
any distance when using modems

- Realtime remote control or
master/slave mode

- Master/slave and system
operation

- Fully BUS-controllable (RS-232-C,
RS-485, 2/4-wire)

— Available with operator front
panel or remote-control-only front
panel

® 1000 programmable channel mem-
ory locations

Overview of EK890 models

¢ Scan mode for programmable fre-
quency ranges and any desired
channel sequences

¢ |deal handoff receivers in station-
ary, mobile and remote receiving
systems

Customer benefits

¢ Extremely reliable operation under
harsh environmental and EMC con-
ditions (MTBF >14000 hours)

¢ High availability thanks to long
MTBF and short MTTR

¢ Easy to adapt to special require-
ments by means of optional plug-in
modules and standardized inter-
faces

Excellent price/performance

ratio

Powerful microprocessor for bus
interfacing, menus and user pro-
grams

Free slots for retrofitting of options
Integrated self-test down to module
level with plain-text result display
Low power consumption <25 VA
(basic model EK895), therefore
little self-heating

Highly compact, width '/, 19"
(EK895) or 19" (EK896)

Dual receiver as 19" bench or rack
models

EK895 Slave, comm., DSP + additional features 1/, 19"

monitoring

07 Special communica-  LINK11 reception/demo- 1/, 19" 13 — U 7 73
tion dul.

12 Gen.-purpose, comm., DSP + additional features /419" 13 J 6 73
monitoring

14 Gen.-purpose, moni-  DSP, OCXO, opt. 128 BW 419" 13 . 7 73
toring, comm.

17 LINK11 reception With internal OCXO 19" 13 . 7 73

37 LINK11 reception For use with external fre- 19" 13 J 7 73

quency standard
63 1.44 IF Additional IF output Vo19" 13 . 7 73
EK896 12 Master, gen.-purpose,  DSP, fast and easy op., opt. 19" 128 . 7 75

monitoring 128 BW

14 Gen.-purpose, master, DSP, fast and easy op., 19" 128 . 8 75
monitoring OCXO, monitoring RX

17 LINK11 reception With internal OCXO 19" 128 J 75

37 LINK11 reception For use with external fre- 19" 128 . 75

quency standard
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Digital VLF-HF Receiver EK895

Compact 219" DSP-based
high-end receiver for radio-
communication, radiomonitor-
ing and detection, search oper-
ation, DF systems and as front-

end for HF intelligence tasks

Features and benefits

e Digital signal processing (DSP) for
convenient and versatile operation

¢ Clear<ut front panel for simple,
menu-guided operation

¢ Realtime remote control or master-
slave mode

* Well-proven system concept

e Excellent price/performance
ratio

e Extremely reliable operation under
harsh environmental and EMC con-
ditions

¢ Application-specific options and
accessories available

Applications

Due to the excellent RF characteristics
and the uncomplicated and full
remote-control capability EK895 is
suitable for all civil, administrative and
military shortwave applications.
Receiver EK895 is an ideal choice for
receiving systems which have to fulfill
extremely high reliability require-
ments, in particular under harsh envi-
ronmental and EMC conditions.

Characteristics

With EK895, Rohde & Schwarz has a
powerful VLF-HF receiver which is a

top-end product benefiting from many

years of experience in this field. Due
to the advantages of digital signal
processing, embedded in Receiver
EK895 a number of additional fea-
tures and operator convenience have
been added. The operational features
additionally incorporated into EK895,
such as preamplifier PREAMP), noise
blanker (NB), squelch (SQ), notch filter
(NOTCH,) and passband tuning (PBT),
are selected in submenus using softkeys.
If one of these features is active, a bar-
graph appears on the display above the
relevant inscription (PREAMP, NB, SQ,
NOTCH, PBT).

A clearly organized, menu-guided
selection and programming of the
receiving settings ensure excellent
processing and handling of the
received signal content. Thanks to its
full system compatibility, the receiver
provides the basis for extremely eco-
nomical customer-specific solutions.

EK895 thus fulfills the requirements for
versatile use in voice receiving and
any kind of data communication sys-
tems as well as for all radiomonitor-
ing, radio defection and radio intelli-
gence (COMINT) applications.

Photo 41636

Operation

The built-in memory has capacity for
nonvolatile storage of 1000 complete
channel settings so that channel man-
agement and control by an external
computer are not required but never-
theless additionally possible.

Receivers with remote-control panel
The receivers can be remote-controlled
by ASCIl command sequences via a
multistandard interface (RS-232-C, RS-
485, RS-422/423, 2/4-wire). In the
simplest case, a terminal can be used
as the control unit. For more conven-
ience a computer can be used to han-
dle complex tasks and to create spe-
cial user interfaces. A demo program
for generating a virtual front panel is
available if desired.

A remote control unit (GB899) permits
full remote control via the serial inter-
face, and with external line modems,
over any distance.

Two wired and bus-integrated slots for
plug-in modules are provided in
EK895 for extensions.

The comprehensive sequence control
can be used for all demanding short-
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wave reception fasks. Due to flexible
programming of the processor, the fol-
lowing operating modes are possible:

- Manual operation

- Remote control or master-slave
operation

- Channel scanning, sequential
and programmable

— Frequency scan

- Channel reception

- Password-protected channel
reception

Special features

o Excellent large-signal behaviour,
very good intercept points

Fast and low-noise synthesizer
Demodulators for AM, CW, LSB,
USB, ISB, FM, FSK, AFSK and FAX
included in basic configuration

13 bandwidths from 150 Hz to

8 kHz (128 BW as option)

LINKT1 reception

(models 07, 17, 37)

RF preamplifier, switchable (noise
figure 8 kTy)

Double notch filter

Noise blanker

Passband tuning

Syllabic squelch

Special RTTY (FSK/AFSK) mark and
space filters, matched to the
selected shift

Digital data output (Data, Clock,

Maximum input voltage protection
up fo 100 V EMF

Control interface fully complying
with international standards

Low power consumption <25 VA
(basic model EK895), therefore
little self-heating

Powerful microprocessor for bus
interfacing, menus and user pro-
grams

Dual receiver as 19" bench or rack
models

Free slots for retrofitting of options
Integrated self-test down to module
level with plain-text result display
Available with operator front panel
or remote-control-only front panel
Highly compact, width '/, 19"

¢ High resolution of tuning frequency

downto 1 Hz

Specifications

Frequency range

Resolution

Frequency drift
Frequency standard (TCXO)
Option: OCXO

External frequency standard

Antenna input
Max. input voltage (S30 MHz)

Demodulation modes

IF bandwidth

(standard values)

Quasicontinuous bandwidth selection

Frame)

10 kHz to 30 MHz

1 Hz

—10to +45°C aging/year
5x1077 1x107¢
1x1077 1x1077

1/5/10 MHz, 0.2 to 1 V RMS
BNC connector, 50 Q
100 Veme

CW/MCW (A1A, A1B, A2A, A2B)
FAX1 (F1C)

AM/AME (A3E, H2A, H2B, H2E)
USB/LSB (R2A, R3E, J2A, J3E)

ISB (B8E)

FSK/AFSK (F1A, F1B), F6 (F7B)
FAX2 (F3C), FM (F3E)

DATA LINK to MIL-STD-188-203-1A
(on request)

13, selectable
between 150 Hz and 8 kHz

128 steps, between 100 Hz and
9 kHz (with option EK895S57)

Sensitivity (for S/N=10 dB, f=0.1 to 30 MHz)

ATA (CW)

J3E (SSB), 7B

H3E (AME), 1 kHz, m=60%
with preamplifier, f=0.2 to 30 MHz

ATA (CW)

J3E (SSB), 7B

H3E (AME), 1 kHz, m=60%

0.4 UV EMF (=121 dBm), BW=300
Hz

1.0 LV EMF (=113 dBm), BW=2.7
kHz

2.7 UV EMF (=104 dBm), BW=6 kHz

0.2 LV EMF (—127 dBm),

BW=300 Hz

0.4 UV EMF (—121 dBm),

BW=2.7 kHz

1.0 UV EMF (=113 dBm), BW=6 kHz

Immunity to interference, non-linearities

Intermodulation (1.5 to 30 MHz)

IP,
IP3

Gain control

AGC error

Time response constants
Attack time
Decay time

DGC range

AFSK/FSK demodulator

Diplex telegraphy demodulator (F7B)

Channel memory

Data interface
Transfer rate

General data

Environmental conditions
Rated temperature range
Operating temperature range
Storage temperature range
Humidity (non-condensing)
Vibration test

Shock test
EMC

MTBF

Power supply

Dimensions (W x H x D), weight

>60 dBm (typ. 70 dBm)
>30 dBm (typ. 35 dBm)

automatic (AGC), manual (MGC) or
remote (DGC)
<3 dB (1 UV to 1V EMF)

<10 ms
25/150/500ms, 15,3 s
0 to 120 dBULV EMF in 1 dB steps

transfer rate (50 to 600 baud) and
deviation range (+42.5 to £425 Hz)
adjustable; V.28 interface and audi-
ble tone circuit

2 x V.28 interface

for 1000 channels, nonvolatile, stor-
age of complete receiver setup for
each channel

RS-232-C, RS-485 (bus-compatible)
50 to 38 400 baud

to MIL-STD-810 D

—10to +45°C

—25t0 +55°C

—40 to +80°C

max. 95% at +40°C

10 to 55 Hz; 0.4 mm double
amplitude

30g, 11 ms

to MIL-STD-461/462

>14 000 h

100/120/230/240 V —15/+10%,
47 to 420 Hz (approx. 25 to 75 VA,
depending on model)

211 mm x 132 mm x 460 mm,
approx. 8 kg
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i i i Recommended extras
Orderlng information EK895 Control Panel GB890 6007.7709.03
Remote Control Unit GB899 6037.3501.03
: 19" Adapter Kit ZZA98 0827.4533.00
VLF-HF Receiver , haapter B
with control panel for local/remoe confro 19" Adapter Kit for 2 EK895 KA890LI 6041.6699.03
Standard Receiver (with TCXO) ~ EK895 6057.8996.12  Service manual EK895 6045.6712.62
with oven-controlled frequency I;lne _Currer;{r ISource GH890 6007.6054.02
ug-in modules
Wifﬁ“ﬁ:ﬁ{iﬁj’fﬁ o] T 6057.8996.14 Input Filter Unit FK89OH] 6007.7750.02
Standard Receiver (with TCXO] ~ EK895 6057.8996.02 BCD Interface GC890 6007.7809.02
for LINK11 reception . Bcroudb:nnd Output (module) GM893 6051.8494.03
; . onverter
(o Standard rReiceZ',‘l’zrn (with TCXO] - EK895 6057.8996.07 (submodule of IF/AF processor]  UX895 6077.0261.02
) ! Quasicontinuous
for LINK11 reception, for use with ' ' Remote Control Software EK890S52 6077.7051.03
external frequency standard EK895 6057.8996.37

with 1.44 MHz additional IF output  EK895

Accessories supplied manual

Digital VLF-HF Receiver EK896 "

19" DSP-based receiver for
radiomonitoring and detection,
radiocommunication, master

receiver for radio workstations

Features and benefits

¢ Digital signal processing (DSP) for
convenient and versatile operation

¢ Digital RF selection (optional)

¢ Realtime remote control or master-
slave mode

* Well-proven system concept

e Excellent price/performance ratio

¢ Extremely reliable operation under
harsh environmental and EMC con-
ditions

¢ Application-specific options/acces-
sories available

Applications

EK896 has been designed with a par-
ticular view to complex tasks of radio
detection and search reception, its
operating principle and configuration
matching perfectly the relevant
requirements. As standard it is fitted
with panel controls and LC display for

6057.8996.63

6038.2509.108) (seR s34¢21/003

Search Receiver EK896 with front panel for local/remote control (Photo 41639)

local and remote-control operation
since with radiomonitoring manual
optimization of receive parameters is
practically always necessary.

High-speed and reliable radiomonitor-
ing is supported by temporary storage
of a complete receiver setup and its
transfer to or readout from the con-
nected slave. EK896 is the optimal
operator’s position in modern radio-
monitoring systems. In the usual mas-
ter-slave mode, a master receiver can
control up to 99 slave receivers via
additional line drivers to handle simul-
taneous radiomonitoring or specific
radio detection tasks. Due fo its out-
standing characteristics, EK896 is
also ideal for use as a stand-alone
receiver. All EK895 options can be fit-
ted.

Characteristics

EK896 is based on the basic model
EK895, see page 73.

Special operations
- Master-slave operation
- Complete erasure of channel
memory

In addition, the following functions
can be selected on the front panel:
— Display of interface configura-
tion
- Fast channel storage
— Channel buffer storage
— Default settings on/off
— Password for channel service
- Local/remote mode
- Knob increments
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Special features

Excellent large-signal behaviour,
very good intercept points

High resolution of tuning frequency
down to 1 Hz

Fast and low-noise synthesizer
Demodulators for AM, CW, LSB,
USB, ISB, FM, FSK, AFSK and FAX
included in basic configuration
128 bandwidths from 100 Hz to
9 kHz

RF preamplifier, switchable (noise
figure 8 kTp)

Double notch filter

Noise blanker

Passband tuning

Syllabic squelch

Special RTTY (FSK/AFSK) mark and
space filters, matched to the
selected shift

Direct, fast access key panels
Digital data output

Maximum input voltage protection
up to 100 V EMF (up o 200 V EMF,
see option)

Control interface fully complying
with international standards

Digital selection (optional)

Builtin speaker, switchable

Large tuning knob

Low power consumption <25 VA
(basic model EK896), therefore
litle self-heating

Powerful microprocessor for bus
interfacing, menus and user pro-
grams

Receiver as 19" bench or rack mod-
els

Free slots for retrofitting of options
Integrated self-test down to module
level with plain-text result display

Specifications

Frequency range

Resolution

Frequency drift
Frequency standard (TCXO)
Option: OCXO

External frequency standard

Antenna input
Max. input voltage (€30 MHz)

Demodulation modes

IF bandwith

Sensitivity
ATA (CW)
J3E (SSB), 7B
H3E [AME), 1 kHz, m=60%
with preamplifier, f=0.2 to 30 MHz
ATA (CW)

J3E (SSB), J7B

H3E (AME), 1 kHz, m=60%
IP2 and IP3

Gain control

AGC error

Time response constants
Attack time
Decay time

DGC range

AFSK/FSK demodulator

Diplex telegraphy demodulator

10 kHz to 30 MHz

1 Hz

-10 to +45°C aging/year
5x107 1x10°¢
1x107 1x107

1/5/10 MHz, 0.2 to 1 V RMS
BNC connector, 50 Q
100 V EMF, opt. 200 V EMF

CW/MCW (ATA, A1B, A2A, A2B)
FAXT (F1C)

AM/AME (A3E, H2A, H2B, H2E)
USB/LSB (R2A, R3E, J2A, J3E)

ISB (BSE)

FSK/AFSK (F1A, F1B), F6 (F7B)
FAX2 (F3C), FM (F3E)

DATA LINK to MIL-STD-188-203-1A

(on request)

13, selectable between 150 Hz
and 8 kHz and 128 steps, between
100 Hz and 9 kHz

(for S/N=10 dB, f=0.1 to 30 MHz]
0.4 uV EMF (=121 dBm), BW=300 Hz
1.0V EMF (=113 dBm), BW=2.7 kHz
2.7 UV EMF (~104 dBm), BW=6 kHz

0.2 uV EMF (-127 dBm),

BW=300 Hz

0.4 uV EMF (=121 dBm),

BW=2.7 kHz

1.0 uV EMF (=113 dBm), BW=6 kHz
same as EK895

automatic (AGC), manual (MGC) or
remote (DGC)
<3dB (1 uVto 1V EMF)

<10 ms
25/150/500ms, 15,3 s
0to 120 dBuV EMF in 1 dB steps

transfer rate (50 to 600 baud) and
deviation range (£42.5 to 425 Hz)
adjustable; V.28 interface and audi-
ble tone circuit

2 x V.28 interface

Channel memory

Data interface
Transfer rate

General data

Environmental conditions
Rated temperature range
Operating temperature range
Storage temperature range
Humidity (non-condensing)

Vibration test

Shock test
EMC

MTBF

Power supply

Dimensions (W x H x D), weight

Ordering information

VLF-HF Receiver

with control panel
Standard Receiver with TCXO
with oven-controlled frequency
standard (OCXO)
for LINK11 reception (int. OCXO)
for LINK11 reception (for use with
external frequency standard)

Accessories supplied

Recommended extras
Remote Control Unit
Service manual
Line Current Source
Plug-in modules
Input Filter Unit
BCD Interface
Broadband Output (module)
IF Converter
(submodule of IF/AF processor)
Quasicontinuous
Digital Selection
Remote Control Software
HF Unit with 1.44 MHz

IF output, unregulated

for 1000 channels, nonvolatile, stor-
age of complete receiver setup for
each channel

RS-232-C, RS-485 (bus-compatible)
50 to 38 400 baud

to MIL-STD-810 D

-10 to +45°C

-25to +55°C

-40 to +80°C

max. 95% at +40°C

10 to 55 Hz; 0.4 mm double
amplitude

30g, 11 ms

to MILSTD-461/462

>14 000 h

100/120/230/240V -15/+10%,
47 to 420 Hz (approx. 25 to 75 VA,
depending on model)

426 mm x 132 mm x 460 mm,
approx. 11 kg

EK896 6038.2509.12
EK896 6038.2509.14
EK896 6038.2509.17
EK896 6038.2509.37
manual

GB899 6037.3501.03
EK896 6045.7783.62
GH890 6007.6054.02
FK890H1 6007.7750.02
GC890 6007.7809.02
GM893 6051.8494.03
UX895 6077.0261.02
FK896 6077.2264.02
EK890S2 6077.2264.03
(EK890) 6007.4400.03
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Control Concepts of VLF-HF Receivers EK895/896

Remote control Local control

... via PC or ASCII
terminal EK895 with control panel

as a stand-alone unit or as

a master receiver in sys-

tems (Photo 41637)

jE] O o

(&3
=)

RS-485 bus

Search Receiver EK896 (Photo 40439)

EK895 with front panel
for remote control ‘
(Photo 40376) A 4

... via Remote Control
Unit GB899, model 03
(Photo 41978)

Master-slave operation

Slave receivers, max. 99 addressable (Photo 41625)

Internal Options for EK895/EK896 — Overview

o o o [e] o o o

EK895 o max. 2/
(model 02 to 14) set
EK896 — o o o o o o o max. 2/
(model 12, 14) set

- not available
. standard
optional
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Internal Options for VLF-HF Receivers EK895/896

Control Panel GB890

IF Converter UX895

Input Filter Unit FK890H1

BCD Interface GC890

TTY Line Current Source
GH890

Control Panel GB890, also called operator front panel
for local control, is part of Receivers EK895 and
EK896, models >12. GB890 can be easily retrofitted
- also during operation — into receivers, which makes
them particularly suvitable for the field of servicing. In
addition to the controls and displays, GB890 also con-
tains an AF amplifier for headphones or for an external
loudspeaker.

IF Converter UX895 is a submodule for the IF/AF (DSP)
processor. Instead of the analog IF output (0 to 40 kHz)
IF Converter UX895 performs a linear conversion of
the set receive parameters into the IF of 455 kHz
(100 kHz output frequency on request). This option
allows connection of external signal processing units/

analyzers operating with an input frequency of
455 kHz.

The input filter module comprises a lowpass filter, a
bandpass filter and eight suboctave filters which are
automatically selected with the receive frequency. It is
also equipped with a signal input protection up to 30
V EMF (for the HF bands). The input filter unit has a
very low insertion loss (<1dB) and an excellent large-
signal behaviour matching with the receiver (no inher-
ent distortion/hysteresis).

The input filter unit is recommended for use to ensure

unimpaired reception in an environment subject to RF

interference (collocation). In this case, unwanted (infer-
fering) frequency ranges are strongly suppressed.

The BCD interface provides the current receive fre-
quency information — with a resolution of 100 Hz to a
parallel BCD output. This frequency information can be
used fo control external frequency-dependent add-on
units such as tuned Selection FK101 or tuned active
Antenna System AKOO1.

This option needs an additional output connector at the
rear of the receiver (BCD interface).

This option supplies the line current (40 mA at 60V, or
+20 mA at +30 V) required for direct connection of tel-
efype units provided that a FSK/AFSK demodulation
(eg with GM890) - standard for EK895/896 — is
given.

This option is recommended for the connection of older
teletype units which still need line current. It is not
required for modern teletype units that are operated
under V.28 or TTL control.

Easily exchange

able front

panel with control, setting and

display elements as well as AF
amplifier (max. 1 W info 8 Q)
at headphone jack plug.

Level
Connector
Impedance

Lowpass filter
Bandpass filter
MHz

Suboctave filters
(8

Insertion loss
Input voltage
protection

Design

Frequency
information

Design

Line current

Double current
(can be selected)
Design

0 dBm
BNC
50 Q

0 to 0.5 MHz
0.5t0 1.5

1.5 to 30 MHz

<1 dB
>30 V EMF

plug-in module

22 bit parallel,
CMOS, 5V

plug-in board

40 mA/60 V

+20mA/+30 V
printed circuit

Blank Panel
GX890
6007.5506.02

Control Panel
GB890
6057.9140.02

IF Converter
UXx895
6077.0261.02

Input Filter Unit
FK890H1
6007.7750.02

BCD Interface
GC890
6007.7809.02

TTY Line Current
Source

GH890
6007.6054.02
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Internal Options for VLF-HF Receivers EK895/896

Digital Selection FK896
(for EK896 only)

DATA LINK demodulator

This option comprises Digital Selection FK2010 which,
together with Control Interface GS896, is integrated
info EK896. The automatically tuned, tracking selec-

tion circuit incorporates the following functions:

The digital selection is recommended for use in envi-
ronments with strong RF inferference (ie collocation
problems). It improves input selection by automatic
tracking of the receive frequency and increases the
input voltage protection (overload protection) of the

receiver.

Design: filter unit (FK2010) plus plug-in board
(GS89¢).

This software option is used for the demodulation of
DATA LINK emissions according to MIL-STD-188-203-

1.

e 7-<ircuit lowpass (O to
approx. 30 MHz)

e S<circuit lowpass (0 to
approx. 1.5 MHz) for rejec-

tion of strong shortwave inter-

fering signals

¢ Tracking single-circuit filter
1.5 to 30 MHz with stop-
band attenuation of >20 dB
at 10% spacing

¢ Power on/off by remote con-

trol (can be bypassed)
* Input voltage protection to
200 V EMF

Further information supplied on
request.

Digital Selection
FK896
6077.2264.02

This software option allows the fine selection of the IF BW steps 128 steps Quasicontinu-

bandwidth between 100 Hz and 9 kHz in 128 steps between ous IF Band-

and thus permits optimization of the required band- 100 Hz and  width Control

width for the different types of modulation or of the 9000 Hz, dis- EK895S7

adjacent-channel suppression. This option offers a played, vari-  6077.7051.02

choice of operation with either 13 (standard) or 128 able by means

bandwidths. of knob Note:
Quasicontinuous IF Band- This option is
width Control EK89557 The advantage lies — especially important for radiode- Shape factor standard in

tection and analyzing receiving equipment — in the (max. at 3dB) 1.2t0 1.5 Receiver

optimum S/N ratio setting for the signal received and EK896.

demodulated. The optimum bandwidth can be stored

with DEF OFF and is then automatically set again

depending on the modulation type.

This option has to be indicated when ordering the rel-

evant receiver (factory installation).

The optional broadband output (plug-in module) sup-  Output frequency Broadband

plies an approx. 1 MHz broad signal at the first IF of 41.44 MHz Output

41.44 MHz (at the receive frequency £500 kHz). To  Bandwidth >1 MHz GM893

avoid impairment of the receiver sensitivity of the main (at 3 dB) 6051.8494.03
Broadband Output GM893 (informot?on) channel, the path to the brozldband chan-  Min. gain -10 dB,

nel is decoupled by =10 dB. related to

For broadband spectrum analysis, Spectrum Display antenna input

EPZ513 can be connected to this broadband output.  Impedance 50 Q

To obtain a higher frequency stability of the receiver an  Stability Oven-control-

OCXO module can be incorporated info the synthe- shortterm <1 x 10%/4,,  led crystal oscil-

sizer instead of a standard crystal oscillator (TCXO). long-term <1 x 107/ yeor  lator (OCXQO)
Oven-controlled crystal Drift versus
oscillator (OCXO) This option has to be indicated when ordering the rel-  temperature <5 x 107 for EK895

evant receiver (factory installation). (-10to +45°C) 6057.8996.14

for EK896
6038.2909.14
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External Options for VLF-HF Receivers EK895/896

Shockmount KS890 Two types are available, one for MiL-specified uses, ~ KS890M1: random vibration ~ Shockmount
for EK895 one for non-specified use. and shock according to MIL- KS890M1
STD-810D Test Procedure 6043.4941 .xx
514.3 or 416.3, proc. 1.

Remote Control Unit GB 899,
(models 02, 03)

KS890CT: for highly qualified Shockmount
applications, using silicon elas- KS890C1
tomer absorbers. 6043.4941 .xx

Service Kit KA890C1

Service kit for EK895/896. This service kit is packed in a small hardfoam-lined case, with the following contents:

List of contents

Adapter 96 pin 6007.7680.02 Control Processor
BNC-SMB Adapter FJ 080.2270

Ordering information

Service Kit KA890C1 6030.9004.02
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19" Rackmount Kits

Rackmount Kit KA89OL1

For side-by-side mounting of 2 EK895

receivers in one 19" unit,

- as desktop model: KA89OL1,
model 02

— as rackmount set: KA89OL1,
model 03 of 6041.6699.xx

Adapter Kit ZZA98

For assembling one EK895 receiver
together with a blank panel in a 19"
rackmount unit.

(3 HU, '/, width, depth 460 mm)

(Order No. 0827.4591)

Adapter Kit ZZA93

For EK896 to obtain a 19" rackmount
receiver (3 HU).

(Order No. 0396.4892)

19" adapter, from
desktop model to
rackmount

Fitting 19" rackmount kit to a combination of two 3 HU ', W units with the same depth

Fitting filler-panel Adapter Kit ZZA98
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VXI Monitoring Receiver EM010

Efficient and versatile solution

for radiomonitoring systems

Brief description

EMO10 is a VXl receiver of advanced
design based on DSPs and covers the
frequency range 10 kHz to 30 MHz
(plus 300 Hz to 20 kHz with option
EMOTOLF).

Excellent RF characteristics paired
with powerful signal processors create
the prerequisites for optimum system
solutions.

Shielding covers ensure excellent elec-
tromagnetic compatibility even in criti-
cal environments.

Main features

¢ System compatibility on a variety of
platforms

¢ Only one single C-size module for
covering the total frequency range

LT O Ty T

Photo 43430-2

The receiver is controlled via the VXI
interface as standard and is config-
ured for binary control based on the
OSI Common Management Informo-
tion Service Element (CMISE) Stand-
ard.

As an alternative to the control via the
VX! interface, commands can be
entered via a C40 Comm Port or a
SHARC Link Port. The baseband data
can be output equally via VXI, SHARC
Link Port or C40 Comm Port.

The receiver operates in the following

Lo Taae EL DK

COOd0 ragas:

¢ Baseband signal (| and Q) in digital

form, maximum bandwidth 20 kHz
¢ |F1 wideband analog 40.048 MHz
+2 MHz')
¢ |F2 analog 455 kHz or O to 40 kHz
e AES/EBU for recording and replay
of IF data
¢ AF digital
e AF analog (600 Q line and head-
phones)

If the IF 1 wideband output is activated, demodu-

lation is not possible and the complete digital IF

¢ Suitable for all common monitoring section is inactive
methods modes: c40 sl
¢ Frequency and memory scan e HE
. . o Fi
e Excellent price/performance ratio Fixed frequency e e LF
mode (FFM) JTAG/12C VXI bus H@lecﬁon Fresf spectrum
- * Memory scan
Characteristics Y J < > 101 in—
mode Controller o 7
F DSP Ld —LOT out—
- . . .
VXI Monitoring Receiver EMO10 is requency scan
based on the long-standing experi- mode 10,088 M| 2eclion 101 Berd
e 4v. z —LO2 out—
fRohde&Schwarzinthedesign ~ * Replay (IF/AF) i
ence or kohae chwarzinine design MUX Synthesizer — REF out —
. . o Test .
of high-grade shortwave receivers. YTy = REF in—
. . . = ) 02—
With the VXI interface the prerequi- _ :)Ec"on ADCIK—|
sites are created for powerful, com- Data output is pos-
" . sible in the follow- Control
pact and versatile system solutions. . bos
. ing formats:
The use of modern signal processors line B oAk
allows filtering, demodulation as well e 23 AF section IF2 0 kHz to 40/455 kHz——
as a variety of data formats to be tai- Block diagramm of VXI DAT recorder
. . Monitoring Receiver v
lored to the signal scenario. EMOT0
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ificati Notch filter max. 2; separately adjustable

Speelﬁcatlons Stopband (3 dB) 50 Hz to 500 Hz,

Frequency adjustable in 1 Hz steps

Frequency range

Frequency spacing

Frequency stability (int. reference)

Phase noise
External frequency locking

Tuning
Tuning time

Synthesizer sefting time

Antenna input
Nominal impedance
VSWR

Overvoltage protection
Preselection

Noise figure
Input protection

Linearity

2nd order infercept point
3rd order infercept point
Crossmodulation

Blocking

Dynamic range of A/D converter

Interference rejection
Image frequency rejection
IF rejection
Oscillator reradiation at
antenna input

Spurious responses

Gain control

RF control

AGC range

AGC time constants
Attack time
Hold time (incl. decay)

MGC range

Overall control

(RF and analog narrowband IF)

AGC range

AGC time constants
Attack time
Hold time (incl. decay)

MGC range

Squelch

Filters

Baseband filter
3 dB bandwidth
Inband ripple

IF filter
3 dB bandwidths

Stopband attenuation

Shape factor (60 dB/6 dB)

Inband ripple

10 kHz to 30 MHz

300 Hz to 20 kHz (via separate input
with option EMO10LF)

1 Hz

1x10~7

—-110 dBc/Hz (1 kHz offsef)

10 MHz

<10 ms (bandwidth 20 kHz)

<25 ms (delay of AF at 3 kHz IF band-

width)

<5 ms

50Q
<2 (1.5 MHz to 30 MHz)
<100 V EMF (Z;, = 50 Q)

lowpass and bandpass plus 10 switch-

able suboctave filters
9 dB (preamplifier on)
100 W max. (with automatic reset)

75 dBm (> 1.5 MHz)
40 dBm (f > 1.5 MH2)
30% AM-modulated signal of 10 dBm

produces less than 10% crossmodula-

tion for an unmodulated signal of
-60 dBm (frequency offset 100 kHz)
a useful signal of ~60 dBm is attenu-

ated by less than 3 dB by an unmodu-

lated signal of 10 dBm (frequency
offset 100 kHz)

>90 dB

>90 dB
>100 dB

<-107 dBm
<-110 dBm

AGC or MGC
>30 dB

<2 ms (20 dB step)
10/20/50/100/200 ms for 20 dB
rolloff

>30 dB in 1 dB steps

>120 dB

<2 ms, 10 ms (60 dB step)
25/150/500 ms/1/5/9 s for 60 dB
rolloff

120 dB in 1 dB steps

syllabic or level squelch selectable,

—20 dbpV to +100 dBpV

20 kHz and 8 kHz
<1 dB (BW = 8 kHz)

52 Hz to 20 kHz in 70 steps

>90 dB

<1.5 (from bandwidth of 300 Hz and
above)

0.5 dB typ. (without ripple of base-
band filter)

Stopband attenuation

Demodulation
Demodulation modes

Sensitivity

AM (m = 50%, foq = 1000 Hz,
bandwidth 6 kHz)

FM (5 kHz deviation, f,.q = 400 Hz,
bandwidth 15 kHz)

CW (bandwidth 300 Hz)

SSB (bandwidth 2.7 kHz)

BFO
Scan functions

Memory scan
Frequency scan (sweep)

Power supply (DC)

Total power consumption

Inputs/outputs
Inputs

Outputs

Control data interfaces

General data

Operating temperature

Storage temperature

Dimensions (W x H x L)
with front panel

Ordering information

VXI Monitoring Receiver

>40 dB with 80 Hz stopband

AM, FM (all bandwidths)
USB, LSB, CW (bandwidths <6 kHz)
ISB (2.8 kHz per sideband)

-103 dBm for (S+N)/N = 10 dB

-95 dBm for (S+N)/N = 20 dB
-120 dBm for (S+N)/N = 10 dB
—-113 dBm for {S+N)/N = 10 dB

+10 kHz, adjustable in 1 Hz steps

1000 programmable channels
start frequency — stop frequency, step
size according to IF filter

+24V/20 mA
+12V/1500 mA
~12 V/240 mA
+5 V/2500 mA
34W typ.

RF 10 kHz to 30 MHz,
impedance 50 Q (SMA)

LF 300 Hz to 20 kHz,

impedance 600 Q (SMA)

15t LO 40.096 MHz to 70.048 MHz
(SMA)

2nd LO 40 MHz (SMA)

10 MHz reference (SMA)

IFO (software-configurable, SMA):
baseband digital | and Q (VXI,
C40 Link and SHARC Link);
bandwidth 52 Hz to 20 kHz

or
AF digital (VXI, C40 Link and
SHARC Link);

IF1 wideband analog 40.048 MHz,
bandwidth 4 MHz max.!

