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Abstract

As plans for establishing a sustained human presence on the lunar surface progress, large resources
are being dedicated to the development of robotic and crewed missions to the South Pole and far side
of the Moon. An important element for the success of these missions is the establishment of a reliable
communication infrastructure between the Moon and the Earth. A constellation of relay satellites in
cis-lunar space, serve as an ideal solution to ensure constant connectivity for lunar entities, even in the
absence of a direct line of sight to the Earth.

ESA’s Moonlight and NASA’s LCRNS programs are currently developing relays for lunar commu-
nication services. The CNSA has also made considerable advancements in this domain through their
Queqiao constellation. The Queqiao-1 satellite, positioned at the Earth-Moon L2 halo orbit, provided
communication support to the Chang’e-4 spacecraft operating on the far surface of the Moon. This was
followed by the deployment of the Queqiao-2 relay to an elliptical frozen lunar orbit. These satellites are
now part of a proposed fourteen-satellite constellation for comprehensive Earth-Moon communication.
China’s deployment of the Queqiao highlights the principle of building on existing satellite capabilities
(which maximize their utility) to create a cohesive, powerful and scalable architecture.

Another nation capable of similarly providing end-to-end lunar connectivity is India. This paper
proposes two concepts of communication constellations, developed with India’s Chandrayaan-2 orbiter as
it’s master node. The orbiter is presently situated in a lunar polar orbit and was used to relay data between
the Vikram lander and the Indian Deep Space Network during the Chandrayaan-2 and Chandrayaan-3
missions.

The constellation design process began by assessing the existing coverage provided by the Orbiter, and
then iteratively and strategically (through optimization techniques) positioning additional relay satellites
in lunar orbits to meet the total coverage requirements. All satellites in the constellation were assumed to
have identical communication antennae and electronics as that of the Chandrayaan for interoperability.
Figures of merits such as transmission delays, availability, throughput and redundancy were also consid-
ered in down-selecting the final design. The paper presents two such constellations, beginning with the
Chandrayaan-2 orbiter and consisting of 10-16 additional relay satellites in elliptical frozen, low lunar,
and Earth-Moon halo orbits.

With India’s participation in the Artemis Accords and its plans to establish a Moon base by 2047,
research towards such scalable communication architectures will be highly beneficial for the nation and
for global lunar connectivity.



