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Abstract

Building facades offer significant advantages in multiple dimensions, including light weight, seismic
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safety, design flexibility, construction efficiency, and energy conservation. These characteristics have
made them the dominant choice for the exterior enclosure of modern high-rise buildings. However,
the facade industry has long been plagued by three persistent challenges: low design efficiency, poor
construction accuracy, and high operational risks. The introduction of artificial intelligence and dig-
ital twin technologies is driving facade systems from “standalone applications” toward “system in-
tegration”. This paper systematically reviews the latest research and application progress of Al and
digital twins in the field of building facades, and constructs a technical framework for the facade
agent from three dimensions: perception, decision-making, and execution. The review is organized
around the stages of design and construction, intelligent construction, and operation and mainte-
nance. It discusses current bottlenecks such as the lack of data standards and insufficient model
generalization, and looks ahead to future directions including physics-informed neural networks,
multimodal foundation models, autonomous agent systems, and generative Al-assisted design. The
aim is to provide researchers and engineering practitioners in the field of building intelligence with
a systematic theoretical reference.
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