IF2 analog 455 kHz regulated

(15 kHz bandwidth) or

0 Hz to 40 kHz

1st LO 40.096 MHz to 70.048 MHz
(SMA)

2nd LO 40 MHz (SMA)

10 MHz reference (SMA)

AF analog 600 Q balanced
(AMPLIMITE .050 series 26-pin)

AF phone (3.5 mm jack)

VXI (96-pin VG connector)
AUDIO/COMM//LINK/JTAG

(each 26-pin AMPLIMITE .050 series)

0°C to 50°C

-40°Cto 75°C

302 mm x 233 mm x 343 mm
302 mm x 262 mm x 343 mm

EMO10 4055.0008.03

1 If the IF1 wideband output is activated, demodulation is not possible and the

complete digital IF section is inactive.
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Fast Scanning Direction Finders DDFOxS Digital Scanning Direction Finders 102

DF Antennas ADDx DF Antennas 109

DF with External Receiver DDF 190 Digital Direction Finder 116

Direction finders We offer a complete program:

¢ For land-based, airborne or
Locating emissions shipboard use
in a few microseconds * Portable sets as well as fast
Using state-of-the-art digital technol- stationary search DF systems
ogy, direction finders from Rohde e SSL (single station location) DF sys-
& Schwarz detect super-fast any signal tems for the HF range
from 300 kHz to 3 GHz. Even
extremely brief emissions of only When it comes to locating frequency
500 ps (eg GSM) will be located. hopping networks, our fast digital
Having various DF methods imple- search direction finders and receivers
mented, the direction finders can be featuring synchronous scanning stand
optimally matched to any scenario. every test.

Example of digital direction finder family
20 MHz to 1300 MHz




Direction Finders

85

L]

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I | >I

Introduction into Theory of Direction Finding

1 Introduction

1.1 Radio direction finding applica-
tions

While radio direction finding for navi-
gation purposes (cooperative direc-
tion finding) is losing in importance
due to the availability of satellite navi-
gation systems, the requirement for
determining the location of emitters
increases with the mobility of the com-
munication equipment:

In radiomonitoring in line with ITU-

guidelines:

- Searching for interference
sources

— Localization of non-authorized
transmitters

® In security services:

- Fighting organized crime

In military intelligence [1]:

— Detecting activities of potential
enemies

- Gaining information on enemy’s
order of battle (signal intelli-
gence)

In intelligent communications

systems:

- Space Division Multiple Access
requiring knowledge of the direc-
tion of incident waves [2]

In research:
- Radioastronomy
- Earth remote sensing

Another reason for the importance of
radio direction finding lies in the fact
that frequency-spreading techniques
are increasingly used for wireless com-
munications: this means that the spec-
tral components can only be associ-
ated with a certain emitter if the direc-
tion is known. Direction finding there-
fore is an indispensable first step in

radiodetection, the more as reading
the contents of such emissions is usu-
ally impossible.

The localization of emitters is often a
multi-stage process. Direction finders
spread across a country allow the
transmitter to be located to a few kil-
ometers by means of triangulation
(typically 1% to 3% of the DF dis-
tances). The emitter location can more
precisely be determined with the aid
of direction finders installed in vehi-
cles. Portable direction finders more-
over allow searching within the last
100 meters, for instance in buildings.

1.2 Historical development

The DF technique has existed for as
long as electromagnetic waves have
been known. It was Heinrich Hertz
who in 1888 found out about the
directivity of antennas when he made
his investigations in the decimetric
wave range. An application of this for
determining the direction of incidence
of electromagnetic waves was pro-
posed in 1906 in a patent of Scheller
on a homing DF method.

The initial DF units were polarization
direction finders. They consisted of a
rotatable electric or magnetic dipole
whose axis is brought to coincidence
with the direction of the electric or
magpnetic field. The knowledge about
the polarization direction then led to
the direction of incidence. The rotat-
ing-loop direction finder is one of the
best known direction finders of this
type. In 1907 Bellini and Tosi discov-
ered the DF principle that was named
after them: a combination of two
crossed directional antennas (eg loop
antennas) with a rotatable coil goni-

ometer for determining the direction
Despite this invention, rotating-loop
direction finders were mostly used in
the First World War (Fig. 1).

The invention of Adcock meant a great
step in the improvement of the DF
accuracy of skywaves in the short-
wave range. The pharmacist by pro-

Fig.1: Mobile rotating-loop direction finder for
military use (about 1918)

fession realized in 1917 that with the
aid of vertical linear antennas (rod
antennas or dipoles) directional char-
acteristics can be generated that cor-
respond fo that of loop antennas but
do not pick up any interfering horizon-
tally polarized field components (G.
Eckard proved in 1972 that this does
not hold true without any restrictions
[3]). It was not until 1931 that Adcock
antennas were first employed in prac-
tical applications in Great Britain and
Germany.

Sir Watson-Watt made in the years
1925/26 the step from the mechani-
cally moved goniometer direction
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Introduction into Theory of Direction Finding

finder to the electronic visual direction
finder. As from 1943 British naval
vessels were equipped with crossed
loops and three-channel Watson-Waitt
direction finders for the shortwave
range ("huff-duff" for detecting Ger-
man submarines).

As from 1931 camouflaged direction
finders were available for use in vehi-
cles and as portable direction finders
for detecting spies.

The first shortwave direction finder
operating on the Doppler principle
was builtin 1941. The rapid progress
in the development of radar in Great
Britain made it necessary to cover
higher frequency ranges: in 1943 the
first direction finders for "radar obser-
vation" at around 3000 MHz were
delivered.

As from 1943 wide-aperture circular-
array direction finders (Wullenweber)
were built for use as remote direction
finders. Since the 50s, airports all over
the world have been quipped with

VHF/HF Doppler direction finding sys-

tems for air-traffic control.

In the early 70s, digital technique
made its way into direction finding
and radiolocation; digital bearing
evaluation and digital remote control

are the main outcomes of this develop-

ment.

As from 1980 digital signal process-
ing has been increasingly used in

direction finding. It permits the imple-
mentation of the interferometer direc-
tion finder and initial approaches

towards the realization of multiwave
direction finders ("super resolution").

The first theoretical considerations
were made much earlier, eg in [4].

Another important impulse for the
development came from the require-
ment for direction finding of fre-
quency-agile emissions such as fre-
quency-hopping and spread-spectrum
signals. The main result of this devel-
opment was the broadband direction
finder which is able to simultaneously
carry out the search and DF process
on the basis of digital filter banks (usu-
ally with the aid of Fast Fourier
Transform) [5].

1.3 Tasks of radio direction finding
The task of a radio direction finder is
to estimate the direction of an emitter
by measuring and evaluating electro-
magnetic field parameters.

Usually the azimuth o is sufficient to
determine the direction; measurement
of the elevation ¢ is of interest for emit-
ters installed in flying platforms and
especially for direction finding of
shortwave signals (Fig. 2).

Reference direction

Emitter

o

, ~ Line of position
DF antenna

Fig. 2: Definition of emitter direction

Only in the case of undisturbed wave
propagation is the direction of the
emitter identical with the direction of
incidence of the radio waves. Usually
there is a large number of partial
waves arriving from different direc-
tions and making up a more or less

scattered field. The direction finder
takes from this wavefront spatial and
temporal samples and supplies in the
ideal case the estimated values & and
€ for the most probable direction of
the emitter observed.

The bearing can be referred to the fol-
lowing reference directions (Fig. 3)
(see also DIN 13312 [6]):

e True north (true radio bearing)

® Magnetic north

e Vehicle axis or relative radio
bearing

North

X Emitter

True radio bearing

. “‘becd ahead

Relative radio bearing

Fig. 3: Reference directions

2 DF Principles

2.1 Generation and characteristics of
electromagnetic waves
Electromagnetic waves are caused by
charging and discharging processes
on electrical conductors in the form of
AC currents [7], [8].

The first assumption is based on an
undisturbed propagation of a har-
monic wave of the wavelength A. At a
sufficiently large distance the radial
field components are largely decayed
so that limited to a small area the
wave can be considered to be plane:
electric and magnetic field compo-
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Introduction into Theory of Direction Finding

nents are orthogonal and in-phase to

each other and perpendicular to the

propagation direction which is

defined by the radiation density vector

(Poynting vector) S

_
S=ExH= 6_07

0

where E = effective value of electric

field strength

Zg = characteristic impedance of free

space; Zo=1201Q

or by the wave number vector k-

i=5,

. 2n
Fig. 4). _—
(Fig. 4) z

i(71)el 00!

Fig. 4: Propagation of space waves

2.2 Overview of the main DF princi-
ples

The basic characteristics of electro-
magnetic waves, ie

e transversality (field vectors are per-
pendicular to direction of propaga-
tion) and

¢ orthogonality of phase surfaces and
direction of propagation

Wave Transversality Phase surfaces _L Direction of probagation
characteristic
DF principle | Polarizations Phase direction finder
direction finder
Direction finding with Aperture sampling
directional patterns
Conversion Direct Sensor array
phase -> amplitude evaluation processing
Examples | - Rotating loop - Directional antenna | - Interferometer |- Correlation
- Dipole Maximum signal - Rotating field direction finder
- Loaded loop direction fin(?er direction finder |- Adaptive
Minimum signal - Doppler beam former
- Clresed) |oop direction finder direction finder |- MUSIC
with Watson- - Adcock with Watson- - ESPRIT
. Waitt evaluation
Waitt evaluation

Table: DF principles

form the foundation of radio direction
finding. Any DF process can be traced
back to one of the following two
methods (see Table):

* Method A: measuring the direction
of electric and/or magnetic filed
vectors (polarization direction find-
ers)

® Method B: measuring the orienta-
tion of surfaces of equal phase (or
lines of equal phase if the elevation
is not of interest)
(phase direction finder)

Polarization direction finders are
implemented by means of dipole and
loop antennas. The classical rotating-
loop direction finder belongs to this
category (rotation of loop to minimum
received signal — direction of wave
incidence perpendicular to loop).
Nowadays polarization direction find-
ers are used in situations where there
is sufficient space only for small anten-
nas, eg in vehicles and on board ships
for direction finding in the HF band.
Evaluation is usually made according
to the Watson-Watt principle

(Chapter 3).

Phase direction finders obtain the
directional information from the spa-
tial position of the lines or surfaces of
equal phase. There are two basic
methods:
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¢ Direction finding with directional
characteristics:
With this method partial waves are
coupled out at various points of the
antenna system and combined at
one point to form a sum signal. The
maximum of this sum signal occurs
at that antenna angle at which the
phase differences between the par-
tial waves is at @ minimum. The sum
signal is thus always orthogonal to
the phase surfaces of the incident
wave (maximum-signal direction
finding). For minimum-signal direc-
tion finding the partial waves are
combined so that the phase differ-
ences in the direction of the wave
incidence become maximal and
there is a distinct minimum of the
received signal

¢ Direction finding by means of aper-
ture sampling:
With this method, samples are
taken at various points of the field
and applied to sequential or paral-
lel evaluation circuits which deter-
mine the bearing by subjecting the
samples to predominantly mathe-
matical operations

Interferometers, rotating-field direction
finders and Doppler direction finders
are typical examples.

The DF methods mentioned so far are
suitable to a limited extent only for
determining the directions of inci-
dence of several overlapping waves in
the frequency domain.

With the progress made in digital sig-
nal processing the methods known
from the theory of spectral estimation
have been applied to the analysis of
wavefronts and further developed. The

term "sensor array processing"
describes the technique of gaining
information about the parameters of
the incident waves from the element
signals of sensor arrays (antenna
arrays in radio direction finding,
hydrophone arrays for sonar).

There are basically two different
methods:

¢ Beamforming methods, eg correla-
tion direction finder, spatial Fourier
analysis, adaptive antenna

e Subspace methods, eg MUSIC,
ESPRIT

2.3 Requirements on DF systems
The main requirements are:

® Great accuracy

¢ High sensitivity

e Sufficient large-signal immunity

¢ Immunity to field distortion caused
by multipath propagation

¢ Immunity to polarization errors

¢ Determination of elevation in short-
wave range

e Stable response in case of non-
coherent co-channel interferers

¢ Signals of short duration

¢ Scanning direction finders: high
scanning speed and probability of
intercept (POI)

2.4 Components of a DF system

A DF system (Fig. 5) consists of the fol-

lowing components:

® antenna system

® DF converter

¢ evaluation unit and
e display unit

i
Antenna system

Network with N elements

coo [l
DF converter
Test
Ene] E@ eesn- for H receive sections
Compass
GPS

Evaluation unit

Display of

- azimuth

- elevation

- level

- band occupancy

Fig. 5: DF system components

Depending on the configuration, sys-
tems for determining the DF’s own
coordinates/orientation (GPS, com-
pass), remote-control units (LAN,
WAN), antenna control units, etc, can

be added.

The achievable DF speed is mainly
depends on the number H of receive
sections which determines the number
of antenna outputs measured in paral-
lel.

To achieve maximum speed it must be
possible to obtain the bearing in one
time step, ie from one set of samples
(monopulse direction finding). For
unambiguous direction finding over
the total azimuth range at least three
anfenna outputs are required. If there
are also three receive sections, multi-
plexing of the measurement channel is
not required.

Typical examples of monopulse DF
antennas are:
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* Multimode antenna for amplitude
comparison direction finders (eg
Adcock antenna)

¢ Interferometer and rotating-field
direction finder

For high DF accuracy (eg 1°) and
large bandwidth (eg 1 MHz to

30 MHz or 20 MHz to 1000 MHz)
five to nine aperture probes are usu-
ally required. Since monopulse solu-
tions would then be very complex, one
fixed and two sequentially switched
receive sections are frequently used.

The DF converter converts the carrier-
frequency antenna signals to a fixed
IF. Since this conversion must be made
with equal phase and amplitude in all
receive sections, the use of a common
synthesizer is indispensable. More-
over, with most multipath direction
finders the receive sections are cali-
brated with the aid of a test generator
prior to the DF operation proper in
order to ensure equal amplitude and
phase.

The evaluation unit determines the
bearing from the amplitudes and/or
phases of the IF signals.

3 Classical DF methods

3.1 Using directional antennas
Evaluating the receive voltage of a
mechanically rotated directional
antenna with reference to the direction
is the simplest way of direction find-
ing. With this method the bearing is
derived from the characteristic of the
receive voltage as a function of the
antenna rotfation angle: when a wave
arrives, the receive voltage yields the

directional pattern of the antenna. The
pattern position relative to the antenna
rotation angle is the measured
bearing.

This type of direction finder is by
nature a phase direction finder since
the directivity of its receiving antenna
is achieved by superimposing partial
waves whose phase differences
depend on the angle of incidence. In
the simplest case, the rotation of the
antenna and the bearing determina-
tion are carried out by the operator.
The antenna is rotated until the
receiver output voltage assumes an
extreme value. The antenna direction
thus found is read from a scale and the
bearing determined therefrom. If the
directional antenna (with maximum or
minimum pattern) is permanently
rotated with the aid of a motor and the
receive voltage displayed graphically
as a function of the angle of rotation,
a socalled rotating direction finder is
obtained (Fig. 6). With suitable auto-
matic evaluation, eg using a maximum
detector, a fully automatic direction
finder is obtained.

o

Bearing Indicator

270° \$ 90"
/

| Receiver

IF without AGC

Fig. 6: Direction finding using directional antenna

The following benefits are common to
all variations of this DF method:

¢ High sensitivity due to the directivity
of the antenna

e Simple and inexpensive realization
(only one receiver required,
single-channel principle)

¢ Resolution of multi-wavefronts possi-
ble (prerequisite: different angles of
incidence and high-directivity
antenna system)

¢ Same antenna can be used for
direction finding and monitoring

The drawbacks of this method result

from the detection range that is inevi-

tably restricted due to the directivity

and mainly from the rotating speed of

the antenna that is limited by the

mechanical antenna rotor:

® Probability of infercept is reciprocal
of the directivity

¢ Method fails in case of short-dura-
tion signals, ie signal dwell times
that are short compared to the
period duration of the antenna
movement

Despite these drawbacks DF methods
using mechanically rotated directional
antennas are still in use today since
the advantages of other methods can
be achieved partly only with a consid-
erably higher outlay. Especially in the
microwave range the mechanical DF
method often is the only justifiable
compromise between gain, low noise
and outlay.

If in addition to the directional pattern
with maximum in the direction of wave
incidence a directional pattern with

minimum is used, a monopulse direc-
tion finger is obtained which even with
a slowly rotating or fixed antenna fur-
nishes bearing as long as the waves
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Introduction into Theory of Direction Finding

arrive within the main receiving direc-

tion of the antenna. Fig. 7 shows the
implementation with log-periodic
dipole antennas connected with the
aid of a 0°/180° hybrid. The direc-
tional patterns shown in the picture on
the right are thus obtained.

z A

Fig. 7: Direction finding using sum-difference
method: typical realization on the right, direc-
tional characteristics for sum(X) and difference
(A) outputs on the left

The quotient between the difference

and the sum signal yields a dimension-

less time-independent function, ie the
DF function

Uy (o)
Us (o) -

PF(o)=

After forming the quotient of the two

An unambiguous bearing indication is
obtained (Fig. 7) if a blanking signal,
derived from an omnidirectional
receiving anfenna with unambiguous
phase relationship is added to this DF
principle implemented the first time in
1926 by Watson-Watt.

If the two voltages U, and U, exhibit a
phase shift 8 due to ambient interfer-

ence (eg reflections), the displayed fig-

ure is an ellipse. The position of the
main axis yields the bearing which is
calculated from the voltages of the
equation [9], [10].

The main benefit of this method is the

undelayed bearing indication and the

monopulse capability over the full azi-

muth range.

Suitable antennas with sine- or cosine-
shaped directions patterns are in par-
ticular

* loop antennas (or ferrite antennas)
and

e Adcock antennas (monopole or
dipole arrays)

Crossed-loop antennas with
Watson-Watt evaluation (Fig. 8) are
mainly suitable for mobile applica-
tions due to their compact size. They
feature the following benefits and
drawbacks:

® Benefits: minimum signal duration is
sufficient, simple implementation,
litle space required

¢ Drawbacks: small-aperture system
(D/2<0.2) leading to errors in case
of multipath propagation, large DF
errors in case of skywaves with
steep elevation angles

test voltages, the DF function immedi- N
ately produces the bearing o Crossed loop _ .
// /
3.2 Watson-Watt principle _
If the boosted and filtered signals of a Omnidirectional -
receiving antenna /

receiving antenna with outputs for the @ >
sine- and cosine-shaped directional ~I- @
characteristics are applied to the x
and y deflection of a cathode ray 1 .
tube, a line Lissajous figure is obtained
in the ideal case, whose inclination
corresponds to the wave angle but has DF converter T
a 180° ambiguity. The indicated CRT
angle is obtained VSN [N
from the ratio of the U
two sig nals bu=arctan —- Fig. 8: Watson-Watt direction finder with crossed- ——

y loop antenna Blanking
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Introduction into Theory of Direction Finding

Adcock antennas (Fig. 9) feature the
following advantages over crossed-
loop antennas:

e improved error tolerances for sky-
wave reception

e implementation of wider apertures
to avoid errors in case of multipath
reception
(eg D/A<1 for 8-fold Adcock)

Fig. 9: Adcock
antenna with
Watson-Watt evalu-
ation

U

DF converter

CRT

Modern direction finders no longer
display the IF voltages of the antenna
signals on a CRT, but digitally process
the signals to form a relatively wide IF
band (Fig. 10).

i

§
o ®

Brightness

The main selectivity is effected with the
aid of digital filters; the bearings are
calculated numerically, eg from the
last equation above and displayed on
a computer with graphical user infer-
face (workstation, PC).

A number of disadvantages of analog
direction finders can be avoided in
this way:

® Synchronization of channels
also on filter edges

¢ Simple method of considering
correction values for antenna
networks, cables, etc

* No temperature drift in digital
section

* Bearings are available in
numeric form for further evalua-
tion, in particular for easy trans-
mission fo remote evaluation sta-
tions

Fig. 11 shows a direction finder using
digital signal processing which evalu-
ates the signals of the Adcock antenna
shown below according to the
Watson-Watt principle.

Uref=XU

- Filtering

==
=

- Bearing
calculation

DF converter A/D converter

Fig. 10: Configuration of a modern direction finder according to the Watson-Watt principle

Fig. 11: Digital direction finder (above) and
Adcock DF antenna (below)

3.3 Doppler direction finder

If an antenna element rotates on a cir-
cle with the radius R, the received sig-
nal with the frequency wg is frequency-
modulated with the rotating frequency
o, of the anfenna due to the Doppler
effect: if the antenna moves towards
the radiation source, the frequency is
increased; if the antenna moves away
from the radiation source, the receive
frequency is reduced.

From the instantaneous amplitude
u(t)=a cos(coot+2>?—Rcos(0)rf- o)+ g
0

the instantaneous frequency is derived
by differentiation
olf}= 98-

©,- 7“0 £ o, sin(wf-o)
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Introduction into Theory of Direction Finding

After filtering out the DC component
g, the demodulated Doppler signal is
obtained as

Sp= 7?_0R o sinfw t-a) -

The phase of the demodulated signal
compared to a reference signal of
equal center frequency derived from
the antenna rotation yields

S=-sinw t
r r

the bearing o.

To obtain unambiguous DF results, the
spacing between the individual
antenna elements must be smaller than
half the operating wavelength; in
practice a distance of about one third
of the minimum operating wavelength
is usually selected. Fig. 13 shows an
example of a Doppler direction finder

for portable use in the frequency
range 20 MHz to 1000 MHz.

If this rule is adhered to, Doppler DF
antennas of any size can be made so
that wide-aperture systems featuring

* high immunity to
multipath recep-

1 o] tion and
TR * high sensitivity
scan
1.2 3 41 .
4 2 can be implemented
in a simple way.
A disadvantage of
3 Fig. 12: Principle of Doppler direction finder

Since mechanical rotation of an
antenna element is in practice neither
possible nor recommendable, several
elements (dipoles, monopoles,
crossed loops) are arranged on a cir-
cle (Fig. 12) and electronically
scanned with the aid of diode
switches.

Fig. 13: Doppler direction finder for portable use
in frequency range 20 MHz to 1000 MHz

the Doppler method
is the time required, since at least one
antenna scanning cycle is needed to

obtain a bearing. With a typical rotat-
ing frequency of 170 Hz in the VHF/
UHF band one cycle takes about 6 ms.

Antenna 3
\

Antenna 1

Fig. 14: 3-element interferometer

3.4 Interferometer

The interferometer direction finder
determines the angle of incidence of a
wave by directly measuring the phase
difference between the signals picked
up at different points on the received
wavefront by the elements of the
antenna array (Fig. 14).

Unambiguous determination of the
azimuth and elevation with the aid of
three antenna elements is only possi-
ble if the spacing a between the anten-
nas is not greater than half a wave-
length. If @, @, @3 are the phases
measured at the antenna element out-
puts, the azimuth is calculated as

®,-0,
;-0

& =arctan

The elevation angle is obtained as

V(¢2'¢1)z+(¢3'®1 )2 :
2mo/ A

€=arccos

In practice, the 3-antenna configura-
tion is usually enhanced by further
antenna elements so that the antenna
spacings can be optimally adapted to
the operating frequency range and
anfenna spacings of a>A/2 be used

DF converter
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Introduction into Theory of Direction Finding

to increase the accuracy of small-aper-
ture DF systems. Frequently used
antenna arrangements include the
right-angled isoceles triangle and the
circular array (Fig. 15).

Fig. 15: 3-element interferometer enhanced to
form a multi-element interferometer

Triangular arrays are usually restricted
to frequencies below 30 MHz. At
higher frequencies it is recommended
to use circular arrays since these

* ensure equal radiation coupling
between the antenna elements as
well as

e minimum coupling with the antenna
supporting mast and

e due to the symmetry about the
center point favour direction-inde-
pendent characteristics at different
positions.

Special considerations are to be given
to avoiding ambiguities that result
from the fact that unambiguous meas-
urement of the phase is only possible
in the range of £180°. As already
mentioned before, the spacing
between the elements of a 3-element
(small-aperture) interferometer is there-
fore limited to half the minimum oper-
ating wavelength. For multi-element
interferometers there are the following
possibilities:

Fig. 16: Direction Finder DDFO6M (photo
42136) operating on the principle of a correla-
tive interferometer for the frequency range 20
MHz to 3000 MHz. Nine antenna elements are
used for each of the three frequency subranges
(photo 43073_2)

¢ Use of "filled" antenna groups:
phase differences between neigh-
bouring elements are always
smaller than 180°; ambiguities can
thus be avoided

e Use of "thinned out" antenna
groups: at least one neighbouring
pair of elements with a phase differ-
ence >180°

There are the following approaches to
resolve ambiguities:

¢ Coarse direction finding suing a
small-aperture system (o.<A/2)
¢ Use of circular arrays with at least

one antenna pair having a phase
difference of less than 180°

A very effective means of eliminating
the ambiguities of thinned out circular
arrays is the correlation method.

Fig. 16 shows a direction finder
designed according to the correlation
principle. The antenna array covers
the frequency range 20 MHz to
3000 MHz.

The basic principle of the correlative

interferometer entails a comparison of
the measured phase differences with

those obtained for a DF anfenna sys-

tem of known configuration at a given
wave angle. The comparison is made
by calculating the quadratic error or

forming the correlation coefficient of

the two data sets. If different azimuth
values of the comparison data set are
used, the bearing is obtained from the
data for which the correlation coeffi-

cient is at a maximum.

This is illustrated by the example of a
5-element antenna as shown in Fig.
17: each column of the lower data
matrix corresponds to a wave angle o
and forms a comparison vector. The
elements of the comparison vectors
represent the expected phase differ-
ences between the antenna elements
for this direction of incidence. The
upper 5x1 data matrix contains the
currently measured phase differences

(measurement vector).

To determine the unknown direction of
incidence each column of the lower
reference matrix is correlated with the
measurement vector by multiplying
and adding the vectors element by ele-
ment. The result is the correlation func-
tion K(a), which reaches its maximum
with the optimum coincidence of com-
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Introduction into Theory of Direction Finding

parison vector and measurement vec-
tor. The angle associated with the com-
parison vector is the wanted bearing.

measured
phase differences

With the development of digital signal
processing new approaches have
now become possible:

e With high-speed sig-
nal processing chips
being available, the
requirement for a
simple and fre-
quency-independent

T relationship between
56 calculated phase the antenna s.lgno|s
87 differences for different and the bearing no
directions of arrival of  longer applies. Even
05 o plane wave highly complex math-
— ematical relation-

K(at)

» Ol

Fig. 17: Principle of correlation evaluation

This method is a special form of a
beamforming algorithm [11], which is
described in detail in the following
section on direction finding using sen-
sor array processing.

4 Direction Finding Using

ships can be evalu-
ated in a reasonably
short time for deter-
mining the bearing
or handled fast and
economically with
the aid of search rou-
tines

Numeric methods allow the separa-

tion of several waves arriving from

different directions even with limited

antenna apertures (high-resolution

method, super

resolution, multi-

wave resolution)

4.2 Basic design

A typical hardware configuration of a
PC-based direction finder is shown
below.

The outputs of the individual antenna
elements are usually taken first to a
network which contains for instance

e test signal inputs and

¢ multiplexers if the number N of
antenna outputs fo be measured is
greater than the number H of the
receiver sections (tuner and A/D
converter).

The signals are then converted to an
infermediate frequency that is appro-
priate for the selected sampling rate of
the A/D converter and digitized. To
reduce the volume of data, the digital
data are down-converted into the
baseband. The complex samples of
the baseband signal xi(1) (i=1, 2, ... N)
are filtered for the desired evaluation
bandwidth and applied to the bearing

evaluation section.

Analog
signal processing

. ’7 - - - - - ]
Sensor Array Processing Antenna network | |
et !
4.1 General Test
The development of the classical DF Tuner | Tuner Tuner - |generator
methods was aimed at designin —l
G ) dg . g. |ZF !ZF !ZF Synthesizer,
antenna contigurations and circuits A/D A/D A/D
that allowed bearing deferminations converter| | converter converter
to be as simple as possible. It was
important to establish a simple mathe- Down Down Digital
matical relationship between the converter| |converter | signal processing
antenna signals and the direction of
wave incidence largely independent L H
R : Fig. 18: Typical con-
of frequency, polarization and envi- '%guruﬁgf';?ac;o L|Filtering and bearing calculation
ronment. based direction finder
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Introduction into Theory of Direction Finding

4.3 Beamforming methods'

If analogously to the conventional
antenna arrays the element signals x;
are multiplied by complex weighting
factors w; and added (Fig. 19), a sum
signal is obtained which according to
the resulting directional characteristic
depends on the direction of wave inci-

dence.
Antenna element
1 N
Fig. 19: Beam-
forming by
weighting the out-
puts of an y

antenna array

Output

The response of the output signal y to
the change in the weighting factors w;
cannot be used for direction finding
the same as with the classical rotating
or goniometer direction finder. The dif-
ference is that with numeric beamform-
ing the DF speed is only limited by the
computing speed.

With conventional beamforming algo-
rithm the phases of the weighting fac-
tors are chosen so that the weighted
element signals are added in phase
and thus yield a maximum sum signal
if the wave arrives from the given
direction .

Fig. 20 shows the sequence of the
direction finding process.

The beamforming, correlation and Fourier meth-
ods are equivalent in their system theory: they all
use generalized FIR filters with wave incidence
angles as "sky frequencies"

Fig. 21 shows the response of a linear
array with five elements spaced 0.45L1
apart to the variation of the direction
with a wave arriving at an angle of
60°.

most cases directly be calculated from
the array geometry.

If multiport antennas are used
(Fig. 22, see next page), the port volt-
ages u; are as a rule measured

as a function of the wave

angle. The weighting is then

ence voltage and (.)* means

0.3 /
0.2 /
/

08 \\ given by
.
AN wi@ =2 e
f: 0.5 ) \ i 0(“) :
5 04
g \ where ug is a suitable refer-
|

complex conjugate. Since

SR

beamforming using general

0 50 100 150 200 250 300

alpha/grad

Fig. 21: Response of linear 5-element array to variation of
direction (elements have cardioid directional characteristic)

Measurement and
storage of
element signals

X

Multiplication by

350 400

weighting factors W | Weighting factors
and dddition for all for QEIJI dirgcﬁons
directions

y

Calculation of
output power yy*

1

Searching for
maximum
output power
as a function of
direction

'

Direction for
maximum power

Fig. 20: Process of
direction finding
using conventional
beamformer

= bearing

If antenna arrays with largely the
same elements and an array geometry
describable by analytical means are
used, the weighting factors can in the

multiport antennas often does
not produce a distinct directivity
of the (synthetic) antenna dia-
gram, the terms

e correlation method and
e vector matching

are used in this case too.

This is explained by the following: if
the measured complex antenna volt-
ages N are considered to be the coor-
dinates of a vector in an N-dimen-
sional space (measurement vector)
and the N weighting factors the com-
ponents of the weighting factor in the
same space, beamforming is equiva-
lent to the forming of a scalar product
between these two vectors. If a nor-
malization to the absolute values is
made, the scalar product corresponds
to the direction cosine between the
two vectors. The direction cosine
reaches its maximum if the directions
agree (the vectors are matched); the
Euclidean distance reaches its mini-

mum.
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Introduction into Theory of Direction Finding

Fig. 22: General multiport antenna with application example

The direction cosine between two N-
dimensional vectors corresponds to
the correlation coefficient between
two data streams with N elements. The
distance square corresponds to the
error square between two data
streams fo be matched.

4.4 High-resolution DF methods (super
resolution)

If in the frequency channel of interest
unwanted waves are received in addi-
tion to the wanted wave, conventional
beamforming may lead to bearing
errors as a function of the antenna
geometry. There are two approaches
to solve this problem:

¢ Ifthe power of the interference wave
component is smaller than that of the
wanted wave component, the direc-
tion finder can be designed to mini-
mize the bearing errors especially
by choosing a sufficiently wide
antenna aperture (see 5.1)

¢ |f the interference wave component
is greater or equal to the wanted
wave component, the interference
waves too have to be determined in
order to be able to eliminate them.
When using conventional beam-
forming algorithms, this means that
the secondary maxima in the DF
function have to be evaluated too.

The limits are reached

— if the ratio between primary max-
imum and secondary maxima of
the directional characteristic
becomes too small or

- the angle difference between
wanted and interference wave is
smaller than the width of the
main lobe

By optimizing the weighting factors,
the level of the secondary maxima can
be reduced but at the same
time the width of the pri-
mary maximum is
increased. The aim of the
super-resolution (SR) DF
method is to resolve this
problem.

Minimum-signal direction
finders are so to speak the
grandfathers of the SR
direction finders. In the early days of
direction finding, the bearing of co-
channel signals was taken by alter-
nately suppressing the waves involved
with the aid of a rotating loop. It is
noteworthy that signals are separated
by the acoustic monitoring of the mod-
ulation. To determine the loop null a
correlation process with acoustic pat-
terns is therefore required.

Adaptive antennas are antenna arrays
with beamformers allowing automatic
spatial suppression of interference
waves [13], [14], [15]. In communica-
tion systems, optimization of the sig-
nalo-noise ratio is the primary aim; in
radio direction finding the weighting
determined for signal suppression is
used to determine the directions of
wave incidence.

To this end the weighting of the beam-
former is selected so that under certain
auxiliary conditions the output power
is minimized. In the case of the Capon
beamformer [22] the auxiliary condi-
tion for setting the weighting is defined
with the antenna gain remaining con-
stant for a given direction . If the inci-
dent waves are uncorrelated, the
beamformer is adjusted for nulls to
occur in all signal directions except for
the direction o, (Fig. 23).

