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            Abstract
Becoming invisible at will has fascinated humanity for centuries and in the past decade it has attracted a great deal of attention owing to the advent of metamaterials. However, state-of-the-art invisibility cloaks typically work in a deterministic system or in conjunction with outside help to achieve active cloaking. Here, we propose the concept of an intelligent (that is, self-adaptive) cloak driven by deep learning and present a metasurface cloak as an example implementation. In the experiment, the metasurface cloak exhibits a millisecond response time to an ever-changing incident wave and the surrounding environment, without any human intervention. Our work brings the available cloaking strategies closer to a wide range of real-time, in situ applications, such as moving stealth vehicles. The approach opens the way to facilitating other intelligent metadevices in the microwave regime and across the wider electromagnetic spectrum and, more generally, enables automatic solutions of electromagnetic inverse design problems.
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                    Fig. 1: Schematic of a deep-learning-enabled self-adaptive metasurface cloak.[image: ]


Fig. 2: Transient response of the self-adaptive cloak in FDTD simulations.[image: ]


Fig. 3: Experimental set-up and ANN training results.[image: ]


Fig. 4: Demonstration of the self-adaptive cloak response to random backgrounds for normal wave incidence at 8.4â€‰GHz.[image: ]


Fig. 5: Demonstration of the self-adaptive cloak response to random and simultaneous changes in the incident wave and background.[image: ]


Fig. 6: Reflection spectrum of the metasurface obtained by different methods.[image: ]
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