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Fig. 2 Bistatic radar geometric configuration
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Fig. 4 Relationship between time and incidence angle, scattering angle and
bistatic angle at south pole
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Fig. 5 Block diagram of signal receiving and processing
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Table 2 Calibration measurement results

Wt HbR JFGAREs gEETES PR KOFK
R SKY 64 150 64 675 4.455
R AMB 64 695 64 875 63.606
R LIM 65 562 71 460 16.014
R CTR 71489 71 700 42.330
R AMB 71745 72 105 60.298
R SKY 72125 72 309 4.212
L SKY 64175 64 675 2.202
L AMB 64 685 64 870 33.436
L LIM 65571 71 460 9.543
L CTR 71610 71710 21.808
L AMB 71745 72 105 31.488
L SKY 72125 72 309 2.083
_ Tsys + Tamb (10)
] Tsys + Tsky
Y, = Toys + T (1n
Ty + Toe
Y3 — Tsys + Tamb (12)
Tsys + Tlim
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Bistatic Radar Detection of Water Ice Deposits in Lunar Polar Regions

FENG Feifei', JIAN Nianchuan’, TANG Haibo', MENG Qiao’, CHEN Congyan'

(1. School of Automation, Southeast University, Nanjing 210096, China;
2. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
3. School of Information Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: Deep space bistatic radar facing some challenges in planetary exploration, including rapidly varying observation
geometry, extremely low signal-to-noise ratios, and difficulty in calibrating channel gain and phase due to the absence of onboard
calibration sources. To address these issues, a bistatic radar terrain inversion system tailored for deep space applications was
developed. Using the SPICE (Spacecraft Planet Instrument C-matrix Events) toolkit and focusing on echo data acquired under
near-backscatter conditions. The system integratd geometry modeling, data calibration, and multiparameter inversion of surface
characteristics. The analysis demonstrates that the proposed system successfully extracted electromagnetic indicators associated with
potential water-ice deposits in the lunar south polar region, including enhanced echo power, locally elevated circular polarization
ratios (CPR) , reduced dielectric constants, and disturbed cross-spectrum phase behavior. These combined features support the
possible presence of polar water-ice deposits. The results verify the effectiveness of deep space bistatic radar for surface and material
inversion and provide a scalable technical pathway for future bistatic radar applications in deep space missions.

Keywords: terrain inversion; detection of water ice deposits; bistatic radar; SPICE

Highlights:

e Developed a SPICE-based deep space bistatic radar terrain inversion system that integrates geometry solving, data calibration

and echo feature extraction into a complete processing chain.

e Proposed a Doppler inversion method and a dual polarization calibration technique tailored for deep space bistatic radar in near-

backscatter geometry.

e Identified comprehensive electromagnetic signatures of potential water ice deposits in the lunar south polar region through

multiparameter joint inversion, improving reliability of polar ice detection.
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