Antenna element

Fig. 23: High-resolution direction finding
through nulling

If the direction of an incident wave
coincides with the given direction o,
there is a distinct maximum in the out-
put power. Fig. 24 shows an example
of the angular spectrum of a Capon
beamformer with a 9-element circular
array (D/A=1.4) and five uncorrelated
waves [23].
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Introduction into Theory of Direction Finding

Capon beamformer

noise subspace. If

the direction vec-

tors are now pro-
jected to the noise

subspace, nulls

Bl

are obtained in the
/ presence of sig-

10*log(Pac), 10*log(Pkonv)
N
o
|
—
| —

oL JA

nals that are inde-

pendent of the

noise level [16],

-50
[¢] 50 100 150 200 250 300 350 400
alpha/grad

[17], [24]. The

® Numeric DF value

e Azimuth in polar coordinates

e Elevation as bargraph or polar dic-
gram (combined with azimuth dis-
play)

e DF quality

e Level

¢ Histogram of DF values

® DF values versus time (waterfall)

Fig. 27 shows a choice of possible

Fig. 24: DF function of Capon beamformers com- reC|prOCQ| value is dlsp|oys.
pared to conventional beamformer (S/N=100). Usuq”y used as the MUSIC
Wave angle: 5°, 15°, 40°, 60°, 220 DF function so that 350
distinct peaks occur 300
Similar to a minimum-signal direction in the signal direc- § 250
finder, the resolution strongly depends ~ tions (Fig. 26). é 200
on the signalto-noise ratio. Fig. 25 8 1o
(e
shows the same receiving scenario Z
. . N £ 100
with noise increased by a factor of 10. <
. .. 2 50
The resolution of waves arriving at an 5 W) J
angle of 5°and 10° is no longer pos- 0 e
sible. -50
(0] 50 100 150 200 250 300 350 400
alpha/grad
Capon beamformer
s Fig. 26: DF function when using MUSIC algorithm (S/N=10)
0 N

M AVAIN
B N AN SNy SN
N ]
A [\
: T /
b
30, 50 100 150 200 250 300 350 400

alpha/grad

Fig. 25: DF function of Capon beamformer compared to conventional

beamformer (S/N=10)

The socalled subspace methods are
aimed at eliminating the effect of
noise. This can be done by splitting up
the N-dimensional space opened up
by the element outputs into subspaces.
The known MUSIC algorithm (Multiple
Signal Classification) uses the fact that
the signals lie perpendicular to the

5 Display of
Bearings

The display of the DF results is of great
importance as an interface to the oper-
ator. Basically, distinction is to be
made whether the display is the DF
result of a single channel or of a mul-
tichannel direction finder. In a single-
channel display, the following param-
efers are usually indicated:

4
Mode Refresh
ol & Start X timed T
Gate : : & End 100

coupled to: ® ¥

Level [dBuv]
126-

Fig. 27: Display of DF values with single-channel
direction finding

5 = Level
6 = Azimuth
7 = Elevation

1 = Averaging mode
2 = DF quality

3 = Output mode

4 = Averaging time
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? k Level 1
— [, Azimuth 1
Elevation 1
In addition to the usual receiver set- P, lovel 2
tings such as frequency and band- _ [Ts-250d | [ pdimuh 2
width, the following settings and dis- F e
plays are made for direction finders: DF converter HHUHHHU
¢ Averaging mode (if the signal level f vl 20
drops below the preset level thresh- fo B-25kH] ] [ Azimuth 20
old, averaging - depending on the
averaging mode - is either stopped ;
9"ng PP | | i Fig. 28: Multichannel

and restarted upon the next exceed-
ing of the threshold or continued)

® Averaging time

¢ Output mode (refresh rate of dis-
play; output as a function of
exceeding the signal threshold)

Multichannel direction finders are
implemented with the aid of digital fil-
ter banks (FFT and polyphase filters).
Depending on the outlay, these direc-
tion finders allow quasi simultaneous
direction finding in a frequency range
from some 100 kHz up to a few MHz.
Scan mode is additionally provided to
cover larger frequency ranges

(Fig. 28).

With a multichannel direction finder it
is essential that the individual events
can quickly be recognized and the
activities taking place in different
channels correctly assigned. Usually
the following display modes are there-
fore provided:

¢ DF values versus frequency

® DF values versus frequency and
time (eg by using different colours
for the DF values)

e level versus frequency (power spec-
trum)

¢ Level versus time and frequency
(using different colours for level
values)

® Histograms

6 Error Sources

The DF accuracy is affected by a
number of influences:

* Wave propagation (usually dis-
turbed by obstacles)

e Signals radiated by the emitters are
modulated, limited in time and their
carrier frequency is often unknown

¢ Received field is additionally super-
imposed by noise, co-channel inter-
ferers

¢ Tolerances and noise in the DF sys-
tem

Device DDFO;

Frequency

inDDF> - DDF0xS

direction finder

6.1 Multiwave-related problems

As already mentioned in the introduc-
tion, the simple case of a plane wave
occurs seldom in practice. In a real
environment, further waves have usu-
ally to be taken into account which
result

¢ from other emitters in the same fre-
quency channel (incoherent interfer-
ence) or

e from secondary waves (caused by
reflection, refraction, diffraction -
see Fig. 30) (coherent in-channel
interference) ' )

Azimuth

versus fre-

quency. hoppmg
transmitter - '

quency

Histogram

Spectrum

Level ver-
sus time
and fre-
quency

3

For Help, pre 45 F1

DF value of selected signal

Fig. 29: Multichannel (broadband) display

Z_HOPPERACT Overview | 416:00 pm

11 A prerequisite is that the detours are small relative
to the coherence lengths defined by the band-
width B (see also 5.3)
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Introduction into Theory of Direction Finding

Emitter

Scatter object

DF antenna

Fig. 30: Coherent secondary waves caused by
reflection

e
©

o
o

o
~

Amplitude der einfallenden Wellen

o
N

. H

0 50 100 150 200 250 300 350
Azimut

Fig. 31: Azimuth distribution of waves radiated
by an emitter in built-up area

~ y/lambda

-2 -15 -1 0.5 0 05 1 15 2

x/lambda

Fig. 32: Resulting field within a range of 4 x 4
wavelengths (the amplitudes are grey-level-
coded, the lines represent isophases with /4
spacing)

A large number of waves is involved
[18]; Fig. 31 shows for example the
azimuth distribution of the waves gen-
erated by a mobile transmitter in a
builtup area. The direct wave compo-
nent with the amplitude 1 arrives from
an angle of 90°. Fig. 32 shows the
resulting wavefront in form of a con-
tour display for phase and amplitude

[11].

If the majority of waves arrives from
the direction of the emitter, the DF
error can be sufficiently reduced by
increasing the aperture of the antenna
system. This effect is shown in Fig. 33

for an interferometer direction finder.

Fig. 33: Reducing bearing error of interferometer
direction finder by increasing antenna aperture

6.2 Synchronization tolerances
Different gain and phase in the
receive sections cause DF errors that
are the greater the smaller the antenna
aperture referred to the wavelength.
This is illustrated in Fig. 34 for a 2-ele-
ment interferometer.

Wave

A

As already mentioned, the receive sec-
tions of most multipath direction find-
ers are calibrated for synchronism
with the aid of a test generator prior to
the DF operation. The transmission
parameters are measured in magni-
tude and phase and the level and
phase differences are stored. In the DF
process the measured values are cor-
rected by the stored difference values
before the bearing is calculated.

Special attention is to be given to the
frequency response of the filters since
synchronism is not only to be ensured
in the middle of the filter passband but
also at the band limits. Digital filters

have the decisive advantage that they
can be implemented with absolutely

identical transmission characteristics.

6.3 Modulation

Usually the carrier signal (angular fre-
quency ®) of the emitter to be DFed is
modulated with the complex modula-
tion function

m(f)=r(f)e.s

(complex envelope).

The electric field strength at the spac-
ing D is

E(f,D)=/(E,(,_D/C0)ei(S(f-D/co)+a)r)

/

D/A =0,1
N @
Phase error ’: }Phuse error @ = const.

D/A=1

Fig. 34: Effects of phase synchronization tolerances on the bearing error when using different antenna

apertures
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The modulation can affect the DF result
in several aspects:

e Different envelope delay distortion
in the DF channels (see 3.2)

e With sequential antenna scanning:
modulation function is not suffi-
ciently stationary for the duration of
the measurement or cannot be com-
pensated by other measures prior fo
DF evaluation

® Possible decorrelation between the
antenna elements if the spacing
between the elements is greater
than the coherence length
L, = B/cq, where B is the bandwidth
of the signal. The instantaneous val-
ues of the amplitudes and the phase
differences between the elements
are then no longer independent of
the scanning point in time.

Typical coherence length:
B= 100 kHzl,=3000 m
B= 10 MHzL, =30 m

6.4 Noise
Leaving aside intermodulation distor-
tion, interference caused by noise has
a limiting effect on the sensitivity of a
DF system.

Sensitivity is to be understood as the
field strength at which the bearing fluc-
tuation remains below a certain stand-
ard deviation.

Noise can be in the form of

e external noise (atmospheric, galac-
tic, industrial noise)

¢ internal noise produced in the sys-
tem (antenna amplifier, DF con-
verter, A/D converter)

The following considerations refer to
the internal noise. The 2-element inter-
ferometer is used again as a mode,
the same as in the examination of mul-
tiwave problems; for the complex case
of a 3-element interferometer see [19].

Uncorrelated noise in the two receive
sections causes statistically independ-
ent phase variations of the two test
voltages according to the signal-o-
noise ratio (Fig. 35).

Noise
Signal N~

Fig. 35: Effect of noise on phase variation of
measured voltages

In narrowband systems the noise volt-
age becomes approximately sine-

shaped with slowly varying amplitude
and phase so that - assuming large sig-
nalto-noise ratios - the phase variation
is given by the following equation [20]

21
® 2S/N

Mapping of the phase variation to vir-

tual variations of the DF antenna posi-

tions (Fig. 36) yields for the bearing

error.
. Gy A

o _=2arcsin —

o 4n

D
Incident wave l l l

er

bearing fluctuations

This shows again the importance of
the relative antenna aperture D/ to
be as large as possible.

Given a sufficiently long observation
time, the variations caused by noise
can be reduced by averaging. If the
data used for averaging are uncorre-
lated, the variation is improved
through averaging over K values in
accordance with [21].

2
2 _ 0
S oav= K
In Fig. 37 the two effects are com-
bined. The shown curves of the signal-
to-noise ratio in dB achieve a bearing

fluctuation of 1° (standard deviation).

20
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Fig. 37: Effect of antenna aperture and number of
measurements on signalto-noise ratio (in dB)
required for a bearing fluctuation of 1° (standard
deviation)

® Physical positions of anfenna elements

® Virtual positions of antenna elements in case of noise

Fig. 36: Effect of phase noise on
bearing error
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Introduction into Theory of Direction Finding
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Digital Scanning Direction Finders DDF0xS

Fast and reliable interception of

complex signals

Brief description

The DDFOxS family of scanning
direction finders covers the frequency
range 0.5 MHz to (650) 1300 MHz.
The type designations are:

HF:

DDFO1S 0.5 MHz to 30 MHz
HF/VHF/UHF:

DDF06S 0.5 MHzto (650) 1300 MHz

Each direction finder comprises three
functional groups: a DF antenna sys-
tem, a DF converter including three DF
receiver modules, and a digital signal
processing unit.

The HF direction finder consists of HF
DF Converter EHO91 and Digital
Processing Unit EBD92D. The same
equipment is used for the VHF/UHF
range, but with VHF/UHF DF Con-
verter ESMA33 connected ahead of
the direction finder. ESMA33 converts
the received signals to the IF

(21.4 MHz) and routes them to HF DF
Converter EHO91.

The DF system is operated via an
external computer that also displays
the results.

The software of the digital processing
unit contains as a standard the algo-
rithms for DF evaluation according to
the correlative interferometer or the
Watson-Watt method, so that either of
the methods can be used depending
on available antenna system and
operational requirements.

Main features

¢ High scanning speed:
200 MHz/s for 8 kHz resolution
(6 dB bandwidth) and 200 kHz FFT
realtime bandwidth

¢ High selectivity

e Convenient user inferface

e Excellent system compatibility
through
— effective data compression
— integrated controller for

hand-off receivers

Photo 43123-2

— system integration via all
common data interfaces

Wide range of antennas for station-

ary and mobile use from 0.5 MHz

to 1300 MHz

Algorithms for correlative interfer-

ometer and Watson-Watt method

as standard

Use in automatic radiolocation sys-

tems with high probability of inter-

cept

Direction finding of frequency-hop-

ping, burst and broadband signals
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Digital Scanning Direction Finders DDF0xS
¢ Data reduction can be optimized
according to frequency-, time- and L, Data
direction-selective criteria E?'Zﬁ?:na VHF/U:ESE gao e HFSSFMC:;;EW it Eéogegszséng ot
e For HF direction finding using the T i —> Control
correlation method, the elevation Pem AN Digtal IF
can also be determined, which
allows single-station location (SSL)
systems to be implemented OF antenna
e Versatile stationary and mobile Block diagram of DDFOxS

applications (vehicle, ship, aircraft)
through the use of different DF algo-
rithms and antenna configurations,
especially wide-aperture arrays

Bearing correction and
synchronization

To ensure highly precise bearings in
environments with very strong interfer-
ence, eg on board vehicles, ships or
aircraft, a bearing correction option
(EBD92AK) is available for DDFOxS. It
allows correction of bearings through-
out the frequency range 0.5 MHz to
1300 MHz over an azimuth range of
360°.

Position finding — especially of fre-
quency-agile signals — makes maxi-
mum demands on the synchronization
of the direction finders within a loca-
tion system during scanning. To meet
the requirements direction finders can
be equipped with a GPS receiver
(option EBD92GP) that delivers a
highly precise sync pulse as well as
the time stamp (1 ps resolution) neces-
sary for position finding.

User interface with typical scenario of broad-
band emitters in HF band. Waterfall display (top)
reveals frequency-agile emitters; histogram (bot-
tom right) allows unambiguous identification of

Operation and displays

All operating and display functions
are performed via a PC by means of
the software supplied as standard.

Signal activities and bearings are dis-

played in several windows. The user
can select and arrange the windows
according to his operational require-
ments. The following display modes
are available:
- Amplitude versus frequency
(spectrum display)

Bearing versus frequency

Bearing or level versus frequency
and time (waterfall)

= Rohde & Schwarz - WINDDF> - DDF0xS

Elevation versus frequency

Device Order Conwol Wiew Ewvas Help

ST s [8) [ S 1) el

The direction finder basically operates
in the scan mode and the fixed-fre-
quency mode (FFM). Most parameters
can also be displayed in the form of
histograms. Colour scales can be acti-
vated in the windows to visualize the
magnitude of bearing and level. The
DF values measured at the individual
frequencies can be displayed numeri-
cally at a keystroke. The associated
frequency and level values are also
shown as numerals. Actions are trig-
gered by clicking icons on the user
inferface or pressing hardkeys. Only
those control elements that are con-
stantly needed are permanently dis-
played.

Transfer: |

= DDFOxS S E3

=

weak frequency-hopped signals from overlapping =
frequency bands of same azimuth sector [For Help. press F1 [2_HOPPERACT [B98ms |25 [ [eur] 2] 4.45:28 pm
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Scanning speeds
Scanning range >200 kHz (SCAN) Scanning range 200 kHz (FFM)

Resolution Time for 200 kHz (in ms) Scanning speed (in MHz/s) Time for 200 kHz (in ms) Scanning speed (in MHz/s)
HF range Watson-Watt Correlation Watson-Watt Correlation Watson-Watt Correlation Watson-Watt Correlation
125 Hz 69 363 3 0.6 66 384 3 0.5
250 Hz 37 184 5 1.1 34 194 6 1.0
500 Hz 21 93 10 2.2 17 96 12 2.0

1 kHz 13 49 15 4.1 9 51 22 3.9

2 kHz 9 25 22 8.0 5 26 40 7.7
V/UHF range

4 kHz 1.6 5.0 125 40 1.6 5.0 125 40

8 kHz 1.0 4.0 200 50 1.0 4.0 200 50

16 kHz 1.0 4.0 200 50 1.0 4.0 200 50

32 kHz 1.0 4.0 200 50 1.0 4.0 200 50
Speeiﬁcations Resolu'ﬁon of A/D converter 16 bits

Scanning speed see table above
Screen display and analysis
HF range (DDF01S and DDF06S) Display modes S:;?;;Z:g:ui ir:g:gn;zam:rfc”,
histogram

Frequency range 0.5 MHz to 30 MHz Monitor resolution min. 1024 x 768 pixels

DF method
DF accuracy
Instrumental
With antenna ADDO11
Sensitivity
(2° rms bearing fluctuation)

Operating modes

FFT realtime bandwidth

Resolution (corresp. to 6 dB BW)

Filter characteristics

Resolution of A/D converter

Scanning speed

Screen display and analysis
Display modes

Monitor resolution
Frequency channel width
Cursor functions

Zoom functions
VHF/UHF range (DDF06S)

Frequency range
DF method
DF accuracy
Instrumental
With antenna ADDO5 1
Sensitivity
(2° rms bearing fluctuation)

Polarization
Operating modes

FFT realtime bandwidth
Resolution (corresp. to 6 dB BW)
Filter characteristics

Watson-Watt, correlative interferometer

0.5° rms (Watson-Watt)

1°rms

depending on antenna system: see

diagram on page 110

- SCAN with 3 modes for data
reduction (azimuth selection,
time filter, threshold and frequency
suppression function)

- FFM (fixed-frequency mode)

200 kHz

0.125/0.25/0.5/1/2 kHz

shape factor 2 to 3

16 bits

see table above

azimuth versus frequency, waterfall,
spectrogram, bearing and level
histogram

min. 1024 x 768 pixels

1 pixel

1 x threshold, 2 x frequency, 2 x time,
2 x marker

graphical and physical zoom

20 MHz fo (650)1300 MHz

Watson-Watt, correlative interferometer

0.7° rms (Watson-Watt)

1°rms

depending on antenna system: see

diagram on page 111

vertical

- SCAN with 3 modes for data
reduction (azimuth selection,
time filter, threshold and frequency
suppression function)

- FFM (fixed-frequency mode)

200 kHz

4/8/16/32 kHz

shape factor approx. 4

Cursor functions

Zoom functions
Recording capacity

Offline analysis

Dynamic range

Nominal impedance
Frequency stability

Image frequency rejection
IF rejection

General data

Analog outputs
Tracking generator
Audiomonitoring channel

BITE
Operating temperature range
Power supply

Dimensions, weight
EBD92D
EHO91
ESMA33

Ordering information

Digital Scanning Direction Finders
0.5 MHz to 30 MHz

consisting of EBD92D + EHO91
0.5 MHz to 650 MHz

consisting of EBD92D + EHO91 +
ESMA33

0.5 MHz to 1300 MHz
consisting of EBD92D + EHO91 +
ESMA33 with ESMA-T2

Options
GPS Receiver for accurate time stamp
Antenna Correction

Extras
Antenna Interface
Multicoupler

1 x threshold, 2 x frequency, 2 x time,
2 x marker

graphical and physical zoom
recording on 2 Gbyte hard disk:
approx. 10 h

available

typ. 120 dB

50Q

2x 1078 for T=0°Cto +40°C
>90 dB, typ. 110 dB

90 dB, typ. 110 dB

IF = 1280 kHz + 100 kHz

0.5 MHz to (650) 1300 MHz
separate receiver at IF output or hand-
off receiver with its own antenna
integrated

0°Cto +40°C

115/230V +10%/-12%, 47 Hz to
440 Hz, max. 750 VA

19", 6 HU; 33 kg
19", 5 HU; 32 kg
19", 4 HU; 27 kg

DDFOxS
DDFO1S

4044.8754.02
DDF06S

4044.9009.02
DDF06S

4044.9009.03

EBD92GP 4033.0070.02

EBD92AK 4033.0086.02
GX060 4050.8500.02
VEO10 4050.8000.02
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Digital Monitoring Direction Finders DDF 0xM

Fast and reliable interception of
complex signals from 0.3 MHz

to 3000 MHz

Brief description

The HF/VHF/UHF Monitoring Direc-
tion Finders DDFOxM make intensive
use of digital signal processing, in par-
ticular in the field of filtering, bearing
calculation and signal demodulation.

In this way the high scanning and DF
speeds can be achieved that are
required for the most common radio
transmission methods using bursts and
frequency hopping.

Digital Monitoring Direction Finders
DDFOxM come in three models:

e HF: DDFOTM

(0.3 MHz to 30 MHz)
¢ VHF/UHF: DDFO5M

(20 MHz to 1300/3000 MHz)
¢ HF/VHF/UHF: DDFO6M

(0.3 MHz to 1300/3000 MHz)

Each direction finder is made up of a
DF converter (HF or VHF/UHF) and a
digital processing unit. Moreover, one

or several DF antennas are required.

HF DF Converter EHO10 is designed
for the frequency range 0.3 MHz to
30 MHz, VHF/UHF DF Converter
ETO50 for 20 MHz to 1300 MHz.
Converter ETO70 (1.3 GHz to

3 GHz), which is connected ahead of
ETO50, extends the frequency range
up to 3 GHz. Digital Processing Unit
EBDO40 has two IF inputs, allowing
two DF converters (EHO10 and
ETO50) to be connected simultane-
ously. The algorithms for the correla-

tive interferometer and for the Watson-

Watt DF method are implemented as
standard in the software of the digital
processing unit.

Photo 42136

Main features

® Maximum accuracy, sensitivity and
flexibility

¢ Correlative inferferometer

* Monopulse processing
(Watson-Watt)

¢ Optional direction finding of GSM
signals

¢ Wide range of antennas for station-
ary and mobile use

¢ Userfriendly operation

® Integration into Rohde&Schwarz
radiolocation systems

Digital DF methods

For bearing determination, the com-
plex antenna voltages are measured
by a high-grade triple DF receiver
which acts like a vector voltmeter. The
measured values are digitized.
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Digital Monitoring Direction Finders DDF0xM

As various algorithms are used for

Fle EGU Conlid View Oplons 2

The interface using win-

bearing determination, existing DF e T e

5| D|=|@] 2| [Frroown 1o [= [ m[»|E] =l Qe B8] Fm <] b

dowing technique offers
a user-configurable tool-

o 1T T

antennas (eg Adcock HF antennas) = —
that are in good operational condition
can be connected to the state-of-the-art
direction finders.

With the DDFGSM option bearings
can be determined for the individual
timeslots of a GSM channel.

bar and object-depen-
dent pop-up menus for
maximum operating
convenience

Operation via PC

Fixed frequency mode
(FFM)

The DF convertfers and the digital

Fle EGt Contid View Oplons 2

processing unit have as standard no B e ME R

2| Dl=|@] | e o [« mim[» €| =l /e Qls]|s ] u|

[Gean 1T T

control or display elements so that the e
direction finder is operated via a PC, |
which is connected to or integrated in
EBDO6O.

Each direction finder comes with a
software package (DDFMMI) which
generates a user interface (MMI) under
the WindowsNT operating system. The

interface features windowing tech-

g

nique for easy sefting of operating

L @ s 50 o 02 k3 £ £ e
oy
FoReppesel o g gl WH

Scan mode

parameters by means of a mouse and
pop-up menus. The following display In scan mode:
modes are supported: e Amplitudes and bearings versus
frequency

In fixed frequency mode: o Aging of bearings indicated by
¢ Bearing in polar diagram, addi- colours
tionally DF ellipse if Watson-Watt o

analysis is employed

Frequency versus time (waterfall

display)

¢ level (input voltage or field
strength), elevation and DF quality The direction finders are further en-

as bargraphs with numerical values  hanced by zoom functions, recording

e Level versus frequency in the range
+100 kHz (HF: £12.5 kHz) about

receive frequency (IF spectrum)

and replay functions, the support of
libraries with defined scanning ranges,
as well as a number of options for

e Bearings versus time (histogram remote control of DF units, control of
and waterfall display) hand-off receivers and Single Station

Location Manager.

Digital Processing Unit EBD 060 is op-
tionally available with a builtin PC and
colour LCD with 640 x 480 pixels. For
EMC, the PC is optimally screened to
prevent radiated electromagnetic inter-
ference. This is especially important for
direction findersinstalled in avehicle or
shelter as in this case the DF antennas
are usually located close to the DF
equipment.

Type Index
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Digital Monitoring Direction Finders DDF0xM

Display Unit EBD060A

The additional Display Unit EBDO60A
is available for use of the DDFOXM in
a vehicle with the DF equipment

accommodated in the boot, for exam-

ple. The relevant DF information is
shown on an LCD display, and the
audio content of the DF'd signal can be
monitored via the builtin loudspeaker.

DF antennas

A variety of DF antennas is available
to match different applications. The
antennas offered include Adcock,
crossed-loop and circular arrays (see

Use in computer-controlled
systems

For use in computer-ontrolled systems
Rohde &Schwarz offers the system
monitoring software ARGUS and
RAMON.

RAMON, used in the military field, is
for fast frequency detection and trans-
fer to support monitoring receivers,
while ARGUS is intended for civil
applications, eg for authorities with
frequency management tasks such as
long-term monitoring of specific fre-
quency bands.

page 109).

Specifications

DDF0IM and DDFO6M (HF section)

Frequency range
DF method

Inherent DF error

DF accuracy (in reflection-free
environment)

Sensitivity

(2° RMS bearing fluctuation)

Operating modes

DF modes (FFM)
Display

Resolution of display
Bearing information

FFT realtime bandwidth
Minimum signal duration for DF

Scanning speed
Channel spacing
Selectivity for DF

(1 dB bandwidth)

Selectivity for audio monitoring
(1 dB bandwidth)
Reception modes
Linearity
IP2
IP3 (inband)
IP3 (signal spacing >0.1 MHz)
Dynamic range

0.3 MHz to 30 MHz

correlative interferometer and Watson-

Watt method
0.5°RMS

1° RMS with Antenna ADD 010

depending on antenna system

(see diagram on page 110)

fixed frequency mode (FFM), scan
mode, search mode

Normal, Gate, Continuous
azimuth/frequency spectrum, polar
diagram, histogram, waterfall, real-
time |F panoramic display

(25 kHz bandwidth)

1°0r0.1°

numerical and graphical display of
azimuth and elevation, bearing quality
and signal level

25 kHz

5 ms (down to 0.5 ms with Watson-
Watt method)

0.5 MHz/s for 1 kHz resolution
0.125/0.25/0.5/1/2.5/5/25 kHz

0.075/0.15/0.3/0.6/1.5/3/15/
25 kHz

0.15/0.3/0.6/1.5/3/15/25 kHz
CW, AM, FM, SSB

50 dBm typ.
8 dBm typ.

25 dBm typ.
120 dB typ.

Impedance
Frequency stability
Image frequency rejection
IF rejection
Power supply
AC

Battery
Built-in test
Remote control

Rohde&Schwarz also offers a solution
for triangulation systems. Two or more
direction finders can be combined
with the software MONLOC to build a
radiolocation network. The position of
the direction finders, the bearing lines
and the location of the signal source
are displayed on a digital map.

50Q

2x 107 at-10°C to +55°C
>90dB, 110 dB typ.
>90dB, 110 dB typ.

115/230V AC + 10%/-12%,
47 Hz to 440 Hz, max. 300 VA
20Vto 32 VDC, max. 250 W
module monitoring, fault signalling
RS-232-C; ISDN or Ethernet with
suitable PC configuration

DDF05M and DDF06M (VHF/UHF section)

Frequency range
DF method

Inherent DF error

20 MHz to 1300 MHz (up to

3000 MHz with Converter ET 070)
correlative interferometer and Watson-
Watt method

0.5°RMS

DF accuracy*) (in reflection-free

environment)

Sensitivity

(2° RMS bearing fluctuation)

Operating modes
DF modes (FFM)

1° RMS with Antenna ADD 051
(stationary)

2° RMS (20 MHz to 200 MHz with
ADD 150)

1° RMS (200 MHz to 1300 MHz with
ADD 150)

depending on antenna system
(see diagram on page 111)

fixed frequency mode (FFM), scan
mode, search mode

Normal, Gate, Continuous

*) For slim masts with a height between 4 m and 8 m, the specified values
may be exceeded in the frequency range between 20 MHz and 40 MHz

(by 1°to 2°, depending on the mast symmetry and the ground connections at
the mast base) because of the self-resonance of the mast that may occur.
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Digital Monitoring Direction Finders DDF0xM

Display

Resolution of display
Bearing information

FFT realtime bandwidth
Minimum signal duration for DF

Scanning speed
Channel spacing

Selectivity for DF
(1 dB bandwidth)

Selectivity for audio monitoring

(1 dB bandwidth)

Reception modes
Linearity

P2

IP3 (inband)
Dynamic range
Impedance
Frequency stability
Image frequency rejection
IF rejection

Power supply
AC

Battery
Built-in test
Remote control

Integrated PC (option)

Type

Display

RAM

Hard disk

Floppy disk drive
Serial interfaces
Parallel interfaces

CD-ROM drive

azimuth/frequency spectrum, polar
diagram, histogram, waterfall, real-
time IF panoramic display

(200 kHz bandwidth)

1°0r0.1°

numerical and graphical display of
azimuth, bearing quality and signal
level

200 kHz

500 ps (down to 10 us with Watson-
Watt method)

1800 channels/s, 45 MHz/s

for 25 kHz resolution
1/2/4/8/10/12.5/20/25/50/
100/200 kHz

0.6/1.2/2.4/4.8/6/7.5/12/15/
30/120/200 kHz

0.6/1.2/2.4/4.8/6/7.5/12/15/
30/200 kHz
CW, AM, FM, SSB

50 dBm typ.

12 dBm typ.

120 dB typ.

50Q

2x 1070 at-10°C to 55°C
>90 dB, 110 dB typ.

>90 dB, 110 dB typ.

115/230V AC + 10%/-12%,
47 Hz to 440 Hz, max. 300 VA
20 Vto 32 VDC, max. 250 W
module monitoring, fault signalling
RS-232-C, ISDN (see HF)

Pentium

colour TFT display, 640 x 480 pixels
32 Mbyte

3.5", >3 Gbyte

3.5",1.44 Mbyte

COM1,COM 2, LAN

LPT 1

external

General data

Operating temperature
EHO10/ETO50/ET070
EBDO60

Dimensions (W x H x D)
EBDO60
EHO10/ETO50/ET070

Weight
EBDO60
EHO10/ETO50/ET070

Ordering information

Digital Monitoring Direction Finders
0.3 MHz to 30 MHz

20 MHz to 1300 MHz

20 MHz to 3000 MHz

0.3 MHz to 1300 MHz

0.3 MHz to 3000 MHz

Models with integrated PC

Accessories supplied

DF Antennas

Accessories

GSM DF Unit

Remote-Control Software
Various adapters for mast and
vehicle installation

-10°C to +55°C
without PC: 0°C to +50°C
with PC: +5°C to +45°C

436 mm x 192 mm x 460 mm
436 mm x 148 mm x 460 mm

24 kg

22 kg

DDFOTM 4044.8002.02
DDFO5M 4044.8254.02
DDFO5SM 4044.8254.03
DDFO6M 4044.8502.02
DDFO6M 4044.8502.03

XXXXXXXXXX. | X

transputer board (ISA-16, Order No.
4039.5950.02), cables between DF
converter and digital processing unit,

standard software (MMI)

see page 109

DDFGSM 4050.4257.03
DDFREM 4050.4105.02
on request
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DF Antennas ADDx

0.3 MHz to 3 GHz

DF antennas

A variety of DF antennas is available
for Direction Finders DDFOxM and
DDFOxS to match different applica-
tions. They cover the frequency ranges
from 0.3 MHz to 3 GHz. The anten-
nas offered include Adcock, crossed-
loop and circular arrays (see data
sheets PD 757.1854.23/PD
757.2173.22). All the antennas
offered feature a coding function to
inform the DF system of the algorithm
(Watson-Watt or correlation) to which
the direction finder is to be set.
Optionally, the antennas for mobile
use can be equipped with an elec-
tronic compass by which the bearings
are automatically referred to magnetic
north. Adapters are available for
installing the mobile DF antennas on
vehicles or masts, eg on ships. The
cable inputs and outputs of the DF
antennas are overvoltage-protected as
standard. For VHF/UHF DF Antennas
ADD 150, ADD050 and ADDO5T, a

lightning rod is supplied to protect the
equipment against direct strokes.

In many cases, non-Rohde &Schwarz
antennas (Adcock) already installed
can be used with the direction finders.
For this, Antenna Interface GX060
(0.3 MHz to 650 MHz) is required.

The add-on Electronic Compass
GH150 can be fixed to the antennas
ADD119, ADD150, ADD155 and
ADD 170 for automatic direction find-
ing referred to north.

Multicoupler VEO10 makes it possible
to operate up to six Direction Finders
DDFO1M or DDFO1S (data sheet

PD 757.2173) from one HF DF Anten-
na ADDO10or ADDO11. WithVEO10,
the Direction Finders DDFOxM/
DDFOxS can be connected to the HF DF
antenna in any combination and oper-
ated completely independently of one
another.

VHF/UHF
DF antenna system

Antenna Cable ADDO1xZ is required for
connecting the HF DF antenna to the DF
equipment. The cable is available in var-
ious lengths fo suit the application.

For the VHF/UHF range, Antenna
Cable ADD0O5xZ or ADDO7xZ is
used.

For cable lengths exceeding 10 m for
the VHF/UHF range, Power Supply
INO61 is supplied with the cable.

