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Figure 1.1 
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Overview of radar geometry. 
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1. I 10 
During my vacation employment at DSTO Salisbury, I was assigned to examine how Polarisation (Faraday) rotation affects 

Over the Horizon Radars (OTHRs) and what techniques can be used to reduce them. Like any system which relies upon HF 

radio waves that travel through the ionosphere, OTHR systems like Australia's Jindalee are susceptible to ionospheric 

fading, and thus a loss in sample resolution. While the effects of polarisation rotation are examined closely in this paper, 

other cause of signal fading are outlined with respect to their effects upon the operation of OTHRs. 

As a target, or in this case a beacon is required before any baclcscatter fading can be measured, I initially investigated how 

critical the beacon's design parameters had to be in order to achieve the polarisation invarience required to study polarisation 

fading. Different designs and signal modulations were also examined to the determine what configuration would provide 

the greatest detectable return power. 

Static models were then used to analyse how polarisation fading behaved as the operational frequencies and target ground 

ranges were varied and the accuracy of certain approximations were investigated. These results were then compared with 

ray traced values obtained after travelling ionospheric disturbances were introduced. Geographically, it is assumed in all 

calculations that the transmit and receive sites are located at Harts range and Mt. Everard respectively, and that the beacon is 

located 2000 kilometres due north unless otherwise stated. 

Many thanks must go to my supervisor Dr Fred Earl for his guiding wisdom, as well as Mike Whitington for his unrivalled 

expertise in anything computer related, Dr Chris Coleman and everyone in IE Group for what was both an enjoyable and 

challenging twelve weeks. 

UNCLASSIFIED 



UNCLASSIFIED 

A 
In order to determine the extent to which polarisation fading affects radar performance, and in particular target backscatter 

across all operational ground ranges, it is proposed to set up a stationary passive beacon which will act as a reflector by 

reradiating a percentage of the incident radar signal. The two main considerations in the design of the beacon are to 

maximise retransmission power and achieve polarisation invarience. Note that in this section, all propagation losses are 

ignored and only the effect of polarisation fading is considered. 

2.1 SIGNALMODULATION 
Since the beacon is intended for stationary deployment, it lacks the Doppler shift required to uniquely identify its backscatter 

from the clutter received by the radar. It is thus necessary to modulate the reradiated power in such a way as to create a 

pseudo-Doppler shift. This can be accomplished by modulating the beacon's antenna loads so that the reradiated signal 

power varies in time. It has been found by Earl [I] that a square wave modulation allows optimal beacon identification, and 

it can be shown that a unity mark:space ratio maximises the detectable return power. Given the Fourier series transform of a 

square wave (equation 2.1) with duty cycle a and peak amplitude V, we have: 

" 2 sinnan 
cos n0 

11=1 nn 

Integrating over the square wave's period to get the average AC voltage, we have: 

- 

v 2 sin nan 

One consequence of modulating the retransmitted signal from a stationary beacon is the decrease in average power with 

respect to a moving target. Given the optimum 50% duty cycle (a=0.5) square wave modulation and a voltage separation R 

as shown below: 
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Figure 2.1. Beacon's retransmitted EMF after modulation. 

we can see that the amplitude of the first harmonic (n=l in the Fourier series expansion) is given by: 

If we define the modulation loss to be the signal loss of the stationary beacon with respect to a moving target, whose signal 

strength is V,,,,, we obtain: 

Modulation Loss = 20 log I-:20 J 
The modulation loss as shown in Graph 2.1 is plotted as R goes from 0 to 40dB. While the modulation loss tends to 9.91dB 

as the separation R approaches infinity, so long as the separation can be maintained at above 20dB, the additional loss will 

be less than 1dB. 

2.2 BEACON CONFIGURA TlON 
As we are intending to study polarisation, we require the ideal beacon's response to be independent of the angle of the 

incident ray's polarisation, while maximising the backscatter's signal strength. The three beacon configurations originally 

considered consisted of: 

1. a single vertically polarised antenna 

2 .  a horizontally and a vertically polarised antenna, electrically uncoupled, with a voltage gain ratio 

3. a horizontally and a vertically polarised antenna, coupled by a transmission line with phase delay 

a and a voltage gain ratio P,= 
Gr 
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It can be shown that for the above cases, the received EMF as a function of the transmitted EMF E, polarisation rotation on 

the outbound leg 8 and rotation on the inbound leg 4 is given by: 

(see Appendix A for a complete derivation). For the passive beacon to be considered polarisation invariant under planar 

propagation, at least two orthogonal antennas are required, thereby eliminating case 1 whose retransmitted power would 

drop to zero as the incident rays approach horizontal polarisation. While both cases 2 and 3 use horizontally and vertically 

polarised antennas, in case 3 where the two antennas are coupled, we have a situation approximating maximum power 

transfer as the impedances of the two antennas are assumed to be similar. Thus under ideal circumstances, each antenna is 

driving a matched load and thus loses half its available voltage (or 75% of its power). As can be seen in Graph 2.4, the 

coupling of the horizontal and vertical antennas thus greatly affects the reradiated power as a function of polarisation 

rotation. 

To give a qualitative idea of how each beacon configuration perfonns over all possible polarisation angles, plots of the total 

received EMF assuming no propagation losses and perfectly matched antennas (PB=l) are shown for 4, k [ O ,  2n]. As can be 

seen from Graphs 2.2 to 2.4, case 2 gives the maximum average reradiated power over all polarisation angles, and it is this 

model that is used hereafter. 

For the case with the two uncoupled antennas, the sensitivity of the retransmitted power to variations in the voltage gain 

ratio p, was analysed. Normalising the retransmitted power, we find that: 

and to maximise the retransmitted power, we want p, to approach unity (see Appendix A). 

The reradiated power as PB is varied from 0 to 3dB is shown in Graphs 2.5 through 2.7, and it is clear that by keeping the 

voltage gains within 1dB of each other, the power loss can be restricted to less than 1.5dB. While it is possible to match two 

antennas with this degree of accuracy, special care would need to be taken to ensure that the beacon's characteristics remain 

comparable over the operational frequency range of the radar. 

2.3 IDENTIFICATION OF BEACON 
Currently, the receive array at Mt. Everard is only capable of detecting vertically polarised backscatter, thus negating most 

of the benefits gained from having a polarisation invariant beacon. To allow the polarisation rotation to be studied, it is 

necessary to measure the horizontal component of any polarised ray. 

While the previous analysis investigated the dependence of the beacon's polarisation invarience upon PB, similar reasoning 

can be applied to determine how closely the horizontally polarised receive antenna needs to be matched to the vertical array 

before horizontally polarised backscatter can be detected reliably. By extending equation (2.4b) to include this horizontally 

polarised receive array with a voltage gain ration P, defined with respect to the existing vertical array, the expressions for 

received EMF and normalised power then become: 
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Graph 2.2 Induced voltage ratios for beacon configuration 1. 
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Graph 2.3 Induced voltage ratios for beacon configuration 2. 
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Graph 2.4 Induced voltage ratios for beacon configuration 3. 
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Graph 2.5 Total received power as a function of P,. 
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