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Industrial exoskeletons are increasingly introduced into manufacturing and logistics environments to mitigate physical

workload, reduce musculoskeletal risks, and enhance human performance. However, the integration of these wearable

robotic systems introduces new challenges for human reliability, including altered movement patterns, cognitive workload

variations, and shifting operator roles in hybrid human–machine systems. Despite rapid technological progress, current

Human Reliability Analysis (HRA) methods offer limited guidance for evaluating performance and error likelihood in

exoskeleton-assisted tasks. This paper proposes a conceptual framework for Human Reliability Assessment tailored

specifically to industrial exoskeleton applications.

The framework integrates principles from classical HRA methods (HEART, SPAR-H, CREAM) with contemporary approaches

in cognitive systems engineering and ergonomics. It identifies a structured set of Performance Shaping Factors (PSFs) that

are unique to exoskeleton-supported work, including biomechanical load redistribution, physical assistance levels, device

adaptation and fit, operator learning curves, and trust in automation. A task analysis model is proposed to classify

exoskeleton-assisted operations in terms of physical demand, cognitive demand, task complexity, and human–machine

coordination requirements. These elements form the basis for an HRA pathway that evaluates potential error types,

mechanisms of degradation, and safety-relevant conditions introduced by wearable robotic systems.

The framework also outlines a roadmap for empirical validation, involving laboratory testing, cognitive workload

assessment, motion analysis, and physiological monitoring, as well as pathways for integrating reliability insights into

device design and safety standards. By consolidating multidisciplinary perspectives, the proposed approach addresses a

critical research gap and offers a foundation for systematic evaluation of human reliability in emerging exoskeleton-

assisted industrial environments.

This work supports future development of exoskeleton safety architectures and contributes to the broader understanding

of human–machine collaboration under evolving Industry 5.0 paradigms.
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