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Abstract

Human Space Exploration Systems (HSES’s) are characterized by long development horizons, high
coupling between disciplines, and strong sensitivity to technology maturity. Early architectural decisions
are therefore often taken without an explicit, traceable linkage to technology roadmaps, so feasibility,
schedule realism, and development risk are assessed late and outside the authoritative system model. This
paper integrates Technology Roadmapping and Model-Based Systems Engineering (MBSE) to provide
roadmap evidence as a first-class design artifact from the earliest phases of HSES’s definition.

The contribution is developed within the MOSAIC framework, which establishes a Capella-based
authoritative model connected to analysis and simulation through parametric model extensions and auto-
mated data extraction. On this basis, the work integrates the Technology Roadmapplng Strategy (TRIS)
methodology to generate, update, and exploit technology roadmaps consistently with the evolving system
architecture and its operational definitions. The core idea is to treat technology maturation planning as
part of the same digital thread that links stakeholder needs, requirements, architecture, and verification
evidence, rather than as a parallel management activity.

Technologies are captured in the MOSAiIC model with explicit traceability to architectural elements
and operational constructs (i.e, lifecycle, Concept of Operations (ConOps)). TRIS is then used to (i)
structure roadmap elements and their relationships, (ii) encode applicability links between technologies,
building blocks, and mission capabilities, (iii) prioritize maturation candidates using criteria and Figures
of Merit (FOMs) such as criticality to mission capabilities, expected impact on mass/power/volume
budgets, closure contribution for Environmental Control Life Support System (ECLSS) loops, integration
complexity, development risk, and time-to-maturity, and (iv) assemble consistent maturation paths that
account for schedule constraints and Technology Readiness Level (TRL)-gaps.

The integration is implemented through a model-driven pipeline: the MBSE model provides the system
context, configuration, and target mission timeline; TRIS produces roadmap candidates and maturation
paths; and the resulting roadmap information is written back into the model as traceable data linked to
requirements, configuration items, and planned activities. As output, the workflow screens architectural
options against a declared mission date by flagging technologies whose projected maturity is incompatible
with the timeline and by highlighting schedule-driving dependencies and infeasible TRL gaps.



The approach is demonstrated through a pilot application to a habitat/ECLSS-driven architecture,
where roadmap-derived constraints are propagated to architecture trade studies to identify enabling tech-
nologies and prioritize maturation actions. The outcome is a configuration-controlled approach where
architecture trades can be evaluated together with roadmap implications, providing decision-quality,
model-consistent evidence for HSES’s program planning.



