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ABSTRACT

This paper focuses on developing and validating a CO, concentration prediction model to
optimally control and operate mechanical ventilation systems in residential buildings. Various
datasets and models were utilized throughout the research process. Initially, CO, concentration
was predicted based on a basic dataset comprising the day of the week, time, temperature, and
indoor CO; levels. Subsequently, a more comprehensive dataset, incorporating ventilation
system operation counts and natural ventilation presence, was employed for predictions.
Machine learning and deep learning models such as ANN, DNN, LSTM, KNN, and LGBM
were trained using these datasets, and their predictive performance was compared across
different areas of the residence, namely bedrooms, living rooms, and corridors. The findings
demonstrate that even using the basic dataset alone, it is possible to predict CO; levels in
residential buildings with a high degree of confidence. These results are expected to contribute
to the development of future algorithms for operating next-generation mechanical ventilation
systems that aim to minimize energy consumption while maintaining a clean indoor environment.
This paper is anticipated to increase interest and understanding in environmentally conscious
indoor environmental control systems and offer essential research insights for the advancement
of building systems and environmental technology in the future.
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Research Creat a machine learning algorithm to predict CO, concentration in
Objectives apartments based on occupant behavior

Weekday occupancy schedule for 84 m’ apartments

Data collection to learn the variables according to the operation of
the ventilation system, data on the day, time, CO, concentration,
natural ventilation are collected

v

Collect the actual data of the day, time, CO, concentration, number
of ventilators, and natural ventilation, select the appropriate
machine learning model and proceed with the learning

Research
Process v

Other variables according to the number of sensors were
machine-trained and the reliability was checked.

v

Conduct CO, concentration prediction and verify reliability

v

Comparison of accuracy of machine learning models for predicting
CO, concentration

Figure 1. Research process
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V : space volume (m’)

T : time (h)

Q : air change volume (m*/h)
C : CO, level (mg/m’)

C, : CO, level outside (mg/m”)
Ci : CO, level inside (mg/m”)
G : CO; generation (mg/h)
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Figure 2. Data collection area and CO, concentration prediction area
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Figure 3. The apartment for data collection and the diffuser location
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KNN 0.9 1.84 0.87 1.51 0.89 1.35
LGBM 0.83 2.38 0.79 1.92 0.82 1.71
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(c) Case 3

Figure 5. Actual data and predicted data using ANN and LSTM model (Basic data set)
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Table 2. Basic data set cases

Case 1 Case 2 Case 3

Plus data set
Table 3- Plus data set © 2 <5 7?14 (Case 1 7HQ1A! data= o5), 74 (Case 2 AA
dlo|E 2 85), A4 (Case 3 74 dataZ 815)2] CO, 5 9|5 Zato|ct.

Table 3. Plus data set cases

Case 1 Case 2 Case 3
MODEL
R2 CvRMSE R? CvRMSE R? CvRMSE
ANN 0.92 1.61 0.96 0.86 0.97 0.65
DNN 0.86 2.12 0.93 1.1 0.97 0.75
LSTM 0.92 1.59 0.88 1.45 0.97 0.71
KNN 0.9 1.82 0.87 1.49 0.94 1.2
LGBM 0.87 2.1 0.84 1.70 0.96 0.85

Basic data seto]| 512} Z0] Plus data seto]|A] 55 2 Alo| AL BE RHlo] .86 ©]A2]
Lo AF LS HojFal Q) om, ANNYLSTMEE Q] R2 ZHE -55] 0.92, CVRMSE %t 22+
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Figure 6. Actual data and predicted data using ANN and LSTM model (Plus data set)
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