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Abstract

Emerging design concepts such as miniaturisation, modularity, and standardisation, have contributed to the rapid de-
velopment of small and inexpensive platforms, particularly cubesats. This has been stimulating an upcoming revolution
in space design and development, leading satellites into the era of “smaller, faster, and cheaper”. However, the current
requirement-centric design philosophy, focused on bespoke monolithic systems, along with the associated development
and production process does not inherently fit with the innovative modular, standardised, and mass-produced technolo-
gies. This paper presents a new categorisation, characterisation, and value-centric design architecture to address this
need for both traditional and novel system designs. Based on the categorisation of system configurations, a charac-
terisation of space systems, comprised of duplication, fractionation, and derivation, is proposed to capture the overall
system configuration characteristics and promote potential hybrid designs. Complying with the definitions of the system
characterisation, mathematical mapping relations between the system characterisation and the system properties are
described to establish the mathematical foundation of the proposed value-centric design methodology. To illustrate
the methodology, subsystem reliability relationships are therefore analysed to explore potential system configurations
in the design space. The results of the applications of system characteristic analysis clearly show that the effects of
different configuration characteristics on the system properties can be effectively analysed and evaluated, enabling the
optimization of system configurations.
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1. Introduction

Emerging technologies, such as widely-used microtech-
nology and nanotechnology derived from the electronics in-
dustry, offer significant opportunities for the miniaturisa-
tion of space systems[1]. The concept of modularity associ-
ated with commercialisation not only completely changes
the labour-intensive and bespoke situation of the exist-
ing space industry by promoting their standardisation and
reconfigurability[2], but also obviously drives the reduc-
tion of design, integration and testing time and associ-
ated costs[3]. Therefore, these innovative concepts and
technologies have contributed to the rapid development of
small and inexpensive space platforms, e.g., cubesats and
nanosats, stimulating an upcoming revolution in space de-
sign and development.

New design concepts have also promoted a big break-
through in space system capabilities, some even overturn-
ing the conventional understanding of space. Duplicated
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configurations are capable of broadening the range of space
missions and simultaneously reducing the design require-
ments of individual units to some extent. Distributed
systems, which refer to a cluster of satellites cooperat-
ing as a virtual satellite in the form of spatial separa-
tion, with each sharing the communication, processing
and payload[4], have offered an excellent carrier for mod-
ularity, mass production and the use of the Commercial
Off-The-Shelf (COTS) products. Such a configuration is
believed to be flexible, robust and cost-effective through-
out the lifecycle[5], filling the vacancies of flexibility and
robustness in traditional systems and creating additional
values to the systems.

However, current design, production and certification
methodologies generally spend lots of time and money
on the integration and testing of large, complex and cus-
tomised systems[6, 7, 8], which do not inherently fit with
the modular, standardised, and mass-produced character-
istics of these innovative concepts. Since “smaller, faster,
and cheaper”[9, 10, 11] has been one of the latest driv-
ing factors for spacecraft design, new analysis and design
methodologies are urgently required to deliver such ca-
pabilities effectively. Therefore, a new insight for future
space mission design and analysis will be proposed in this
paper. To describe and analyse space systems diversely
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