
The International Beaon Satellite Symposium BSS2010P. Doherty, M. Hern�andez-Pajares, J.M. Juan, J. Sanz and A. Aragon-Angel (Eds)Campus Nord UPC, Barelona, 2010SIMULATING IMPACTS OF IONOSPHERICSCINTILLATION ON GROUND- AND SPACE-BASEDRADARS USING TIRPSNeil C. Rogers� and Paul S. Cannon��QinetiQSt Andrews Road, Malvern Worestershire, WR14 3PSKey words: Sintillation; ionosphere; radar; SAR; TIRPS.Abstrat. Radar simulation studies using the Trans-Ionospheri Radio Propagation-Simulator (TIRPS) 1 are reviewed and ompared. The impats of ionospheri irregular-ities have been simulated on both ground-based satellite-traking radar and spae-basedsyntheti-aperture radars (SAR) in the VHF/UHF band. The level of Doppler- andrange spreading of targets and the assoiated orruption of SAR images of point targets(raised image sidelobes in the along-trak and ross-trak diretions respetively) is wellmodelled by varying the parameters of the ionospheri phase sreen over their naturalrange. Doppler spreading (raised along-trak image sidelobes) is a frequent problem andleads to a familiar along-trak streaking in SAR images. Range defoussing due to pulsedispersion may normally be ompensated using autofous tehniques. However in a sat-tering environment, simulations for both satellite traking radar and Low-Earth Orbiting(LEO) SAR show that irreduible range spreading (beyond the target range) would beobserved (assuming suÆient waveform bandwidth) as a result of sattering in the equa-torial ionosphere under onditions of simultaneously high turbulene strength (CkL) andlow spetral index in the turbulene spetrum (p).1 INTRODUCTIONVHF and UHF frequenies may be used by spae-based radar for enhaned ground-or foliage penetration and are also used extensively by ground-based satellite-trakingradars. This paper reviews various simulations of ionospheri sattering on these systemsusing the TIRPS model1. Below 1 GHz, di�rative e�ets of ionospheri irregularitiesmay be signi�ant so TIRPS uses a Paraboli Equation (PE) approah2 to model bothamplitude and phase perturbations of radar waveforms as they pass through a phasesreen representation of the ionosphere.Two radar geometries have been modelled:(i) a ground-based radar traking LEO satellites and1



Neil C. Rogers and Paul S. Cannon(ii) a spae-based LEO syntheti aperture radar (SAR) imaging stationary point targetson the ground.These are disussed and ompared below.2 TIRPS SIMULATION OF VHF/UHF SATELLITE TRACKING RADARIn the absene of truth data for satellite radar modelling, the TIRPS propagationalgorithm was validated by omparing simulations of target Doppler and range spreadingwith measurements from orbiting alibration spheres using the ALTAIR ground-basedsatellite traking radar operated by the US Department of Defense on Kwajalein Island3,4,5. The model repliates the hannel sattering funtion (CSF) of the ionosphere (a2D representation of the pulse-ompressed target return in delay and Doppler) using arange of parameters of a phase sreen representing the irregularity spetrum. Below asale size Lo, the spetrum was de�ned as log-log linear with the linear portion de�ned bythe strength of turbulene CkL and a spetral index p. Two simulated CSFs are shownin Figure 1. Both are simulations of the delay and Doppler pro�les from a 3.6s periodof 150MHz ALTAIR hirp returns from a LEO alibration sphere. The signal returnin the CSF is sattered into a wings pattern in whih the signal delay (or equivalently,range) inreases with inreasing positive or negative Doppler o�set. Doppler spreadingis signi�ant at high turbulene strengths but only where the spetral index p is below(<1.5), does signi�ant range (delay) spreading our beyond the target (as seen in theleft panel of Figure 1).

3 SPACE-BASED SAR SIMULATIONSTIRPS has been developed into SAR-TIRPS in whih the unproessed RF signal forSAR waveforms returned from point targets are simulated after a 2-way passage throughthe phase sreen. These signals are then proessed into SAR images using the appropri-ate orbital, waveform and signal proessing parameters. An element of a strip-map SAR2



Neil C. Rogers and Paul S. Cannonimage is reonstruted using standard range ompression, range walk orretion and az-imuthal (or equivalently, Doppler) ompression tehniques. The bakground TEC of theionosphere (modelled as a phase shift applied aross the phase sreen) leads to shiftingand a small amount of range spreading of the target return (due to frequeny dispersion).In many ases this range spreading may be ompensated using autofousing methods.Examples of reonstruted SAR images of a point target are presented in Figure 2appropriate to the JPL/NASA SEASAT radar, a 1.275 GHz radar in a 794 km orbit1.The upper panels (a,b) of Figure 2 are simulated using a moderate strength of turbulene(CkL = 1034) and illustrate how the tail-o� of the Doppler (along-trak) sidelobes isproportional to the value of the spetral index p in the phase sreen. An analytialmodel6 of the SAR point spread funtion whih inorporates the phase sreen parametershas been shown to provide a good �t to the simulated image pro�les. Panel () of Figure2 illustrates the e�et of high strength of turbulene (f. panel (b)) and shows that theazimuthal loalization of the target is poor. Panel (d) illustrates that by further reduingthe spetral index p to 1.0 there is onsiderable redution of image ontrast in the rangediretion beyond the target range, due to di�rative sattering. This pattern of behaviouris diretly omparable to the Doppler and range spreading e�ets noted in the satellite-traking radar example presented above.

4 CONCLUSIONS- The TIRPS model provides a means of simulating the e�ets of ionospheri sintilla-tion and dispersion on radar waveforms.- The propagation algorithms have been tested by omparison with a ground-based3
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