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Wireless communication is making in-
creasing use of broadband techniques
or time compression. Monitoring these
signals calls for systems capable of 
simultaneous detection and direction
finding of all emissions across a wide
frequency range. Among the digital 
direction finders of the DDF series 
[1; 2], the new Scanning Direction
Finders DDF0xS feature the highest
scanning speeds irrespective of radio
spectrum occupancy.

Design and function

Digital Scanning Direction Finder
DDF0xS (FIG 1) features excellent 
characteristics thanks to digital signal
processing throughout. The IF signals
of the triple DF converter are digitized
and distributed to parallel frequency
channels. Bearings are calculated 
simultaneously with filtering so that 
the direction of incidence is obtained
quasi-parallel for all channels within 
the bandwidth analyzed.

Each DDF0xS is basically made up 
of HF DF Converter EH091, which in-
cludes three DF receiver modules and
an A/D converter, and Digital Pro-
cessing Unit EBD92D (FIG 2). In the
VHF-UHF bands, VHF-UHF Converter
ESMA33 is connected ahead of the 
direction finder in addition. The direc-
tion finders for the HF band (0.5 to 
30 MHz) are designated DDF01S,
those for HF plus the VHF-UHF bands
(0.5 to 30, 30 to 650/1300 MHz) are
named DDF06S.

The direction finders of the DDF0xS
group have the algorithms for the 
Watson-Watt method and the prin-
ciple of correlative interferometer 
implemented as standard. The Watson-
Watt method is used where maximum
scanning speeds are to be achieved
and/or space is at a premium for 
DF antennas in the HF band. If, on the
other hand, extremely high accuracy 
is required at unfavourably located an-
tenna sites or the elevation of incoming
signals is to be determined additionally
in the HF band, the correlation method
is the better choice.

The digital filter bank of DDF0xS allows
simultaneous signal processing across
a frequency band of 200 kHz. This
bandwidth offers maximum dynamic
range. Nonlinear distortion products 
at the output of the A/D converter are
minimized by highly effective prese-
lection filters (excellent large-signal 
behaviour) and by gain adjustment 
performed prior to each scanning cycle.
For scanning larger frequency ranges,

the 200 kHz window is rapidly in-
cremented and fresh A/D conversion of
the analog signal is performed (scan
mode). DDF0xS requires approx. 3 ms
to change frequency in the HF band
and approx. 0.9 ms in the VHF-UHF
bands; the time required for gain 
control of the analog receiver section is
included in these figures.
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Digital Scanning Direction Finders DDF0xS

Fast direction finding of 
broadband and short-term signals
Digital Scanning Direction Finders DDF0xS are designed for extremely high
search rates, making them ideal for interception and direction finding of broad-
band and short-term signals in the frequency range 0.5 to 1300 MHz. Multilevel
data compression makes it possible to use these direction finders as automatic
search tools in complex radiomonitoring and radiolocation systems.

FIG 2 Block diagram of Digital Scanning 
Direction Finder DDF0xS

FIG 1 Digital Scanning Direction Finder DDF0xS
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bandwidths result in effective adjacent-
channel rejection and high scanning
speeds at the same time (FIG 3).

Operation and recording 
of results
An external controller incorporating the
DF-specific control and display tools
serves for operation of the direction
finder and display of results (FIG 4).
The well-devised operating concept is
based on extensive testing and opera-
tional experience:
• The measurement windows occupy

the largest area.
• Only those control elements that are

constantly needed are permanently
displayed.

• The user interface allows strain-free
operation over an extended period
of time.

• All important operational data are
displayed within an easy viewing
angle to prevent operator fatigue.

• Measurement windows can be ar-
ranged on the display as desired,
and the configuration can be saved
and recalled at a mouse click.

• Special tools provide semi-automatic
help for fast detection, direction 
finding and analysis of agile signals
(hoppers, bursts).

• Various options are available for
data recording and evaluation.

• A variety of measurement windows
can be chosen for results display:
level vs time, azimuth vs time, 
azimuth vs frequency, level vs 
frequency, elevation vs frequency,
azimuth histogram, level histogram,
elevation histogram, alphanumeric
display of DF results.

The direction finder offers the following
functions for the documentation and
analysis of detected signals: 
• For short-term recording, all DF data

collected during the past minute 
are saved at a keystroke to harddisk
or a virtual drive.

• For long-term recording, DF data 
are permanently stored to harddisk
or a virtual drive.

• Data analysis can be performed
while recording is in progress using
the scan replay or activity analyzer
function.

• The volume of data saved depends
solely on harddisk capacity. The
data rate is 2 to 15 Mbytes per 
minute depending on the filter used.

For users who want to analyze signal
contents with their own tools, the 
activity analyzer provides an export
function that converts data to ASCII 
format (eg for Excel).

