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RS B 7E I 1) [7 25 R0 P SRR o E B 1) ki

1. EfE)4EREE x5
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LightGBM 8.81 5.04 0.96 12.4 0.2
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Design of an Intelligent Student Emotion Analysis and Monitoring
System Empowered by Multimodal Data and Large Models
Abstract: With the in-depth development of artificial intelligence and deep learning

technologies, the application potential of multimodal sentiment analysis in the educational

field is increasingly evident. Traditional unimodal emotion recognition methods have
limitations in capturing students' complex emotional states, while multimodal analysis
significantly improves the accuracy of emotion recognition by integrating facial expressions,
speech information, and physiological signals. Under the current background of educational
informatization, there is an urgent demand for student mental health monitoring. However,
existing methods face challenges such as poor timeliness, strong subjectivity, and difficulties
in scaling, which limit their widespread adoption in campus environments.

To address these challenges, this paper proposes and implements a student emotion

intelligent analysis and monitoring system based on ESP32 and ESP32S3 hardware platforms,



combined with lightweight multimodal fusion algorithms and large language models. The
system aims to utilize low-cost, highly integrated embedded technology to fuse multi-source
data including facial, speech, and heart rate information, providing educators, parents, and
students with real-time, accurate, and convenient emotion monitoring and support tools.

At the hardware level, a distributed dual-mainboard architecture using ESP32 and
ESP328S3 is adopted. The ESP32 mainboard integrates ESP32CAM and heart rate sensors to
implement facial expression recognition, physiological data collection, and basic feedback.
The ESP32S3 mainboard integrates a digital microphone, audio amplifier, display screen, etc.,
to achieve intelligent dialogue functions based on Baidu's ERNIE Bot API. At the software
level, a Node.js-based server is constructed, SQLite is used for data storage, and multi-role
web application interfaces for teachers, students, and parents are developed. On the
algorithmic level, the system implements facial emotion recognition based on Deepface,
speech emotion analysis using the ERNIE Bot API, designs a dynamic weight decision-level
multimodal fusion algorithm, and introduces a data-volume-based multi-model emotion trend
prediction method. Additionally, prompt optimization is employed to enhance the
performance of large language models in emotional support dialogue tasks.

Finally, the system hardware platform was successfully built and debugged, with
comprehensive functional testing and verification conducted on the software system,
including white-box testing and black-box testing. The test results demonstrate stable
operation of all system modules, compliance with design requirements, and effective
integration of multimodal data for student emotion state analysis and monitoring, validating
the feasibility and effectiveness of the design.

Key Words: Multimodal sentiment analysis; Student emotion monitoring; ESP32;

Large language models; Data fusion
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