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Methods for Determining Illumination Conditions in
the Field of View of Optical Payloads Aboard Radar

Satellites
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JIANG Fang'®  FU Liping'?
1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)
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3(Beijing Key Laboratory of Space Environment Exploration, Beijing 100190)

Abstract Radar satellites typically do not provide the solar vector parameters required for optical
payload data analysis, while effective processing of optical payload data requires determining the
time intervals of illumination conditions within the payload's line-of-sight region. Conventional
illumination-condition calculations usually rely on Earth-shadow models, which have limitations
* ERKE A AT RIEEREROUE (2023YFB3905100), H ERNS B i E HEE 0 E
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in line-of-sight illumination determination for optical payloads. This study establishes a
calculation method for determining illumination conditions within the payload's line-of-sight
region without relying on traditional Earth-shadow models. Two implementation processes are
developed: a direct determination process based on simulated output angles and the critical
occultation angle, and a fast screening process based on target-point longitude, latitude, time, and
solar zenith angle. The two processes share the same critical occultation condition and determine
the illumination conditions within the payload's line-of-sight region from different perspectives.
Taking an optical payload onboard a radar satellite as an example, this study uses the two
processes to obtain the time intervals of nighttime conditions within its line-of-sight region,
matches them with actual payload observations, and further performs cross-validation using
FY-3E/TRIPM data. The results show that the two processes have good consistency and can
effectively determine the time intervals of nighttime conditions within the optical payload's
line-of-sight region. The cross-comparison correlation with FY-3E/TRIPM data exceeds 90%,
demonstrating the effectiveness of the proposed method. In addition, the method is simple,
supports batch screening, and can be geometrically extended to target regions at different altitudes
and with different line-of-sight deflection angles, providing a generalizable implementation
strategy for illumination-condition determination of optical payloads onboard radar satellites.

Keywords Radar satellite, Payload field of view, Illumination conditions, Orbital simulation,

Orbital elements
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Table 1 Comparison between the proposed method and existing shadow calculation methods
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Table 2 Simulation parameter settings
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(a) SatA 0512-0604 simulated-angle determination: ascending-orbit intensity of channels 1, 2, 3
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(b) SatA 0512-0604 solar-zenith-angle filtering: ascending-orbit intensity of channels 1, 2, 3
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Fig.6 Nighttime-condition intensity for the field-of-view region of the optical payload on radar
satellite A in May, as obtained by the two implementation processes and shown separately for
ascending and descending orbits: (a) simulated-angle determination process; (b) solar-zenith-angle

filtering process



(a) SatA 0605-0628 simulated-angle determination: ascending-orbit intensity of channels 1, 2, 3
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(b) SatA 0605-0628 solar-zenith-angle filtering: ascending-orbit intensity of channels 1, 2, 3
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Fig.7 Nighttime-condition intensity for the field-of-view region of the optical payload on radar
satellite A in June, as obtained by the two implementation processes and shown separately for
ascending and descending orbits: (a) simulated-angle determination process; (b) solar-zenith-angle

filtering process
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nighttime conditions for each orbit: (a) start-time difference; (b) end-time difference
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Table 4 Comparison of the applicability of two implementation processes for determining

illumination conditions
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Fig.9 Consistency verification among the optical payload channels on radar satellite A: (a)

Ch1-Ch2; (b) Ch1-Ch3; (c) Ch2—Ch3
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Table 5 Cross-comparison statistics of matched data between radar-satellite optical payloads and

FY-3E/TRIPM
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