Specifications
IN061 VHF/UHF Antennas
20 MHz to 1300 MHz ADD150 4041.1007.02
5 20 MHz to 500 (650) MHz ADD155 4040.9004.02
Power Supply 1;5,4/22,3006\/3‘,‘42‘* 1o% 20 MHz fo 200 MHz ADD050 4041.4006.02
20V o0 39V DE. max. 4.5 A 20 MHz to 1300 MHz ADDO51 4041.7005.02
Operafing temperature range A0 C 1o +65°C 1300 MHz to 3000 MHz ADD070 4043.4003.?22/)
Nargone W< XDl Torg 200 mm X155 mm 800 MHz o 2000 MHz ADD170 4055.7502.02
Accessories
: : : Antenna cable on request
Orderlng information Electronic Compass GH150 4041.8501.02
Extras
'('(')FQ"]"*,'\‘A“,_‘I’Z‘ 0 30 MHz ADD119 4053.6509.02  Anfenna Inferface GX060 4050.8500.02
(0.3) 1 MHz fo 30 MHz ADDO10 4045.0105.03  Multicoupler VEOTO 4050.8000.02
0.3) 1 MHz to 30 MHz ADDO11 4045.0005.03
0.3) 1 MHz to 30 MHz ADDO12 4051.1400.03 -
(0.3) 1 MHz to 30 MHz ADDO12 4051.1400.13 I Model 12: lightweight model for mobile use
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DF Remote-Control Software DDFREMM

For Direction Finders DDFOxM

Brief description

With DDFREMM, one Digital Monitor-
ing Direction Finder DDFOxM can be
remotely controlled. Using the
MapView option, the bearing results
can be displayed on a digital map.

System concept

The DDFREMM software permits to
display the graphical user interface
(man-machine interface MMI) of the
Digital Direction Finder DDFOxM
detached from the direction finder and
connected via common communica-
tion link (see diagram). The demodu-
lated audio signal is also transmitted
via this link.

Since one or several direction finders
can be remote-controlled from
different operator positions, full-area
direction finding can be performed
with very few personnel. Such a

DF System is called MONLOC .

System data

Main features

The operator at the control station
activates the remote direction finder
via an automatic dial-up procedure for
the wide-area network (eg ISDN)
connection.

On the local PC monitor the user inter-
face of the remote DDF is displayed.
The DDF is controlled in the same way
as in local mode.

The AF (audio) of the direction finder
is also transferred to the operator posi-
tion for clear identification of the
wanted signal.

S

DDFOxM units

PC with Windows NT

DF station

Wide-area network, eg ISDN

Less funcionality/performance
with PSTN

7

Audio

PC with Windows NT

Control station

Remote-controlled DDF with option MapView

For further specifications see

Operating system
Transmitting lines

Windows NT
wide-area network (WAN), eg ISDN;

Direction Finder DDFOxM

see page 105;
DF antennas see page 109

other lines on request MapView/MapEdit see page 148
Recommended minimum MONLOC see page 144
PC configuration Pentium 166 MHz, 64 MByte RAM
(depending on number of connected
DF stations)
| 4 I | Contents Overview I | Chapter Overview I Type Index R&S Addresses I | > I
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GSM Controller DDFGSM

For Direction Finders DDFO5M
and DDFO6M

Brief description

GSM Controller DDFGSM is used for
locating mobile telephone signals
according fo the GSM900 and
GSM1800/GSM 1900 standard.
Direction Finders DDFO5M and
DDFOSM fulfil the following condi-
tions:

® Measuring time <577 ps
Bandwidth 200 kHz

Possibility to synchronize to the

selected timeslot
¢ Averaging of the bearings
produced cyclically

Another important feature for taking
bearings of mobile telephone signals is
the immunity against multipath propaga-
tion. The Digital Direction Finders
DDFOxM (page 105) operate according
to the correlative interferometer method
using wide-aperture DF antennas in the
mobile telephone ranges, which pro-
vides high accuracy even in situations of
strong coherent interference.

Functions

Optional GSM Controller DDFGSM
offers internal or external synchroniza-
tion to selected timeslots of the GSM
signal and contains:

* Module control processor with high-
accuracy clock generators which
can be synchronised

Specifications

Frequency range
Channel spacing/width

Minimum burst duration 500 ps

like DF system
200 kHz/200 kHz

‘i ROHDE & SCHWARZ - DDFOXM (Local DDF) - C:\Ddmmi\GSM-UP.ord
Fie Edt Connol View Options 2

‘é‘l ] =)= i”@,ﬁ [esms00n =] ]Thl:uupj“ml

H[= [ mln|e] sl el ala]

iy [500ms - h” w [200 ki =] [Nomal =] [aGCFasT=] [3 =] ¥ ‘n o A5 =l =] ore 4 @)
[Fean T |
ol \

e

CIEE
s oW o

ey

[

[4710/003:2545PN o od W &

Direction finding of GSM signals in Fixed Frequency Mode: The FFM display is split into fwo sections:
The left part contains the polar display with level and bearing quality as usual. The occupancy and the
bearings of the 8 time slots are shown in the right section

® Pulse shaping unit with cable for
external synchronization by
CMDxx

¢ Software package with extended
MMI (under WindowsNT) and
extended direction finder software.

External synchronization

The RS422 input GSM-STRB of X15 of
the DF Processor EBDO&O is used to
synchronize within the multiframe
raster (26 TDMA frames). The DF
process is triggered by the rising edge
of the synchronization pulse and will
be repeated within the TDMA frame
(every 4.6 ms).

Internal synchronization

The frequency correction burst (FCB)
of the broadcast control channel
(BCCH) of a base station is used. First
the downlink frequencies of the

selected net will be analyzed in the
background for possible base stations
to be able to select the base station.
The five strongest signals are pre-
sented fo the user together with chan-
nel number, level, and bearing. After
the selection the direction finder
changes to the fixed frequency mode
(FFM) and synchronizes.

Operation

After successful synchronization the
following modes may be used as with
the standard direction finder: fixed fre-
quency mode (FFM), scan mode and
search mode. In the scan mode the
results of the 8 timeslots of each chan-
nel are presented in parallel where
timeslot O of each channel is high-
lighted. After switching to FFM selec-
tion of channel and timeslot is still
possible.

DF accuracy (condition of test ground)

with Antenna ADD170
DF sensitivity (1 s signal duration)

Modes of operation

Synchronization selectable

<2° RMS (800 MHz to 2000 MHz)
5 V/m typ. (GSM 900)

10 pV/m typ. (GSM1800/

GSM 1900 band)

fixed frequency/scan/search mode
external or internal
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Single Station Locator Software DDFSSLM

For HF Digital Monitoring
Direction Finder DDFOTM

Brief description

Single station location (SSL) is a
method to determine the location of an
HF transmitter with only one HF direc-
tion finder. This method will always be
used if only one direction finder is
available.

SSLis based on the fact that an HF sig-
nal which was reflected in the iono-
sphere arrives at the DF site at the
same angle of elevation as it was emit-
ted by the HF transmitter towards the
ionosphere. Using the azimuth and
elevation parameters processed by the
HF direction finder and the necessary
ionospheric data the origin of an HF
transmission can be calculated.

SSLaccuracy is about 5% to 10% with
respect to the distance to the target.

lonosphere

HF propagation via ionosphere

‘s ROHDE & SCHWARZ - DDFOXM (Memmingen] - C:\Ddfmmi\hf€_7.ord
File Edit Contrdl View Dptions 2

5| Dl 3] oo [v mimin[c] [ =] @l afs | pFm )
A D@ =2 al HdBwe =l =] i o 9

# [1.5kHz =] [Nomal x| [aGC

[Sean
skip

bgimuth [T 22 Elevation [ 18
™ Guick Shot
EO013°11'04 N52°27'32
e [km] 543

E-Layer

:
lonosphere . | Calibration .
Seltings Help

SSL display

The Rohde & Schwarz SSL
software

The SSL software is an extension

(option) of the DDFMMI man-machine
interface for Digital Monitoring Direc-
tion Finders DDFOxM (see page 105)
and allows location of an HF transmit-

s
LV0ITENPM o o o = o e NUM

ter by means of one direction finder
combining bearing and elevation. The
result is the position of the transmitter
and the range (distance between DF
and transmitter).

In the setup mode initial information
such as position data of the DF station,
selection of coordinates in geographi-
cal degrees north/south and east/
west or UTM grid values, distances to
be indicated in kilometers or miles etc
can be defined.

The necessary ionospheric data can
be obtained from an internal data
base and ionospheric model.
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Automatic Remote Control DDFARCM
Brief deseription [N Yiew Options 2

GSM =
ARC stands for automatic remote Fived Fraquency F2 0z _I | 2=
control. With ARC it is possible to Seach F3 ,I@ 551 @ ¢
request a DDFMMI for DF values via Scan F4 _l_l _L
TCP/IP from a detached system. v Sfop
The DDFMMI then returns the Replay
requested DF values. s5L

Activation

Option ARC has to be enabled by
means of an option code. The option
code is only valid for the direction
finder it was purchased for. The code
can be entered during the DDFMMI
setup or at a later time by means of the
supplied program OPTIONS.EXE.

ARC menu

With Control-Service-ARC selected
(see Fig.), the ARC can be switched on
or off.

v Frequency Hasher
Festart Averaging

==

Alt-+F5

Max. dveraging Time. . Elfoariae

Ereamplifizr [HF)
v Artenna Active
Falarization

LCalibration

Maorth by Reference...

Setup...
G5 Setup...,
Cohreck...
Reset
EIT

v ARC
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Digital Direction Finder DDF 190

0.5 MHz to 3 GHz

Brief description

Digital Direction Finder DDF190 may
comprise the following elements:

e HF DF Antenna ADD 119
(0.5 MHz to 30 MHz)

e VHF/UHF DF Antenna ADD190
(20 MHz to 1300 MHz)

e UHF DF Antenna ADDO7 1
(1.3 GHz to 3 GHz)

e DF Unit EBD190

e Cable Set DDF190Z

Moreover, a monitoring receiver with
unregulated IF output of 10.7 MHz or
21.4 MHz (eg EB200, ESMB, ESMC
or ESN) is required.

Digital Direction Finder DDF 190 can
be operated in accordance with two
DF methods using digital signal
processing: the proven Watson-Watt
method (HF band) and the advanced
correlative interferometer method
(VHF/UHF band). The system allows
direction finding of signals with any
modulation.

Three operating modes can be
selected on the DF unit:

o NORMAL (In this mode, which is
preferably used for monitoring radio
networks, the DF process is started
and stopped by the squelch of the DF
unit. The bearing display follows the
various directions of incidence of the
signals without any delay.)

Photo 43456

o GATE (This mode is used for
direction finding of transmitters
whose emissions may be interrupt-
ed briefly by modulation (eg keyed
transmitters) if the transmitter
on-the-air time is too short for
NORMAL mode.)

e CONT (In this mode, direction find-
ing is performed continuously so
that a bearing may be obtained
even for specially modulated or
very weak signals for which the DF
process is not triggered by the
squelch.)

In each of these modes, bearings can
also be displayed in a histogram,
which is of advantage in the analysis
of communication networks. Histo-
grams display the current bearing in
digital form (three-digit number), and

all values obtained since the activation

of this display mode are shown as
radial beams indicating the direction

of incidence. The lengths of the beams

are a measure of frequency occur-
rence of the bearings.

The display mode can also be
switched to QDM (heading with refer-
ence to magnetic north). Results can

be output as lists.

Main features

e Direction finding of signals with any
modulation

* Wide-aperture behaviour
above 300 MHz

¢ AC supply or battery operation

¢ Simultaneous operation of all
DF antennas (HF and VHF/UHF)

¢ Complies with ITU class A
(in HF band) and B (in VHF/UHF
band)
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Digital Direction Finder DDF 190

HF extension

To cover the HF range, two new fea-
tures have to be implemented:

¢ Connection of HF DF Antenna
ADD 119 to receiver and to DF unit

¢ Installation of current firmware (ver-
sion 2.0 or higher)' ! with
evaluation algorithm for Watson-
Watt method in DF unit

If DDF 190 is operated only in the HF
range, the connections between

DF Antenna ADD 119 and the DF unit
are straightforward. Where

DF Antenna ADD 190 and/or

DF Antenna ADDO71 are to be used
in addition, Connection Board
GX190 is needed. The connection
board performs frequency-dependent,
automatic switchover to the required
DF antenna and allows up to three
communication receiving antennas to
be connected to the receiver input.

Where it is not possible to mount all
DF antennas at the top of the mast,
DF Antenna ADD 119 is to be fitted on
a bracket on the side of the mast. This
asymmetrical installation leads to
bearing errors, which can however be
kept low by fitting a second ADD 119
on the opposite side of the mast. The
signals from the two antennas are
taken to Combiner GX119 and then
to the DF equipment.

1" The new firmware is available on the Internet
(Rohde & Schwarz homepage) for updating.

DF antennas

For DDF 190 there are three DF anten-
nas for mobile and stationary applica-

tions covering the frequency ranges
0.5 MHz fo 30 MHz (ADD 119),
20 MHz to 1300 MHz (ADD190)
and 1.3 GHz fo 3 GHz (ADD071)
(see data sheet PD 757.1460.24).

Extras

For operation of DDF 190 with ESMC
in the VHF/UHF range in a vehicle

with the DF unit accommodated in the
boot of the car for instance, the addi-

tional Display Unit EBD 190A is avail-
able. It shows the relevant DF informa-

tion on an LCD display.

Photo 41949

Use in computer-controlled
systems

For use in computercontrolled systems
Rohde&Schwarz offers the system
monitoring software ARGUS and
RAMON.

RAMON, used in the military field, is
for fast frequency detection and trans-
fer to support monitoring receivers,
while ARGUS is intended for civil
applications, eg for authorities with
frequency management tasks such as
long-term monitoring of specific fre-
quency bands.

Rohde&Schwarz also offers a solution
for triangulation systems. Two or more
direction finders can be combined
with the software
MONLOC to build a
radiolocation net-
work. The position of
the direction finders,
the bearing lines and
the location of the
signal source are dis-
played on a digital
map.
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Digital Direction Finder DDF 190

Specifications

DF method

Frequency range (depending on
receiver/DF antenna)

HF

VHF/UHF

UHF
DF accuracy in reflection-free
environment*)

Resolution of A/D converter
Minimum signal duration

DF sensitivity (<5° RMS fluctuation,

5 s averaging time, 8 kHz bandwidth
Rohde&Schwarz receiver)

HF
VHF/UHF

UHF
Bandwidths (internal)

Averaging time
Squelch
IF input

DF display

Data interface

Watson-Watt or
correlative interferometer

0.5 MHz to 30 MHz
20 MHz to 1300 MHz
1.3 GHzto 3 GHz

2° RMS (0.5 MHz to 30 MHz)
3° RMS (20 MHz to 30 MHz)
2° RMS (30 MHz to 80 MHz)

1° RMS (80 MHz to 1300 MHz)
2° RMS (1.3 GHz to 3 GHz)

16 bit

50 ms

15 pV/m to 4 pV/m (frequency-
dependent)

1 pV/mto 10 pV/m (frequency-
dependent)

3pV/mto 10 pV/m

1 kHz, 2.5 kHz, 8 kHz, 25 kHz,

100 kHz

100msto5s

internal or external

10.7 MHz or 21.4 MHz, 50 Q,

level <O dBm unregulated (ie without
AGC), broadband or narrowband
graphical LCD on front panel; three-
digit display with additional indication
of direction on compass rose
RS-232-C for remote control of system,
2nd serial interface and parallel inter-
face for receiver control

General data EBD 190

Operating temperature
Power supply

Dimensions (W x H x D)
Weight

Ordering information

Digital Direction Finder
20 MHz to 1300 MHz
20 MHz to 3000 MHz

Extras

HF DF Antenna
Connection Board
Combiner

Display Unit
Remote-control software
Antenna cables

-10°Cto +55°C

AC: 100/120/230/240V,
—12/+10%, 47 Hz to 440 Hz,
overvoltage-protected to VDE 160,

<40 VA;

DC:10Vto 32V, <20 W
219 mm x 147 mm x 460 mm

approx. 10 kg

DDF 190

ADD119
GX190
GX119
EBD 190A

4046.4004.02
4046.4004.03

4053.6509.02
4032.1508.02
4032.1008.02
4041.6009.02
on request
on request

*) For slim masts with a height between 4 m and 8 m, the specified values may be
exceeded in the frequency range between 20 MHz and 40 MHz (by 1° to 2°,
depending on the mast symmetry and the ground connections at the mast base)

because of the self-resonance of the mast that may occur.
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VHF-UHF Direction Finder PA 1555

Mobile compact system for use

in adverse environments

Photo 41952

Brief description

PA1555 from Rohde & Schwarz is a
weatherproof, compact VHF-UHF
direction finder featuring a foldable
anfenna system. It has been designed
specially for use in adverse environ-
ments and at hard-to-get-at sites. Its
high flexibility is enhanced by a low-
drain DC supply. An RS-232-C inter-
face allows the system to be integrated
info computer-controlled radiolocation
networks.

Main features

¢ Frequency range 20 MHz to
1000 MHz

e Lightweight, compact design

¢ Ideal for temporary applications
and when frequently changing
locations

¢ Can be integrated into radioloca-
tion networks

e All functions of the DF unit can be
remotely controlled and queried

¢ Connector for IF panoramic display

¢ Selftest by means of internal test
signal

Characteristics and operation

All operating states and results of the
DF unit are clearly arranged on backlit
LC displays. DF results are indicated
on a three-digit numerical display, sup-
ported by a ring-shaped 72-segment

DFANTENNA PANORAMA

coarse direction indicator (each seg-
ment 5°) and a fan-shaped DF quality
indicator. The front panel further
shows the set frequency, level and
level threshold (analog and digital),
the demodulation type, bandwidth,
and the selected north adjustment
value.

The frequency can be entered via the
numerical keypad or using the rotary
knob. Tuning is facilitated by arrow
markers in the Rx display field which
indicate the frequency offset. Up to

Antenna AP 1555 M
was specially devised
for use in vehicles and is
of compact design.

& ROHDEASCHWARZ VHF/UHF DIRECTION FINDER - PA 1555

100 frequencies together with the
receiver settings can be stored and
recalled. The DF unit cannot only be
tuned to individual frequencies, but it
is also possible to trigger frequency
scans either using a preset start/stop
frequency and stepwidth or via the
channels stored in the memory. In the
auto mode, the system is made to
dwell for about 3 seconds on each sig-
nal that exceeds a preselected level
threshold. The user can select individ-
ual channels to be skipped in the mem-
ory scan.

It covers the entire fre-
quency range from
20 MHz to 1000 MHz
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VHF-UHF Direction Finder PA 1555
For north adjustment of PA1555, a =| Rohde & Schwarz - WinLoc MK
ti | . f d . fh File Edit Order Location-Map Options Window 2
correction value 1s entered via the -] Order Control Panel [DEMO.WLO] 1=
numerical keypad. Alternatively, a a7 | i T
bearing can be taken of a transmitter [250.00000 ] o s [5 [3]
with a known azimuth value and the [ Defoutt | [Read Settings | [ Connect... | [ info. | [ Scancui> |
nominal value for the transmitter No. of Station(sk: 4 _Seltings: ___ Ready __Read Mode: _Continuous
entered. North adjustment will then be -L\) GEMO.LMP <> Jon ;L:
performed automatically. Y H Atibutes...
A& Special
e 0 element(s)
PA1555 allows the audio signal to be N 5 o s | R |
monitored also without any interfer- 3{ E g ; oo g
ence from the noise generated during o : M sl
antenna scanning. To this end, direc- - £ : g~
tion finding can be stopped. .
DF operating modes X
i L
A A +
° CONT 1: 344078 EQ11°21'13 Nag* 1447 57% Rec: OFF  not found

Direction finding of CW signals.
The maximum integration time is
2.5s.

* SING
Squelch-controlled  direction find-
ing of individual signals with medi-
um integration time — especially of
simplex voice communication with
a medium signal duration. The DF
result is cleared at the end of
signal transmission.

o GATE
Squelch-controlled direction find-
ing of intermittent signals originat-
ing from the same source. The DF
information remains stored during
the intervals when no signal is
received.

e HIST
Squelchcontrolled  direction find-
ing of signals of identical frequen-
cy but from different angles of inci-
dence (eg simplex voice communi-
cation). Averaging in this mode is
performed by means of histograms
that discriminate up fo ten angles
of incidence.

Via its RS-232-C interface, PA1555 can be integrated into radiolocation systems using the WinLoc soft-
ware (see data sheet PD 757.1483). The Winloc software contains a driver addressing PA1555.

PA1555 can be conveniently operated also in vehicles, using detachable Display Unit GB 1555
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VHF-UHF Direction Finder PA 1555

VHF-UHF DF Antenna AP1555T Specifications

DF Antenna AP 1555T covers the frequency range from Frequency range 20 MHz to 200/1000 MHz

20 MHz to 1000 MHz. It is made up of two antennas —
AP 1555G (20 MHz to 200 MHz) and AP 1555U

(200 MHz to 1000 MHz) — which can also be operated
separately. AP 1555G can be folded for transport.

UHF DF Antenna AP 1555U can be disconnected from

AP 1555G mechanically and electrically to facilitate trans-
port.

VHF-UHF Compact Antenna AP1555M

Compact Antenna AP 1555M covers the frequency range
20 MHz through 1000 MHz. It was specially devised for

use in vehicles.

pV/m
18 Mo deen
T 16 AP1555G
R I AP1555X
12 K . ... AP1555U/M
R -- < AP1555M (VHF) | | e e
1005
8N
6 \ N -
4 I
2 Tl —
0
20 30 50 80 100 110 150 175 200 280 430 500 800 1000

f/MHz —

DF sensitivity with Antennas AP1555G/U, AP1555M and AP1555X
(£2° display fluctuation, 1 s signal duration)

AP1555U

AP1555G

Photo 42405

2° rms (DF antenna mounted on mast;
siting effects not taken info account;
averaging over azimuth and frequency)
dependent on frequency and antenna
used (see diagram)

approx. 50 ms, depending on modula-
tion

AM, FM, CW; selectable bandwidth
7.5/15/150 kHz

V.24 (RS-232-C); baud rate:

50 bd to 9600 bd

(infernally selectable)

DF accuracy

Sensitivity
Minimum required signal duration
Modulation

Data interface

DF antennas

AP 1555G (20 MHz to 200 MHz)  6-dipole Doppler antenna, lightweight
construction, 1 m in diameter, weight
approx. 6.5 kg

AP 1555U (200 MHz to 1000 MHz) 6-dipole Doppler antenna in weather-
proof radome, weight approx. 4.5 kg
(= AP 1555G + AP 1555U), max.
wind speed 100 km/h

6-dipole Doppler antenna, lightweight
construction, 2 m in diameter
compact antenna in radome, 1.1 min
diameter, weight approx. 25 kg

AP 1555T (20 MHzto 1000 MHz)
AP 1555X (20 MHz to 100 MHz)
AP 1555M (20 MHz to 1000 MHz]

DF unit accommodated in weatherproof, im-
pactresistant case; digital and analog
DF-value and status indications on LC
displays (with backlighting)

Dimensions (W x H x D) 254 mmx 152.4 mm x 268 mm

Weight approx. 7.5 kg
Power supply 10 Vto 30 V DC, power consumption
approx. 10 W
Nominal temperature
DF antenna -40°Cto +55°C
DF base equipment -25°C to +55°C
Shock to MIL-STD-810 D
Vibration to MIL-STD-810 C
Class of protection IP 65
EMC to MIL-STD-461 D, CE 102, CS 101,
RE 102
Ordering information
VHF-UHF Direction Finder PA 1555

20 MHz to 200 MHz

200 MHz to 1000 MHz

20 MHz to 1000 MHz

20 MHz to 1000 MHz, compact design

4036.9555.40
4036.9555.41
4036.9555.42
4036.9555.43

Options

Display Unit GB1555 4031.7202.02
Plug-in Mast, including

guy ropes, compass and

mounting tools, for

DF Antennas AP1555G/U/T KM1555T 4036.9003.02
Mast Adapter for

DF Antenna AP1555U KM1555U 4036.8259.02
Vehicle Adapter for

DF Antenna AP1555M AP50271 0515.1419.02
Mast Adapter for

DF Antenna AP1555M AP50275 4015.2151.04
Cable Drum PA1555D 4036.9255.02
Headphones PA1555H 4036.9355.02
Loudspeaker PA1555L 4036.9561.02
Battery (rechargeable, 7.2 Ah) PP1555B 4037.0251.02
Transport Bags for

DF unit and antenna PA1555T 4036.9755.02
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Contents of Chapter 4

Morse Decoder GM094 New dimensions in morse decoding 123
PSK Demodulator GM097 Detecting signals that hardly differ from noise 128
HF Signal Analyzer System GX202 Even the shortest of emissions firmly under control 130

Analyzing and decoding practi-
cally any type of radio signals

For these applications, Rohde
& Schwarz has a wide range of
equipment:

e Units for the visualization of radio
traffic

¢ Demodulation of analog and digital
waveforms

¢ Decoding of a wide range of codes

¢ Automatic classification of wave-
forms, codes and transmission char-
acteristics

¢ Automatic Morse decoders to pro-
vide messages even of hand-keyed
signals

¢ Recognition of emissions

¢ Analyzers evaluating signals trans-
mitted via modern digital HF
modems

¢ Evaluation of extremely short HF
burst signals

¢ High-speed detection, classifica-
tion and demodulation of FSK and
PSK signals

e Verification of 12-tone parallel
PSK2/4 signals

o Satellite radiocommunication moni-

toring (voice, fax, data)

* Mobile radiocommunication moni-
toring

® Microwave link radiomonitoring up
to 40 GHz

Rohde & Schwarz is the only manufac-

turer to supply systems for the search,
classification and demodulation of
PSK signals (PSK2/4/8) emitted via
serially modulated HF modems. Even

PSK8B with 9600 bit/s can be real-
ized without any problems. Elaborate

equalizers ensure signal detection
also without using the training
sequence.

The use of modern DSP technology
allows a modular design of analyzing
equipment capable of responding
very flexibly and consistently to any
change of communication codes or
procedures.
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Morse Decoder GM 094

HF antenna

HF-receiver
eg. EK895

IF-filter
— matched
tracking

Demodulator

— GM 094

IF-filter
— matched
tracking

Demodulator

IF-filter
— matched

IF-wide

AD converter

S -

Demodulator

IF-filter

BW> 600 Hz|

— matched
tracking

Demodulator

— Decision logic

IF-filter
— matched
tracking

Demodulator

IF-filter
matched
tracking

| |

Demodulator

New dimensions in morse

decoding

Introduction

Morse has a long tradition as a reli-
able shortwave transmission tech-
nique and still remains an important
medium besides more advanced trans-
mission techniques using modulation
such as FSK and PSK. This is primarily
due to two factors:

e Compared to other transmission
techniques, Morse signals using the
robust amplitude modulation (ATA)
are subjected to relatively litle
distortion caused by the various
types of interference present on the
RF transmission channel

¢ Neither transmitter nor receiver are
operated automatically but by radio
operators who have undergone
training over several weeks or even
months. Routine and experience
enable these operators to compen-
sate for interference on the transmis-
sion channel as well as for any
imperfection on the part of the
sender.

,':?:E'

Fig. 1: Functional block diagram of GM094 (single-channel version)

Morse uses a length-optimized trans-

mission code. It also makes use of the
fact that a human operator is able to
react to the diverse transmission errors
occurring in a message and fo cope

with error-tolerant transmissions.

These are the reasons why Morse sig-
nals continue to be an important target
of radio reconnaissance. The nature of
this technique, however, makes Morse
reconnaissance highly labor-intensive.
Morse Decoder GM094 is aimed in
particular at cutting down on person-
nel capacity especially for routine
tasks and at extending the range of
channels covered, even in unmanned
operations.

Decoders that have been developed
so far produce acceptable results only
under conditions that do not usually
occur in practice:

¢ |deal keying, ie a constant touch-
break ratio is assumed

e The keying and radio equipment
are assumed to be perfect,
ie featuring no frequency instabili-
ties, AM/FM conversion, delay
distortion, chirp effects, etc

¢ Between signals an interference-
free transmission channel is
assumed

¢ The active Morse signal is not dis-
turbed by interference on the trans-
mission channel
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Morse Decoder GM 094

The first prerequisite (correct Morse
coding) could only be provided by
using fully automatic keying equip-
ment. Semiautomatic or manual key-
ing always results in more or less
marked decoding errors. In severe
cases the text generated turns out to be
illegible.

The second prerequisite (no frequency
instabilities) is unrealistic, in particular
with obsolete equipment. To meet this
prerequisite, the Morse decoder will
have to capture several frequencies at
a time.

The third prerequisite (no false alarms)
is fulfilled rarely. Usually one can
assume that the receive level of the
Morse signal is only slightly stronger
than the permanent interference level.
This means that between Morse sig-
nals the decoder is confronted with a
strong interfering signal. This signal
does not have the structure of white
noise, but is a man-made noise consist-
ing of several superimposed communi-
cation signals. The decoder attempts
to interpret these signals as Morse sig-
nals. As a consequence, an enormous
amount of irrelevant information is
produced by the decoder, which
makes evaluation of the message
more difficult.

The fourth prerequisite (probability of
detection) is particularly problematic
when dealing with shortwave, as here
fading, delay and Doppler shift as
well as ambient noise (see above) are
particularly blatant. Common pulse
interference must not be interpreted as
Morse signals (eg e, i, t, m). Perma-
nent interference such as humming
and speech signals must not cover up
the wanted signal.

In difficult cases the result produced by
conventional Morse decoders was
often a decoded text that was virtually
impossible to interpret even for an
experienced radio operator with a
good measure of patience at the
receive end. Few users are willing to
accept equipment with the described
functionality.

The points outlined above were fully
taken into account in the development
of Morse Decoder GM094, which ful-
fills all the prerequisites described.

GM 094 sets new standards

Decoder GM094 has been designed
to tolerate different types of keying.
Varying dot-dash ratios for each letter
or fluctuations in the keying speed are
accepted. Frequency and level fluctua-
tions are compensated for by a dis-
crete IF receive unit (Fig. 1) with
matched filters.

The real achievement of this new
development is the capability of
GMO094 to run a continuous classifica-
tion process during reception, which
classifies the Morse signal as a certain
type of signal that can be distin-
guished from other signals.

This capability is essential for the pro-
fessional use of the decoder.

This is made possible through the use
of a modern digital signal processor

which allows the use of signal process-
ing algorithms, a technique that could
only be realized with traditional ana-
log technology at a high expenditure.

With GM094, the potential of digital
signal processing is fully utilized with
the aid of modern signal processors.

These processors helped to implement

characteristics which were not availa-
ble previously and are combined in
the decoder in a unique way. Particu-
larly noteworthy are:

e Automatic signal search with adjust-
able capture range

¢ Frequency-accurate display of the
signal offset from the receiver center
frequency

e Adjustable signal hold time

¢ Decoding of signals produced by
both manual and automatic keying

¢ Decoding of shorttime signals,
ie down to one letter

¢ Decoding of duplex traffic

It should be added that the decoding
of duplex traffic is performed in real
two-channel operation with only one
log being printed. Yet the temporal se-
quence of the radio traffic is repre-
sented correctly.

GMO094 has been equipped with sev-
eral other characteristics which
proved to be useful during numerous
trials performed by various users.

Among these are:

® Registration of receive time

¢ Editable and selectable Morse code

e Editable and selectable radio traffic
abbreviations

e Structuring of Morse text

® Marking of call sequences and call
signals

¢ Automatic saving of Morse text

® Fast and easy-to-use text editor

These features allow optimal adapta-
tion of the decoder to various commu-
nication types as well as easy and
straightforward processing of the
decoded text if this should become
necessary.
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Morse Decoder GM 094

Technical description

Configuration

The Morse decoder has been realized
in the form of a software module that
can be run on the DSP card GM091,
so GM094 can be easily integrated
into a commercial IBM-compatible PC
at the customer’s.

The equipment supplied with the sim-
plex version (Fig. 2) consists of a PC
plug-in card GM091 and GM094
with dongle, software on floppy disk
(3.5") with user-prompting in English
as well as a manual in English. A com-
plete turnkey system already inte-
grated in a PC can be delivered at
customer’s request.

The equipment supplied with the
duplex version (Fig. 3) is made up of
two simplex versions. Up to 6 Morse
decoder channels may be integrated
into one PC.

Decoder functions

Settings are entered by means of
mouse or keyboard via menus. The
decoder can be operated with or with-
out receiver control.

Logging

The decoded text is stored on the hard
disk in text format (*.txt) with date and
time information. The text can then be
processed using standard editors.

Setting parameters
The following parameters can be set
via the user interface of the decoder.

Fig. 3: Configuration for duplex
operation

Fig. 2: Configuration for sim-

plex operation

| Chapter Overview I Type Index
HF antenna
-
HF receiver
e.g. EK895
SEEO =
Receiver

Decoder GM091/GM094 can be
connected to almost any HF receiver
provided it has a suitable IF output.
Some receivers can also be supplied
with a frequency control. At present

the following HF receivers can be con-

nected.

- EK890/893/895/896 via
RS-232-C
— E1800 via RS$-232-C
Further receivers and interfaces can
be used if required.

IF center frequency

Decoder GM091/GM0%4 is con-
nected to the IF output of the HF
receiver.

— Frequency range A
2 kHz to 18 kHz (adjustable)
- Frequency range B
22 kHz to 38 kHz (adjustable)
This also enables direct connection to
a tape recorder.

RS232 control

The receiver is controlled via COM1
and/or COM?2 of the PC. If more
channels are to be used, additional

interfaces have to be fitted. The
RS232 interface can be defined in
terms of parameters.

Receive frequency

The receive frequency is set via
GMO094 or the receiver. GM094
allows stepwidths of 1 Hz or 10 Hz.

