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Abstract. Modern machine learning (ML) technologies offer significant op-
portunities for optimizing microclimate management systems in buildings. In this
article, we explore the potential application of ML methods for forecasting, adap-
tive control, and optimization of heating, ventilation, and air conditioning (HVAC)
systems in buildings. We examine ML methods used for analyzing weather data,
working hours, thermal needs, and user preferences to automatically optimize HVAC
parameters. Additionally, we discuss the application of ML for detecting faults and
preventing failures in microclimate systems, contributing to increased reliability and
efficiency of building operations. Finally, we consider prospects for personalizing
comfortable microclimates in buildings based on user preferences. Our analysis iden-
tifies the potential of ML for creating sustainable, energy-efficient, and comfortable
buildings that meet modern requirements for microclimate management.

Keywords: machine learning, microclimate management, HVAC Optimiza-

tion, fault detection, predictive maintenance, user preferences, energy efficiency
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AHHoTanus. MamuHanbsIK oKbITYIbIH (ML) 3amaHayun TeXHOIOTUSTIAPHI FU-
MaparTapJarbl MUKPOKIMMATTHI OacKapy *KyhenepiH OHTalIaHIbIpyFa alTapiabIKTail
MyMKiHaikTep Oepeni. byn makanama 6i3 FUMAPATTAPIAYBI xbutbiTy, sxenaety
koHe ayanbl Oantay (HVAC) xylienepin Oomxay, afanTUBTI OaKbUIay KOHE OHTAM-
nauaeipy YIITH ML onictepiHiH aneyeTTi Koimaanbl1ybiH 3eprreiimis. bI3 HVAC ma-
pameTprepiH aBTOMATThI TYpJle OHTAIIaHBIPY YIIIH aya pailbl IepeKTepiH, KYMbIC
YaKBITBIH, KbUTYy KaKETTUIIKTEpIH jKOHE MalJalaHyIllbl KauaylapblH Tajjaay YIIiH
KOJIIAHBUIATBIH ML omicrepin 3eprreiimiz. ConsiMen Kartap, 613 K¥PBIJIBIC
JKYMBICTAPBIHBIH CEHIMJIUTITT MEH THIMJIUTITIH apTThIPyFa BIKIAJ €TeTiH MUKPOKIIH-
MAaTTBIK JKYHeJep/Ieri akaynap/sl aHbIKTay JKOHE akayaapabiH anabiH any Y LIHTH ML
KOJITaHy/bI TankbutaliMb13. CoHbIHAA, 013 MaiiamaHybIapblH Kajgaybl OOHBIHIIA
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FUMapaTTapAarkl )Kaiibl MUKPOKIUMATTAp/bl JKEKEJICH IIpYy MepCreKTUBaIapblH Ka-
pacteipambi3. bizain tanmaysiMeiz MUKPOKJIMMATThI 6ackapyasiH 3aMaHayu Ta-
JanTapblHa XKayar OepeTiH TYpaKThl, SHEPTUSHBI YHEMICHUTIH jKOHE JKaiiJIbl FUMapar-
tapasl Kypy YIIIIH ML oneyetiH aHbIKTaiIbI.

Tyiiin ce3nep: MaMHAIBIK OKBITY, MUKpPOKJIUMATTHI Oackapy, HVAC OHraii-
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AnHotanus. CoBpeMEHHbIE TEXHOJIOTUM MamuHHOro oOyuenuss (ML)
MIPEIOCTABIIAIOT 3HAYUTEIbHBIE BO3MOXXHOCTH JIJISl ONITUMHU3AIINY CUCTEM yTIPABICHUS
MUKpPOKIMMATOM B 3JaHMSIX. B 93Toll crartke wuccineayercss MNOTEHIUAIbHOE
UCIONIb30BaHnue MeToJ0B ML ans mporHosupoBaHwusi, aJaNTUBHOTO MOHHTOPHHTA
U _ONTHMM3AIMH CHCTEM OTOIUICHHMSI, BEHTUJISIIIUU U KOHJAMIIMOHUPOBAHUSL BO3yXa
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(HVAC) B 3nanusx. MccnenoBansl MeToasl ML, ncrionb3yeMble 1715 aHATN3a TAaHHBIX
0 TIoroJ1e, BpeMeHU 0e30TKa3HOI pabOoThl, TEIIOBBIX MOTPEOHOCTEN U MPEIMTOUTEHUI
nojb30BaTeel sl aBToMarndeckor ontumuzanuu napamerpoB HVAC. Kpome
TOT0, 00Cyk/1aeHO uctob3oBanre ML s BeIsiBIeHUS AeEKTOB U MPEAOTBPAILICHUS
nedeKTOB B MUKPOKITUMATHUECKUX CHCTEMaX, KOTOPhIE CITIOCOOCTBYIOT MOBBILICHUIO
HAJ)KHOCTH U A(PPEKTUBHOCTH CTPOUTENBHBIX paboT. HakoHeln, paccMOTpeHbI
MEPCIEeKTUBBl TMEPCOHANMU3AINN KOM(DOPTHOTO MHUKPOKJIMMATa B 3JaHUSX 110
YCMOTpPEHHIO ToJib30BaTeneil. JlaHHbIl aHanu3 ompenenser noteHuuan ML s
CO3/1aHUS YCTOWYHMBBIX, SHEPTOd(PHEKTUBHBIX U KOM(MOPTHBIX 3[aHUI, OTBEUAIOIINX
COBPEMEHHBIM TPEOOBaHUSAM YNPABICHHUS MUKPOKIUMATOM.

