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Abstract

Aiming at the problems of the traditional intelligent manhole cover system, such as single function,
high response delay, and large energy consumption, this paper designs an automatic alarm intelli-
gent manhole cover system based on STM32. The hardware takes STM32F103C8T6 as the core, in-
tegrates multi-source sensors, GPS, and ESP8266 communication module, and realizes efficient data
interaction through the serial port and SPI. In the software, the improved extended Kalman filter is
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used to fuse data, the standard deviation of water level measurement is optimized to +0.8 mm, and
the positioning accuracy is *1.5 m. An event-driven task scheduling architecture is constructed,
combined with dynamic power consumption regulation, and the standby time can reach up to 3.2
years. The innovative three-level interlock abnormal detection model controls the false alarm rate
at 4.3%, and the detection accuracy rate reaches 96.7%. The actual test shows that the data trans-
mission reliability of the system in the environment of —20°C to 60°C is 99.97%, the alarm response
delay is 237 ms, and the positioning accuracy, energy consumption, and stability are all better than
the industry standards, providing a highly reliable solution for the intelligent management of urban
infrastructure.
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Figure 1. System framework diagram
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Figure 2. System circuit diagram
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Figure 3. Main program flow chart
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Table 1. Configure five-level hardware interrupts
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Table 3. Power consumption test data
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Table 4. Three-level interlock abnormality detection table
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Figure 4. Physical object diagram of the display data test for the display module
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