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Abstract

Aiming at the bottlenecks of traditional Prognostics and Health Management (PHM) for construction
machinery under harsh and variable operating conditions, including poor dynamic adaptability,
scarce fault samples, difficulties in mechanism interpretability, and inadequate closed-loop decision-
making, this paper systematically reviews the progress of deep integration between digital twin (DT)
and PHM. A general reference architecture of DT-PHM for construction machinery is proposed, and
its evolution trends toward cloud-edge-end collaboration, microservice decoupling, and multi-dimen-
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sional physical mapping are summarized. Taking the deep integration of mechanism and data as the
main thread, this paper further analyzes four representative cutting-edge approaches: dynamic cor-
rection of twin models based on real-time data, virtual-physical collaborative fault diagnosis, physics-
embedded machine-learning-based remaining-useful-life prediction, as well as health assessment
and strategy optimization for maintenance decision-making. This research provides theoretical sup-
port and engineering guidance for the transformation of construction machinery from reactive
maintenance to globally optimal predictive maintenance.
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Table 1. Analysis of limitations of existing technologies
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Figure 1. Overview of the general architecture
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Figure 2. Fusion strategy diagram
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