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Introduction: This work describes preliminary results 

obtained from simulation of dual-frequency radar 

backscatter over lunar surface as a function of physical 

parameters of lunar regolith. The simulation results 

show that the radar backscatter coefficient can be pre-

dicted analytically as a function of lunar regolith phys-

ical parameters. The possibility to detect ice inclusions 

in the permanently shadowed areas of lunar polar re-

gion using dual frequency radar backscatter with re-

spect L- and S-band SAR planned for ISRO’s future 

Chandrayaan-2 mission, has been explored and dis-

cussed based on two-layer scattering model. 

Lunar regolith scattering model: A quantitative the-

oretical two-layer scattering model has been parame-

terized and simulated based on integral equation meth-

od (IEM) for rough surface as a function of incident 

angle, regolith thickness, surface and subsurface 

roughness, abundance of buried rocks and FeO+TiO2 

content in regolith [1], [2]. Considering the first-order 

radiative transfer solution, the total radar backscattered 

power from a two-layer lunar regolith can be written as 

Total = surface + subsurface + volume + subsurface-volume 

+ volume-subsurface                (1) 

The surface scattering term from the top rough surface 

is given by 
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Where θ is the radar incident angle, pp = HH or VV, k  

is the radar wave number, W
(n)

 is the Fourier transform 

of the n
th

 power of the Gaussian surface correlation 

function and  fpp are the Kirchhoff field coefficients 

while Fpp represents the complementary field coeffi-

cients [2]. The subsurface scattering term from the 

lower bedrock surface is given by 
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The volume scattering term from the buried inclusions 

in regolith layer is given by  
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The subsurface-volume scattering term from the lower 

bedrock surface is given by [2] 
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It is assumed here that in reciprocity condition, 

σ
0
subsurface-volume is equal to σ

0
volume-subsurface. So subsur-

face-volume interaction term has been taken as sum of 

both in above equation. This model does not take into 

account multiple scattering among rocks and has limi-

tations in modeling the coherent backscatter opposition 

effect (CBOE) [3], [4], [5].  

Dual-frequency simulation results: In order to simu-

late the possible radar backscatter signatures of polar-

ice in the permanently shadowed areas of the lunar 

polar regions in L-band (1.25 GHz) and S-band (2.5 

GHz) corresponding to Chandrayaan-2 dual frequency 

SAR, two possible cases of lunar regolith scattering 

models have been implemented. The first case is repre-

sented by a desiccated regolith mixed with buried 

rocks inclusions overlying bedrock and the second case 

represents a regolith layer mixed with buried ice inclu-

sions overlying bedrock. For these models, dielectric 

constant values of εregolith = 2.7 + j*0.003 for lunar reg-

olith layer; εice = 3.15 + j*0.001 for buried ice parti-

cles; εrock = 6.0 + j*0.01 buried rocks particles and 

εbedrock =6.0 + j*0.05 for bedrock as available in the 

published literature, were used [1], [6], [7].  

Fig.1 and Fig.2 show simulated radar 

backscatter coefficients as a function of radar inci-

dence angle for both the cases proposed at L-band and 

S-band frequencies, respectively. It can be observed 

that scattering contribution from the top surface re-

mains predominant at steep incidence angles at both 

the frequencies for both the cases of buried rocks and 

buried ice in the regolith. The contribution from sub-

surface backscatter is less in S-band due to lower pene-

tration of S-band signal in regolith as compare to L-

band signal. 

For both rock and ice inclusions the subsur-

face backscatter contribution is not significant over 

larger incidence angles because of increasing attenua-

tion. However, the attenuation is significantly high in 

S-band. Volume scattering contributions in both L- and 

S-bands are higher for buried rock inclusions due to 

high inhomogeneity and dielectric gradient, whereas it 

is less for buried ice particles due to to low dielectric 

constant of the media. Since the subsurface-volume 

interaction terms involve more than one scattering pro-
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cesses, the scattering contributions from these terms 

are very less. Regolith with buried rocks contributes 

higher backscatter compared to regolith with buried ice 

over a wide range of incidence angle. These result into 

regolith with buried rocks showing higher total radar 

backscatter as compare to regolith with buried ice over 

that incidence angle range. 

      As the penetration depth of radar signal at S-band 

is smaller than that at L-band, the contributions from 

subsurface scattering is expected to be smaller at S-

band observations. On the other hand, volume scatter-

ing from smaller-sized inclusions, which are invisible 

at longer wavelengths, is expected to increase as the 

radar frequency increases. It can thus be expected that 

surface and volume scattering will be two dominant 

scattering terms for S-band as observed in the pro-

posed models. 

Multi-frequency based Lunar Polar-ice Detection 

Index: Multi-layer scattering model (IEM) for radar 

backscatter in HH polarization at L- and S-band (-

HH) corresponding to ice and buried rocks on lunar 

surface showed that buried ice and rock inclusions are 

separable in terms of their radar backscatter at different 

incident angles. This characteristic was used to de-

velop a Polar-ice detection index as follows:  

00

00

  = (LPDI)Index Detection   IcePolar Lunar 
LS

LS







     (6) 

LPDI was simulated for different buried ice and rock 

concentrations (2% - 6%) and a clear separation in 

terms of values observed between buried ice and rock 

inclusions. LPDI predicts larger differences for higher 

rock concentrations (Fig.3). This index will be very 

useful for identifying and characterizing lunar polar-

ice using Chandrayaan-2 dual-frequency SAR data. 

Conclusions: Attempt has been made to explain the 

effect of physical properties of lunar regolith on radar 

backscatter at L- and S-band frequencies correspond-

ing to Chandrayaan-2 dual-frequency SAR, through 

quantitative theoretical two-layer scattering model. 

Simulation studies using dual frequency radar show 

that regolith mixed with ice presents a distinct scatter-

ing characteristics compared to buried rocks in the 

lunar polar region. A Lunar Polar-ice Detection Index 

(LPDI) has been proposed for lunar polar ice detection. 

It is expected that LPDI can be utilized for identifica-

tion and characterization of ice in the lunar regolith in 

addition to other important indicator like circular po-

larization ratio (CPR). Simultaneous acquisition of L- 

and S-band SAR data will improve the performance of 

this index. 
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Figure-1: Radar backscatter (HH) at L-band corre-

sponding to bedrock + regolith mixed with rock and 

ice particles in different incident angles 

 

 
Figure-2: Radar backscatter (HH) at S-band corre-

sponding to bedrock + regolith mixed with rock and 

ice particles in different incident angles 

 
Figure-3: Lunar polar ice detection index (LPDI) as a 

function of radar incident angle. 
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