Capture range

The capture range is adjustable:
+5 Hz, £10 Hz, +25 Hz, +50 Hz,
+100 Hz, £250 Hz, +500 Hz

A certain frequency range to be set
via the user inferface is defined as
capture range. Within this frequency
range the decoder searches periodi-
cally (see also under hold time) for the
signal with the strongest level at inter-
vals of 0.8 s. If this signal turns out to

be a Morse signal, it is decoded.

HF antenna

HF -receiver
e.g. EK895

o
o
o
'
'
'
'
'

ooo-

ooo-

KN

| Contents Overview I

| Chapter Overview I

Type Index

| R&S Addresses I




Analyzers

126

L]

| Contents Overview I

R&S Addresses I

>

Morse Decoder GM 094

Hold time
The hold time is adjustable:
Os,3s, 10s, 60 s, infinite

A certain timespan fo be set via the
user inferface is defined as hold time.
When the decoder detects a Morse
signal, it remains at the detected fre-
quency in the pauses between two sig-
nals for the hold time selected.

— Ifthe hold time is O's, the decoder
starts searching for the strongest
signal within the capture range
after 0.8 s at the most

— If, however, the hold time set is
infinite, the decoder remains at a
Morse signal that has been
detected

Morse code

The Morse code to be used can be
freely selected by the user with the
help of the editor supplied.

Radio traffic abbreviations

Radio traffic abbreviations can be
defined by the user with the help of the
editor supplied (Fig. 4).

Signal quality

The decoder can be optimized to
receive distorted signals such as sig-
nals with superimposed FM (chirp sig-
nals).

Format
The format function of the log can be
switched on and off.

Spectrum display

The signal spectrum received can be
displayed to allow checking of
receiver settings and signal quality.

Edit C:\GHOI4\DATAL[-MORSE-.CGR 1

| Chapter Overview I Type Index
AGN _AGN_
_AS _AS_
ASND  _AS_ND
BK _BE_
COR _COR_
COL _coL
c? c?
DS “ps_
E*NPT  _RPT
_NT_ _K_
“TA_ X
TET K
NO_ “ND_
_ND “ND_
U THU_
0K? TORT_
0K _0K_
Delete | Help ] Print ]

Sauve ] Hext File]

Cancel |

Fig. 4: Editor for radio traffic abbreviations

Characteristics

Error rate

The maximum error rate is typically
below 0.5 % of the characters trans-
mitted at an S/N ratio of 6 dB,
receiver bandwidth of 300 Hz and
keying speed of 20 Bd.

Maximum keying speed

The maximum baud rate is approx.
60 Bd, which represents approx. 150
characters per minute.

Permissible signal drift
If the RF frequency changes by
<10 Hz/s, the signal is tracked within

the set capture range. Keying speeds
may vary from one letter to the next by
the factor 3 or 1/3. The dot-dash ratio
may vary from one letter o the next
within the range 1:2 to 1:5. The signal
level within one letter may vary by
more than 20 dB.

Decoded text

If the decoder stops, the decoded text
is saved on the hard disk as a fext file.
A special text editor is available to
process, print or delete all saved text
files. Signals that cannot be decoded
are logged as dot-dash combinations.

Us.1 Morse Decoding Channel 3 ~
1
Frequency: 8530,085 kHz Lock Range: 25 Hz Holding Time: 0O s 1
Time Hz 01-18-1997 12:56:24
12:56:30 9 CQ €O CQ DE L6M LGB LGJ LGX =
12:56:48 10 TFC FOR LAPEZ
12:56:57 10 =
12:56:58 10 (S¥X 4185 8368,5 12552,5 16Y36,5 LGO-/LGT 500 KHZ
12:57:42 10 CQ €O CQ DE LGW LGB LGJ LGX =
12:58:01 10 TFC FOR LAPEZ2
12:58:10 10 =
12:58:11 10 QSX 4185 8368,5 12552,5 16736,5 LGQ-/LGT 500 KHZ
12:58:55 10 CQ CQ CQ DE LGM LGB LGJ LGX =
12:59:13 10 TFC FOR LAPEZ
12:59:22 9 =
QSX 1
1
Online
[ESC]1 = Henu [B LGJ LGX = TFC FOR LAPEZ = (SX 4185 8368,5 1255UM,5 16
8530.085 kHz +9 Hz = ?= [ |

Fig. 5: Display of decoded text in simplex operation during reception
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Morse Decoder GM 094

Us.1
Frequency 1:
Fregquency 2:

Running text

. . . Time Hz

The text being decoded is displayed
. . . 11:05:15 -3
as unstructured text in a single line 11:05:29 -1
Fig. 5 11:05:38 -3
(Fig. 5). 11:05:43 -1
11:05:58 -3
11:07:58 -1
11:07:58 -1
Structured text LG e -3
11:07:59 -1

The structured text is displayed in 18

lines on the screen (Fig. 5) with time

lelete |

and signal offset from the IF center

frequency given in each line.

3580
3670

ADDR
ADDR

ADDR

Type Index R&S Addresses I | > I
Edit C:\GMO94NTEXTI18011114.100 1
,000 kHz Lock Range: 10 Hz Holding Time: © s
,000 kHz Lock Range: 10 Hz Holding Time: © s
01-18-1997 11:02:28
= DUCK DE ORCA K
» orca de duck k
L RPT ........ ........
» orca de duck k
= QRK Un-s3 OQRV RPT An 9K
» duck =
» ruiint fpkxu Ayelk iliouxi ulnt
O cocooooo ooooocooo RPT AR 25 K
» waoot bbbmb ukotc corht
Help ] Frint ] Save ] Hext File]

Call sequence
Identified call sequences are marked by

the symbol ADDR in each line (Fig. 6). Duplex traffic

For decoding duplex traffic, two DSP
cards need to be installed in the PC

system. Logging is in the form of a spe-

Call signal

Single call signals are marked by the
symbol R in each line (these call
signals must be identified beforehand
in call sequences).

Specifications

Signal Processor Card GM091

Plug-in card AT (long)

A/D converter 16 bit

Sampling frequency 80 kHz

Input impedance 1kQ

Max. input voltage 2.5V

Power consumption <12 W from5V
Interface to HF receiver

Decoder input receiver IF
Receiver setting RS232

Hardware requirements
GM094/GMO091 can be integrated into simple PC systems as shown in the
following example of simplex and duplex operation.

MS-DOS from version 5.0 onwards
80486 SX/25 MHz as minimum
>30 MByte

3.5", 1.44 MByte

Operating system
CPU

Hard disk drive
Disk drive
Receiver control
Simplex operation
Duplex operation

1 serial interface (COM1 or COM2)
2 serial inferfaces (COM1 and
COM2)

cial printout format.

Fig. 6: Display of decoded text in duplex operation at two frequencies during subsequent evaluation

The decoded texts of the two transmit-
ting ends are allocated to different
lines and identified by upper- and
lower-case letters. In addition, a sym-
bol before each line indicates which
transmitter was the origin of that line.

Number of channels 6 at maximum

Printer port Centronics
Operation keyboard and mouse
RAM >8 MByte

If several channels are to be covered, an appropriate number of receiver in-
terfaces and slots at the rear of the PC have to be made available. The de-
coder may also be operated without receiver control.

On special demand the Morse decoder can also be supplied as a turnkey
solution installed in a PC.

Ordering information

Demodulator hardware GMO091 4051.2506.02
Morse Decoder software GM094 4051.2606.02
PC integration on demand

Software driver for

specific receivers on demand
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PSK Demodulator GM 097

Detecting signals that hardly

differ from noise

Brief description

Modern digital HF modems handle
many different types of modulation.
Radio detection is therefore con-
fronted with a variety of signals, a
number of which can hardly be distin-
guished from noise. PSK Demodulator
GMO097 is able to reliably detect sig-
nals where conventional instruments
are just fumbling in the dark.

PSK Demodulator GM097 is based
on a processor board with DSPs and
appropriate software. This module -
which is also used by Morse Decoder
GMO094 (see page 123) - allows all
entries to be made for the receiver IF.
Up fo six modules with different
demodulator programs can be used in
one controller. Operation of several
demodulators in parallel allows the
time required for searching and verifi-
cation to be reduced considerably.

Main features

Radiomonitoring faces new challenges
Rapid advances in digital radiocom-
munication equipment created a need
for a new generation of monitoring
equipment. The architecture of this
type of equipment and its functionality
differ very much from that of analog
systems. Classic radiomonitoring func-
tions such as searching, localizing
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Fig. 1: Spectrum and waterfall display of serial PSK signal

and classifying can no longer be seen
as sequential operations. Instead pro-
cesses will work simultaneously for the
most part or will overlap. The basic
functions of state-ofthe-art demodula-
tors and their system performance are
therefore not specified too tightly.

Search

Identification

Function —

| SNy Sy SS— E—y S—

Segmentation

Classification

PSK Demodulator GM097

Demodulation

Ul

Decoding

‘

Evaluation

Variety ———»

Fig. 2: PSK Demodulator GM097 performs
many fasks simultaneously

Although it is not a universal unit, PSK
Demodulator GM097 from Rohde&
Schwarz performs all activities from
searching through to demodulation
(Fig. 2).

Conventional instruments fail on
serial PSK modulation

Many modern HF modems use serial
PSK modulation for fast digital trans-
mission. Transfer rates of up to

2400 Bd can be achieved depending
on the quality of the transmission link.
Such emissions often prove to be an
insurmountable barrier for conven-
tional monitoring equipment. As early
as while searching, the operator
comes up against signals that look
and sound like noise (Fig. 1).

The plaitlike structure in the lower half
of Fig. 1 (sonogram) is produced by
frequency-selective fading, which is
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PSK Demodulator GM 097

typical of HF transmission and not sig-
nal-specific. The spectrum in the upper
window shows a snapshot. Averaging
over an extended period of time pro-
duces envelopes that theoretically and
in favourable practical cases
approach a sinx/x function.

However, the spectrum of a PSK8A
signal illustrates the harsh reality of the
HF detection scenario (Fig. 3). It
shows the spectral characteristic of HF
modems that resembles noise and is
familiar from DSSS (direct sequence
spread spectrum) signals. Automatic
classifiers or search receivers using
only the power density spectrum are
confronted with the same almost irre-
solvable problem.

Operation

PSK Demodulator GM097 offers a
solution for demodulating PSK signals.
The demodulator identifies the modu-
lation form (Fig. 3) while searching
and determines the exact carrier fre-
quency through continuous classifica-
tion. The horizontal line marks the
bandwidth used for transmission and
the baud rate is automatically dis-
played (here 2400 symbols/s). Dur-
ing demodulation the operator can

Fig. 3: Spectrum and phase constellation diagram of PSK8A signal

simultaneously view the phase constel-
lation diagram (top right of Fig. 3).

GMO097 also displays a new type of
graph showing a differential phase
constellation diagram that helps to
identify modulation such as PSK4A,
PSK2B, OQPSK. Functions like enlarg-
ing and smoothing of points are mea-
sures of demodulation quality. Classifi-
cation is no longer possible in unfa-
vourable conditions for transmission
however. In such cases the effective
and non-cooperative equalizer sup-
plied with the demodulator is switched
into circuit.

Specifications Spectrum display
Resolution
Search ranges
Functions search, monitoring, classification, Output

demodulation

PSK2A, PSK2B, PSK4A, PSK4B,
PSK8A, PSK8B, OQPSK

PSK: 50 to 2500 symbols/s
OQPSK: 25 to 1250 symbols/s

Types of modulation

Baud rate

If the operator is sufficiently familiar
with the operation of the instrument,
he may correct demodulation parame-
ters or specify them more tightly. A sig-
nal decoding function was deliber-
ately omitted in GM097. But custom-
ers’ decoders can be connected to the
outputs for clock and data. The bit
stream is stored on hard disk, so it can
also be subsequently evaluated.

FFT, bandwidth 8/4 kHz

20/10 Hz for search/demodulation
max. 3

1 clock channel, 1 data channel

Ordering information

Bit error rate (with white noise) PSK2A, PSK2B: <0.1% (S/N=12ds)  PSK Demodulator GM097 XXKX. XXXX. XX
PSK4A, PSK4B: <0.1% (S/N = 15 dB)
PSK8A. PSK8B: <0.1% (S/N = 18 dB)
OQPSK: <0.1% (S/N = 15 dB)

Frequency centering AFC
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HF Signal Analyzer System
GX202

Even the shortest of emissions

firmly under control
Photo 43190-1

Brief description

Modern digital data transmission tech-

niques are increasingly gaining in
importance for use in the HF band. By
resorting to special coding schemes,

brief emissions (burst) or sudden varia-

tion of the baud rate such signals
remain undetected to the customary
techniques of inferception. To be able

to monitor today’s complex signal sce-

narios, the user needs comprehensive
support in ferms of partial automation
of detection and evaluation.

Compact monitoring system

HF Signal Analyzer System GX202
together with VLF/HF Receiver
EK895/896 forms a compact system
that exhibits all the attributes of large
monitoring systems.

¢ Detection with
- Search
- Signal detection
- Modulation parameter determi-

nation

¢ Demodulation

¢ Code determination

¢ Decoding

¢ Recognition of coding systems

¢ Automatic storage of detected sig-
nals using a relational database

e Statistical evaluation of received
signals

¢ Reporting on received signals in
user-defined formats

System compatibility
GX200 is functionally ready to be
incorporated into a large monitoring

system where more than one unit can
be operated. It then manages for
example the dwell time at a specific
frequency and thus relieves the work-
load of the system controller.

Main features

¢ Designed for inferception of burst
signals

® Recognition of predefined signals
(warning receiver)

e Search for signals whose parameter
sets lie within specified limits

¢ Automatic recognition and alarm if
variations of the baud rate are
defected

¢ Recognition of bit patterns, codes
and in-parallel decoding

¢ Userdefinable code structures

* Automatic detection and demodule-
tion of F1B (FSK) and (optional)
G1DB (PSK2A) and G1DD
(PSK2B/PSK4A) signals

¢ Fast evaluation of signal parame-
ters

¢ Continuous reconstruction of bit
stream

® Options
- Codes of variable length
- Codes with shift registers
- PSK demodulator
— FFT spectrum analysis of transient

signals

Monitoring functions

Detection

As part of GX202 software
GX200Control controls the receiver
along with Analyzer GX200. Receiver
EK895 with its fast digital filters and
suitable level control offers the optimal
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HF Signal Analyzer System GX202

prerequisites for the detection of brief
signals. If, for example, the frequency
is set on the receiver, the settings are
taken over by GX200Control.

Moreover GX200Control initiates
searches covering specific frequencies
or frequency ranges.

Signal detection

The method of signal detection is
matched to the modulation classes of
FSK and PSK. Signals are sub-
sequently processed without the loss of
data through the use of a signal buffer
memory.

Modulation parameter determination
The modulation types F1B (FSK-2) and

G1DB (PSK-2) and G1DD (PSK-4) sig-

nals are detected. Differentiation

between PSK2B/PSK4A is also imple-

mented.

Modulation parameters are assessed
accurately and rapidly to enable fast

signal recognition. Subsequently mod-

ulation parameters such as center fre-
quency, baud rate, shift and other
parameters are determined with high
precision. Reports are given of only
those emissions that lie within the
parameter intervals of the activated
waveforms.

Code detection

In addition to fixed codes user-defined
codes and bit masks can be specified
by the job definitions entered by
GX200Control. Itis possible to search
simultaneously for several coding sys-
tems. The detection can be para-
metrized using confidence thresholds.

Decoding

During subsequent decoding detection
and mask recognition too are in the
background. A host of codes can
optionally be subjected to asynchro-
nous or synchronous processing.

Method identification

This detection includes not only the
modulation parameters but also the
codes and bit masks. Due to spectral
features identification is possible

together with the use of the FFT option.

Evaluation

A bit stream editor, an autocorrelation
function and a signal duration histo-
gram, for example, are available for
the evaluation of the detected and
saved events in the database.

Spectrum analysis

The detected signals can be evaluated
by means of high-resolution frequency
spectra with settable averaging factor.
For the purpose of signal recognition,
automatic spectrum evaluation can be
initiated. The characteristic spectrum
parameters can be saved in the data-
base.

Operation

The IF signal coming from the receiver
is digitized and converted to a com-
plex baseband signal. Demodulation,
synchronization and bit stream analy-
sis form the central functional units.
Ring buffers are provided between the
functional units to avoid loss of data.
Thus realtime processing is ensured on
the alteration of operational parame-
ters (change of baud rate and code
specifications).

Besides automatic defection demodulo-
tion and synchronization include the
determination of parameters such as
baud rate, shift and center frequency.
The synchronized bit stream is ana-
lyzed by means of special signal iden-
tification algorithms. Depending on the
presets, bit-pattern recognition based
on fast reference pattern correlation
and at the same time a search for spe-
cific elements according fo stipulated
coding standard can be carried out.
A warning can be generated if the
search returns a positive result and the
decoded contents (text) or the bit
stream can be output. Simultaneous
search in line with several methods or
bit patterns is possible even for com-
plex code standards.

Options

PSK option

The PSK option enables a parallel
search for PSK and FSK emissions.
This option incorporates a modulation
recognition module which differenti-
ates between PSK and FSK emissions
on the basis of their characteristics.
The signal paths from this module are
taken to the functional units for further
processing. In addition, a differentia-
tion between the different PSK vari-
ants is made.

FFT option

An optional FFT processor is available
for Signal Analyzer GX200. It per-
forms a maximum of 1000 spectral
transforms and calculates the arithme-
tic average of the spectra on the basis
of the arrays.
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HF Signal Analyzer System GX202

The calculated average is transferred
as a data packet to a system computer
and can be compared with stored
sample spectra. Furthermore, the ana-
lyzer can calculate specific parame-
ters from the average of the spectra
which are then available to the system
controller as characteristic parame-
ters. This allows additional features of
the source to be recognized and clas-

sified.

System control with Software
(GX200Control

HF Signal Analyzer System GX202 is
controlled by an industrial computer
PC/AT.

GX200Control performs the following
tasks:

¢ Supports the operator in defining
decoding methods by using editors
for alphabet, frame structure, code
structure and alarm patterns

e Fully automatic scanning of fre-
quency lists or ranges defined by
the scan editor without user interac-
tion and storage of results in a data-
base

¢ On-line display of monitoring results
including signal parameters, bit pat-
terns, decoded text and averaged

¢ Supports offline evaluation and
reporting of database results with
the help of report generator, bit-
stream editor and spectrum editor

GX200Control offers six different edi-
tors for GX200 and EK895/896
parameters:

e Job definition: analyzer setting,
defined by one or more methods,
codes, masks together with a set of
parameters to control the system
actions

¢ Alphabet editor: a translation table
(alphabet) defines the translation of
the information bits of a code into
the 8 bit ASCIl code. Translation ta-
bles are always bound to a code
either in the method or in the code
definition. If a code does not have a
translation bound to it, there will be
no message text for emissions with
this code. There are some prede-
fined translation tables in the system

¢ Code editor: the code defines peri-
odic frames in the transmission
which may consist of start, stop and
parity bits and information bits.
There are some predefined codes in
the HF Signal Analyzer GX200
which are also available in the sys-

tem. These are commonly used
codes like BAUDOT, ARQITA, etc

® Mask editor: defines the bit masks
which are characteristic for the
transmission (these can be start
sequences or other characteristic bit
patterns in the signal)

* Method editor: defines the parame-
ter ranges which are relevant for the
baud rate, shift etc, and, if known
for this kind of signal, also defines
the code, translation table and start
and stop mask

¢ Scan editor: defines settings for the
EK895/896 VLF/HF receiver

Evaluation with GX200Control

The database management tool pro-
vides a report writer where reports
can be designed, generated, modi-
fied, viewed and printed. Some
reports are predefined in
GX200Control. But the user has also
the possibility to design his own
reports or to modify the predefined
reports.

Reports together with the relational
database allow flexible evaluation
and statistics on the received data, for

example:

e Selecting data by time (TOA) baud
rate or any other parameters

e Sorting data (F, T, baud rate etc)

® Printing lists and graphics

50 Hz to 2000 Hz
typ. 1 Hz to 400 Bd, 1% for >400 Bd

+300 Hz
typ. 1 Hz <400 Bd, 1% >400 Bd
+100 Hz

typ. 1 Hz

spectrum
Specifications Frequency shift (F1B)
Range
Accuracy
Modoulation analysis and demodulation Permissible center frequency offset
Detectable modulation types F1B (FSK2), G1DB (PSK2, PSK2A) Fli
and G1DD (QPSK, PSK2B, PSK4) ceuracy
optional G1DB, G1DD
Demodulation digital Accuracy

Modulation rate (S/N=15 dB, white

noise referred to receiver bandwidth) 10 Bd to 1200 Bd
Error +0.1 % to 100 Bd, +1 % >100 Bd

Analyzed bandwidth

receiver bandwidth, max. 10 kHz

Code analysis and decoding

IS A Code library max. 100 codes, 10 of them are part
Reaction fime %Cf)osr)r;rzl')ich?s;g;ss)(depend|ng on of the firmware (standard codes)
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HF Signal Analyzer System GX202

User-defined input of code structures within predefined classes of codes

Bit pattern library
Length of bit patterns
Confidence threshold
Standard codes
Baudot

ASCII

ARQ

ARQ-TA

SITOR

SIFEC

BAUER 10

SPREAD

PARITY 14

Idle

Detection of code change

Number of simultaneously
checked codes

On-line decoding
Description of predefined
alphabets

max. 100 patterns

1024 bit

50% to 99%, adjustable
alphabet

CCITT2

CCITT5

CCITT3 (frame with 28, 35 or 56 bit)
CCITT2 (frame with 28 or 56 bit)
Sitor-7-bit (CCIR 476-3A)
Sitor-7-bit (CCIR 476-38)

CCITT2

CCITT2 (frame with 21 or 51 bit)

frame with 2, 7, 8, 14, 28, 56 bit
by threshold decision and follow-up
algorithm

depending on baud rate and complex-
ity, automatic adaptation

by assignment tables (256 entries)

On-line pattern comparison with reference bit patterns (masks)

Mask library

Max. length of mask
Confidence level of defection
Number of simultaneously
checked masks

Bit stream

Text

Search tasks
Definition of target signal

General data GX200
IF input
Frequency, bandwidth
Level, connector
Serial interface
Data rate (selectable)
Connector
Handshake
Remote control interfcce, connector
Operating temperature
Storage temperature
Power supply

Dimensions

Weight

Options
FFT Processor GA101F1

Instantaneous bandwidth
Resolution

Averaging
Start

100 masks
1024 bits
selectable, 50% to 100%

depending on baud rate and complex-
ity, automatic adaptation

output of all bits between start and
stop of emission

if code is recognized, the information
contents are presented as blocks of
ASCII units (8 bit)

by predefined windows for baud rate
and shift as well as start and end of
transmitted signals (masks), code

12.5 kHz, 10 kHz

0 dBm for max. output at 600 Q, BNC
RS-232-C

2400, 4800, 9600, 19200 Bd
9-pin male (Cannon)

software only (XON/XOFF)
IEEE 488-2, 24-pin male

0° to +40 °C

-40° to +70°C
100/120/220/240 V £10%,
47 to 63 Hz, approx. 150 VA
427 mm x 177 mm x 460 mm
approx. 20 kg

calculation of averaged and scaled
spectrum with logarithmic presentation
3 kHz with input frequency as center
frequency

0.6 Hz

<1000, selectable

automatic by recognition of targeted
signal or by function command

PSK Demodulator GATO1P1

Modulation classes

Baud rate range
Baud rate accuracy

Lock-on range
Frequency accuracy
Predetection filter

Extension: Variable Code Length

Extension: Binary Shift Register

Ordering information

HF Signal Analyzer System
consists of:

Signal Analyzer

Control Software

Accessories supplied

Options

FFT Option

PSK Demodulator
Variable Code Length
Binary Shift Register

Extras

19" Rack Adapter
Service manual
Operational training
Maintenance training
VLF/HF Receiver

or
VLF/HF Receiver

demodulator for G1DB or G1DD sig-
nals operating in parallel to F1B
demodulator of basic unit

PSK2A (BPSK, G1DB),

PSK2B/4A (QPSK, G1DD)

10 Bd to 1200 Bd

£0.1% to 100 Bd, +1% to 100 Bd,
(S/N=15 dB, white noise according
to receiver bandwidth)

+100 Hz

typ. 1 Hz

sin(x)/x filter, (will be controlled auto-
matically according to the signal
bandwidth)

GAT01VL,

detection algorithms for a class of
codes of variable length (eg Morse)
GAT01SR, detection algorithms for a
class of codes using binary, linear and
feedback shift registers for error con-
trol

GX202 3019.4998.02
GX200 4053.2003.03
GX200S1

GX200Control 3019.5142.02

operating manual, spare fuses

GA101F1 4019.4107.02
GA101P1 4019.4194.02
GA101VL 4028.5490.02
GA101SR 4028.5431.02
Z7A94 0396.4905.00

4028.5983.2401
5 days on request
5 days on request
EK895 6057.8996.12
EKO0896 6038.2509.14
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Contents of Chapter 5

Spectrum Monitoring System

ARGUSHT

ARGUSHT is spectrum monitoring from compact systems to

135

Basic Spectrum Monitoring System

Planning Support and Monitoring System
for FM and TV transmitters

Modular Radiomonitoring System

DF/Location System Software for
Direction Finders DDFOxM

Scanning Radiolocation System
Software

Radiolocation System

Automatic Modular Monitoring System

Signal intelligence at sea with ERICA

Complex automatic systems -
even nationwide

Rohde & Schwarz has decades of
experience in the design and imple-
mentation of complex radiomonitor-
ing, radiolocation and spectrum man-
agement systems:

e Stand-alone or multi-user systems

® Remote-controlled, networked,
nationwide configurations using
LANs/WAN:s

e Shortterm delivery even of custom-
tailored systems due to modular
hardware/software design

e Full integration of the spectrum man-
agement and radiomonitoring tasks
based on relational databases

¢ Training and logistics from a single

ARGUSHT Basic
ARGUS-FMTV

RAMON
MONLOC

SCANLOC
MapView/MapEdit

NetTrap ML501
AMMOS

ERICA

When it comes to monitoring and

locating frequency
our fast digital sear

and receivers featuring synchronous

nationwide networks from 10 kHz up to 40 GHz
According to ITU Recommendations

For broadcast and TV transmitters

We have the spectrum covered: nothing goes unnoticed from
10 kHz up to 40 GHz

Combines two or more Digital Monitoring Direction Finders
DDFOxM or DDF 190 to a DF and location network

Location finding of frequency-agile and shorttime emissions

Digital map display for direction finding and radiolocation
systems

Mobile, portable Location System

Advanced solution provides flexible functions by using
standard hardware boards. A set of standard software mod-
ules performs the specific tasks of interception, analysis,
demodulation, decoding and visualization of signals
Systems with integrated direction finder for ship-based com-
munications intelligence

hopping networks,
ch direction finders

software.

scanning come into their own.

ARGUS - software

spectrummonitoring

applications
Rohde & Schwarz

developed a very mod-

ular software for

spectrummonitoring

applications called
ARGUS. Due to its
modular design
ARGUS can be

adapted to specific

customer require-

ments. It enables not

for

139
140

142

142

146
148

150
152

154

ment tasks according to ITU regula-
tions but provides also an optimum
inferface to the spectrum management

source only the accomplish-
ment of all measure-
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Spectrum Monitoring System ARGUS-IT

¥ DDF190

ARGUS-IT is spectr

1
| systems to nation

om 10 kHz up to

Brief description

The radio spectrum is a natural
resource which cannot be enlarged.
Being part of our environment it has to
be maintained to provide the most
effective use for communication. The
major factors which determine the
quality of the spectrum are:

¢ Interference from licensed and
non-licensed users (national and
international)

* Man-made interference

To maintain the quality of the spec-
trum, it is necessary fo detect and
avoid the described interference tech-
nically and by means of administrative
measures. The International Telecom-
munication Union (ITU), Geneva, lays
down the relevant rules and recom-
mendations for spectrum monitoring
and spectrum management. These
rules and recommendations allow gov-
ernmental authorities to do both:

o Serve their clients best
o Secure the license revenues

Spectrum monitoring permits the
acquisition of information required
for spectrum management.

The Rohde & Schwarz spectrum moni-
toring system ARGUSHT concept is
modular, extendable and upgradable.
Therefore the operator can compose a
basic set according to his budget,
beginning with the core set of equip-
ment for a modest amount of money.
Step by step a nationwide system can
be formed by adding additional hard-
ware and software modules according
to the availability of funds. In other
words: A better service for clients
yields more license revenues which
pay for the whole system when rein-
vested.

Main features

Reliability and modularity

e Compact system design

¢ Easy operation by intuitive
graphical user inferface

® Atfractive price

Automated measurement
procedures

>>>D

monitoring from compact

e networks

i1

® Processing and evaluation of
measurement results

¢ Interference analysis

e Storage of all measurement
activities including results

* Interface fo spectrum manage-
ment database

Why use ARGUS?

The ARGUS software concept satisfies
all requirements of a state-ofthe-art
monitoring and measurement system
in a highly modular way. Four pack-
ages cover all the needs of modern
operators:

¢ ArgusMon for all measurement and
monitoring fasks

¢ ArgusEval for statistical evaluation
and archiving of measurement
results

* MapView for direction finder trian-
gulation and geographical display
on maps

e Link to frequency management
database (IMPORT/EXPORT func-
tion)
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Spectrum Monitoring System ARGUS-IT

Networking

The ARGUS system can be used as a
single-station system, as a local net-
work system (LAN) or as large, multi-
station network (WAN).

The software allows full client-server
operation, with or without permanent
connection. The protocol used is
TCP/IP which has become a quasi-
standard in worldwide communica-

tions. A large variety of different com-

munication media allows a most flexi-
ble configuration:

e PSTN lines (dialled or leased, up to
57600 bit/s)
e GSM communication
(9.6 kbit/s to14.4 kbit/s, with RLP)
* ISDN (64 kbit/s to 1500 kbit/s)
® Microwave links
(19.2 kbit/s to 8000 kbit/s)
o Ethernet (10 Mbit/s to 100 Mbit/s)
¢ Dedicated digital lines
(up to 2000 kbit/s)

The operation is totally transparent
thanks to TCP/IP. Handling and con-
trol of the communication link are
done by modern communication
servers (routers).

Mobile applications

One core requirement for an efficient
spectrum monitoring system is mobil-
ity. In many cases, eg remote areas of
a country, urban environments or poor
infrastructure, fixed monitoring sta-
tions need a mobile component to
cover all necessary aspects of their

duty.

ArgusMon

Manual / automatic
monitoring to provide all
necessary data for spectrum
monitoring, interference,
investigation and DF

ArgusEval

Refrieval, display and
statistical evaluation of
spectrum monitoring
results

—

\
/

™~

ARGUS
MapView spectrum Link to frequency
Graphical display of management management
digital maps with database Licensing
bearing and location Billing
results Planning

ARGUSHT modules

Due fo the flexibility of ARGUSHT,
mobile or transportable systems are
equipped with the same software as
fixed stations. Moreover, the simple
addition of compass, GPS and mobile
communication (eg GSM or AMPS)
adds significant value to a monitoring

network and makes the mobile system
a fully integrated monitoring station,
inclusive of simultaneous transfer of
audio and data.

We have the right device driver for all
Rohde & Schwarz analyzers, receiv-
ers, direction finders
and accessories for

use in monitoring.

Of course, should it
be necessary, Rohde
& Schwarz will
develop device driv-
ers for other models
and manufacturers as
well. The main crite-
rion is always that
the devices have
standard interfaces
(eg RS232,

IEEE 488.2,
Ethernet).

