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Abstract

NEO (Near-Earth Objects) are a vital source of information and resources enabling understanding
about our shared origins, as well as supplementing us with rich minerals. However, they also pose a
significant threat: potential impacts with the Earth that can cause biodiversity damage, destruction, and
even global catastrophes. Once a potential threat has been identified, it is important to plan in advance
and augment observational data with on-orbit data from spacecraft missions to the threat. This will help
narrow down the orbit parameters and can help devise an optimal impact minimisation strategy or a future
deflection mission. A surveyor mission framework which is highly adaptable, is proposed here and the goal
is to augment agile mission planning with Model Based System Engineering (MBSE). Once the Concept of
Operations and the Mission Architecture has been identified, multiple mission parameters can be traded
off - enabling faster prototyping and execution, especially valuable with the dynamic nature of the threat
observations. From comprehensive systems modelling that helps with requirements traceability to trading
off concepts and optimising the design space, MBSE offers a concrete methodology and framework that
has been leveraged even by NASA for the OSIRIS-REx mission. This paper presents a set of preliminary
mission concepts for an NEO surveyor mission, illustrating how MBSE can support rapid architecture
development and trade-off analysis under varying mission constraints. 99942 Apophis and 153814 (2001
WN5) are the two targets identified using NASA’s CNEOS Close Approaches Tool. The common design
framework is tested for the two different mission concepts and initial trajectory design is done using
NASA’s Small Body Mission Design Tool. ARCADIA methodology is employed through the Capella tool
to transform constraints and requirements into mission and system capabilities. The high-level mission
architecture includes operational concepts modeled through scenario and activity diagrams, while orbital
parameters for transfer trajectories are represented within the architecture using class diagrams. Mode
and state diagrams are further used to describe mission phases and timelines. The overall objective of
this work is to propose an MBSE-based framework applicable to the Pre-Phase A and Phase A stages of
small-body mission development, demonstrated through the example case studies.
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