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DEVELOPMENT OF A MODULAR HALF-DUPLEX FREQUENCY-AGILE X-BAND TRANSCEIVER
FOR CUBESATS AND ROBOTIC SPACECRAFT

Abstract

The EPFL Spacecraft Team is developing the CHESS (Constellation of High-Energy Swiss Satellites)
mission, foreseen to launch in 2025, a constellation consisting of two 3U CubeSats to study the chemical
composition of Earth’s exosphere, using time-of-flight mass spectrometry. In addition to a bidirectional
UHF link, the satellites shall downlink the collected science data using a dedicated X-band transceiver.
Given that the CubeSats are targeted for purely scientific and educational goals, the amateur frequency
range from 10.45 to 10.50 GHz has been selected for operation. This amateur band provides sufficient
bandwidth while considerably simplifying the frequency coordination process. As there is currently no off-
the-shelf equipment available for this band, and the overall platform development for the CHESS mission
is being conducted in-house, a custom solution for the transceiver is being developed.

The transceiver architecture presented in this contribution leverages SDR technology for easy adap-
tation to different applications. The selected SDR transceiver IC is coupled with a custom RF front-end
to attain the target frequency beyond 10 GHz via a heterodyne approach, employing additional filter-
ing. Modulation/demodulation and coding/decoding are performed on an adjacent Xilinx SoC. Given the
modularity of this architecture, the desired frequency range can be changed by substituting a small num-
ber of components on the RF front-end, with the backbone remaining unchanged and without requiring
a complete redesign of the system.

This modular technique can potentially be a good fit for future robotic spacecraft missions. Active
Debris Removal (ADR) or Lifetime Extension (LE) services, for example, being developed by the EPFL
Spin-off ClearSpace, require flexible communication systems that allow in-flight reconfigurability. There
are currently no low-cost, frequency and transmit power agile Telemetry and Telecommand (TMTC)
systems on the market. The Software Defined Radio (SDR)-based approach combined with modular
front-end architectures at different frequency bands can provide a highly versatile solution for these types
of missions.