Probability of intercept 

The most important function of DDF0xS
direction finders is interception of 
frequency-agile and burst signals. The
suitability of emissions for interception
and direction finding is judged by 
probability of intercept (POI). Reliable
bearings of frequency hoppers, and in
particular with low S/N ratios, are not
possible until the emission has been
intercepted a number of times. So it 
is best to consider the probability of 
a signal being intercepted at least 
n times. The signal of the frequency
hopper is characterized by its dwell
time, the frequency band covered 
and channel spacing. The example in
FIG 5 shows the probability of inter-
cepting a signal from a VHF or UHF 
frequency hopper at least ten times 
as a function of the time during which 
it is emitted. It can be seen that a 
signal of 300 hops per second will 
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Proper balance of preselection and
gain is a basic requirement for optimum
reception and direction finding, while
the design of the digital filter bank 
determines the spectral selectivity of 
the direction finder. The skirt selectivity
of filters and thus the achievable spec-
tral selectivity are inversely proportion-
al to the length of the analyzed signal
segment. So a compromise had to be
found to save the ope2ator from having
to adapt the window to the task in hand
each time, but enabling fast scanning
of short-term signals also in densely oc-
cupied bands. The use of a windowing
technique, pre-averaging of scanning
values and the selection of suitable
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FIG 3 Selectivity of various windowing functions

FIG 4  
User interface with 
typical scenario of 

broadband emitters 
in HF band. Waterfall

display (top) reveals
frequency-agile 

emitters; histogram
(bottom right) allows

unambiguous iden-
tification of weak 

frequency-hopped 
signals from over-
lapping frequency

bands of same 
azimuth sector.
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be intercepted after only 3.5 s with a 
probability of 85%, whereas approx.
4.3 s are required for a signal of 
3000 hops per second.

Antennas

Two types of DF antenna are available
for the DF methods implemented in
DDF0xS:
• Antennas ADD012, ADD115 and

ADD155 have monopulse capabil-
ity and are designed for maximum
DF speed. Together they cover the
range 0.5 to 650 MHz (Watson-
Watt method).

• Interferometer DF Antennas ADD010,
ADD011, ADD050, ADD150 and
ADD051 are especially character-
ized by large bandwidth (only two
antennas are required for 0.5 to
1300 MHz), high bearing accuracy
and immunity to multipath propaga-
tion. In the HF band these antennas
allow determination of the elevation
angle of skywaves and thus position
finding by means of the single-
station location manager.

The direction finder can of course 
be operated on existing antennas 
if these are suitable for the Watson-
Watt method. Adaptation is made 
by Antenna Interface GX060 (0.3 to
650 MHz).

Bearing correction and 
synchronization

To ensure highly precise bearings in 
environments with very strong inter-
ference, eg onboard vehicles, ships 
or aircraft, a bearing correction option
(EBD92AK) is available for DDF0xS. 
It allows continuous correction of 
bearings in the frequency range 0.5 
to 1300 MHz over an azimuth range 
of 360°. Rohde & Schwarz offers soft-
ware and services for a large degree of
automation in the collection and pro-
cessing of correction data. The bearing
correction option improves the RMS 
deviation of bearings in frequency and
azimuth by a factor of three to four.

Position finding – especially of fre-
quency-agile signals – places the most
exacting demands on the synchron-
ization of direction finders in a radio-
location system during the scanning
process. For this purpose direction 
finders can be equipped with a GPS 
receiver (option EBD92GP), which 
supplies a highly precise sync pulse
and the time stamp (1 µs resolution) 
required for position finding.

Use in systems

In addition to its scanning qualities, 
Direction Finder DDF0xS offers all the
attributes of an excellent monitoring 

direction finder, which justifies its use 
as a stand-alone unit meeting the 
most stringent requirements. DDF0xS is 
especially suitable for integration into
radiomonitoring systems incorporating
intercept receivers, analyzers and data
acquisition terminals. In a radiomonitor-
ing system the DF component essen-
tially serves for direction finding, 
assignment of occupancy data to their
emitters and for determining the posi-
tion of these emitters. Rohde & Schwarz
has developed the ScanLoc system for
locating frequency-agile emitters [3].
This system allows a precisely syn-
chronized scan of up to six DF stations
as well as realtime display of detected
emissions on digitized maps.

Franz Demmel; Wilhelm Genal; 
Ulrich Unselt
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Condensed data of Digital Scanning Direction Finders DDF0xS
HF band VHF-UHF band

Frequency range 0.3 to 30 MHz 20 to 650 (1300 MHz)

DF method correlative interferometer, Watson-Watt

DF error 1° RMS with ADD011 1° RMS with ADD051

Sensitivity typ. <1 µV/m with ADD011 typ. <2 µV/m with ADD051

Realtime bandwidth 200 kHz 200 kHz

Scanning speed 22 MHz/s 200 MHz/s 
(2 kHz bandwidth) (8 kHz bandwidth)

Minimum signal duration 4 ms 100 µs

Bandwidths 0.125 to 2 kHz in 5 steps 2 to 32 kHz in 4 steps

Displays bearings and levels vs frequency
histogram of bearings 
bearings and levels vs time (waterfall)
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FIG 5 Probability of intercept of at least 
ten emissions of VHF frequency hopper (blue:
300 hops/s, red: 3000 hops/s) with Watson-
Watt method; scanning range of DDF0xS 
50 MHz, hopping span of emitter 30 MHz, 
channel spacing 25 kHz




