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Digital Scanning Direction Finders
DDF0xS and Digital Monitoring Direc-
tion Finders DDF0xM [1] can make use
of the special characteristics of short-
wave propagation to locate emitters 
in a particularly effective way with a
single station (FIG 1). The algorithms 
required for bearing determination by
the Watson-Watt or correlative inter-
ferometer method are standard in these
direction finders. The method used will
depend on the specific application and
in particular on the available DF anten-

na system. Adcock or crossed-loop an-
tennas are required for evaluation by
the Watson-Watt method. In this config-
uration the direction finder provides 
azimuth values only (angles in the hori-
zontal plane). With correlative inter-
ferometry the elevation (vertical angle
of incidence) is determined in addition.
In shortwave direction finding the 
elevation angle is displayed and output
at the data interface. 

Direction finding only determines the
angle of incidence, so the signal source
may be anywhere along a line within
the area covered. Emitter location in
the shortwave range can be performed
in two ways, the classic and most accu-
rate method being triangulation. Here

two or more direction finders are 
connected via data lines to a location
center, where the position of the signal
source is computed from the received
bearings and normally marked on an
electronic map. The second method
makes use of the physical characteris-
tics of ionospheric wave propagation:
over long distances (> 100 km) short-
waves are propagated as skywaves.
On its way to the receiver (direction
finder) the emitted wave is reflected
once or several times on the iono-
sphere, the vertical angle of incidence
at the receiver being equal to the 
vertical angle of emission. During the
day this reflecting ionospheric layer 
(E layer) is at an altitude of about 
100 km. But at nightfall it disappears
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Single-station location 
with HF direction finders of DDF01x family

FIG 1 Digital Monitoring Direction Finder
DDF01M with circular array interferometer
ADD011 Photo 42 880/2
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and waves are reflected by the F layer,
the altitude of which varies between
250 and 400 km. These propagation
characteristics can be applied to locate
an emitter by means of direction finders
that yield azimuth and elevation angles
by using the virtual layer height Hvirt
derived from ionospheric parameters 
(FIG 2). The prerequisite here is that 
the wave be reflected only once on 
the ionosphere. This permits fixing of
targets up to a distance of 1200 km.
Position location with only one short-
wave direction finder is called single-
station location (SSL). SSL is used
wherever it is not possible to set up a 
triangulation system with two or more
direction finders, or if the orientation of
the involved stations to the target trans-
mitter is so unfavourable that a reliable
point of intersection cannot be ob-
tained (direction finder and transmitter
on or near the bearing line). With an
optimum site selected, triangulation
mostly yields more accurate results 
because with SSL the elevation angles
required to determine the distance of
the target may greatly vary as a result

SSL software for HF Doppler Direction
Finder PA010 [2]. Tried and tested 
operating features were retained and
new ones added. So the required
ionospheric data need not necessarily
be determined each time but may be
called up from an ionosphere model
with database integrated in the SSL
software.

One condition for position location with
SSL is accurate measurement of ele-
vation, independent of the azimuth 
and frequency of the incident wave. 
DF Antenna ADD011 used as a correl-
ative interferometer is an optimum solu-
tion here in spite of partly contradictory
requirements like
• wide aperture for high accuracy,
• good isotropic characteristics for 

determining elevation angle inde-
pendent of azimuth,

• widely spaced crossed-loop anten-
nas for low mutual coupling,

• minimum number of crossed-loop 
antennas affording simple infra-
structure.

The whole frequency range from 0.3 to
30 MHz is covered with only nine 
antennas arranged on a circle of 50 m
in diameter. These crossed-loop an-
tennas guarantee high sensitivity and
bearing accuracy even for steep-
angled skywaves and are virtually 
unaffected by inhomogeneities of the
terrain around the antenna array. 

HF Antenna ADD010 is available for
semi-mobile applications and for waves
arriving at a less steep angle (up to an
elevation angle of 50°). It consists of
nine active monopoles, each 2 m high.
The elements can be set up and 
dismantled in a very short time and 
require extremely little stowage for
transportation.

After installation the optional single-
station locator from Rohde & Schwarz
is an integral part of the direction
finder’s user interface and can be
called up via the menu bar in fixed-
frequency mode. Only a few settings
are required to operate the option: 
position of direction finder and iono-
spheric data such as critical frequency
(MUF) of E layer, virtual height of 
E layer, critical frequency of F2 layer
and M3000 factor. If no relevant iono-
spheric data (eg from chirp sounders)
are available, the single-station locator
uses average values to CCIR Rep. 
340 [3] from its database, which can
be adapted to the actual situation given
some additional information, eg the
sun-spot number. Adapting data from
the database to the actual ionospheric
conditions to improve location accura-
cy is also possible by taking bearings
of known transmitters and using the cal-
ibration function. It is however essential
for the transmitters to be as close as
possible to the area of interest at small
frequency spacing. 
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of frequent instabilities of the iono-
sphere. So only average values by
means of a histogram can be expected. 

Rohde & Schwarz developed the SSL
program for Digital Direction Finders
DDF01S and DDF01M based on the

FIG 2 Determination of emitter distance D from
signal propagation path via ionosphere
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SSL window with 

histogram and 
waterfall display
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To perform a measurement, histogram
and waterfall diagrams for azimuth
and elevation are displayed in the 
SSL window of the controller (FIG 3).
Two modes are available for result 
evaluation: 

1) Manual selection of bearings with
the aid of marker lines in the azimuth
and elevation histogram and transfer of
these values for position calculation by
means of the Calculate key. 

2) Automatic assignment of bearing
values by pressing the Calculate key in
the quick-shot mode. 

Location accuracy depends on system
accuracy, the reliability of ionospheric
data and on the integrity of the iono-
spheric model. Theoretical considera-
tions [4] and measurements have
shown that distance determination is
typically less accurate by one order of
magnitude than azimuth measurement.
Furthermore the accuracy of elevation
measurement and knowledge of the 
virtual layer height are of particular 
importance and a fixing error of 5 to
15 % (rms) of the distance is to be 
expected under known propagation
conditions. 

Franz Demmel; Ulrich Unselt
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International ALE (automatic link establishment)
standard for HF Transceiver XK2000
Because of the dynamic propagation
conditions in the shortwave range, set-
ting up a reliable link for this type of
communication is anything but a simple
task, which in the past could only be
performed successfully and within rela-

tively short time by experienced opera-
tors. Today this job has been taken over
and perfected by automatic-link-estab-
lishment techniques. Besides company-
specific procedures such as ALIS 
(automatic link setup) from Rohde &

Schwarz [1; 2], which were specially
developed and optimized for fast 

FIG 1 Modern HF transceiver of XK2000 family
with integrated communication processor
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