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A survey on embodied robot teleoperation

NI Zigiang, XIE Shaoxuan, LIU Xuecheng, YANG Xiang, LIU You, YAO Guocai’

Beijing Academy of Artificial Intelligence, Beijing 100089, China

Abstract Embodied robot teleoperation will remain indispensable before robots can achieve fully human—level autonomy. This paper
first categorizes human—machine interaction modalities for teleoperation, including exoskeletons, virtual/mixed reality, motion
capture/inertial sensing, and vision—based interfaces. It then analyzes the evolution of teleoperation control paradigms, covering direct
control, shared control, imitation—learning—based approaches, and the recent introduction of generative strategies, highlighting their
underlying principles and application domains. Next, representative system architectures and technical implementations are introduced,
encompassing perception and mapping, control algorithms, and communication modules, while discussing the role of multimodal
feedback—such as vision, force, and touch—in enhancing immersion. Furthermore, performance evaluation methods and the latest
benchmarks are reviewed, emphasizing the significance of open—source software/hardware platforms and data resources in advancing the
field. Finally, the paper summarizes key challenges and future directions, including improving the level of intelligence, reducing costs and
barriers to adoption, and establishing standardized frameworks.

Keywords embodied robots; teleoperation; human—machine interaction; control paradigms
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