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Abstract

To address the challenges of hazardous working conditions, complex monitoring requirements, and
the lack of real-time early warning in mining environments, this study designs an ESP32-based mine
environmental monitoring and early warning system. The system first collects multi-parameter data
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via a suite of sensors. These data are then transmitted to the ESP32 main controller through a GD32
auxiliary processor running the RT-Thread operating system, before being uploaded to the OneNET
cloud platform using the MQTT protocol. Key functionalities of the system include on-site data visual-
ization via LED displays, remote monitoring through a WeChat mini-program, automatic light-based
alarms and equipment linkage triggered by parameter deviations beyond threshold values, and inte-
gration with the DouBao Al large language model to enable voice interaction and intelligent Q & A.
Experimental results demonstrate that the LED display maintains stable operation for 72 consecutive
hours; the voice command recognition accuracy exceeds 88% with a response time of less than 2.5
seconds; the success rate of remote device control is no less than 90% with a response delay within
1.5 seconds. By employing domestic chips and a domestic operating system, this system provides a
self-controllable localized solution to advance the digital transformation of mining operations.
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Figure 1. Overall system structure block diagram
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Figure 2. Flowchart of the MQTT protocol
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Figure 3. Schematic diagram of the master-slave controller connection PCB design
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Figure 4. Framework of the audio processing system
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Figure 5. Flowchart of the speech recognition system
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Table 2. LED dot matrix screen stability test results
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Table 3. Test results of voice command recognition and control response
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Figure 7. Environmental parameter curve of WeChat mini program
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Table 4. Test results of WeChat mini program environmental data acquisition
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5:00 16C 16C 0% 86% 85% 1.2% 0.05% 0.05% 0
12:00 26C 26C 0% 73% 73% 0 0.08% 0.08% 0
20:00 19°C 20C 5.3% 80% 80% 0 0.12% 0.12% 0
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Table 5. Test results of WeChat mini program remote device control function
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