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Figure 1 (Color online) Diagram of “Entire-loop, Small-loop, Upper-loop” multi-scale heterogeneous architecture.
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Figure 2 (Color online) Relationship between the DC-UQ theory and the “Entire-loop, Small-loop, Upper-loop” structural characteristics of

unmanned systems.
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unmanned systems applications
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Disturbances and uncertainties widely exist in practical systems. Cognition and quantification of the disturbances and uncertainties is
a key prerequisite for the design, analysis, control, and decision-making of complicated systems. It is also an important pathway
towards intelligent systems engineering research and practice. As the practical unmanned autonomous systems are primarily closed-
loop systems with real-time feedback structure, the existing uncertainty quantification methods which have mainly focused on open-
loop offline calculation and analysis are faced with restricted applicability. In this paper, the dynamic closed-loop uncertainty
quantification (DC-UQ) theory for intelligent unmanned systems will be proposed. The emphasis will be placed on how to break
through the key technologies including closed-loop refined characterization, dynamic separation estimation, simultaneous
compensation/attenuation/absorption, reconstruction optimization, intelligent testing and evaluation, and autonomous system
evolution for systems with multi-source disturbances and uncertainties. The theoretical framework of DC-UQ, consisting of
“composite characterization-separation estimation-feedforward compensation/feedback attenuation/closed-loop absorption-recon-
struction optimization-intelligent testing and evolution”, will be established. The research on DC-UQ will provide a theoretical
foundation and technological approach for intelligent systems engineering with “safety, immunity, green”, and contribute to
enhancing the autonomy, safety, and reliability of unmanned systems under complex uncertain environments. Finally, the
effectiveness and advantages of the DC-UQ theory in practical applications are demonstrated via several typical examples.

unmanned systems, dynamic closed-loop uncertainty quantification, multi-source disturbances and uncertainties,
intelligent testing and evolution, intelligent systems engineering
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