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2 Global Navigation Satellite System
3 Thermospheric Neutral Density
4 Precise Orbit Determination
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3 CHAllenging Mini satellite Payload
4 Gravity Recovery And Climate Experiment

3 Gravity Recovery And Climate Experiment Follow
On
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' Mass Spectrometer and Incoherent Scatter
2 Naval Research Laboratory
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4 Equatorial Mass density Anomaly

3 Exospheric Temperature

6 MSIS with Uncertainty Quanification
7 High Accuracy Satellite Drag Model
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! Two-Line Element
2 Root Mean Square
3 Global lonosphere-Thermospher Model
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3 Coronal Mass Ejections
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! Lower Thermosphere—lonosphere
2 Gaussian Processes

3 Jacchia-Bowman

4 SpaceX
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I Earth Radiation Pressure
2 Solar Radiation Pressure
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Abstract

Accurate modeling of thermospheric neutral density (TND) is required to analyze the non-gravitational forces
that affect low-Earth orbit (LEO) satellites and improve the performance of orbit determination models.
Although empirical models such as NRLMSISE2.0 arewidelyutilized, the structural limitations in these models
and their dependency on calibration leads to insufficient accuracy in environmental conditions. In this study,
an algorithm is developed to integrate mass density observations from accelerometers mounted on CHAMP and
GRACE satellites with the NRLMSISE2.0 model. After transferring the data to a reference height of 400km and
performing statistical matching, corrections based on spherical harmonic expansion are applied in two
variables of latitude and local solar time to reduce the bias between the observations and the model. The
tatistical analysis of the performance of the improved model using the metrics of root mean square error
(RMSE), relative deviation (ARD), logarithmic difference (LD), and correlation coefficient (R) shows that the
improved model is able to reconstruct the thermospheric density structure more accurately and its performance
in determining the satellite orbit is somehow improved. The numerical results indicate that the model accuracy
for CHAMP and GRACE satellites is increased by 40.23% and 45.80%, respectively. These findings emphasize
the effectiveness of the proposed method in updating thermospheric experimental models and their application

in determining the orbit and spatial predictions.
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