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Abstract

The growing adoption of CubeSats for national Earth observation missions has increased the demand
for imaging payloads that are compact, cost-effective, and sufficiently robust to operate in the space envi-
ronment. As one of the most mission-critical subsystems, imaging payloads introduce significant technical
risk, particularly when early design decisions related to architecture, component selection, and environ-
mental tolerance are made without adequate validation. This paper presents the design and validation
of KUBUS-3U, a dual-camera imaging payload developed for a national CubeSat mission, employing a
system-oriented development approach that prioritizes feasibility verification prior to full satellite inte-
gration. The development process began with the definition of mission- and payload-level requirements,
followed by a structured trade-off analysis for the selection of key components, including the micro-
controller, flash memory, image sensors, and optical lenses, with considerations given to performance,
power consumption, data handling capability, and environmental resilience. To support early functional
assessment, the payload was first implemented as a breadboard model and subsequently realized as an
engineering model in the form of a dedicated Camera Controller Board (CCB), which serves as the central
processing and control unit for the dual-camera payload. Unit-level environmental validation was con-
ducted on the CCB to assess the suitability of the selected components and the robustness of the overall
payload architecture. Radiation tolerance was evaluated through a total ionizing dose test of 200 Gy
using a Co-60 gamma source, while thermal survivability was examined through a thermal vacuum test
conducted between 15.0 C and +60.0 C over a complete cycle, with functional performance monitored
before, during, and after exposure. The results demonstrate that the microcontroller, memory devices,
image sensors, and optical components remained operational throughout both radiation and thermal test-
ing, with no critical functional degradation observed, confirming the feasibility of the selected component
set for CubeSat Earth observation applications. The KUBUS-3U imaging payload and its CCB provide a
practical reference for early-stage payload development and risk reduction in national CubeSat programs,
while future work will focus on integrating the payload and onboard image classification capabilities with
other CubeSat bus subsystems toward full system-level validation and flight model realization.
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