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Direction Finders Introduction into Theory of Direction Finding

Introduction

Applications of direction finding
While direction finding for navigation purposes (referred to 
as cooperative direction finding) is becoming less impor-
tant due to the availability of satellite navigation systems, 
there is a growing requirement for determining the loca-
tion of emitters as the mobility of communications equip-
ment increases:

In radiomonitoring in line with ITU guidelines
Searching for sources of interference 
Localization of non-authorized transmitters

In security services
Reconnaissance of radiocommunications of criminal 
organizations

In military intelligence [1]
Detecting activities of potential enemies
Gaining information on enemy�s communications order 
of battle

In intelligent communications systems
Space division multiple access (SDMA) requiring 
knowledge of the direction of incident waves [2]

In research
Radioastronomy
Earth remote sensing

Another reason for the importance of direction finding lies 
in the fact that spread-spectrum techniques are increas-
ingly used for wireless communications. This means that 
the spectral components can only be allocated to a spe-
cific emitter if the direction is known. Direction finding is 
therefore an indispensable first step in radiodetection, par-
ticularly since reading the contents of such emissions is 
usually impossible.

The localization of emitters is often done in a multistage 
process. Direction finders distributed across a country 
allow an emitter to be located to within a few kilometers 
(typ. 1% to 3% of the DF distances) by means of triangu-
lation. The emitter location can more precisely be deter-
mined with the aid of direction finders installed in vehicles. 
Portable direction finders moreover allow searching within 
the last 100 m, for instance in buildings.

Historical development
The DF technique has existed for as long as electromag-
netic waves have been known. It was Heinrich Hertz who 
in 1888 found out about the directivity of antennas when 
conducting experiments in the decimetric wave range. A 
specific application of this for determining the direction of 
incidence of electromagnetic waves was proposed in 1906 
in a patent obtained by Scheller on a homing DF method.
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Fig 28: DF function
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Fig. 29: Bearing display with single-channel direction finding
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Fig. 29 shows a choice of possible displays.

In addition to the usual receiver settings such as frequency 
and bandwidth, the following parameters are set and dis-
played on direction finders:

Averaging mode (If the signal level drops below the 
preset threshold, averaging is stopped and either 
continued or restarted the next time the threshold is 
exceeded, depending on the averaging mode.)
Averaging time
Output mode

Refresh rate of display
Output of results as a function of the signal threshold 
being exceeded

Display of bearings
Operators of direction finders rely heavily on the display 
of DF results, which can generally be divided into two 
categories:

R
frequency channel, and 
R

Single-channel direction finders
If a bearing is to be taken of a single frequency channel, 
the following parameters are usually displayed:

Bearing as a numeric value
Azimuth as a polar diagram
Elevation as a bargraph or a polar diagram 
(combined with azimuth display)
DF quality
Level
Bearing histogram
Bearings versus time (waterfall)

When using MUSIC algorithm (S/N = 10).
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Fig. 39: Effect of phase noise on bearing error
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Fig. 38: Minimum required S/N ratio
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For N = 2, this corresponds to the equation for 2
CRB_UCA

mentioned above, if the term

2 2

1
N SNR

,

which can be ignored for large S/N ratios, is removed and 

The above relationship clearly shows how important it is 
is as large as possible.

Limitation of upper operating frequency because of 
ambiguity
The required S/N ratio decreases as the frequency in-
creases, because the length of the array manifold a( ) also 
increases. With a constant number N of antenna elements 
(= dimension of the observation space), however, various 
sections of the curve a( ) approach each other (Fig. 40
next page). At the same time, the probability of measured 
vectors being positioned on such curve sections increases. 
This leads to large bearing errors [17].

The problem can be solved by increasing the number of 
elements N: The increase in dimension of the observation 
space thus created will accommodate the extended length 
of the array manifold.

Fig. 38 shows the typical effect of the antenna diameter, 
the wavelength and the number of elements of a circular 
array on the S/N ratio that is required for a specific bearing 
fluctuation.

If direction finding is based solely on amplitude evaluation, 
as is the case with the Watson-Watt method, the Cramer-
Rao bound is determined by:

2
CRB_ WW 2

1 1 1
2K SNR 2SNR

.

The effect of the S/N ratio on the bearing fluctuation is par-
ticularly obvious in the case of a narrowband two-element
interferometer. In narrowband systems, the noise voltage 
becomes approximately sine-shaped with slowly varying 
amplitude and phase so that, assuming large S/N ratios, 
the following applies to the phase variation [19]:

2 1
2SNR

.

Given a sufficiently long observation time, the phase varia-
tion can be reduced by way of averaging. If the data used 
for averaging is uncorrelated, averaging over K samples 
improves the phase variation as follows:

2
2

av K
.

By mapping the phase variation to virtual variations of the 
positions of the DF antennas (Fig. 39), the bearing stan-
dard deviation is obtained as follows:

D 2SNRK
.

For a bearing fluctuation (standard deviation) of 2° as a function of the 

antenna diameter as referenced to the wavelength and the number K of 

samples taken.
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Fig. 45: Reducing bearing error
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Fig. 46: Bearing errors

0.5 1 1.5 2 2.5 3 3.5 4 4.5

20

18

16

14

12

10

8

6

4

2

0

Five-element
circular array
Nine-element
circular array

5

48  Rohde&Schwarz Radiomonitoring&Radiolocation | Catalog 2010/2011

Direction Finders Introduction into Theory of Direction Finding

The effect of the number of antenna elements is obvious
when looking at the density of the isophase curves. To 
avoid 180° ambiguities in areas of high density, the spac-
ing between the antenna elements should be smaller in 
these areas than with interference-free reception. This re-
quires a higher number of antenna elements.

Fig. 46 shows the effect of the antenna size and the num-
ber of antenna elements on the bearing error for two cir-
cular antennas in a two-wave field with an amplitude ratio 
of 0.3 of the reflected wave to the direct wave. The nine-
element antenna delivers increasingly more accurate bear-
ings up to a diameter of five wavelengths, whereas the 
bearings obtained with the five-element antenna become 
instable already from a diameter of 1.6 wavelengths.

Fig. 44 shows the resulting wavefront as a contour plot for 
the amplitude and phase [12].

If the majority of waves arrives from the direction of the 
emitter, the bearing error can be sufficiently reduced 
by increasing the aperture of the antenna system. This 
effect is shown by Fig. 45 for an interferometer direction 
finder. The pattern of the isophase curves in Fig. 44 shows 
that two measures are required in order to increase the 
DF accuracy:

The antenna aperture should be as wide as possible

higher than with interference-free reception

Fig. 46 shows the positive effect of a wide antenna aper-
ture on the DF accuracy for a two-element interferometer. 
Arranging the antenna elements at a spacing that is large 
relative to the operating wavelength will prevent bearings 
from being obtained at points where the isophase curves 
strongly bend.

Within a range of 4 × 4 wavelengths (the amplitudes are color-

coded; the lines represent isophases with /4 spacing).

Of a five- and a nine-element circular array antenna as a function 

of the antenna diameter expressed in operating wavelengths in a 

two-wave field.Of interferometer direction finder by increasing antenna aperture.




