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Abstract Amid growing concerns about health risks, the demand for safer indoor air quality has significantly increased,
necessitating advanced control solutions. Previous studies focused on ventilation, air purification control, and the proactive
management of indoor air pollutants. However, most of these studies relied on computer simulations, with few applications
in real-world environments. In response, this study developed an Al-based integrated control algorithm for indoor PM2s
and CO2 using empirical data. The algorithm incorporates prediction models for indoor PM2s and CO:z based on artificial
neural networks, enabling proactive control. It was applied in a living lab to validate its effectiveness in improving
indoor air quality and reducing energy consumption. The integrated control algorithm demonstrated an average reduction
of 19.69% in indoor PM2s concentrations and 6.59% in CO2 concentrations compared to the existing rule-based algorithm,
while also decreasing energy consumption by 9.42%. Furthermore, the algorithm maintained indoor PM2s and CO2
concentrations below established criteria for a longer duration, confirming its superior performance. The integrated
control algorithm developed in this study effectively achieved both indoor air quality management and energy
consumption reduction, contributing to the sustainable development of building environment management and control.
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Fig. 1 PMa2s and CO:2 integrated control algorithm flow chart.
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Table 1 Details of each prediction model training data

Classifications Details
Data collection period Sep. 2021 - Jun. 2023

1) Average indoor PM2s concentration above 5 /zg/m3 during occupancy

Training data 2) Average indoor CO2 concentration above 600 ppm during occupancy
selection criteria 3) Two or more sessions of indoor class before noon
4) Days that passes 1, 2, and 3 criteria
Number of data 13,422

Indoor: Temperature, Relative Humidity, CO2 / PMz2s / PMio concentration
PM2s5 Model Outdoor: Temperature, Relative Humidity, CO2 / PM2s / PMio concentration
System: Wind power

Input data -
Indoor: CO2 / PM2s / PMio concentration
CO2 Model  Outdoor: CO2 / PM2s / PMio concentration
System: Mode, Wind power
Output data Indoor PM2s concentration after 5 minutes / Indoor CO:2 concentration after 5 minutes
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Table 2 Structure of each prediction model
Hyperparameters Details Optimizers Details
Number of neurons for hidden layers 10 ~ 100 Batch size 32
Number of hidden layers 1 ~10 Number of epochs 50
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Fig. 2 Performance of each prediction model.
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Fig. 3 Indoor PM2s concentration by control algorithm.
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Fig. 4 Indoor CO:2 concentration by control algorithm.
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Table 3 Energy consumption and operating time of outdoor air-introduced ventilation cleaner operation mode

Rule-based Control Algorithm Integrated Control Algorithm
Energy Consumption[kWh] Operation Time[min] Energy Consumption[kWh] Operation Time[min]
OFF 0 1,199 0 1,209
Indoor-air 0.108 502 0.235 809

recircultion

Outdoor-air
intake
Total 0.573 2,535 0.519 2,613

0.465 834 0.284 585
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Fig. 5 Comparison of indoor PM2s5 and CO2 concentration standards compliance time and operation time.
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