Radiomonitoring vehicle
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Spectrum Monitoring System ARGUS-IT

Data interfaces

HE309

HF302 HLO23

HLO40

A

ADD HKO14 HEO10
The ARGUS software modules allow %/1/ %/1// 9%/
many ways of exchanging data
between the modules themselves and | | |

— 3
— X

other applications. These are: ‘

Switch Matrix

Dynamic data exchange (DDE) -

transfer of ArgusMon data to

other applications like MS Excel,
MS Access, MS Word
Open database connectivity

(ODBC]) - transfer and reception
between ArgusMon database and
other databases like MS Access,
ORACLE, spectrum management

RNA-330

DDF190

software

ESVN40

a0,

T

CG300

Data access object (DAO) - transfer
and reception between ArgusMon ® Monitoring of the technical param-

database and other databases eters of transmitters measures the

using files like Excel files, dBase files relevant parameters of an emission
Rohde & Schwarz internal formats —
data exchange between all ARGUS

modules

at known frequencies

¢ Coverage measurements at fixed
stations reveal the exact field
strength of a known transmitter at a

Spectrum Monitoring fixed location

The following most important appli-
cations have been worked out by
Rohde & Schwarz together with differ-

Munich - Rohde & 5chwarz AigusMon ([Local]

File Measurement Graphics Configuration  Window 7

, , ATEETLE
ent national regulatory bodies on the o B

System Visualizer

¢ |dentification of unlicensed transmit-
ters exposes unlicensed emissions
at a known frequency

Deviation measurements of FM
broadcast transmitters determine
the peak deviation of one or several
FM transmitters under operating

conditions
Interactive measurement mode

[_ O]
HLD23_ESVN40_CG300 -

C T [T [36[420][€ = :g:gg:gg A%
o[ 600m[ 48[ 8[19.0[n ~ o @

basis of their daily work as well as of [@ANALYSIS_CD

0,00 deg Polarization: Vertical

) [=] B3

all measurements described in the ITU
0,000 deg

Spectrum Monitoring Handbook. R
- Y (M [AREA
¢ Interference due to co-channel emis- MM Lol
sions identifies an emission at @ IHL023. £SO Ca00 - o)
[ Apply Marker Frequency
known Frequency Device Settings
. [ 98.500000 [MHz | [120 kHz =] Start
¢ Interference due to adjacent chan- [ =] [rowtione =] or = |
nel emissions determines an emis- [Fw [ 0001 [averase E| e
sion at a known freq uency ond Variable Antenna Setting " Azimuth C Elevation & Height
identifies an emission at an (PRI = Range 0.00 - 800 m  StepWidth 010 m
: 98, s
unknown frequency LR | | B
. . Graphic ANALYSIS_CD .
¢ Interference due to intermodulation i = |
) . . Sguelch off +| dBpV¥/m
determines sources of infermodulation
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e long-term monitoring of transmitters
involves the determination of rele-
vant transmitter parameters over a
long period and their statistical
evaluation

¢ Frequency occupancy measure-
ments determine the occupancy
of one or several known channels

ArgusMon measurement modes

ArgusMon handles all spectrum moni-
toring tasks in four measurement
modes which are briefly outlined
below:

¢ The direct measurement mode is
used to control the devices directly

¢ The interactive measurement mode is
used for fast finding and identifica-
tion of electromagnetic emissions
within the frequency band being
measured, for quick identification of
interfering signals in the frequency
spectrum, for identification of unli-
censed stations and to trace possi-
ble source signals of an intermodu-
lated signal. Intermodulations with
up to three source signals are taken
info account

¢ The automatic measurement mode is
used primarily for the surveillance
and observation of the parameters
bandwidth, field strength, fre-
quency and modulation

¢ The bearing measurement mode
controls up to four direction finders
simultaneously. The controlled de-
vices can be located in various
monitoring stations

Security concept

The security concept of ArgusEval
comprises three areas:

e Security through user groups as
owners of the files

Munich - Rohde & Schwarz ArgusMon [Local)

File  Measurement Graphics Configuration  window 7

CEELT L
Ol EEE

M= E3
[Hxo14_ESMB_DDF1S) -]
SRl e o>
0[ coomf 28] 8[19.0[N = -

=] B3

=lol|

Polarization: Vertical |

Automatic measurement
mode

0,000 deg Height:

Extras

Status

Meas. Job oooozz | St |
eas Task
ready g

Timing Definition. test =

Pioity

Meas. Channel
Subrange

Low

e User class concept with grading
of access rights
¢ Password protection

Evaluation Software ArgusEval

Evaluation Software ArgusEval en-
ables a comprehensive statistical eval-
uation of measurement results in
accordance with the standards and
recommendations of ITU-R. Measure-
ment results, their definitions and sta-
tistical evaluations can also be docu-
mented.

Histograms and distribution can be
determined and documented on the
basis of the channels. These calculo-
tions can be used for providing infor-
mation about the following quantities:

® Variation bandwidth of measured

values

Stability of measured values
® Ambient noise component

Cross-modulation and intermodu-
lations effects

Service during whole life cycle

Rohde & Schwarz provides service
during the whole life cycle of any
ARGUSHT system. This service
includes support during the require-
ment analysis and system configura-
tion as well as training, hot line and
maintenance of hardware and soft-
ware during operation.

Available ARGUS device drivers
for

® Receivers and Analyzers: ESxN,
ESH3, ESVP, FAM, FSx, ESxI, ESM,
ESMC, VSA, ESxx, EB200, EK89x,
FSEFSIQESI, FMx, EFA, ESMB

o Direction Finders: PA025, PAx55,
PA1555, DDF 190, DDFOxM

o Decoders and Recoders: RNA-930,
DEF, DMCO1, CG300, TELEVOX,
SWS80, PCM-7010,
OPTOTRAKKER

e Accessories: RSU, RSU_S, HSRG,
BG 030, ORBIT, BGO16, COM-
PASS, GPS, GX300, XL-DC
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Basic Spectrum Monitoring System

ARGUS-IT Basie

According to ITU Recommendations

Brief description

Spectrum monitoring becomes trans-
parent with solutions from Rohde &

Schwarz. The well balanced combina-

tion of hardware and software allows:

e Display of frequency spectrum

® Monitoring of specific frequencies

* Measurement of technical parame-
ters

e Direction finding

¢ Graphical and numerical evalua-

tion of measurement results

The ARGUSHT Basic system is the core
of our spectrum monitoring systems. It is

designed for fixed and mobile applica-

tions, is extendable and can be net-

worked. So it is the first step fo a nation-

wide spectrum monitoring system.

The system is of compact design. All
measurement and DF equipment
including PC, TFT display, antenna
switch unit and printer are installed
into transport housings. The system is
also equipped with the necessary
accessories like cables, antennas for
monitoring/direction finding, and
anfenna masts.

With the support of the ARGUS soft-
ware (see page 135), which is
installed on the PC, the measurement
and bearing results can be stored,
evaluated and prinfed out. It is also

Photo 43456-1

possible to program a set of measure-
ments, which are then performed auto-
matically for unmanned operation.

The system covers the frequency range
from 9 kHz to 3 GHz with the Monitor-
ing Receiver ESMB for signal recep-
tion, measurement, identification and
audio monitoring. With its digital IF
section, the ESMB can provide 17 dif-
ferent bandwidths. With the DIGI-Scan
option, any frequency range of inter-
est is scanned with digital control and
displayed as a spectrum.

Main features

The ARGUS software provides the fol-
lowing functions:

® Spectrum occupancy measurement

Signal parameter measurement

Signal direction finding

Signal identification

Signal evaluation and statistics
® Report creation

ecce
@ e

Acknowledgements

With ARGUSHT Basic it is possible to
accomplish all important measurement
tasks in spectrum monitoring:

¢ Frequency and frequency offset
measurement: [TU R SM 377

e Field strength measurement:
ITUR SM 378

¢ Measurement of occupied band-
width: [TU R SM 328

* Modulation depth and frequency
deviation measurement:
ITUR SM 328

¢ Occupancy measurements and
spectrum analysis: ITU R SM 182

® Visual spectrum monitoring with IF
analysis: I[TU R SM 328

¢ IF analysis with audio check of
received signal (identification) using
AM, FM, CW and SSB demodula-
tors with selectable AF bandwiths
and AF squelch: ITU R SM 328

e Direction finding: ITU class A for HF,
ITU class B for VHF/UHF
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Planning Support and Monitoring System for FM and TV transmitters ARGUS-FMTV

Brief description

Planning and monitoring of FM and
TV transmitters

Telecommunication organizations
together with broadcasting corpora-
tions are responsible for the frequency
planning for FM and TV transmitters.
The transmitter parameters and sites
must be coordinated with broadcast
ing corporations at home and with rel-
evant telecommunication authorities
abroad. Transmitter parameters must
be monitored during operation.

Planning Support and Monitoring Sys-
tem for FM and TV transmitters
ARGUS-FMTV from Rohde & Schwarz
is a cost-effective solution to support
these tasks.

4

{1 e 1

QU
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Normally, the organization to perform
these tasks has a frequency planning
service and a monitoring service.
Based on certain computation models,
the frequency planning service makes
theoretical calculations regarding the
coverage of the region by a given or
planned transmitter. Measurements
are planned and prepared to check

these calculations. To this effect, differ-

ent frequency ranges are defined as

well as lists of transmitter frequencies
to be measured and test sites required
for the measurements.

The monitoring service then carries out
the measurements with a test vehicle.
The quality of the measurements can
be assessed from initial evaluations
carried out on ARGUS-FMTV. This
evaluation is based on selectable

Interior of ARGUS-FMTYV test vehicle

guidelines. These guidelines, which
are defined by international and
national bodies, stipulate the assess-
ment and mathematical evaluation of
interfering transmitters, for example.
The measurements may be repeated
as required.

Final evaluation of the test results is
performed by the frequency planning
service.

The ARGUS-FMTV system is installed
in a vehicle and comprises the Moni-
toring Software ARGUSMon and a
test receiver for measuring field
strength, modulation, frequency offset
and reflection at FM band, an RDS
decoder for decoding transmitter infor-
mation at FM band, an RDS codec for
decoding transmitter information in
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Planning Support and Monitoring System for FM and TV transmitters ARGUS-FMTV

the TV band, a video measurement system for measuring Antenna system
reflections in the TV band, and a process controller. An 47 MHz to 860 MHz
anfenna system covering the frequency range from 47 MHz | COSF?;SS
to 860 MHz is used for reception. The antenna is mounted Antenna rofator
with an azimuth and a polarization rotator. The individual Antenna matrix
antennas of the system are selected by means of an antenna
Audio broadcast Video broadcast
selector. decoder decoder
Stereo decoder
The ARGUS-FMTV system thus offers a reliable support in RDS g:?def Test receiver Video
the frequency planning of FM and TV transmitters as well as | mz::;m
monitoring of transmitter parameters. With its ultramodern il data line
ideo
technology it enables the responsible telecommunication e | decoder
organizations to efficiently perform their tasks. SR

System controller
with TFT display

ARGUS-FMTV block diagram

ARGUSFMTV vehicle
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Modular Radiomonitoring System RAMON

4% ROHDE & SCHWARZ
Mode

HF - ¥UHF- DDF - 30 MHz...1300 MHz - DDFOxM

Refiesh Frequency Control

=S| % Starl [® timed @ (nsl Frequency [MHz]:
Nom [&]| [10 [2] B | End 100 [2]
Buality < N
~
Leuseal [dBul] 330
IF
Bw [kHzl:  Modulation:
06 [ [cw  [3]
Gain-Control:
aac (¢ [o 2l
BFO [kHz:
[ o ¢ |8
NF List
(0] MM

We have the spectrum covered:

nothing goes unnoticed from

10 kHz up to 40 GHz

Brief description

Times call for flexibility

The challenges for radiomonitoring
are growing rapidly: political struc-
tures have changed, technology has
improved, time moves faster. This is
the time for compact, flexible and
modular radiomonitoring systems,
which can quickly be adapted to the
actual demands.

With RAMON always up-to-date
RAMON is the name of a Rohde &
Schwarz radiomonitoring system. A
unique concept based on a set of
products to cover customers’ needs.
The advantage of the RAMON con-
cept is its modularity — providing the
full scale from portable receivers to
complete systems for radiomonitoring,
location and analysis. Custom-tailored
solutions are implemented by connect-
ing standard hardware components
and off-the-shelf, tested software mod-
ules.

RAMON can easily be upgraded, so
that a compact system can be
expanded step by step to form a com-
plex monitoring system.

+125.28 +125.3@ +125.32 +125.34 +125.36 +425.38 +125.48 +125.42 +125.44 +135.46

i

RAMON modules

RAMON Search scans frequency
bands for known and new signals — a
good starting set for radiomonitoring.
Together with a high-speed Search
Receiver or direction finder, which is
the core of RAMON Search, the fre-
quency range can be scrutinized. Sig-
nal parameters can be stored on dig-
ital disk for later evaluation and statis-
tics.

RAMON Monitor observes interesting
signals. The set can be configured
with different receivers to cover the

whole frequency range from HF to
SHF.
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Modular Radiomonitoring System RAMON

Signal parameters and tactical infor- RAMON Compact
is the combination
of the Search, Mon-

itor, Locate and

mation are stored in operational
reports, and signal contents can be
recorded on DAT tapes or multitrack
recording systems. Evaluate modules —
ideal if the avail-
RAMON Locate identifies the location

of radio transmitters by triangulation.

able space is lim-

ited as in shelters,
ships or aircraft.
With this combina-
tion set, sophisti-

Three different types of powerful direc-
tion finders are available for the fre-
quency range from 0.5 kHz to

3000 kHz. The bearings and loca-

tions are displayed on digital maps

cated monitoring
tasks are per-
using MapView. formed with a sin-
gle system.

RAMON Supervise manages the oper-

ation of one or more of the above-

RAMON operat-
described modules. So several ing philosophy
RAMON modules can be combined to

form a versatile monitoring system.

finding results are translated into

RAMON operation is based on an
order report structure. The orders con-

reports, which are attached to each
order. Bearings and locations are
RAMON Evaluate allows to store, sort

tain information for the operators to additionally displayed on a digital

and analyze all information gathered perform their task. Receivers and
with RAMON. Operational and tacti-

cal reports can be created. Post data

map. All reports are stored in a dato-

direction finders are set automatically base and provide the basis for tactical

to the data contained in the order. For ~ and operational reports. For further

evaluation provides statistical informa-  fast operation, the operator can trans-  processing, RAMON provides an

tion like channel activity or waterfall fer device settings from one receiverto  interface to standard software and

displays. another only by pressing one button. other computers.
The search, monitoring and direction
RAMON key features RAMON statistics provide graphic diagrams on:

RAMON orders are search orders, monitoring orders and direction finding or-
ders. Search orders can contain:

- up to 9 frequency scan ranges

- up to 500 single frequencies

- up to 50 suppress frequency ranges

RAMON reports contain information on:
— receiver seftings

—technical signal parameters

- signal contents

— direction/location

RAMON evaluation provides radio-network-oriented information such as:
- network structure information

- network station

- network members

- network call signs

- network frequency list

- operational and tactical reports

- data export possible (CSV-format)

- channel occupancy
—frequency/level
— frequency/time activity

-RAMON

Device drivers for

— HF Receivers EK893, EK895, EK896

—V/UHF Receiver ESMC, EB200

— Automatic Scan Receiver ESMA

- SHF Receiver Gigatune

- Digital Direction Finders (HF, V/UHF) DDFOxM, DDFOxS, DDF 190
—EP 127 spectrum display software

— All Audio Digital Recording System

— Antenna Rotor HSRG

Other drivers on request
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DF/Location System Software MONLOC
Combines two or more Digital
Monitoring Direction Finders
DDFOxM or DDF 190 to a DF
and location network DDFOXM unifs DDFOXM unifs

. Lo PC with WindowsNT PC with WindowsNT
Brief description

DF station 1 DF station n

MONLOC allows direction finding of
conventional signals (DDF 190) as
well as of very short and wideband
emissions (DDFOxM). Depending on
the antennas and DF converters used,
a frequency range from 0.3 MHz
(DDF190: 0.5 MHz) to 3000 MHz
can be covered in the fixed-frequency,
search or scan mode. With MON-
LOC, two or more Digital Monitoring
Direction Finders DDFOxM or DDF 190
can be combined to a DF and location
network. The DF and location results
are displayed on a digital map.

System concept

The MONLOC software permits to dis-
play the graphical user interface (man-

machine interface MMI) of the digital
direction finder on a remote PC when
connected to the detached direction
finder via common communication
links (see illustration). The demodu-
lated audio signal can also be trans-
mitted via these links.

The available transmission bandwidth
is optimally used so that even at low
data rates full system operation and
almost constant probability of inter-
ception (POI) is achieved. Since one
or several direction finders can be

remote-controlled from different opera-

tor positions, full-area direction finding
can be performed with very few per-
sonnel.

Wide-area network, eg ISDN,

Remote-controlled DF net
work using MONLOC soft-

ware

less funcionality/ performance

with PSTN

Audio

PC with WindowsNT

Control station 1

Main features

The operator — at one of the freely
selectable control stations — selects the
required direction finders from a list
within the area of interest to activate
the automatic dial-up procedure for
the wide-area network connection
(eg ISDN). For reliable triangulation
results the combination of at least
three direction finders is recom-
mended.

On the monitor of the local PC the user
interfaces of the selected direction

finders are simultaneously displayed.
The positions of the selected direction

Audio

PC with WindowsNT

Control station n
(optional system extension)

finders and the actual bearing lines
are displayed on the digital map.

The DDFs are controlled in the same
way as in local mode. By selecting
one of the DDFs, the AF (audio) of that
direction finder can be transferred to
the operator’s position for clear identi-
fication of the actual signal. MON-
LOC provides three operational
modes:

- Fixed-frequency mode
- Search mode
— Scan mode (DDFOxM)
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DF/Location System Software MONLOC

Networking of digital direction finders % MapView - M:\BAVARIA.LMP M= B3
To improve the efficiency of radiomon- EE |§|FLID|CM6§$ |ID||2@|Q|
itoring and direction finding with N I
quick determination of the location of @)“?
an emitting source by triangulation, = -
Test Emitter (0] e
networking of several digital direction % -
finders is essential. MONLOC pro- o s |
vides as basic configuration the con- I
trol of two DDFs (one local and one it 3 n
remote). Further remote direction find- e B
ers can be connected optionally. For r ' &
each additional direction finder, an &
additional remote control software .
: . NI ""
license is needed. FiegHoppei
)()(
Map display s
MONLOC displays a digital map. i - &
This is achieved with the integroted [1: 100904 |EQ11'5500N474353  |BAB/ABETI /1
MapView software module. MapView Display of digital map with location results
supports digitized vector maps as well
as pixel maps.
Location results Offline evaluation option
On the digital map, the position of the ~ With this software option, averaged
transmitter is displayed as a yellow location results with date/time of activ-
dot. The position is calculated from the ity and additional information can be
bearings of the selected detached sta-  stored in a database. Results can be
tions. selected from the database and dis-
played offline on the corresponding
map for later evaluation. The positions
of mobile emitters can be displayed,
showing the track of the mobile.
System data
Operating system Windows NT
Transmitting lines wide-area network (WAN), eg ISDN;
other lines on request
Further specifications Direction Finder DDFOXM (page 105),
Direction Finder DDF 190 (page 116)
and
associated ADD antennas (page 109)
MapView/MapEdit (page 148)
| 4 I | Contents Overview I | Chapter Overview I Type Index R&S Addresses I | | 2 I




Software and Systems

146

L]

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I

>

Scanning Radiolocation System SCANLOC

Location finding of frequency-

agile and short-time emissions

Brief description

SCANLOC is a radiolocation system
for
— shorttime radio emissions,
- frequency-agile radio emissions
(eg frequency hoppers),
— intermittent radio emissions,
— using direction finders in synchro-
nized scanning mode.

The heart of the system is the Digital
Scanning Direction Finder DDFOxS
with its high scanning speed of up to
200 MHz/s. Up to four direction find-
ers can be infegrated into the SCAN-
LOC system.

Main features

¢ One location center with up to four
direction finders

e Location calculation (spherical) per-
formed in the location center

® Message handling integrated for
operator mails between location
center and remote stations

e Only 30 minutes setup time with
two trained people (depends on
DF antennas used)

e Instantaneous signal interception,
direction finding and radiolocation

¢ Automatic recognition of emission
fype:
— fixed-frequency radio emissions,
- frequency-agile radio emissions
— infermittent radio emissions

¢ Tracking of mobile radio emitters

e Storage of location results in a data-
base

m@m

Location center

Remote DF station GPS
DDFOxS DDFOxS
Local «— ______fofl"lk ______ — Local
DF control PC DF control PC

SCANLOC system

SCANLOC system concept

Up to four direction finders DDFOxS
can be linked to a scanning location
system. The whole system is controlled
via the location center. The direction
finders at the individual DF sites are
synchronized via GPS and scan the
same frequency range. All bearing
results together with the associated fre-
quency and time tags are buffered on
the local subsystems. The system pro-
vides an internal data reduction so

that it can operate with low capacity
data links >19.2 kbit/s.

Operational modes

Two main operational modes are
available:

— Continuous surveillance of a
scenario
- Focussed snapshot of a scenario

:

MMI
Scanloc

In both modes, the recognition func-
tion can be activated.

Continuous surveillance of a scenario
This is the automatic operating mode
of the system. It provides an overview
of all signal activities in the selected
scan range together with their loca-
tions.

The system scans the frequency ranges
of interest and produces location
results.

Focussed snapshot of a scenario

This manual operating mode interrupts
the continuous surveillance mode. It
enables the operator to concentrate on
a single event, which may even be not
active anymore. The operator can
focus on a special part of frequency
range, azimut range and time range

This mode is especially designed for a
quick examination of specific emis-
sions in highly dense signal scenarios.
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Scanning Radiolocation System SCANLOC

Signal library

The operator can store all signals of
inferest in a signal library. The follow-
ing parameters are stored:

- Frequency/list of frequencies for
FH

- Signal ID

Emitter name

Net code

Type of signal

Bandwidth

— Comments

- Start/stop time

— Position

Recognition function: When the recognition function is selected, the activities are pre-classified. Location
results of the same position (with tolerance) or same frequency are combined and displayed as a circle,
denoting the type of signal. This provides further data reduction for the operator

System extensions

e SCANLOC can be integrated into a
radiomonitoring system based on
RAMON. This allows use of the
RAMON order/report concept

e Further Hand-off/Monitoring
Receivers ESMC, EB200 or EK895
can be connected

o All stations (center and remote) can
be integrated into shelters for semi-
mobile operation

SCANLOC database

With the aid of the SCANLOC database, the
operator can also display historical results of
locations and look for the path on which a mobile
emitter has moved.

Also the entries of the signal library can be trans-
ferred into the SCANLOC database
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Software MapView/MapEdit
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Digital map display for direc-
tion finding and radiolocation

systems

Brief description

MapView and MapEdit from Rohde &
Schwarz are two powerful, network-
compatible software packages for
radiolocation applications. They are
operated under a Windows user inter-
face and therefore easy to handle.

Main features

MapView

Fast online display of results on dig-

itized map

Offline display of results (from data-

bases)

Simple graphical display of
scenario

Integral part of location systems
MONLOC, SCANLOC and
DDFLOC

Option for RAMON and ARGUS
radiomonitoring systems
Calculation of positions with the aid
of spherical trigonometry

MapEdit

¢ Adding information to the map

¢ Using maps from geographical
information systems

¢ Adapting maps to specific
applications

MapView

System functions

MapView is used for the display and
evaluation of direction finding and
radiolocation results. The control soft-
ware for the direction finders is included
in the Rohde & Schwarz radiolocation
and radiomonitoring systems.
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Software MapView/MapEdit

MapView receives the location data of
the individual direction finders and the
associated DF results for a target trans-
mitter via a Windows system interface.
The data may result from current mea-
surements or come from the database of
an evaluation center. With the aid of the
DF results and the direction finder loca-
tions the location of the target transmitter
is calculated using spherical trigonome-
try. This is followed by the graphic dis-
play of the DF and location results. Hid-
den details of the graphic display can
be revealed in a window by double-
clicking on the desired location point:

¢ alphanumeric location result (in
UTM or GEO coordinates),

¢ frequency,

e quality level,

® number of DF operations,

® time/date,

® remarks.

The location results obtained for a
transmitter can be averaged and com-
piled in plots. A plot contains several
location results of a transmitter at one
or several frequencies (frequency hop-

Hardware and software requirements

per). Should the transmitter be mov-
ing, this is automatically detected and
displayed, ie the plot moves on the
map correspondingly.

The location results can be provided
with a name and icon and stored in a
signal library. If the transmitter
becomes active again, it is automati-
cally displayed with its name and
icon.

Optional postevaluation

This option is used for online storage
of the averaged location results (plots)
in a database. In a postevaluation
process specific location results can
be searched for and displayed on the
map. The digital map required for
MapView is generated or converted
with the aid of MapEdit and adapted,
if necessary.

MapEdit

Generating digital maps

Digitized maps can be generated with
the aid of Windows software
MapkEdit. This software allows bit or

vector maps to be imported or gener-
ated and edited with the aid of a scan-
ner, digitizer or mouse. It is possible fo

¢ adapt available maps to user-
specific needs,

¢ add information to a map
(eg icons),

¢ use maps from geographical infor-
mation systems.

The maps may be printed in any scale.

Windows provides a large variety of

drivers for printers and plotters.

Convenient display

A map is made up of several superim-
posed layers which may contain text,
points, lines/areas, scanned maps or
icons. The layer technique allows rep-
resentations to scale with variable
information depth (layers can be
inserted or cut]. The use of different
colours and icons makes for versatile
ways of representation. Any map sec-
tion can be displayed by entering the
coordinates. A zoom function allows
continuous zooming of a specific
section.

Ordering information

MapView DF and Radiolocation Software MapView 4046.1205.02
Pentium PC with 32 Mbyte RAM, 256-colour graphics card, Windows 95 or Map Editor MapEdit 4046.1170.02
WindowsNT
Extras
MapEdit Optional postevaluation on request
Pentium PC with 32 Mbyte RAM, 256-colour graphics card, Windows 95 or Material supplied software including manual and dongle
WindowsNT Demo disks on request
The following hardware/software is recommended for generating user-
specific maps:
Scanner for bit maps, eg HPScanJet DIN A4 with Aldus Photostyler software
Digitizer for vector maps: Summagrid V from Summagraphics
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Radiolocation System NetTrap ML 501

Mobile, portable Location

System

Brief description

NetTrap ML 501 from Rohde&
Schwarz is a compact radiolocation
system using the map-based Software
MapView/MapEdit (page 148) in
combination with the portable Direc-
tion Finder PA1555 (page 119).

The system includes full-duplex radio
links for data transmission and voice
communication between central sta-
tion and each remote station, which
makes the system ideal for use in
areas without any infrastructure.

The radio links are normally used for
data transmission in order to control
the remote direction finders and for
getting the bearing results back to the
central station simultaneously. Alterna-
tively they support full-duplex voice
communication which makes estab-
lishing the radio links even more easy.

The system is operated from a single
operator position in the central station
with MapView/MapEdit. This graphi-
cal user interface provides easy con-
trol of the direction finders and display
of the DF and location results on a dig-
itized map on the computer screen.

Main features

e Complefe location system comprising
- 1 central DF station and
- up to 3 remote DF stations

* Mobile use

e Compact design

¢ Frequency range 20 MHz to
1000 MHz

¢ Radiolocation Software Winloc
infegrated

e Built-in full-duplex data/voice radio
units for control of remote stations
and voice communication

e Each site operated from a single
+12 V DC supply, eg car battery

e Easy setup without infrastructure

e Easily portable due to small size
and low weight

¢ |deal for temporary missions and
rapid changes of sites

¢ Integration into vehicles possible

System description

The task of the triangulation system is
to provide radiolocation service in a
defined area of interest independently
of the local infrastructure.

Due to the system concept two or more
location cells can be used within over-
lapping areas independently from
each other.

Each station requires only a single
+12 V DC supply voltage, eg a car
battery.

The central station comprises a rugged
laptop computer with integrated TFT
colour display, the central radio unit
with four radios and the local direction

finder.

Up fo three remote stations, each con-
sisting of a direction finder and a

remote radio unit with two radios, can
be controlled from the central station.

The radio units contain a transmitter, a
receiver and an antenna signal distri-
bution as well as data interface com-
ponents necessary for transmitter con-
trol , synchronization to incoming data
signals and data infegrity.

Each radio unit contains a GPS
receiver and provides a single connec-
tor for the RF signal from and to the
communication antenna and RS-232
serial ports for connection to the com-
puter or direction finder.
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Radiolocation System NetTrap ML 501

Direction Finder
PA 1555
"Bravo"

Data/voice
radio unit

Remote DF Station No. 1
ML 501R

Specifications

DF components

DF frequency range
Direction Finder

DF Antennas

Graphical user interface
Response time

Result update rate

Direction Finder
PA 1555

Data/voice
radio unit

Remote DF Station No. 2

ML 501R
S
=
o =~ N
// = \Si\

Direction Finder

Data/voice
radio unit

Remote DF Station No. 3
ML 501R

Direction Finder
PA 1555
"Alpha”

Computer
(WinLoc)

Central Station ML 501C

Data/voice
radio unit

20 MHz to 200/1000 MHz

PA 1555
AP 1555G
AP 1555T

(AP 1555 G + AP 1555 U)
For more information please refer to PA 1555 (page 119)

Radiolocation Software Winloc
triangulation results available

after approx. 2 s

<1 second intervals between

consecutive DF results,
simultaneously from all di
finders

rection

For more information please refer to Software MapEdit (page 148)

Computer
Rugged laptop

Power supply

Current drain
Dimensions (W x Hx D)
Weight

Communication components
Frequency

Remote to central

Central to remote

Other frequency ranges
Number of channels
Modulation
Output power
Data transmission rate

Pentium, 133 MHz, 32 Mbyte RAM,
TFT colour display 640 x 480 pixels

10.8Vto 14.5V

2.5A

420 mm x 95 mm x 390
6.8kg

480 MHz to 493 MHz
507 MHz to 520 MHz
on request

99

FM

1/4/7 W

2400 bit/s, full duplex

mm

An electronic compass may be con-
nected to the radio unit.

The radio links are transparent to the
user, so that the radios have simply to
be set to the desired channels. During
voice communication the data trans-
mission will be interrupted and auto-
matically continued when the voice
communication is finished.

Block diagram of NetTrap ML 501

Dimensions (W x H x D)
Central station unit
Remote station unit

Weight
Central station unit
Remote station unit

Power supply

Current drain (radio unit)

approx. 400 mm x 320 mm x 300 mm
approx. 300 mm x 320 mm x 250 mm

16.7 kg
9.9kg
10.8VDCto 15.8VDC

Central station (reception/
trcnsmission/average
Remote station (receptiorl{
transmission/average /)
Communication antenna
Central station
Remote station

Ordering information

1.6 A/5 A (peak)/2 A

0.8A/3.5 A [peak)/1.5 A

horizontally polarized V dipole
horizontally polarized dipole

or Yagi anfenna

NetTrap Center ML501C 3015.6009.02
NetTrap Remote ML501R 3015.6496.02
Accessories

Plug-In Mast KM 1555T 4036.9003.02
Transport Bags PA1555T 4036.9755.02
Cable Drum PA1555D 4036.9255.02
Headphones PA1555H 4036.9355.02
Loudspeaker PA 15551 4036.9561.02
Battery 26 Ah ML501B 3013.1297.26
Battery 40 Ah ML501B 3013.1297.40
Solar Panel 40 W ML501SP 3015.7740.40

1) Under typical operating conditions.

KN

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I

]




Software and Systems 152

| 4 I | Contents Overview I | Chapter Overview I Type Index R&S Addresses I | }I

Automatic Modular Monitoring System AMMOS

Brief description

=¢

Digital RF links become transparent by = (=
4056 0036 0z | 50
automatic interception, classification, %,
demodulation and decoding of sig- g
nals using VXI receivers and digital 50
signal processors developed by g e g i
Rohde&Schwarz. 2@ |: 2@ |10 | 17 3
sQe rQc O
lassi . luti 200 (#Qo [#Q o [#OO
Classic monitoring system solutions ¥Qc [FOQc |FQ o |
consist of a number of special boxes > 8O o | KOS KO K
L@ e
with each box having dedicated and
limited functions of its own. The cus-
tomer-tailored system software con-
trols these boxes. The advanced ; , ;
Rohde&Schwarz AMMOS solution 0 e ER N I o A o e
. . . . Y Oy O Oy D Oy O
provides flexible functions by using e T

standard hardware boards. A set of

standard software modules performs - — e

the specific tasks of interception, anal-

ysis, demodulation, decoding and vis-

AMMOS system (photo 43430-1)

ualization of signals.

The AMMOS system can be config-
ured according to the particular sys-
tem requirements by selecting the nec-
essary number of receivers, DSP

boards, and VXI mainframes plus the
required software modules. The VXI
mainframes are connected to the oper-
ator workstations via LAN interface.
The key features of this solution are:

¢ Enhanced flexibility due to multi-
functionality

® Compact equipment size

e Support of programming/process-
ing of customer-specific classified
signal patterns

 Easy future extension capability

e Simplified logistics

Inner view of VXI receiving module
(Photo 43430-2)
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Automatic Modular Monitoring System AMMOS

Conventional Solution:

Dedicated and limited
functions per box

Receiver

ik |

RF Distribution

AMMOS:

Flexible functions
of modules

VXI Mainframe with boards

IF Distribution

| S
O _
o- 2
o o=
S E
[ k2 =y F=) A
v

Receiver

Hardware
A P O B B
ololo|lo|olo .
olefeleflefe Modules:
[0] [0] [0] [0} (0] (0]
3l 3138 8| 3|3 ;
Sl121212181 281 -Receiver

- DSP

[ [
Demodulator J‘

Decoder

LAN

B

Software Modules:

- Intercept
- Demodulate

AF Distribution

Control

Workstation

Key components of AMMOS

VXI Receiver EMO10 + EM050

® Frequency range
300 Hz to 30 MHz (HF)
20 MHz to 3.5 GHz (V/UHF)

¢ |F bandwidth 20 kHz/4 MHz (HF)
250 kHz/20 MHz (V/UHF)

¢ Demodulation modes AM, FM,
USB, LSB, ISB, CW

¢ Operational modes:
fixed frequency, memory scan, fre-
quency scan, replay, test

VXI Digital Signal Processor GX400DP

¢ Computing power >2 Gflops

* Memory 256 MB SDRAM

e Support of VXI bus and Shark link

¢ Easy handling of digital data
streams

¢ Realtime data processing

e Digital IF distribution via LAN, no IF
matrices required

¢ |F storage for replay by using buffer
memory and recording server

- Decode
- Classify

- Visualize

Workstation

Software library with

e Spectrum/sonogram display/eye
pattern, phase pattern

e Digital signal buffer

¢ Modulation classificator/recog-
nizer

¢ Digital demodulator

¢ Digital decoder

e Bit stream display

® Voice recognizer
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Signal intelligence at sea with ERICA

]
b ]

Systems with integrated direc-

tion finder for ship-based com-

munications intelligence

Brief description

ERICA' ), the ship-based electronic
reconnaissance system from Rohde &
Schwarz, is ideal for diverse COMINT
and COM-ESM tasks. It detects,
receives, analyzes and classifies all
communications signals in conjunction
with electronic systems for the recon-
naissance of radar and navigational
signals. The main strength of the sys-
tem lies in the detection of modern dig-
ital signals in the frequency range
from 500 kHz to 3 GHz, and
especially in the interception of very
short emissions in the HF band.

1 (Electronic reconnaissance in combat application)

Operation is largely automatic and
permits extremely fast searching with
the aid of the digital scanning direc-
tion finder as well as accurate setting
of receivers and analyzers for identify-
ing and classifying results. The systems
are of compact design and thanks to
their flexible interfaces they can be
easily integrated in existing concepts
and structures.