KittoueBble cioBa: MalIMHHOE OOy4YeHHE, YIIPaBICHUE MUKPOKINMATOM, OIl-
tumuzanusg HVAC, oGHapykeHHe HeHCIpPaBHOCTEH, MPOTHO3UPYyEMOe OOCITyKHUBa-
HUE, IPEANOUTEHUS MOIb30BaTesel, sHeprodhHEeKTUBHOCTD

Jasn  uoutupoBanmsi: H.A. JlaypenbGaeBa, JI.b. AtemmrtaecBa, H.C.
Jlynenko, A. Hypnanynel. UHTET'PALIMA MAIIMHHOI'O OBYUYEHUA 1A
OIITUMMBALIMN VIIPABJIEHMA MUKPOKIIMMATOM B 3AAHUAX:
IIEPCIIEKTUBBI ¥ BO3MOXHOCTW/MEXJIYHAPOJHBIM JKYPHAJ
MHO®OPMAIIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TEXHOJIOTMH. 2024.
T. 5. No. 18. Ctp. 84-97. (Ha anr.). https://doi.org/10.54309/1JICT.2024.18.2.008.

Introduction

Comfortable conditions for humans are of paramount importance, therefore it
is important to identify errors in the microclimate parameters in advance. To achieve
this goal, machine learning methods are used, which make it possible to effectively
detect and predict anomalies in microclimate management systems (Liu, 2020).

As part of this study, an experiment was conducted to collect data on micro-
climate parameters in real time. For this purpose, a hardware complex was created,
which was installed in two different rooms. Since September, the data obtained using
this complex has been processed in accordance with the CRISP-DM methodology,
which allowed for systematic analysis and identification of anomalies in microclimat-
ic parameters (Li, 2018).

K-means and DBSCAN clustering methods were used to analyze data on the
microclimate in a country house and kindergarten. The K-means method was used to
classify the data and identify similar patterns in the microclimate parameters in both
rooms. This made it possible to identify the main clusters of data corresponding to
different modes of operation of the microclimate system.

However, for more accurate detection of anomalies and errors in the microcli-
mate management system, the DBSCAN method (spatial clustering of applications
with noise based on density) was used. The advantage of DBSCAN lies in its ability
to identify clusters of arbitrary shape and detect noise points that may indicate abnor-
mal values of microclimate parameters (Ribeiro, 2019).

In the conditions of a country house and kindergarten, DBSCAN has proven
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itself as the optimal method, as it effectively identified errors in the microclimate
management system. The DBSCAN method does not require pre-configuring the
number of clusters and is able to detect areas with high data density, which is espe-
cially important for detecting anomalies and ensuring stable operation of the micro-
climate system in various operating conditions.

The experiment aimed to identify and analyze potential faults or anomalies
in microclimate parameters both indoors and outdoors. Utilizing a hardware com-
plex equipped with over 16 sensors, including those for temperature, humidity, and
carbon dioxide levels, continuous data collection was conducted at a high frequency.
Real-time data was then transmitted to Google Sheets for analysis.

Analysis involved detecting anomalous values or outliers, indicating possible
faults in microclimate control systems or abnormal situations requiring intervention.
A scientific approach to data analysis enabled the recognition of trends and patterns,
contributing to effective management strategies.

NodeMCU microcontroller usage offered advantages such as built-in Wi-Fi
and 3.3 Volt operation, facilitating wireless data collection and compatibility with
various sensors. This makes NodeMCU an attractive choice for microclimate moni-
toring systems, presenting promising research avenues for climate technology devel-
opment.

The experiment encompassed two locations: a country house and a kindergar-
ten, each with unique characteristics influencing microclimate parameters. Variations
in factors like heating systems and user demographics were considered, ensuring a
comprehensive understanding of microclimate control system performance in diverse
settings (Daurenbayeva, 2023).

