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LESSONS LEARNED FROM THE FIRST GENERATION OF INTERPLANETARY SMALLSATS

Abstract

Small Satellites, or ‘SmallSats,’ are increasingly dominating the current era of space exploration and
have opened a whole new set of scientific and space exploration opportunities. In particular, the Cube-
Sat form factor has enabled hundreds of sustainable, low-cost, and simple missions over the last decade.
However, SmallSats have just begun to operate in interplanetary space, potentially providing a low-cost
alternative to traditional large satellite missions. An example of this potential was using CubeSats as
secondary payloads on the Artemis I mission. However, interplanetary SmallSat missions face a range
of technical and operational challenges due to their demanding operating environments and ambitious
scientific goals. Additionally, there is a lack of suitable engineering processes and standards tailored for
missions of this type. Thus, this study aims to present a set of common knowledge on the specific dif-
ficulties these missions face. This knowledge was gathered using several methods, including a developer
summit, interviews with mission leaders, mission surveys, and an extensive literature review. In addition,
first-hand accounts from mission developers on the specific challenges faced, and the solutions they rec-
ommended were recorded. The study also investigates the difficulties faced by missions of this type and
their degree of impact on development compared to typical Earth-orbiting SmallSat missions. As a result,
suggestions to lower the risk and costs for future missions are made. These range from development,
operation, documentation, and review approaches to team composition, parts selection, qualification, and
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shared tools and facilities. Moreover, the study creates a standard framework for preventing and over-
coming many of the problems encountered by past missions. It outlines customized systems engineering
and project management models and standards that can serve future missions in the development and
operations phases. These focus on the system development approaches, resource management, hardware
selection and qualification, risk management and mitigation and the technical standards for different sub-
system design, testing and validation. The proposed models aim to ease the development cycle of future
missions from both a systems management and technical perspective.
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