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Abstract

Aditya-L1 is the first Indian space-based mission to continuously study the Sun from a halo orbit
around the Sun-Earth Lagrange point L1. The selected halo orbit for Aditya-L1 offers several advantages,
mainly ensuring a mission lifetime of five years and allowing for ’in situ’ sampling of solar wind and
particles with unobstructed, continuous observation of the Sun. This paper discusses the major flight
dynamics operations and challenges from lift-off to halo orbit insertion (HOI) for Aditya-L1. Aditya-L1
was launched on 2nd September 2023 at 23:30 UTC by the PSLV-C57 rocket into an Earth parking
orbit (EPO) of 239.2 x 19,520 km. During the EPO phase, four Earth-bound manoeuvres (EBN) were
performed to increase the orbit’s apogee, and the satellite was finally injected into a trans-L1 trajectory.
The initial conditions, including the injection orbit, were chosen to ensure that the spacecraft would follow
a smooth trajectory that exponentially approaches the halo orbit and eventually arrives at that orbit from
the orbit’s stable direction with minimum transfer cost. Radiometric tracking data from ISRO/IDSN and
ESA/DSN stations were crucial for orbit determination. Precise knowledge of the spacecraft’s state is a
prerequisite and key point for trajectory analysis and achieving mission objectives. The precise state was
determined regularly to improve the trajectory estimation, which is used for planning the manoeuvres,
always targeting the halo orbit insertion (HOI) condition. The specification for the inbound Doppler
acquisition bandwidth for the onboard TTC receiver is 250 kHz. As Doppler values can exceed the
onboard specification, Doppler compensation was necessary. FDO/ISTRAC initiated the generation of
a ramped table of uplink frequencies. This prediction of the ramped table was generated using the in-
house developed compdplr / rampAnalysis program. In the post-TL1I cruise phase, the pre-fit range
rate residues from the N18 station for the Aditya-L1 mission were approximately 2 to 5 mm/sec, with
a noise band thickness of only 0.4 mm/sec. The sensitivity of the measurements, as well as trajectory
knowledge, was sufficient to detect any changes or disturbances in the spacecraft’s attitude through the
range rate residues. The halo orbit insertion was carried out on January 6 at 16:01 IST. The insertion
manoeuvre was to nullify the X and Z velocity components and attain the required Y-velocity in the L1
rotating frame for the halo orbit. The mission is successfully in the halo orbit and supporting scientific
observations. This paper discusses in detail each of the above elements.