The article explores how machine learning (ML) can optimize HVAC systems
in buildings. It covers forecasting, adaptive control, and fault detection using ML.
It also discusses personalizing microclimates based on user preferences. Overall, it
highlights ML’s potential for creating energy-efficient and comfortable buildings.

Materials and methods

The experiment was conducted following the CRISP-DM (Cross-Industry
Standard Process for Data Mining) methodology, a widely recognized framework for
data analysis projects. This methodology guided the entire process, from initial data
collection to final analysis and interpretation (O’Brien, 2015).

CRISP-DM’s iterative approach allowed for continuous refinement of the
experiment’s objectives and methods based on emerging insights from the data. Its
structured phases, including business understanding, data understanding, data prepa-
ration, modeling, evaluation, and deployment, ensured a systematic and rigorous ap-
proach to analyzing microclimate parameters (Daurenbayeva, 2023).

1. DATA UNDERSTANDING AND VISUALIZATION

In this step, we delve into the exploration and visualization of the dataset
outlined in Figures 1-3. This dataset comprises microclimate parameters such as In-
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door and Outdoor Temperature, Indoor and Outdoor Humidity, Dew-point, Pressure,
TVOC, Power, Current, Voltage, Aftershock, CO2, UV-radiation. Before proceeding
with any analysis or modeling, it is crucial to understand the variables, perform data
cleaning where necessary, and visualize the data to gain insights into its characteris-
tics. The hardware complexes were installed in two buildings: a country house and a
kindergarten. To collect data, the same microclimate parameters are used, and sensors
are placed both inside and outside the premises.

*. Figure 1 — O >
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Fig.1 - Inside and Outside Temperature Over Time Graph (Country house)
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Fig. 3 - Inside and Outside Temperature Over Time Graph (Kindergarten)

Understanding Variance in Principal Component Analysis (PCA)

In Principal Component Analysis (PCA), understanding variance plays a cru-
cial role in grasping the essence of the technique and its outcomes. Variance serves
as a fundamental concept in PCA, delineating how much information each principal
component retains from the original dataset. This chapter delves into the significance
of variance in PCA, elucidating its role in dimensionality reduction, data interpre-
tation, and model performance enhancement. We begin by elucidating the notion of
total variance and its decomposition across principal components, paving the way for
a deeper comprehension of PCA’s efficacy in capturing and representing the under-
lying structure of data. Let’s define a data set (matrix) in Python that consist of about
20 variables (columns)

For country house

Explained variance ratio for each principal component:

PC1:34.06 %

PC2:25.77 %

PC3:20.77 %

PC4:19.40 %
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For kindergarten

Explained variance ratio for each principal component:
PC1:40.08 %

PC2:21.21 %

PC3:20.94 %

PC4:17.76 %
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PCA, while a powerful tool for dimensionality reduction and data represen-
tation, has its limitations, particularly when derived from noisy data. It’s essential
to recognize that the explained variance ratios provided by PCA may not accurately
reflect the true variability in the underlying quantities being measured. In the first set
of results, it would be erroneous to conclude that a single parameter explains 40.08
% of the variability in the observed data. In reality, due to noise and other factors,
the true fraction of total variance that can be captured by a single variable might be
different, as estimated at around 60 %. This discrepancy underscores the importance
of considering the inherent noise and limitations of PCA results.

When examining the explained variance ratio for each principal component,
we find notable differences between the two sets of results.

Results and discussion

While both sets provide valuable insights into the variance captured by each
principal component, the differences highlight the variability and sensitivity of PCA
outcomes, emphasizing the need for cautious interpretation and consideration of the
underlying data quality and characteristics.

The cumulative explained variance for the first two principal components is
approximately 61.29 %, indicating that these two components capture a considerable
amount of variability in the dataset. This is generally considered satisfactory, as it
suggests that the most significant patterns or structures in the data are captured by
these components.

In contrast, the second set of results shows the cumulative explained variance
for the first two principal components to be approximately 59.83 %. Although slightly
lower compared to the first set of results, these two components still capture a sub-
stantial amount of variability in the dataset.

Overall, the distribution of explained variances across the principal compo-
nents appears reasonable and aligns with typical expectations for PCA outcomes.
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Both sets provide reasonable explanations of the data’s variability through the prin-
cipal components.

Data distribution

Second Component

First Component

Data distribution after PCA
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Fig. 4 - Visualization of data using PCA model for country house and kindergarten
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Fig. 5 - Clustering using K-means for country house and kindergarten
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Fig. 6 — Clustering using DBSCAN for kindergarten country house and kindergarten

Machine learning methods were used to find outliers in the system: clustering
(DBSCAN and K-means).

