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ABSTRACT KEYWORD
Purpose: Recently, as the demand for comfortable indoor environments has significantly increased, the —HUS7|&
importance of the health of occupants has come to the forefront. In response to this societal issue, this study Elalléjfllﬂ

developed an integrated control algorithm for ventilation and air purification system that can proactively manage
indoor PM; 5 levels. Method: To analyze the performance of the developed indoor PM, s preemptive control  Indoor Air Quality
algorithm, ventilation and air purification systems installed in two actively used elementary school classrooms  Ventilation System
were utilized. The control algorithm incorporates an ANN based indoor PM, s prediction model and derives control Particulate Matter
values using the predicted values and real-time environmental data. Data obtained through empirical studies were
analyzed according to occupancy schedules to verify compliance with national recommended standards.
Additionally, an analysis of the control algorithm's inherent performance was conducted. Result: The preemptive -

. . . . . Received Nov. 5, 2024
control algorithm was observed to maintain lower indoor PM, 5 concentrations and sustain the comfortable range Final revision received Nov, 11, 2024
for extended periods compared to rule based control algorithms. However, the system operating time was longer  Accepted Nov. 15, 2024
than that of rule based control algorithms.
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Table 1. Ventilation and air purification integrated system and
Classroom details

System Information

Installed above the windows, Total heat

Characteristics . .
exchanger, HAPA Filters, Pre-Filter

Operation modes Indoor air circulation, Outdoor air intake

Air supply Weak 150 CMH / Medium 250 CMH /
volume Strong 400 CMH
Damper Pre-Filter Damper
A —

Outside air inflow

=== [ndoor air outflow

HEPA
Filter

Outside

Inside

Total heat
exchanger

Indoor circulation flow

[ m— —J ——J
Damper Damper Damper

Classroom Information

Location Uijeongbu-si, Gyeonggi-do, South Korea

Size 11m x 8m x 3m (W x D x H)

Occupancy

1 taecher and 21 lower grade students
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Step 5

Operation of Control System

Fig. 1. Control algorithm step structure
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Table 2. Details of the learning data
Data period
March to July and September to December
Input data
Temperature, Relative Humidity, CO, concentration, PM, s
concentration, PMj, concentration, APM, s

Indoor

Outdoor  Temperature, PM, s concentration, PM;o concentration
System  Mode, Air Volume
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Table 3. Hyperparameter setting conditions

Output data Hyperparamater Setting
PM,s concentration 10 min later Hidden neurons 10-100
Data selection criteria Hidden layers 1-10
- Average indoor PM,s and CO, concentration during occupancy Activation function ReLu
hours at or above 5pg/m’ and 600 ppm Learning rate 0.01-0.0001
- At least 2 moming indoor classes Type of optimizer Adam
- Data between 08:00 and 16:30 Loss function MSE
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Table 4. Performance of indoor PM;s prediction model

MAE (ug/m’) | CVRMSE (%) Pearson’r
Initial model 27.27 3.18 0.84
Retraining model 19.39 225 0.94

Average concentration (ug/m’): Outdoor 27.48 / Preemptive 9.54 / Rule based 11.52
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Fig. 2. Indoor PM,s concentration data acquired over 23 days
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Fig. 3. Indoor PM,s concentration and maintenance below 15 //g/mj
by occupant schedule
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Table 5. Indoor PM,s concentration comfort maintenance time and
system operation time for each control algorithm (Data criteria:
Indoor PM,; concentration below 10 //g/m3 and CO; concentration
below 1500ppm)
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