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Abstract

The space industry, specifically the Earth Observation (EO) domain, is undergoing a shift with the rise
of New Space, driven by private sector participation and commercial applications. As the EO industry
evolves, so should the integrative approach to mission design. Due to differing investment schemes in the
New Space industry, it is evident that traditional systems engineering frameworks used by institutional
players are often too rigid and place too much emphasis on stakeholders rather than users for effective
implementation. In order to maintain systems engineering up to date, and allow for continued use of
the systems engineering approach in New Space EO missions, improvements to the front-end (user needs
collection and transformation) processes were investigated. An open innovation approach was used to
identify front-end methodologies applied in EO New Space and various other disciplines for gathering
user needs and translating them into mission requirements.

A literature review was conducted in conjunction with interviews with New Space companies, from
which 32 methodologies for gathering and transforming user needs were collected. The searchable domains
were extended beyond the traditional and New Space domains to also include other engineering fields,
software engineering and design disciplines. The 32 methodologies were then filtered to include only
methodologies that are end-to-end and space applicable, leaving six methodologies to be subjected to a
trade-off. Subsequently, a group of systems and Earth Observation engineers performed a trade-off analysis
to assess the methodologies’ strengths and weaknesses over 20 trade-off criteria. The trade-off analysis
revealed that the majority of methodologies demonstrated significantly better performance in stakeholder
and user interaction, as well as in methodology characteristics. However, an overall decline in performance
was observed in the flexibility and adaptability category when compared to the ISO/IEC/IEEE 15288
standard methodology.

This resulted in the selection of Design Thinking and Iterative Prototyping for adaptation and in-
tegration into classical systems engineering, followed by further validation and verification. Subsequent
research is anticipated to identify potential enhancements to the systems engineering front-end by in-
corporating elements of select methodologies that were excluded from the present analysis. Additionally,
further expert input is necessary to reinforce the outcomes and conclusions derived from this study. Never-
theless, the selected and adapted methodologies show great potential for the evolution of classical systems
engineering. This will allow New Space EO organizations to continue using systems engineering effectively
for their mission and system design.