Fully automatic, order-controlled
direction finding

The COMINT System ERICA from
Rohde & Schwarz is fully automatic
and order-controlled. An order defines
the frequencies and azimuth ranges to
be monitored by the direction finder.
For fast monitoring, the high-perform-
ance direction finder with search
speeds of up to 200 MHz/s (VHF/
UHF) and 20 MHz/s (HF) is coupled
to separate, matched signal receive
paths. After signal analysis and classi-
fication, the parameters are saved
with a time stamp in a database and
are thus available for comparison and
further evaluation.

Analysis, decoding and classifica-
tion of signals

Digital HF receivers and fast data sig-
nal analyzers from Rohde & Schwarz
are incorporated in the signal recep-
tion and classification paths. The ana-
lyzers with integrated digital signal
classification and synchronized
decoding also assume early-warning
functions, ie an alarm is triggered
when parameters of a signal are
detected which has been defined as a
threat.

Classification algorithms and demodu-
lators are available for complex and
fast FSK and PSK signals in addition to
decoders for digital transmission meth-
ods. Using simple and easy-to-follow
paradigms stored in a database, the
system software allows the entry of
additional signal descriptions.
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Signal intelligence at sea with ERICA
Characteristics =
Transferred to
Clear result displuy - Receiver - Classification - Result
Results are presented on colour dis- Frequency || asqoo0 3 kiz | | Job [eal e
plays (FIG 1). The detected signals are Demodulaion %y, Sensitivity fow v | Aemun [
shown in different windows on the el 995 0| s [ Ship o [W0sv2as7 seria
user interface of the fast scanning .
direction finder, which ensures clear ot w0 | Moduaton roe corse e
! AFC.
presentation of results to suit specific Notchon oftset [ e [ | ot
fCISkS (F'GS 2 to 4) Notch A Mask l Bit stream | 7owhap05.bsa
S . f. R, Code I(FIRMWAHE) BAUDOT
ecurity tirst c
Alphabet | (FIRMWARE) BAUDOT
The system has a user management [ o .
system with password-protected log- =l Text length e e ]
. o e Baud rat Shift Ti
on procedure, loadable user profiles Siicontic 125G b SE (s (e [ Show Delete
with different privileges, protection Control time 1008 y] ms
against unauthorized access during — Binaryfile  _ Select.. |
Get device settings /
pauses and interruptionfree operation ™ C e —— ! Show Delete
Comment [[
on change of users. e
Flexible system concept
FleXIbIllfy cnd UpWCII'd compatibility Next I Suppress frequency | Acoustic alarm Bearing | Cancel |

are guaranteed features. The order-
specific software modules with custom-
ized configuration and the instruments
provided in the system are continually
adapted to new requirements, eg for
defecting new types of signals in the
future. Parameters such as priority
assignment, decision criteria and, if
required, the steps for manual process-
ing are saved in operational profiles.
The latter can be rapidly activated as
required by the signal scenario or the
task to be performed. Frequency sub-
ranges with different operational pro-
files can also be processed in parallel
or one after the other.

FIG 1: Easy-to-read display of each reception path in a result window: classification results,

signal parameters and receiver settings

Search job [ soe_test
4.0000 MHz - | 10.0000 MHz

Display range

Show
4 Frequency - Al

+ Level + Alarm sectors only

Signal active  Signal not active
identified L] L
in process o
unidentified x

Signal data
Frequency [9.475000MHz
Level 54 dBuv

Azimuth  [5=
Method ,7

Course

Friend  Foe

Unident.

Acoustic alarm |~

FIG 2: Polar display for north- or ship-referenced presentation of scenarios
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Signal intelligence at sea with ERICA

Integration of the equipment into large = ]

ship-based reconnaissance systems, Do |
“ 180 degrees center + 0degree Search job W

operation in other frequency ranges or
adaptation to customer requirements
are just as feasible as the incorpora-
tion in different ship platforms or the
installation in shelters or shore-based
stations. All system functions can of
course be remote-controlled, eg from a
detached operating center. Installa-
tion, training and logistic support are
performed in the well-ried

Rohde & Schwarz way and all this for
customized systems too.

Other features

¢ Search speed independent of spec-
trum occupancy and simultaneously
running direction finding

¢ Digital direction finding allows vari-

ous DF methods to be used in the
whole frequency range from
0.5 MHz to 3 GHz (reduces the
effects of the ship structure on the
bearing accuracy)

¢ |n addition to automatic routines, a
convenient Windows® software
supports manual operation of sys-
tem functions

¢ Accurate time synchronization by
means of GPS

® Detection, direction finding and
location (in networked operation)
also of frequency hopping or TDMA
signals

Example of configuration

Fast digital scanning direction finder

® Well-proven antenna systems for
shipboard use

¢ Computer-controlled matrix for dis-
tributing the antenna signals to the
receive and classification paths

Values

3

[ %5 gpuy _Aammthresh
[JZ B SetTHLD

PEAK ‘ THLD

: +| mange@mu |

j Display (dBuV)

1000 =

750

%9

I D
| | | | | | | | | | (0] |

4 45 5 55 & 65 7 15 8 85 9 95 1

N )

FIG 3: Display of histogram window for evaluation of azimuth and frequency or of groups
of frequencies for the detection of radio networks

Display Settings |
“ 180 degrees center + 0 degree Search job soe_test
= Values
m =
degree = [
180 L o
—

29 gBuv
[I- aswv |

Waterfall stop
L
FEVTTEUPD PTG LT Waterfall continue

4 45 5 55 & 65 7 15 8 85 8 95 10

N I

FIG 4: Waterfall display revealing time sequence of signal activities

¢ Workstation with large screen as a ¢ Interfaces to the onboard systems
platform for system software and

database (Unix, Windows NT®)

(position computer, GPS, compass,
intercom, LAN)

® PCs that can be enhanced with

commercial or customized decoder
modules
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Rohde & Schwarz Customer Service

Contents of Annex

Documentation — medium between man and
technology

Training
Repair

Calibration

Integrated customer support at Rohde &Schwarz

Cabinets, designs and accessories
Compact casing system

Compact design 90

Transit Cases

Address list and index

Technical documentation from Rohde &Schwarz Cologne Plant pre-
pared to customer’s order — also for non-R&S products

Committed cultivation of market and customer as well as the continuous
training of your staff will ensure competitiveness of your company in
the present and future

We check, overhaul and repair electronic equipment from Rohde
&Schwarz and other manufacturers

Rohde&Schwarz has been calibrating measuring equipment and sys-

tems from domestic and foreign manufacturers since the 60s. In 1977,
our Cologne Plant was appointed the first accredited calibration center
of the German Calibration Service (DKD) for electrical parameters
Financing services/support including rentals and leasing

Our support center — your hotline

Z7K-9x

Address list for finding your nearest Rohde &Schwarz representative
Type/data sheet index
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166

168
169
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177
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Documentation - medium between man and technology

Technical documentation from
Rohde& Schwarz prepared to
customer’s order - also for non-
R&S products

¢ Review and appraisal of existing
documentation for compliance with
standards and guidelines

¢ Operating instructions and user's
guides

* Maintenance instructions

e Service and calibration instructions

® Repair instructions

¢ Fault diagnosis instructions

o leaflets

e Brochures

¢ Data sheets

* Materials management concepts

e Technical manuals

¢ Design drawings with 2D and 3D
illustrations

¢ Spare parts catalogs and illustrated
spare parts lists

¢ Program-controlled input and print-
out of modular documents

e Training documentation

Keeping pace with new require-
ments

Laws, standards and directives place
high demands on technical documen-
tation. We guarantee that the docu-
mentation prepared by us conforms to
all relevant standards, directives, reg-
ulations and laws, including for
instance

o EU directives for
- machinery

- low voltage
- EMC

0

e medical products law

¢ EN, ISO and VDI specifications
¢ DIN specifications

e product liability law

e product safety law

¢ multimedia law

New tools for your technical
documentation

Your documentation will be tailored to
your specific needs. We undertake the
complete project handling through to
the finished data medium.

More than just a translation

Our translations cover all fields of
activity of our company. Technical
documentation is translated into any
desired language mainly by native
speakers. The texts are translated tech-
nically correctly and edited. The result
is a comprehensible, reliable and
accurate match of your original docu-
mentation.

Drawing on qualified sources

Our staff at the Cologne Plant has a
solid background of experience and
know-how. This is the result of close
cooperation with headquarters rank-
ing among the market leaders world-
wide in the fields of communications
and test and measurement, as well as
of numerous projects handled for other
branches of industry. Benefits are also
gained from the broad range of ser-
vices provided by the Cologne Plant,
including maintenance and repair,
calibration, generation of special soft-
ware, training and over 30 years of
experience in documentation. We are
always technically up to date. This is
ensured by our participation in stan-
dardization bodies and joint ventures
with leading international companies,
by our intensive R&D work as well as
by holding or attending lectures at uni-
versities and institutes of technology.
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Documentation - medium between man and technology

This up-to-date technical know-how is
of course also a benefit for product
documentation where our staff can

provide valuable information and rec-

ommendations.

Documentation just in time

Market success is also determined by
the "time to market". This
means: if development and
documentation take place
simultaneously, time to market
can be reduced substantially.
Therefore we can make avail-
able on request an expert or
whole team to support you on
site in generating optimized
documentation just in time in
close cooperation with your
specialists.

Documentation
as you like it

You choose the hardware and
software to be used for gener-
ating, storing and duplicating
your documentation. The technical
documentation furnished by us can
easily be revised or completed - of
course also by your staff. The docu-
mentation you receive is your individ-
uval solution: a manual, an illustrated
catalog, detailed operating instruc-
tions — as a hardcopy, disk, tape,
microfiche or CD-ROM.

Further support provided by
Rohde & Schwarz

® logistics concepts

* Material maintenance concepts

® Repair concepts

¢ Spare parts stockkeeping concepts

¢ Equipment layout diagrams

¢ Integrated logistics support

e |llustrated spare parts catalog
(complying with BOO7, C-1-4, SPEC
2000, ATA DMKL, NATO guide-
lines)

e Electronic spare parts manage-
ment, spare parts catalogs, materi-
als lists

e Electronic information systems

o 3D illustrations, exploded views

¢ Generation of circuit diagrams,
block diagrams to standard

e Design drawings to DIN

¢ Generation of home pages for Inter-

net

® Generation of documentation in
SMGL or HTML format

® Online documentation

¢ Database programming and design

¢ Multimedia productions eg for
maintenance, service, marketing
and sales

* Multimedia product presentations

including trainer or simulator
® Storage on CD-ROMs

Get in touch with us

Call us and put our competence to the
test. We shall be glad to provide you
with any further information.

Rohde &Schwarz Cologne Plant
+492203 49-51 246
+492203 49-51 364

Telephone:
Telefax:
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Training

Committed cultivation of
market and customer as well as
the continuous training of your
staff will ensure competitive-
ness of your company in the

present and in the future

Welcome to our training courses

Electronics as a basic technology calls
for highly qualified staff. Rohde &
Schwarz offers basic training, semi-
nars, retraining, and training on instru-
ments and systems in line with cus-
tomer’s requirements.

We provide our customers with what Photo 40829-1
will be increasingly important in the
future: practical training, transfer of
know-how, helping you fo help your-
self. Our seminars are constantly
being adapted to meet these objec-
tives and fo offer up-to-date solutions
to your problems.

Small groups for optimum resulis

The number of participants is limited
for all seminars. This makes for
enhanced receptivity and allows an
intensive dialog between the trainees
and the trainer. Thus, knowledge can
be passed on at greater depth, and
individual problems can be dealt with
in greater detail. In most seminars, the
emphasis is on practical exercises per-
formed on modern test equipment,

since this is the most efficient way of
learning. Photo 40829-3
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Training

Our fraining staff

Our communications, electrical and
software engineers and physicists pro-
vide you with the knowledge you actu-
ally require. Having the latest know-
how and many years of experience is
one thing, being able to pass this on in
an interesting and comprehensible
way is another.

We therefore attach utmost impor-
tance to the qualified didactic training
of our engineers picked to be your lec-
turers and trainers. Where appropri-
ate and necessary, we call in lecturers
from universities, authorities and from
among users. We want to make sure
that our customers have the best
trainer available.

Training courses kept up to date

All seminars are constantly reviewed
and improved and new knowledge
and relevant changes taken into
account immediately. This guarantees
that the technical know-how as well as
the regulations and standard specifi-
cations presented to you are always
up to date.

Rohde&Schwarz standard seminars
In our seminars your measurement
problems, and not the Rohde &
Schwarz test assemblies, are given
top priority. Our training programs
are structured so that both newcomers
and specialists will find a seminar suit-
ing their requirements.

Customer-specific seminars

We offer customized seminars for
training tasks to be performed at your
company. This starts with an analysis
of the learning objectives and target
group in the conceptual phase, which
is followed by a proven methodical
approach. This ensures an optimum
benefit/cost ratio and avoids burden-
ing the courses with unnecessary infor-
mation. Within the framework of these
seminars, we also offer special user
and application courses for Rohde &
Schwarz instruments to allow an even
more time-saving and efficient use.

Training sites

Training courses are held at
Rohde & Schwarz headquarters in
Munich, at the Cologne Plant, our
branch offices and representatives

and at the customer’s.

Training at Rohde & Schwarz

Highly qualified personnel and a com-
plete range of measuring instruments
and teaching aids make each seminar
a success. Here you can get
acquainted with state-of-the-art mea-
surement and communications tech-
nology from Rohde&Schwarz.

Seminars at the customer’s

You want to train several staff mem-
bers at a time? To put learnt matter into
practice immediately? To solve
specific problems within your own
organization? To leave travelling to
us? In this case we hold seminars at
your company. These may be stan-
dard Rohde&Schwarz or customized
seminars.

Ask for information on our
seminars

Training Center Munich

Our brochure provides detailed infor-
mation on the contents, dates, prices
and other terms of our seminars.
+4989 4129-13051
+4989 4129-13335

Telephone:
Telefax:

Training Center Cologne

Ovur training brochure gives you an
overview of the seminars held at the
Cologne Plant.

+492203 49-51 271
+492203 49-51 285

Telephone:
Telefax:

For information on seminars held in
other cities or at the customer’s or sem-
inars held in English please contact
our sales offices (see address list on
page 172).

KN

| Contents Overview I

| Chapter Overview I

Type Index

R&S Addresses I

]




Annex

L]

| Contents Overview I |

Chapter Overview I

Type Index

| R&S Addresses I

Repair

We check, overhaul and repair
electronic equipment from
Rohde &Schwarz and other

manufacturers

Photo 39001

Service centers of international
standard

Maintenance and repair are central

to our integrated support

e Our service labs are equipped with
state-of-the-art computerized test
stations

¢ All instruments can be tested under
simulated environmental conditions
of extreme temperatures and
humidity

¢ The mobile service from Rohde &
Schwarz provides rapid, reliable
on-site support

With its testing labs, workshops and
maintenance vehicles worldwide,
Rohde&Schwarz is perfectly
equipped to provide comprehensive,
shortterm and reliable service. This
covers measuring instruments and sys-
tems, automatic test systems, data
processing systems, communications
engineering, radiomonitoring/radio-
location, sound and TV broadcasting,
avionics, telemetry and radar and
sonar equipment testing.

Customer-oriented service

Where appropriate, we have set up
independent service centers, for exam-
ple the Rohde &Schwarz Emirates LLC
in Abu Dhabi. Already shortly after its
foundation, this service center devel-

oped into a strong partner of regional
customers as well as European manu-
facturers, providing an on-site service
base for the latter.

Spare parts procurement also for
older components and PCBs

We work out reasonably priced alter-
natives if the original components or
assemblies you need are no longer
available. Our technical documenta-
tion is constantly updated to comply
with current developments. Documen-
tation is modified in accordance with
requirements and supplied with the
equipment. A well-thought out logistics
concept guarantees availability of

PCBs and assemblies produced by
Rohde &Schwarz even after many
years.

Our range of services

e Worldwide service

e Service at the operational facilities
of our customers

* Mobile calibration/repair labs

® Express service

¢ Repair of measuring and
communications equipment
from Rohde&Schwarz, OEM (origi-
nal equipment manufacturer) prod-
ucts and equipment of other make

® Service training

® Spare parts procurement
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Rohde&Schwarz has been cal-
ibrating measuring equipment
and systems from domestic and
foreign manufacturers since the
60s. In 1977, our Cologne
Plant was appointed the first
accredited calibration center of
the German Calibration Service

(DKD) for electrical parameters

Definitions

Calibration

¢ Upon calibration, the deviation of
measured values from rated specifi-
cations of the device under test
(DUT) is determined (difference
between nominal and actual value
or nominal and actual reading)

¢ Each calibration is based on rele-
vant test instructions

® Results are recorded in a test report

¢ The measurement uncertainty of the
calibration equipment must be
known

® No technical modifications are
made on the DUT

Official calibration

® Same scope of services as for cali-
bration

e Testing by calibration authority in
line with calibration standards

¢ Stamped label affixed to DUT

® Measuring instruments subject to
official calibration and those
exempt from official calibration are
governed by legal provisions

Photo 39002

Testing

® Same scope of services as for cali-
bration, but without test report

e Verification of compliance with pre-
defined conditions (eg specifica-
tions)

Adjustment (alignment)

Adjustment involves manipulation,
which usually results in a permanent
modification of the DUT. The DUT is
adjusted to ensure minimum departure
from rated specifications or departure
that is so low that the DUT fully com-
plies with specifications (measurement
uncertainty to be taken into account!).
The adjustment is made with the aid of
variable components or via computer
control (eg new correction factors in

EEPROM or RAM).

Product calibration certificate

More and more companies are
endeavouring to obtain certification or
already have a certification to I1SO
9000. Calibration must be traceable
for instruments intended for use in
quality-related processes, eg R&D,
incoming goods inspection, festing,

final inspection, quality control, etc.
We offer a special factory calibration
package for you to furnish evidence
that your equipment has been cali-
brated by Rohde &Schwarz. You can
order the factory calibration package
against a small charge when buying
an instrument. This package provides
you with a qualified, written evidence
that the instrument has undergone cal-
ibration. This evidence includes a cal-
ibration certificate, a label affixed to
the instrument and a fest report.

(Calibration in service

This type of service is becoming more
and more important in view of the obli-
gation to furnish evidence under prod-
uct liability but also with respect to
increasing demands being made on
precision in all fields of electronics.
Rohde&Schwarz provides high-preci-
sion calibration for the electrical instru-
ments and fields of measurement
approved by the Federal German
Bureau of Standards (PTB), which is
the national metrological institute of
the Federal Republic of Germany.
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(Calibration

The test antennas from Rohde &
Schwarz are calibrated in compliance
with relevant standards, eg ANSI,
C63.5, SAE, ARP958, DIN45003 and
[EC597-2. Prior to the calibration of
loop antennas, a patented attenuation
measurement is performed.

Calibration to DIN 1SO9000

* Inspection and documentation of
status of DUT upon receipt,
if DUT data are out of specified
tolerances (ISO 9001 4.11g)

® Remark on cover sheet of test
report/calibration certificate

¢ Testing and recording of results
according to performance test/
calibration instructions

® Readjustments

® Minor repairs

e Detailed test report

e Calibration certificate

e Calibration label affixed to DUT

o Archiving of results for 5 years

o Electrical safety inspection (VBG 4)

DKD calibration (at Rohde & Schwarz

Cologne Plant only)

* Measurement of basic parameters
accredited by PTB Braunschweig

* Measurements at specific points

¢ Scope of measurements to be spec-
ified by customer

¢ Recording of nominal and actual
values

e Verification of measurement uncer-
tainty

¢ With a sufficient number of meo-
surement points, a certificate of
conformity with manufacturer’s
specifications can be issued

e DKD label on DUT

e Calibration certificate and test
report

DEUTSCHER KALIBRIERDIENST (DKD)

fur MeBgerate der

Calibration laboratory for measuring instruments of telecommunication engineering

AKKREDITIERT DURCH DIE PHYSIKALISCH-TECHNISCHE BUNDESANSTALT (PTB)

&

lOHDE & SCHWARZ
ROHDE & SCHWARZ GmbH & Co. KG
Werk Kéln

Kalibrierschein
Calibration Certificate

#

2913
DKD-K-
00201
Kalibrierzeichen X
Calibration mark Lk

Dig. Radi ication Tester
Object

Herslaller: Rohde & Schwarz GmbH & Co.KG
Manufacturer

Typ CMD 57

Type 1d. No: 1050.9008.57

Fabrikate/Serien-Nr.  gag790/91g
Serial number

Auftraggeber

Rohde & Schwarz Vertriebs-GmbH
Customer

2Zweigniederlassung Kéin
Graf-Zeppelin-Strale 18
D-51147 Kéin

Aufragsnummer 971914
Order No.

Anzahl der Seiten des Kalibrierscheines 6. und Test Report 32 Seiten
Number of pages of the certificate

Ort und Datum der Kalibrierung
Place and Date of calibration

Kéln, den 15.05.1997

Dieser Kalibrierschein darf nur volistdndig und unverandert weiterverbreitet werden. Auszuge oder Anderungen bedurfen der

Der Deutsche Kalibrierdienstist Unterzeichner
des mulliateralen Ubereinkommens der We-
stern _European _Calibration _ Cooperation
(WECC) zur gegenseitigen Anerkennung der
Kalibrierscheine

Die Kallbrierung erfolgt auf der Grundiage des
zwischen der Physikalisch-Technischen Bun-
desanstalt und dem Trager abgeschlossenen
Verlrages.

Dieser Kalbrierschein  dokumentiert ~ die
Rlckiuhrbarkeit auf nationale Normale zur
Darstellung der physikalischen Einheiten in
Ubereinstimmung_mit dem  Internationalen
Ennheitensystem (SI)

Fur die Einhaltung einer angemessenen Frist
2ur Wiederholung der Kallbrierung ist der
Benuizer verantworich

The Deutscher Kallbrierdienst is signatory to
the Multiateral agreement of the Weslern
European Calibration Cooperation (WECC) for
the mutual recognition of calibration certi-
ficates.

The calibration is performed according to
the stipulations of the coniract between the
Physikalisch-Technische Bundesanstalt and
the holder of the calibration laboratory.
This_callbration_cerificate documents the
traceability to national standards, which realize
the physical units of measurement according
to the International System of Units (SI).

The user is obliged 10 have the object recaii-
brated at appropriate intervals.

The calibration
inferval pro-
posed by
Rohde&Schwarz
for new types of
equipment is

12 to 36 months
unless other-
wise specified in
the data sheet.
In the case of
harsh environ-
mental condi-
tions, stringent
requirements
placed on safety
(eg in medicine
or air traffic con-

sowohl der -Technischen als auch des.
Kallbrierscheine onne Unterschrit und Stempel haben keine Galtigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Physikalisch-Technische

Bundesanstalt and the issuing laborator
Calibration certificates without signature and seal are not valid.

trol) or great
financial loss in

Stempol Loterdos Kalbririaboratorums
uisc lead of the calibration laborator
sl 0 b&‘ Head of the cplibration laboratory
DKD-K-
% 00201 o

... S
Srigr&i?
Datum

e’ 15.05.1997

095.2970-059%

Bremmekamp

e the event of erro-

o neous measure-
Pz oo .

e ments, the cali-

ROMDE & SCHWARZ GbH & Co. KG Werk Kaln - Graf Zeppelin Sirafic 18 - D-51147 Koln
Postlachadresse: Postfoch 980260 D-51130 Kol

Our air-conditioned calibration labs
are equipped with state-of-the art tech-
nology allowing a wide variety of
electrical parameters to be measured
over wide frequency ranges. If a
measuring instrument is found defec-
tive or out of tolerance in calibration,
and the defect or deviation cannot be
eliminated by adjustment, the instru-
ment can be repaired right in the lab.

(Calibration interval

The calibration interval is the maximum
period of time between two calibrations.
It is proposed by the manufacturer or by
the calibration center. Recalibration is
performed by the Rohde& Schwarz
Central Service Department in Munich.

Telofon: (02203) 49 -0
Durchwahl: 49240

bration interval
should be short-
ened. The inter-
val can be prolonged however where
for instance the requirements placed on
measurement accuracy are less strin-
gent than specifications or if the finan-
cial losses resulting from erroneous
measurements would be minimal.

Tolerance analysis

Tolerance analysis is an integral part
of any test instructions. It is used to
determine the measurement uncertain-
ties of a test setup/measuring system
and fo take into account errors that
cannot be specified in the data sheet.
Such errors may for instance occur in
power measurements if both the
power meter and the source are mis-
matched and may become as large as
the specified errors.
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A correct error specification must con-

tain two aspects:

e Error limits

¢ Confidence level, ie how many
results from a large number of
measurements do not exceed the
error limits

For the maximum error the confidence
level is 100%. In practice the maxi-
mum error occurs very rarely only. If
the total error is made up of a large
variety of individual errors resulting
from independent sources (which is
typical of individual errors) it is
according to the laws of statistics very
rarely encountered that in a single
measurement all individual errors do
occur with their maximum value and
the same polarity.

In measurements it has therefore
become expedient fo specify the prac-
tice-oriented RSS error (RSS = root sum
of squares), which is the square root of
the sum of the squares of the individual
RSS errors. The RSS error of a sum of
individual errors is an error that will
not be exceeded in 95% of all mea-
surement results.

Traceability

According to the quality system DIN
ISO 9001 (4.11.b), test equipment
must be calibrated against certified
equipment having a known valid rela-
tionship to nationally recognized
standards. This relationship is defined
in a calibration pyramid (see below).

Parameters that are not included in the
list of accredited measured quantities
(voltage, current, attenuation,
mechanical length, etc) such as ampli-
tude and frequency modulation can
be traced to the basic parameters via
approved measurement and computa-

tional methods. For example, FM can
be traced to the mathematical Bessel
function, which in turn can be
described in terms of amplitude and
frequency.

How do we do it?

Our technical competence is the result
of more than six decades of experi-
ence in developing and pro-
ducing electronic measuring
instruments and communica-
tions equipment and provid-
ing customized solutions for
a wide variety of applica-
tions. Rohde &Schwarz
stands for uncompromising
quality and competence in
the industry, as well as
among authorities and insti-
tutions. Our certified quality
management system meets
the requirements of the inter-
national DIN ISO 9001

Task
¢ Cadlibration of standards and
standard measuring equip-

ment
® Auditing, accreditation
e Calibration of standards
and precision test equip-

ment of DKD customers
e Calibration and

German
Bureau of
Standards (PTB)

standard - "Quality systems - Model
for quality assurance in design/devel-
opment, production, installation and
servicing". The confirmation system
for the measuring equipment used
meets the requirements of DIN ISO
10012 Part 1 - "Quality assurance

requirements for measuring equip-

ment".

Certificate

o PTB calibration certificate
o Accreditation certificate

o DKD calibration certificate
e Calibration certificate

inspection of pro-
duction and cus-
tomer-owned

test equip-

ment

Calibration Labs of
German Calibration Service

Rohde&Schwarz Cologne Plant

In-house calibration lab
Certified Quality System

ISO 9001

Rohde &Schwarz Central Service Munich
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Repair, Calibration

Hotline

Your contact partner for servicing is
your nearest Rohde&Schwarz
agency, which as a rule has a service
lab of its own. This guarantees fast

availability of equipment. For

addresses, telephone and fax informa-

tion please refer to our list of
addresses on page 172.

Central Service Munich, Spare Parts:

Telephone:  +4989 4129-12 860
or 12 465
Telefax: +4989 4129-13 306

Integrated customer support at Rohde & Schwarz

Financing

Rohde & Schwarz offers a variety of
financing schemes based on rental
and leasing contracts that allow the
acquisition of test & measurement
equipment at the time it is needed.
Required T&M products are thus avail-
able fast and easily without any strain
being placed on your liquidity.

Rental agreement with purchase option

You need an instrument only temporar-
ily2 Or you are not sure if an instru-
ment is to be purchased at a later
date? Or you have to bridge a
momentary financial bottleneck? In
such cases a rental agreement with
purchase option is an ideal solution:
you can rent an instrument for a
period between six and 36 months,
and buy the instrument after min. three

and max. 30 months after the begin-

ning of the rental agreement. If you
buy the instrument, 75% of the paid

rent will be credited against the price.

Leasing

Leasing is common practice in today's
business transactions especially as far
as medium-term investments are con-
cerned. The lease of instruments
expands your financial scope for
implementing other, longterm invest-
ments, for instance a planned exten-
sion of your plant.

We are cooperating with well-estab-
lished companies and can offer you a
broad spectrum of leasing schemes.
You can profit from state-of-the-art
measuring equipment and systems
from Rohde &Schwarz without binding
your finances. This makes it possible to

realize necessary investments immedi-

ately if budgets are tight and acquisi-
tions would normally have to be post-
poned to the next fiscal period.

And, another important point: leasing
is an inferesting alternative also in
terms of taxation since leasing pay-
ments are immediately and fully tax-
deductible for example in Germany.

Service Hotline, T&M Equipment
+4989 4129-13 774
+4989 412913 777

Telephone:
Telefax:

Technical Inquiries
Telefax: +4989 4129-13 275
Rohde&Schwarz Cologne Plant

+492203 49-51 205
+492203 49-51 308

Telephone:
Telefax:

Service contracts

Repair service contract

Admittedly, not even equipment from
Rohde&Schwarz is completely safe
from failure. We therefore offer a
repair service contract which you can
conclude already at the time of pur-
chasing your instrument so as to profit
from this Rohde &Schwarz service
right from the start and on the most
favourable terms. The repair service
contract extends the standard war-
ranty period to three years. The con-
tract price covers all services neces-
sary fo restore the instrument to proper
operating condition.

Calibration and maintenance contract
In addition to the repair service con-
tract for new equipment, Rohde
&Schwarz offers a calibration and
maintenance contract for the most
common instruments and test anten-

nas. Please direct your inquiry fo:

Central Service Munich
+4989 4129-3275

Telefax:
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Application notes

Free-of-charge publications
Measuring instruments from Rohde &
Schwarz are small, highly complex
systems in themselves. They can be
used for a variety of applications. The
data sheets only cover a small selec-
tion of possible applications. Our
application engineers are constantly

working out solutions to new measure-

ment problems and describing them in
application notes. These notes are
available to you free of charge. For
some applications, we also offer a
special software at a small nominal
charge. Please contact your local
Rohde&Schwarz representative.

Demo units

Rohde & Schwarz offers demo units at
very favourable prices. These units
have been in use very little, if at all,
and are in an excellent condition. As
a matter of course, the instruments are
checked through before leaving our
factory, and Rohde & Schwarz gives
full warranty. Your local Rohde &
Schwarz representative will be glad to

inform you of available instruments.

Support center

Whatever your problem, our support
center is there to help you. Your ques-
tion will be dealt with fast and in
detail, or a competent partner will be
found for your problem. The staff of
our support center is optimally trained
to assist you in solving your problems.

® You are looking for a special type of
instrument?

® You need competent support in the
implementation of remote control
concepts for test equipment for use
in production?

Our hotline team (Photo 43448)

* You have a question regarding the
operation of equipment?

¢ Or you just want fo find your local
sales partner in order to take a look
at our equipment?

e Andsoon ...

Just call our support center, and we
will be glad to assist you. You can get
in touch with us in the following ways:

Telephone
+49180 5124242

Fax
+4989 4129-13777

E-mail
CustomerSupport@rohde-
schwarz.com

The support center can work out a
solution together with you for any
aspect relating to the operation, pro-
gramming and also applications of
T&M equipment from Rohde & Schwarz
or Advantest. You can rely on the tech-
nical expertise of our personnel.

In cases where an immediate answer
is not possible, your time will not be
wasted with unnecessary calls but the
support center will record your prob-
lem and find a competent partner to
get back to you.

Try us
Our support center can certainly help
you. It is your hotline.

+49180 512 4242

Your local partner remains

If you are already in contact with
Rohde&Schwarz, your local sales
office will of course remain the first
partner to get in touch with as it is
more familiarized with your specific
requirements and applications than
the support center, and will know right
away how fo give you the fastest sup-
port.
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Cabinets, designs

Dimensions

The dimensions of Rohde&Schwarz
instruments are specified as follows:

Overall width x height x depth in mm,
looking onto the front panel (this also
holds for pocket-size instruments).
Dimensions generally refer to desktop
models.

Cabinet designs

Cabinet design must meet all the crite-
ria that mature electronic packaging
has to fulfill. Changing requirements
regarding technology and environ-
ment call for new cabinet designs and
systems.

Rohde&Schwarz uses the following
two design forms for its products:

¢ Design 2000 (BW2000)
e Compact design 90 (KB9O)

Rackmounting

Rohde&Schwarz instruments in the
above cabinet design can be mounted
into 19" racks with the aid of appro-
priate adapters. It may be necessary
to retrofit the racks accordingly.

Design 2000 (BW2000)

Design 2000 is a standardized cabi-
net system suitable for desktop mod-
els, for mobile use and for mounting in
19" racks. With only a few basic ele-
ments, a variety of cabinets can be
implemented from one to five height
units and in different widths and
depths.

Design 2000 (Photo 42980-3)

With the
* iF Product DESIGN
f AWARD
Design Award SBEII E
1998 1998
and [ el
* if Ecology B
Design Award
1998 DESIGH HANNOVER

received from Industrie Forum Design
Hanover, design 2000 has been
attested excellent design that takes
account of all environmental and recy-
cling criteria for products.

Construction

The sturdy construction of design
2000 essentially consists of a chassis,
an enclosure, feet and front handles.

