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Abstract: With the deep integration of artificial intelligence and robotics, intelligent robots are evolving from structured
environments reliant on pre-defined rules towards open, dynamic, and complex scenarios. Traditional methods face challenges in
generalization when dealing with semantic understanding, long-horizon tasks, and natural human-robot interaction. This survey
systematically reviews key advancements in intelligent perception, navigation, and manipulation empowered by large language
models and multimodal large models. At the perception level, multimodal fusion and language-spatial joint reasoning enhance deep
understanding of environmental semantics and geometric attributes. For navigation, techniques such as chain-of-thought task
decomposition and commonsense reasoning enable the parsing of ambiguous instructions and autonomous exploration in unknown
environments. In manipulation, vision-language-action models coupled with physical commonsense improve the dexterity and
adaptability of complex interactive tasks. Research indicates that the introduction of large models drives a paradigm shift in robotics
from “perception-driven” to “cognition-driven,” significantly enhancing the system's capabilities in contextual reasoning and
autonomous decision-making. However, core challenges remain, including cross-modal alignment accuracy, real-time performance,
safety, reliability, and Sim2Real generalization. A systematic technical reference and development roadmap are provided for building
general-purpose, cognition-enhanced intelligent robotic systems.

Keywords: intelligent robots, artificial intelligence, multimodal large model, intelligent navigation, dexterous
manipulation
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Fig.1 The development history of intelligent robots and their supporting technologies
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Fig.2 Framework of the embodied perception system
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