DBSCAN (Density-Based Spatial Clustering of Applications with Noise) is a
widely-used clustering algorithm in machine learning, particularly suitable for iden-
tifying outliers or anomalies in datasets with complex structures. Unlike traditional
clustering methods like K-means, which require the specification of the number of
clusters beforehand, DBSCAN does not require such a parameter and can automati-
cally detect clusters of arbitrary shapes and sizes.

One of the key advantages of DBSCAN is its ability to identify outliers or
noise points, which do not belong to any cluster. It does this by defining clusters as
regions of high density separated by areas of low density. This allows DBSCAN to
effectively distinguish between dense clusters and sparse regions, making it robust to
variations in cluster density and suitable for datasets with irregular shapes or varying
densities.

During the study, an experiment was conducted to collect and analyze data on
microclimate parameters in real time using a hardware complex installed in a country
house and kindergarten. The use of the CRISP-DM methodology provided a system-
atic approach to data processing and anomaly detection.

K-means and DBSCAN clustering methods were used to analyze the data.
The K-means method effectively classified the data and identified the main clusters
corresponding to different modes of operation of the microclimate system. However,
the DBSCAN method has demonstrated its effectiveness in detecting anomalies and
errors in the system, due to the ability to detect clusters of arbitrary shape and noise
points without the need to pre-set the number of clusters.

Thus, DBSCAN proved to be the optimal choice for providing reliable and
accurate microclimate control in various conditions, which confirms its feasibility
for use in microclimate management systems in buildings. The results of the study

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 [@‘{I
International License A

95



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 2.

emphasize the importance of using modern machine learning methods to improve
the quality of microclimatic control and increase comfort and safety in the premises.

The performed principal component Analysis (PCA) for a country house and
kindergarten provided explained variance coefficients for each major component,
which make it possible to understand what proportion of the total variability of the
data is explained by each of these components. Let’s consider their values for a coun-
try house and a kindergarten:

For a country house:

PC1: 34.06 %

PC2: 25.77 %

PC3:20.77 %

PC4:19.40 %

For kindergarten:

PK1:40.08 %

PK2:21.21 %

PC3:20.94 %

PC4: 17.76 %

What does this give us:

Data dimensionality reduction: The explained variance coefficients show how
much information (variability) in the source data can be preserved if only a few main
components are used. For example, in the case of a country house, the first four
components explain 34,06 % + 25,77 % + 20,77 % + 19,40 % = 100 % the overall
variability of the data. In the case of a kindergarten — 40,08 % + 21,21 % + 20,94 %
+ 17,76 % = 100 %.

Interpretation of the data: A high percentage of the explained variance of the
first component (PK 1) means that it captures the most significant information. For ex-
ample, for kindergarten, PK1 explains 40.08 % of the total variability of data, which
indicates the significant role of this component in the description of microclimatic
parameters. In a country house, PK1 explains 34.06 %, which also shows its impor-
tance, but with less influence than in kindergarten.

Comparison of objects: Comparison of the explained dispersion coefficients
allows us to identify differences in the microclimate of a country house and a kin-
dergarten. For example, in kindergarten, the first component explains a higher per-
centage of variance compared to a country house (40.08 % vs. 34.06 %), which may
indicate more significant differences in the basic parameters of the microclimate.

Optimization of monitoring: This data helps to determine how many com-
ponents are sufficient to adequately describe the system without losing significant
information. In both cases, using the first four components allows you to preserve all
the variability of the data. This simplifies the tasks of analyzing and monitoring the
microclimate, allowing you to focus on the most important parameters (Becerik-Ger-
ber, 2019).

Identification of important factors: Analysis of dispersion coefficients allows
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you to identify the key factors affecting the microclimate. In this case, the first two
components capture more than half of the variability of the data, which may indicate
basic parameters such as temperature and humidity as the most important for moni-
toring.

Thus, the explained variance coefficients provide valuable insights for under-
standing and managing the microclimate in various conditions, helping to improve
control and comfort strategies.

Conclusion

In conclusion, integrating modern machine learning techniques like DB-
SCAN clustering with traditional methods such as K-means, alongside employing
the CRISP-DM methodology, significantly enhances microclimate control systems
in buildings like country houses and kindergartens. DBSCAN’s ability to automat-
ically detect anomalies and its flexibility in handling complex datasets make it par-
ticularly effective. Additionally, PCA offers valuable insights into data reduction and
key parameters influencing microclimatic conditions. These findings highlight the
importance of advanced analytics in improving comfort and safety within buildings,
ultimately optimizing microclimate management strategies.
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