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Abstract: To accurately model the photometric characteristics of low Earth orbit satellite (LEO) constel-
lations, this study focuses on Starlink satellites and systematically investigates their brightness models, ob-
servational geometry, and impacts on ground-based astronomy. Using NEOSSat space-based observa-

tions, we established separate day-side and night-side brightness models, which quantitatively describe

Y #% B #7:2025-10-28; 1&1T B #3 : 2025-11-12.
HEE£B: BREAST AR E (No. 2023YFC2604900) ; H % T S HF % 71815 H (No. 2023YFC2604904)



3824 b2 - Ko 55 33 %

how satellite brightness varies with phase angle. Day-side brightness mainly depends on solar reflection,
while night-side brightness reflects indirect illumination. Combining constellation orbital parameters and
optical geometry, we proposed an efficient assessment method that integrates space-based photometry
with ground-based simulation. This approach accounts for satellite reflective brightness, exposure dura-
tion, and trail effects, and a predictive model was constructed to estimate the number of satellite trails in
images. A ground-based multi-field observational experiment was conducted to test detection capabilities
under different conditions, comparing single-field and dual-field setups, and evaluating various limiting
magnitudes and field-of-view (FOV) constraints. Results indicate that the average apparent magnitude of
Starlink satellites is approximately 6. 9 &= 0. 9 mag , and the fit quality of the day-side and night-side mod-
0.54 and 0. 85,

ship with exposure time, and ground-based experiments demonstrate that dual-field systems can detect

els was R*= respectively. The number of satellite trails shows an almost linear relation-
about twice as many targets as single-field setups, effectively expanding the spatial detection range. Over-
all, this study establishes a quantitative framework for multi-source assessment of low Earth orbit satellite
photometry, providing a practical reference for optimizing ground-based telescope observation strategies
and developing satellite interference mitigation plans. By integrating space-based data with ground simula-
tions, the method enables efficient prediction of satellite visibility and trail occurrence, adapts to different
observational conditions, and offers data-driven guidance for minimizing observational disruptions in large-
scale satellite constellations.
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Tab.1 Main parameters of the onboard camera and detec-

tor system of the NEOSSat satellite

Parameter Specification
Telescope Rumak-Maksutov
Aperture diameter 157 mm
Focal length 893 mm ({/5.7)
FOV 0. 85" X 0.85°

Detector Twol 024 X 1024 pixels CCD arrays

Spectral range 350~1 050 nm
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Tab. 2 Parameters of different versions of Starlink satellites

Constellation Number Orbital altitude /km Inclination /(°) Maximum cross-sectional area/m’
Starlink V1.0 1584 550 53 2.8
Starlink V2.0 4 060 604 148 17.3

VisorSat 533 580 70 10.5
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Fig. 8 Number of visible satellite tracks as a function of exposure time ¢,,, and band range. The solid line represents the pre-

diction result calculated based on Eq. 6
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Tab.3 Experimental equipment parameter configuration

Parameter Specification
Telescope aperture 80 mm
Focal length 400 mm

Imaging band 380~780 nm

Detector model Andor ZYLA 5.5
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