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Abstract A positioning method is proposed for high Earth orbit (HEO) spacecraft based on Chebyshev
orthogonal domain transformation. By transforming the time-varying receiver coordinates over a period
into an invariant Chebyshev coefficient domain, this approach is based on effective combination with
sparse ranging observations obtained by the spacecraft across different epochs, which enables joint reso-
lution of multi-epoch measurements. Under conditions of sparse satellite visibility, the historical observa-

tion data is leveraged to provide effective constraints for positioning on the current epoch and achieve con-
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tinuous and reliable positioning for medium-high Earth orbit (MHEO) spacecraft. Furthermore, the Che-

byshev based positioning method demonstrates robustness against random measurement errors during

observation, which enhances GNSS positioning precision in high-altitude environments. The experimen-

tal and simulation results demonstrate that the method is superior to the Extended Kalman Filter (EKF)

by handling random noise and surpasses traditional least squares algorithms in both computational speed

and positioning precision, which is capable of continuous positioning for spacecraft by pseudorange-level

in high Earth orbit scenarios.
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