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QUBE-I MISSION UPDATE: FIRST YEAR OF OPERATION OF A 3U CUBESAT FOR
QUANTUM-KEY-DISTRIBUTION EXPERIMENTS

Abstract

The QUBE-I mission is a technology demonstrator mission for novel building-blocks for satellite-based
quantum-key-distribution (QKD). The mission aims to test three highly integrated optical payloads, a
quantum random number generator and two transmitters for polarization and phase encoded quantum
states as a precursor mission for the first QKD demonstration from a CubeSat. The QKD sources are
connected to, and are integrated together with the Optical Space Infrared Downlink System (OSIRIS)
for QUBE (04Q) in a 3U CubeSat. One of the mission’s primary challenges is achieving a precise and
accurate pointing of the O4Q with an error margin of less than 1° towards the optical ground station
(OGS). Additionally, conducting the experiments presents several operational challenges, such as the need
for precise orbital elements to track the satellite with the OGS and safety mechanisms to protect the Sun-
sensitive components of the satellite.

Following the launch on 16th August 2024, we conducted an extensive commissioning phase to test all
subsystems, payload components, and operational procedures. This paper provides insights and results
from QUBE-Is first year in orbit, highlighting lessons learned from integrating multiple complex payload
systems into a 3U CubeSat platform. Starting with communication establishment, we present the ground
segment and operations capabilities. We elaborate on the use of flexible on-board scripting and recording
mechanisms provided by the satellite’s flight software stack for operations. An effective review, test, and
deployment procedure was established to balance risk mitigation and agile operation planning.

We present results of extensive tests conducted for the crucial attitude determination and control sys-
tem (ADCS), including actuator verification, spin-up and detumbling tests, in-orbit sensor calibration
procedures, and the evaluation of various pointing modes, such as the fine pointing mode required for
the experiments. Besides that, we give insights in the actual performance of the experimental and scien-
tific payloads after their commissioning . A big milestone marked the successful test of the operational
procedure for the QKD experiments. This includes the timely provision of precise orbit determination
to the OGS for tracking. In addition, the ADCS needs to prepare the fine pointing mode accordingly
and the experiment needs to be started autonomously before actual contact. Flexibly selectable on-board
recordings can be downloaded after the experiments for evaluation.

As expected, the technical complexity of the QUBE-I mission resulted in a challenging first year of op-
eration. With this paper, we aim to share our experiences and contribute our insights to the space
community.



