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Abstract

With the wide application of edge computing in fields such as autonomous driving and industrial Internet of Things, the deployment
of lightweight AI models has become the key to achieving low-latency and high-efficiency autonomous intelligence. This paper
systematically reviews the technological progress of model compression, hardware co-optimization and autonomous deployment
tools: At the algorithmic level, pruning, quantization and knowledge distillation techniques can significantly compress the model
size, and dynamic inference and lightweight Transformer architecture improve the inference speed at the edge. At the hardware
collaboration level, the dedicated NPU and compilation toolchain significantly improve the energy efficiency ratio. Typical
applications have verified the effectiveness of lightweight technology in scenarios such as industrial defect detection and wearable
medical care. However, the balance between precision and efficiency, hardware fragmentation and adaptability to dynamic
environments remain the core challenges. In the future, it is necessary to integrate directions such as automated compression
tools, edge-cloud collaborative inference, and in-memory computing chips to promote the practicality and standardization of the
edge intelligent ecosystem. This article provides technical references and practical guidelines for building an efficient and robust
autonomous edge Al system.
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