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Practical Exploration of Remote Sensing—Internet of Things Integrated Technology in
Dynamic Sand Removal Maintenance for Desert Highways

Xi Lei

Xinjiang Highway Construction (Group) Co., Ltd., China Xinjiang Changji 831100

Abstract: Desert highways serve as strategic corridors linking resource-rich regions in western China with inland
economic zones, and their safe and unimpeded operation is vital to regional development, border stability, and national
energy security. However, the suddenness, spatial-temporal heterogeneity, and high destructiveness of wind-blown
sand flows have rendered traditional sand removal and maintenance models—relying on scheduled inspections, passive
responses, and experience-based dispatching—ineffective due to delays, resource misallocation, high safety risks, and
significant ecological disturbances. With the deep integration of Earth observation technologies and the Internet of
Things, remote sensing—IoT integrated technology offers a novel paradigm for dynamic sand removal and maintenance
in desert highways. This paper systematically reviews the theoretical foundations, practical progress, and application
challenges of this technology in desert highway maintenance, covering core aspects such as multi-source perception
system construction, data fusion and intelligent decision-making mechanisms, coordinated dynamic sand removal
operations, and full-life cycle maintenance management. The study highlights that current practices have achieved initial
transitions—from point-based monitoring to area-wide perception, from post-event response to pre-event prediction,
and from manual dispatching to data-driven operations—demonstrating notable improvements in sand removal
efficiency, reduced maintenance costs, and enhanced traffic safety. Nevertheless, profound challenges remain, including
insufficient remote sensing inversion accuracy under complex surface conditions, poor reliability of IoT devices under
extreme environments, low timeliness in fusing multi-source heterogeneous data, limited intelligence of sand removal
equipment, and the absence of standardized frameworks.

Keywords: Remote sensing—internet of things integration; Desert highways; Dynamic sand removal; Intelligent

maintenance; Multi-source data fusion; Wind-blown sand monitoring; Digital twin
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