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[Abstract] Focusing on the complete design process of embedded systems, this paper conducts a discussion from
three dimensions including hardware architecture, software development and engineering application. At the
hardware level, taking STM32F407 as the core platform, it discusses processor selection, peripheral interface
driving and EMC reliability design. At the software level, combined with the FreeRTOS real—time operating
system, it analyzes task scheduling, driver middleware development and low—power optimization strategies.
Actual measurement shows that the average current of a smart node is reduced from 2.1 mA to 68 pA. At the
application level, three typical scenarios of industrial control, IoT edge computing and embedded image
processing are selected for engineering practice analysis. The cost of the control system is reduced by 62%, and
the efficiency of image defect detection is 8 times higher than manual operation. The research indicates that the
systematic software and hardware collaborative design method can effectively improve the performance,
reliability and engineering applicability of embedded systems.
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