The chassis is made up of an alumin-
ium-ast front frame and a sheet-metal
module support including rear panel.
To enclose the instrument, the enclo-
sure is slid over the chassis from the
rear and fixed by means of rear-panel
feet with elastic pads. The bottom feet
with antislide protection are screwed
to the enclosure and serve at the same
time as a locking device for stacking
units.

Compared to previous designs,
design 2000 features further
improved shielding. The few interfaces
between the cabinet parts can be
sealed with braided cords and spring
strips where required.

Options

The cabinets can optionally be fitted
with side handles for use with carrying
strap and filt feet. Special shock-
absorbing parts for the front and rear
panel as well as a swivel carrying
handle that can also be used as a
stand are available for mobile use.
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(Cabinets, designs

19" adapters for rackmounting design 2000

Adapters for mounting on telescopic rails

(only in conjunction with19" adapter of design 2000)

Cabinet 19" adapter Cabinet Adapters for telescopic rails
(all depths) Type Order No. Height Depth Type Order number
4HU 7/8 ZZA-478 1096.3248.00 THU 350 ZZAT13 1109.3739.00
THU 1/1 ZZA111 1096.3254.00 450 ZZAT14 1109.3745.00
2HU 1/1 ZZA211 1096.3260.00 2HU to 5HU 250 ZZAT25 1109.3751.00
3HU 1/1 ZZA311 1096.3277.00 350 ZZAT35 1109.3768.00
4HU 1/1 ZZAA411 1096.3283.00 450 ZZAT45 1109.3774.00
5HU 1/1 ZZA511 1096.3290.00 550 ZZAT55 1109.3780.00
Accessories in 19" racks. Cabinets of 4 height rying bags with an accessory pocket

A wide range of accessories enhances
the versatile applications of design
2000. Suitable adapters are avail-
able for all cabinet sizes for mounting

Compact design 90 (KB 90)

Construction

The design 90 cabinet consists of a
self-supporting aluminium-ast frame
with front and rear panels and top and
bottom covers which make up the pan-
elling.

The panelling is fixed and the instru-
ment thus enclosed by screwing two
feet (4 screws) to the rear panel. The
cabinet is completed by attaching feet
at the bottom and on the sides.
Depending on the type of equipment,
one or two carrying straps fixed on the
sides make for portability of the instru-
ments.

Compact design 90 meets shielding
requirements that are becoming more

units can be equipped with a special
swivel keyboard. Sturdy transit cases
can be supplied for all cabinet sizes
to ensure safe transport. Padded car-

The compact cabinets
of design 90 can be
stacked not only with
one another but also

with19" cabinets of pre-
ceding cabinet designs

(Photo 35053-4)

make for greater convenience in

mobile measurements.

Front view of
compact design 90

!
and more stringent. By laying braided g e
cords info special grooves, the instru- ©
ments can be adapted to specific I ==/
shielding requirements.
Overall width
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(Cabinets, designs

The tilt stands at the bottom allow the
instrument to be set up in a position for
convenient operation. The tilt stands
on the rear panel enable the instru-
ment o be operated in an upright
position (except instruments of one or
two height units). Desktop models can
be provided with additional front
handles.

System compatibility

The compact units of design 90 can be
stacked with each other as well as
with 19" units of previous designs. The
bottom feet serve for stacking the units
to form a system.

For mounting into 19" racks to
DIN41494 all that is required is to
remove the side and bottom feet and

Cabinet dimensions, rackmounting accessories (compact design 90)

to fix the 19" adapter brackets includ-
ing front handles.

The 19" adapter comes with mounting
instructions and two self-adhesive
slides for protecting the underside
when sliding the unit in or out of the
rack. Adapters are also available for
mounting on felescopic rails.

Dimensions in mm Rackmounting
Width  over- |Height Height overall ~ [Depth overall 19" adapters DIN adapters Adapters for mounting on telescopic rails
in 19" dll in (mm)/rack- (without controls) (only in conjunction with19" adapter)
system  (mm) |units  mount (mm) Type Order No. Order No. Height |Depth | Type Order No.
(in units)
/5 219 |2 103/87.6 240/350/460 [ZZA-977) 10827.4527.00 |- 1 350 |[ZZA913(0396.5430.00
3 147/132.1 350/460 ZZA98") |0827.4533.00 |- 460 |ZZA-914(0396.5460.00
/4 327 |4 192/176.5 350 ZZA99 0839.5775.00 |- 2t06 350 |[ZZA-923|0396.5476.00
460 -
"/ 435 |1 59/43.2 350 ZZA91 0396.4870.00 |0396.8569.00 460 |ZZA92410396.5482.00
460
2 103/87.6 350 Z7A92 0396.4886.00 |0396.8575.00 570 |ZZA925|0396.5499.00
460/570
3 147/132.1 350 ZZA93 0396.4892.00 |0396.8581.00
460
570
4 192/176.5 350 ZZA94 |0396.4905.00 [0396.8598.00
460
570
5 236/221 350 ZZA95 0396.4911.00 |0396.8600.00
460
570
6 280/265.4 350/460/570 |ZZA96 0396.4928.00 |-

1) The 19" adapters for halkwidth 19" instruments are suitable for mounting 1 or 2 units. For two units of half width and different height (2HU und 3HU) use

19" adapter ZZA-98.
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Transit Cases ZZK-9x

Transit cases made of an aluminium
composite material are available for
all cabinet sizes. Reinforced rounded
corners and edges ensure high stability
and protection against knocks. Locks
and handles are recessed for safety.
The cases are dust-proof and splash-
proof to DIN 40050 with IP54 type of
protection.

Their suitability for airfreight and
express freight has been proven in
free-fall tests from a height of 80 cm

with a 30 kg instrument inside. Photo 38536-3
The interior is lined with anthracite- cases allows the instruments to be

grey foam mats. Foam inserts adhered transported with front handles

to the corners ensure tight fit and pro-  mounted.

tection of the instruments. The protec-
tive covers supplied with the instru-
ments must be used for packing. A
protective cover supplied with the

Dimensions, ordering information

Instrument size Inner dimensions of case (mm) Weight Type Order No.
(H, W, D) Height Width Depth (kg)

2HU, 1/2, 350 211 329 507 7.3 ZZK-973 1013.9143.00
2HU, 1/2, 460 211 329 619 8.5 ZZK974 1013.9150.00
3HU, 1/2, 350 256 329 507 8.0 Z7K-983 1013.9172.00
3HU, 1/2, 460 256 329 619 9.3 77K-984 1013.9189.00
4HU, 3/4, 350 300 438 507 10.0 Z7K-993 1013.9237.00
4HU, 3/4, 460 300 438 619 11.6 27K-994 1013.9243.00
1HU, 1/1, 350 166 546 507 8.5 ZZK-913 1013.9266.00
THU, 1/1, 460 166 546 619 9.8 Z7K914 1013.9272.00
2HU, 1/1, 350 211 546 507 9.2 Z7K-923 1013.9295.00
2HU, 1/1, 460 211 546 619 10.7 27K-924 1013.9308.00
2HU, 1/1, 570 211 546 731 12.0 Z7K-925 1013.9314.00
3HU, 1/1, 350 255 546 507 10.0 Z7K-933 1013.9320.00
3HU, 1/1, 460 255 546 619 12.0 77K-934 1013.9337.00
3HU, 1/1, 570 255 546 731 13.0 Z7K-935 1013.9343.00
4HU, 1/1, 350 299 549 507 10.8 Z7K-943 1013.9350.00
4HU, 1/1, 460 299 549 619 12.4 77K-944 1013.9366.00
4HU, 1/1, 570 299 549 731 14.0 Z7K-945 1013.9372.00
5HU, 1/1, 350 343 549 507 11.6 Z7K-953 1013.9389.00
5HU, 1/1, 460 343 549 619 13.3 Z7K-954 1013.9395.00
5HU, 1/1, 570 343 549 731 14.5 Z7ZK-955 1013.9408.00
6HU, 1/1, 350 392 558 507 12.4 Z7ZK-963 1013.8682.00
6HU, 1/1, 460 392 558 619 14.2 Z7K-964 1013.8682.00
6HU, 1/1, 570 392 558 731 15.5 ZZK-965 1013.8682.00
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HEADQUARTERS Phone
Telefax
E-mail

ROHDE & SCHWARZ GmbH & Co. KG
MihldorfstraBe 15 - 81671 Miinchen +49 89 41 29-0

Postfach 801469 - 81614 Miinchen +49 89 41 29-12164
Internet: www.rohde-schwarz.com -

PLANTS

ROHDE & SCHWARZ Messgerdtebau GmbH +49 83311080
RiedbachstraBe 58 - 87700 Memmingen +4983311081 124
Postfach 16 52 - 87686 Memmingen -

ROHDE & SCHWARZ GmbH & Co. KG

Teisnach Plant +49 99 23 8 570
Kaikenrieder Strafle 27 - 94244 Teisnach +49 9923 8 571-174
Postfach 11 49 - 94240 Teisnach -

ROHDE & SCHWARZ GmbH & Co. KG - Cologne Plant +49 22 03 490

Zweigniederlassung Kéln (+49 22 03) 8070
Graf-Zeppelin-StraBBe 18 - 51147 Kéln (+49 22 03) 807-50
Postfach 900149 - 51111 Kéln customersupport@rohde-schwarz.com

Zweigniederlassung Mitte
SiemensstraBe 20
63263 Neu-lsenburg

(+49 61 02) 20 070
(+49 61 02) 80 00 40
customersupport@rohde-schwarz.com

Zweigniederlassung Miinchen (+49 89) 41 86 950
MihldorfstraBe 15 - 81671 Miinchen (+49 89) 40 47 64
Postfach 801449 - 81614 Miinchen customersupport@rohde-schwarz.com

Zweigniederlassung Niirnberg
Donaustrafe 36
90451 Nirnberg

(+49 9 11) 642030
(+49 9 11) 64203-33
customersupport@rohde-schwarz.com

Zweigniederlassung Telekommunikation
SiemensstraBe 20

63263 Neu-lsenburg

(+49 61 02) 20 07-0
(+49 61 02) 20 07-12
customersupport@rohde-schwarz.com

Graf-Zeppelin-StraBe 18 - 51147 Kéln +49 22 03 49-51 3 08 ADDRESSES WORLDWIDE
Postfach 98 02 60 - 51130 Kaln -
Algeria ROHDE & SCHWARZ Bureau d'Alger (2) 59 24 53
5 B, Place de Laperrine (2) 69 46 08
SUBSIDIARIES 16035 Hydra-Alger -
ROHDE & SCHWARZ Vertriebs-GmbH +49 89 4129-120 07 Argentina Precisién Electrénica SRL (14) 331 16 85
Mihldorfstrale 15 - 81671 Miinchen +49 89 4129-135 67 Av. Julio A. Roca 710 - Piso 6 (14) 33451 11
Postfach 801469 - 81614 Miinchen customersupport@rohde-schwarz.com 1067 Buenos Aires preelctr@satlink.com
ROHDE & SCHWARZ International GmbH +49 89 4129-120 05 Australia ROHDE & SCHWARZ Sales (2) 8845 4100
MihldorfstraBe 15 - 81671 Minchen +49 89 4129-135 97 (AUSTRALIA) Pty. Ltd. (2) 9738 3988
Postfach 80 14 60 - 81614 Minchen - Unit 6, 2-8 South Street Service (2) 8845 4188
Rydalmere, N.SSW. 2116 (2) 9638 0832
ROHDE & SCHWARZ Engineering and Sales GmbH  +49 89 4129-137 11 sales@rsaus.rohde-schwarz.com
MihldorfstraBe 15 - 81671 Minchen +49 89 4129-137 23 service@rsaus. rohde-schwarz.com
Postfach 80 14 29 - 81614 Minchen -
Austria ROHDE & SCHWARZ-OSTERREICH (1) 602 61 41
R&S BICK Mobilfunk GmbH +49 50 42 9 980 Ges. m. b. H. (1) 60261 41-14
Im Landerfeld 7 - 31848 Bad Minder +49 50 42 9 98-105 Sonnleithnergasse 20 office@rsoe.rohde-schwarz.com
Postfach 20 62 - 31844 Bad Minder  rsbick@rsbick.rohde-schwarz.com 1100 Wien
ROHDE & SCHWARZ FTK GmbH +49 30 6 58 91-122 Azerbaijan  ROHDE & SCHWARZ Azerbaijan 1293 3138
Wendenschlofstrale 168, Haus 28 +49 30 65 550-221 Liaison Office Baku 129303 14
12557 Berlin - Azerbaijan Avenue 35 -
370139 Baku
SIT Gesellschaft firr Systeme
der Informationstechnik mbH +49 30 6 58 842 22 Balfic
WendenschloBstrale 168, Haus 28 +49 30 6 58 84-1 83 Countries see Denmark
12557 Berlin sit.info@sit.rohde-schwarz.com
Bangladesh  Business International Lid. (2) 881 06 53
Corporation Office (2) 882 82 91
Branch offices of Rohde & Schwarz Vertriebs-GmbH House No: 95/A, Block -'F’ -
Road No: 4, Banani
Zweigniederlassung Berlin (+49 30) 34 79 480 Dhaka - 1213
Ernst-Reuter-Platz 10 - 10587 Berlin (+49 30) 34 79 48-48
Postfach 100620 - 10566 Berlin customersupport@rohde-schwarz.com Belgium ROHDE & SCHWARZ BELGIUM N.V. (2) 7 21 50 02
Excelsiorlaan 31 Bus 1 (2) 72509 36
Zweigniederlassung Biiro Bonn (+49 2 28) 918 900 1930 Zaventem info@rsb.rohde-schwarz.com
Josef-Wirmer-Strafle 1-3 - 53123 Bonn (+49 2 28) 25 50 87
Postfach 140264 - 53057 Bonn customersupport@rohde-schwarz.com
Zweigniederlassung Hamburg (+49 40) 63 29 00-0
Steilshooper Allee 47 - 22309 Hamburg (+49 40) 63078 70
Postfach 602240 - 22232 Hamburg customersupport@rohde-schwarz.com
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Bolivia see also Argentina
RIBCO LTDA. (2) 32 84 03
Av. Mariscal Santa Cruz 1392 (2) 39 30 47
Ed. Camara Nacional gibatta@caoba.entelnet.bo

de Comercio

Piso 10, Of.1010-1011

Lla Paz

Brazil ROHDE & SCHWARZ DO BRASIL LTDA.
Av. Alfredo Egidio de (11) 56 41 12 00
Souza Aranha, 177 (11)56 417810

1° andar - Santo Amaro
04726-170 Séo Paulo- SP

Brunei GKL Equipment PTE. Ltd. 276 06 26
#11-01 BP Tower 276 06 29
396, Alexandra Road gklegpt@signet.com.sg

Singapore 119954
Republic of Singapore

Bulgaria ROHDE & SCHWARZ (2) 963 43 34
Representation Office Bulgaria (2) 963 21 97
39, Fridtjof Nansen Blvd. rohdebg@rsoe.com
1000 Sofia

Canada Communications Equipment:
ROHDE & SCHWARZ CANADA Inc. (613) 592 80 00
555 March Rd. (613) 592 80 09

Kanata, Ontario K2K 2M5 -

T & M Equipment:

TEKTRONIX CANADA, Inc. (416) 747 50 00
3280 Langstaff Road, Unit 1 (905) 760 72 41
Concord, Onfario L4K 5B6 -
Chile DYMEQ Lida. (2) 277 50 50
Avenida Larrain 6666 (2) 227 87 75
Santiago dymeq@entelchile.net
China ROHDE & SCHWARZ (10) 64 31 28 28
Representative Office Beijing (10) 64 37 98 88

Parkview Center, Room 602 -
No. 2 Jiangtai Road,

Chao Yang District

Beijing 100016, P. R. China

Colombia Ferrostaal de Colombia (1) 41577 00
Av. Eldorado Nro. 97-03 Interior 2 (1)413 18 06
Santafé de Bogotd, D.C. mc_fsc@multiphone.net.co

Costa Rica see Mexico (EPSA)

Ecuador REPRESENTACIONES (2) 25 22 51
MANFRED WEINZIERL (2) 25 22 51
Guanguiltagua 72 (39-93) mweinzierl@accessinter.net
Urbanizacién Jardines del Batdn
Quito

Egypt U.A.S. Universal Advanced Systems (202) 455 67 44
31 Manshiet El Bakry St., Heliopolis (202) 256 17 40
11341 Cairo vas@intouch.com

El Salvador  see Mexico (EPSA)

Estonia ROHDE & SCHWARZ DANMARK A/S
Estonian Branch Office
Narva mnt. 13
10151 Tallinn

Finland Orbis Oy
P.O.B. 15
00421 Helsinki

France ROHDE & SCHWARZ FRANCE
Immeuble "Le Newton"
9-11, rue Jeanne Braconnier

92366 Meudon-la-Forét Cédex

Subsidiary Rennes:

ROHDE & SCHWARZ FRANCE
Sigma 1

Rue du Bignon

35135 Chantepie

Subsidiary Toulouse:

ROHDE & SCHWARZ FRANCE
Technoparc 3

B.P.501

31674 Labége Cédex

Offices:

Aix-en-Provence
Lyon

Nancy

Ghana KOP Engineering Ltd.
P.O. Box 11012
3rd Floor Akai House, Osu
Accra

Greece MERCURY SA.
6, Loukianou Str.
10675 Athens

(6) 14 3120
(6) 1431 21

(9] 47 88 30
(9) 53 16 04
info@orbis.fi

(1) 41 36 10 00
(141361110

(2) 99 51 97 00
(2) 99 41 91 31

(5) 61 39 10 69
(5) 613999 10

(4) 94 07 39 94
(4) 94 07 55 11
(4) 78 29 88 10
(4) 78 29 94 71
(3) 83 54 51 29
(3) 83 55 39 51

(21177 99 13
(21) 22 47 69

(1)7229213
(1) 721 51 98
mercury@hol.gr

Croatia see Austria
Guatemala  see Mexico (EPSA)
Republic of  HINIS TELECAST LTD. (4) 42 5178
Cyprus Agiou Thoma 18 (4) 42 46 21 Honduras see Mexico (EPSA)
Kiti
Larnaca 7550 Hong Kong  Schmidt & Co. (HK) Ltd. 2507 03 33
9/F North Somerset House 28 27 56 56
Czech ROHDE & SCHWARZ - Praha, s.r.o. (2) 243220 14 Taikoo Place frankwong@shk.schmidtgroup.com
Republic Pod Kastany 3 (2) 24 31 70 43 979 King's Road
160 00 Praha 6 rohdecz@rsoe.com Quarry Bay, Hong Kong
Denmark ROHDE & SCHWARZ DANMARK A/S 43 43 66 99
Ejby Industrivej 40 43 43 77 44
2600 Glostrup RSDK@post1.tele.dk
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Hungary ROHDE & SCHWARZ (1) 203 02 82 Latvia Rohde & Schwarz Danmark A/S (7) 50 23 55
Budapesti Iroda (1) 203 02 82 Latvian Branch Office (7) 50 23 60
Etele ut. 68 rohdehu@rsoe.com Merkela iela 21-301 rsdk@rsdk.rohde-schwarz.com
1115 Budapest 1050 Riga
Iceland see Denmark Lebanon Rohde & Schwarz International (1) 465 64 28 Ext. 303
Liaison Office Riyadh (1) 465 64 28 Ext. 229
India ROHDE & SCHWARZ (11) 68374 84 PO Box 361
India Pvt. Ltd. c/o Haji Abdullah Alireza & Co.
244, Okhla Industrial Estate rsindiad@vsnl.com Riyadh 11411 - KSA
Phase - lll
New Delhi 110 020 Liechtenstein  see Switzerland
Indonesia P.T. REKANUSA SOLUSI (21) 576 16 02 Lithuania Rohde & Schwarz Danmark A/S 222 46 62
Menara Rajawali, (21) 576 16 04 Lithuanian Office 222 46 62
24th floor - Lukiskiv 5228
JI Mega Kuningan Lot # 5.1 2600 Vilnius
Kawasan Mega Kuningan
Jakarta 12950 Luxembourg see Belgium
Iran ROHDE & SCHWARZ IRAN (21) 873 02 82 Malaysia DAGANG TEKNIK SDN. BHD. (3) 7035503/7035568
Liaison Office - Reg. N° RFC 1947 (21) 87302 83 No. 9, Jalan SS 4D/2 (3) 7 03 34 39
Dr. Beheschty Ave., Pakistan Ave., - Taman People’s Park danik@tm.net.my
12th Street N° 1 47301 Petaling Jaya
Tehran 15317 Selangor Darul Ehsan
Ireland see Great Britain Malta ITEC - International Technology Ltd. 37 43 00
B'Kara Road 37 43 53
ltaly ROHDE & SCHWARZ ITALIA S.p.a. (6) 41 59 81 San Gwann itec@keyworld.net
Via Tiburtina 1182 (6) 41 59 8270
00156 Roma - Mexico Sales of Communications Equipment:
ELECTROINGENIERIA de Precisién (5) 5597677
Centro Direzionale Lombardo (2) 9570 41 S.A. (EPSA) (5) 575 33 81
Via Roma 108 (2) 95302772 Uxmal 520 epsa@compuserve.com
20060 Cassina de” Pecchi (MI) Colonia Vertiz Narvarte
03600 Mexico DF
Japan ADVANTEST Corporation (3) 33427553
RS Sales Department (3) 53227270 Sales of T&M Equipment:
Shinjuku-NS Building, 4-1 yoshimu@inst.advantest.co.jp Tektronix S.A. de C.V. (5) 666 63 33
Nishi-Shinjuku Periférico Sur 5000, 8° Piso (5) 666 63 36
Tokyo 163-08, Japan Col. Insurgentes Cuicuilco
Del. Coyoacdn
Jordan Middle East Development (6) 465 96 71 04530 Mexico, D.F.
c¢/o Jordan Crown Engineering & Trading Co. (6) 465 96 72
P.O. Box 830414 Nepal Abishek Trade Links (P) Ltd. (1) 25 69 30
Amman, 11183 P.O.B. 9700 (1)242573
Kathmandu Durbar@hotel.mos.com.np
Kazakhstan  ROHDE & SCHWARZ Kazakhstan 3272635555
Liaison Office Almaty 3272634633 Netherlands ROHDE & SCHWARZ (30) 600 17 00
Pl. Respubliki 15 - NEDERLAND B.V. (30) 600 17 99
480013 Almaty Perkinsbaan 1 Rob.DenHartog@rsn.rohde-schwarz.com
3439 ND Nieuwegein
Kenya Excel Enterprises Limited (2) 5580 88
Dunga Road (2) 54 46 79 New Zealand Nichecom (4) 23232 33
P.O. Box 42 788 Level 1 Tawa Plaza (4) 232 32 30
Nairobi 210 Main Rd / P.O.B. 56-045 ISDN (4) 237 30 10
Tawa, Wellington robin.hodgson@nichecom.co.nz
Korea Hana Technica Corp. (2) 514 45 46
Seoul Kangnam, P.O. Box 1458 (2) 514 45 49 Nicaragua  see Mexico (EPSA)
Young Dong Bldg. 4F hanateco@unitel.co.kr
63-16 Nonhyun-Dong, Kang Nam-Ku Nigeria Ferrostaal (Nigeria) Ltd. (1) 262 00 60
Seoul 27/29 Adeyemo Alkaija Street (1) 262 00 64
P.O. Box 72021
Kuwait Group Five Trading & Contracting Co. 2449172 Victoria Island
P.O. Box 26645 244 95 28 Lagos
Safat 13127
State of Kuwait
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Norway ROHDE & SCHWARZ NORGE 23172250 Singapore  Sales:
Dstensjeveien 36, P.O.B. 103 BRYN 2317 22 69 INFOTEL TECHNOLOGIES LTD. 287 68 22
0611 Oslo - 19 Tai Seng Drive 2849555
Kinergy Building # 06-00 general@infotel.com.sg
Oman T&M Equipment and Broadcasting: Singapore 535222
Mustafa & Jawad Science & Industry Co. Lid. 60 20 09
P.O. Box 3340 6070 66 Service:
Post Code 112 Rohde & Schwarz
Ruwi Support Centre Asia Pte. Ltd. 846 37 10
Sultanate of Oman 1 Kaki Bukit View 846 00 29
#04-05/07 Techview rssca@mbox4.singnet.com.sg
Pakistan TelcoNet Communications & (51)26 3072 Singapore 415941
Engineering (51)26 32 11
213/D, Ordnance Road tnc@meganet.com.pk Slovak Specialne systemy a software, a.s. (7) 65 42 25 29
Rawalpindi-Pakistan-46000 Republic Svrcic ul (7) 65 42 07 68
84104 Bratislava 3s@internet.sk
Panama see also Mexico (EPSA)
Slovenia ROHDE & SCHWARZ (61) 123 46 51
ELECTRONICO BALBOA S.A. 614 93 64 Representation Ljubljana (61) 123 46 11
Av. El Paical, Edif. El Dorado 23618 20 Koprska 92 rohdesi@rsoe.com
Urb. Los Angeles pdubois@ebsa.com 1000 Ljubljana
Panama City
South Africa  Protea Data Systems (Pty) Ltd (11) 786 36 47
Papua- Communications & Measurement (11) 786 58 91
New Guinea see Australia Division Colin.Forbes@protea.co.za
Private Bag X19
Peru see also Argentina Bramley 2018
BMP INGENIEROS S.A. (1) 225 40 30 Spain ROHDE & SCHWARZ ESPANA (91)334 1070
Av. José Gdlvez Barrenechea 645 (1) 4751513 Salcedo, 11 (91) 729 05 06
Urb. Corpac - San Borja wmelgarejo@bmp.com.pe 28034 Madrid rema@rsd.rohde-schwarz.com
Lima 41
Sri Lanka LANKA AVIONICS (1) 956678
Philippines ~ MARCOM Industrial Equipment, Inc. (2) 8 1329 31 658/1/1, Negombo Road (11958311
MCC P.O.Box 2307 (2) 817 0507 Mattumagala -
6-L Mezzanine Suite, Vernida | Ragama
Condominium120 Amorsolo St.
Legaspi Village Sudan SolarMan Co. Ltd. (11)47 31 08
Makati City/Philippines 3117 P.O. Box 11 545 (11)78 17 25
Karthoum
Poland ROHDE & SCHWARZ (22) 860 64 90
Oddzial w Polsce (22) 860 64 99 Sweden ROHDE & SCHWARZ SVERIGE AB (8) 605 19 00
ul. Stawki 2, Pietro 28 rohdepl@rsoe.com Flygféltsgatan 15 (8) 605 19 80
00-193 Warszawa 12830 Skarpnéck info@rss.rohde-schwarz.com
Portugal TELERUS Switzerland  Roschi Rohde & Schwarz AG (31) 922 15 22
Sistemas de Telecomunicagdes, S.A. (21) 412 3590 Papiermihlestrasse 145, Postfach (31) 921 81 01
Rua General Ferreira Martins, Lote 6,2.°B (21) 412 36 00 3063 lttigen -
1495 Algés telerus@mail.telepac.pt
Syria Electro Scientific Office (11)231 5974
Romania ROHDE & SCHWARZ (1) 410 68 46 Baghdad Street (11)231 8875
Representation Office Bucharest (14112013 Dawara Clinical Lab. Building -
Uranus 98 rohdero@rsoe.com P.O.B. 8162
Bloc U8, scara 2, etaj 5, ap. 36 Damascus
76102 Bucuresti
Tanzania Security Systems (T) Ltd. (22) 276 00 37
Russian ROHDE & SCHWARZ (095) 234 49 62 P.O. Box 7512 (22) 276 02 93
Federation  Representative Office Moscow (095) 234 49 63 Dar Es Salaam
Kazachy per. 7 rohderus@rsoe.com
109017 Moscow Taiwan Lancer Communication Co., LTD. (2) 23911002
16F, No. 30, Pei-Ping East Road (2) 23 9582 83
Saudi Rohde & Schwarz Liaison Office Taipei rosa.ho@lancercomm.com.tw
Arabia c/o Haiji Abdullah Alireza Co. Ltd. (1) 465 64 28
P.O.B. 361 (1) 465 07 82
Riyadh 11411 -
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Thailand Sales Communications Equipment: Venezvela ~ EQUILAB TELECOM C.A. (2) 34 46 26
TPP Operation Co., Ltd. (2) 880 93 45 Centro Seguros La Paz (2) 239 52 05
41/5 MoobanTarinee Boromrajchonnee Rd. (2) 880 93 47 Piso 6, Local E-61 r_ramire@equilabtelecom.com.ve
Talingchan, Bangkok 10170 - Ava. Francisco de Miranda
Boleita, Caracas 1070
Sales T & M Equipment:
Schmidt Scientific (Thailand) Ltd. (2) 643 13 309 Military customers only:
212 Government Housing Bank Bldg. (2) 643 13 40 REPRESENTACIONES BOPIC S.A. (2) 985 21 29
Tower II, 19th Floor, Rama 9 Rd., Av. Diego Cisneros (2) 985 39 94
Huaykwang, Bangkapi, Bangkok 10320 - Centro Empresarial Los Ruices incotr@cantv.net
Of. 119, Ter piso
Turkey ROHDE & SCHWARZ (216) 38519 17 Los Ruices
Liaison Office Istanbul (216) 38519 18 Caracas
Bagdad Cad. 191/3, Ard. rsturk@superonline.com
81030 Selamicesme-Istanbul Vietnam Schmidt Vietnam Co., Ltd. (4) 834 61 86
8/F, Schmidt Tower, Hanoi (4) 834 61 88
Ukraine ROHDE & SCHWARZ (044) 268 60 55 Intern. Technology Centre svnhn@schmidt group.com
Representative Office Kiev (044) 268 83 64 Cau Giay, Tu Liem, IPO Box 89
ul. Patrisa Loumoumba, 4 rohdeukr@rsoe.com Hanoi
252042 Kiev
Yugoslavia  see Austria
United Service Center for the Middle East:
Arab ROHDE & SCHWARZ Emirates L.L.C. (2) 631 20 40
Emirates P.O.B. 31156 (2) 631 30 40 Countries not listed:
Abu Dhabi - ROHDE & SCHWARZ INTERNATIONAL GmbH
P.O.B. 80 14 69
ROHDE & SCHWARZ (2) 63 35670 81614 Miinchen / Germany
Liaison Office Middle East (2) 63 35 671 Please fax to +49 89 41 29 136 62
P.O.Box 311 56
Abu Dhabi -
Sales:
ROHDE & SCHWARZ Liaison Office Dubai  (4) 39 44 829
P.O.B. 53726 (4) 39 44 794
Dubai -
R&S BICK Mobile Communication
P.O.B. 17466 (4) 813675
JAFZ, LOB 04-028 (4) 813676
Dubai -
United ROHDE & SCHWARZ UK Ltd. (12 52) 811377
Kingdom Ancells Business Park (12 52) 81 14 47
Fleet, Hampshire GU 13 8UZ -
Uruguay see also Argentina
AEROMARINE S.A. (2) 400 39 62
Cerro Largo 1497 (2) 401 8597
11200 Montevideo aeromar@adinet.com.uy
USA Communications Equipment:
ROHDE & SCHWARZ, Inc. (301) 459 88 00
4425 Nicole Drive (301) 45928 10
Lanham, MD 20706 -
T & M Equipment:
TEKTRONIX Inc. (800) 835 9433 Ext. 6630
P.O.B. 500, M/S 50-216 (800) 835 7732
Beaverton, OR 97076 -
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Type/Data Sheet Index

ACO004R1, ACO04R2 Omnidirectional Antennas

ACO090 SHF Directional Antenna System

AC180 SHF Directional Antenna System

AC308R2, AC308R3 SHF/EHF Directional Antennas

AK451 Rotatable Log-Periodic Antenna System PD 757.1377 -

AMMOS Automatic Modular Monitoring System 152

ARGUS-T Spectrum Monitoring System PD 757.4818 165 135

AU900A4 Receiving Antenna System

BG030 Control Unit

DDFOxM Digital Monitoring Direction Finders PD 757.1854 160, 162 105

DDF 190 Digital Direction Finder PD 757.1460 166 116

DDFGSM GSM Controller for Direction Finders DDFO5SM and - 113
DDFOSM

DDFSSIM Single Station Locator Software for HF Digital - 114
Monitoring Direction Finder DDFOTM

EB200 Miniport Receiver PD 757.3728 161, 164, 165, 166
EKB9S DigholVIHFResser  BD770225 -

EK896 Digital VLF-HF Receiver PD 757.1225 - -
MO0 WMIMonferingReceiver ==

ERICA Signal intelligence at sea PD 757.4499 - E
ESMA - VHRUHFSearchRecsiver  PD7570719 16l

ESMB Monitoring Receiver PD 757.5808 166 -
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GM094 Morse Decoder 123

GX202 HF Signal Analyzer System 130

HA105 HF Receiving Antenna

HEO10 Active Rod Antenna

HEO16 Active Antenna System

HE202 Active Receiving Dipole PD 757.0429 -

HE309 Active Vertical Dipole PD 757.0429 -

HE402 Active Directional Antenna PD 757.0429 -

HF902 Omnidirectional Antenna

HK309 Passive Broadband Receiving Dipole

HLO23A1 Log-Periodic Antenna PD 756.9380 -

HLO24A1, HL024S1 Crossed Log-Periodic Antennas PD 756.6169 -

HL024S5 Active Antenna Feed PD 756.6169 -

HLO25, HLO25S1 Log-Periodic Antennas PD 756.6081 =

HLO40 Log-Periodic Dipole Antenna PD 757.1919 -

HL223 Log-Periodic Antenna PD 756.9380 -

INT15 Power Supply Unit
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MapView/MapEdit Software PD 757.1483 - 148

N

NefllapMLSOT — Rodiolocafion System = =150
P

____-

____-
RB040 Control Unit
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