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1 Multipath propagation – a major challenge for 
radio direction finding 

A radio signal can reach the receiver on different signal paths besides the direct path. This is caused 

by reflection, refraction, scattering and diffraction from objects that have a significant size in relation to 

the wavelength and hence the frequency range under consideration. These effects are summarized 

under the term multipath propagation. 

In a real signal scenario, the electromagnetic wave does not only reach the receiver via the direct path 
but also via several alternative signal paths. Figure 2 depicts possible signal paths between an 

omnidirectional transmitter (small ship) and a receiver (direction finder, large ship). 

In addition to the direct signal, the direction finder receiver simultaneously receives signal components 

on the same frequency from different directions. Due to the fact that these signals have covered 

different distances the received signals differ in amplitude and phase. 

The direction finder system must be able to determine the direction of the actual useful signal, i.e. the 

direct signal path. Figure 1 shows a possible signal scenario with multipath propagation (same 
frequency, different angles and different amplitudes). 

 

 

Figure 1: Signal scenario with multipath propagation for an incident signal at 115° 
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Figure 2: Multipath propagation with direct wave (green) and alternative signal paths (brown)

1.1 Simulation model “two-wave field”

Often a simplified simulation model is used to illustrate the effects of multipath propagation. In the two-

wave field model, only one additional signal is considered in addition to the actual desired signal 

(direct signal path). The signal strength of the signal on the alternative signal path is then varied. Two 

factors are then used to compare the quality of the DF systems:

1. D/L quotient of the antenna diameter and the determined upper antenna cut-off frequency.

2. ABW, i.e. the actual useful bandwidth of the DF system.

For the simulation, 5- and 7-channel DF systems are investigated with a correlative interferometer DF 

method and with our vector matching algorithm.

The antenna elements are arranged in a circle with a diameter of 450 mm. The desired signal comes 

from direction 110° and the interfering signal from 330°. The interfering signal is varied between 0%, 
31% (6 dB), 50% (10 dB) of the desired signal.

The RMS bearing error (root-mean-square) is used as a measure of the quality of the bearing result.
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