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Abstract

According to the United Nations, the amount of electricity used and heat produced in data centers
and supercomputers has been increasing significantly in recent years, and it is having a major impact
on Earth’s climate. The global challenge of creating a territorial production complex in low Earth or-
bit that will implement the technological cycle for energy production, information processing and data
transmission is considered. The transfer of high-performance computing to space, is in line with the
trend of fighting global warming. Currently, there are well-known projects for orbital supercomputers, for
example, HP Spaceborne Computer. Solutions for edge computing in non-terrestrial networks are being
actively developed. In BMSTU, they are designing a space complex that will combine the solar power
satellite with a supercomputer, communication system, and thermal control system. The implementation
of this project would allow the use of energy received from the sun to be directly processed in space,
instead of potentially dangerous transmission of energy to Earth through wireless channels. The report
discusses the results of a space experiment conducted by a team of young professionals who performed
parallel calculations onboard a nanosatellite. The goal of the experiment was to test the technology and
gather experimental data on how the computing node of the future orbital cluster would function in real
space flight conditions. During the implementation of the project, a computer module was developed
based on the Raspberry Pi 3A+ small single-board computer, and software for managing the computing
resources was created using the microservice architecture. The computer module has been integrated into
the 3U CubeSat satellites Yarilo 3 and Yarilo 4. These satellites have been developed by BMSTU and
are used for research into the Sun and solar-Earth coupling. The satellites were successfully launched
on June 27, 2023, as part of a cluster launch, into a sun-synchronous 9-hour orbit at an altitude of 545
kilometers. The report presents the results of experiments conducted to determine the performance of a
computing node using the LINPACK benchmark, solve a computational fluid dynamics problem involving
vortex rings motion using the Lagrangian vortex method and MPI parallel computing technology, and
study the operating modes and thermal regime of a microprocessor. The spaceborne results are compared
with ground-based tests. The results of the experiments provided valuable practical experience for the
young professional team, allowing them to proceed with the design of orbital cluster of proved in an flight
experiment computing nodes.

1

Paper ID: 85853
student


