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Abstract
Against the backdrop of global warming and energy shortage, the energy consumption proportion
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of building air-conditioning systems keeps rising, and heat exchange losses induced by large-area
glass structures further aggravate this issue. This paper systematically reviews the main technical
schools in the field of smart glass control, identifies the deficiencies of existing methods in thermal
comfort modeling accuracy and multimodal environmental adaptability, and thereby proposes an
adaptive control method of smart glass driven by multimodal sensing with comfort priority for green
buildings. The Internet of Things (I10T) terminal is built based on low-power ESP32, with integrated
sensors to collect indoor and outdoor environmental parameters in real time. Relying on the ASHRAE
thermal comfort database, random forest is adopted to establish the thermal comfort reference stand-
ard, and support vector machine is used to construct the mapping from environmental states to con-
trol actions, forming a closed-loop control strategy driven by comfort deviation. Experimental results
demonstrate that the proposed method increases the annual indoor thermal comfort duration by 50
h, raises the average daylight factor by 2.03%, and cuts the annual total energy consumption by 423.387
kWh. Compared with conventional glass windows, the air-conditioning cooling load is remarkably
reduced, and the overall building energy consumption drops by approximately 20%. The proposed
method can dynamically respond to external environmental variations and avoid energy waste caused
by excessive compensation of electromechanical equipment, thus lowering the building heating and
cooling load demands. Its energy-saving potential and application value in smart glass structures are
verified.
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Figure 1. Photograph showing electrochromic effect of smart glass (Left: Colored state; Right: transparent state)
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Figure 2. Geographic distribution of measured datasets and Koppen climate types
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Figure 3. Overview of missing data in the dataset (yellow indicates missing, purple indicates available)
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Figure 4. Comparison of density distributions between original air temperature and constructed equivalent temperature, as well
as original air velocity and constructed equivalent air velocity
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Figure S. Correlation heatmap between core environmental features and subjective evaluations
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Figure 6. Sample distributions of thermal acceptability, thermal preference and air velocity preference
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Figure 7. Feature importance ranking of the random forest model (thermal acceptability)
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Figure 8. Feature importance ranking of the random forest model (thermal preference)
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Figure 9. Feature importance ranking of the random forest model (thermal comfort)
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Figure 10. Evaluation of relative humidity prediction by the random forest model (R? = 0.5541)
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Figure 12. Confusion matrix of the model (thermal preference)
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