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ABSTRACT

Thermal comfort is an essential component of smart cities that helps to upgrade, analyze, and realize intelligent
buildings. It strongly affects human psychological and physiological levels. Residents of buildings suffer stress
because of poor thermal comfort. Buildings frequently use Heating, Ventilation, and Air Conditioning (HVAC)
systems for temperature control. Better thermal states directly impact people’s productivity and health. This study
revealed a human thermal comfort model that makes better predictions of thermal sensation by identifying essential
features and employing a tuned Extra Tree classifier, MultiLayer Perceptron (MLP) and Naive Bayes (NB) models.
The study employs the ASHRAE RP-884 standard dataset for experimentation and analysis, which is available to
the public. Exploratory Data Analysis (EDA) is performed to examine the outliers and anomalies in the dataset. The
Synthetic Minority Over-Sampling Technique (SMOTE) enhances the minority class’s interpretation. The proposed
Extra Tree classifier outperforms by achieving an accuracy of 94%. The experiment shows that the suggested model
is superior to other established methods and state-of-the-art.
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1 Introduction

The advent of digital transformation has made it possible for smart cities to offer amenities like
intelligent healthcare systems, secure neighborhoods, smart homes, smart transit, and smart buildings

https://www.techscience.com/journal/csse
https://www.techscience.com/
http://dx.doi.org/10.32604/csse.2023.039546
https://www.techscience.com/doi/10.32604/csse.2023.039546
mailto:chitapong@g.sut.ac.th
mailto:natalia.kryvinska@uniba.sk


200 CSSE, 2024, vol.48, no.1

[1–5]. In smart buildings, smart homes/rooms are the optimal choices to monitor and assess the health
of residents [6,7]. Thermal comfort is a crucial application of smart cities to enhance, monitor, and
provide the realization of intelligent buildings [8–10].

Designing thermal control is crucial for creating high-quality living and working spaces since
occupants can only be at ease when the temperature and humidity levels are in the range of thermal
comfort [11]. However, the environmental temperature may change significantly, which causes the
indoor thermal temperature to fluctuate and causes the inhabitants discomfort [12,13]. Thermal
comfort greatly influences human psychological and physiological levels. According to the American
Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) Standard 55, thermal
comfort is a psychological state that communicates contentment with the thermal environment.
Additionally, thermal comfort differs in many climatic regions and geographic places. Residents of
the same buildings confronted with the same environment may have differing opinions on the level of
thermal comfort [14].

HVAC systems are frequently utilized to regulate the temperature inside buildings. The high energy
consumption of HVAC systems, which makes buildings account for 20% to 40% of all energy usage,
is one of the systems’ significant potential downsides [15]. By modifying the breakpoints for average
temperature, the HVAC system regulates the building’s thermal environment, which will also alter that
much energy it uses. Building thermal regulation is thus required to ensure a suitable indoor thermal
environment. However, if the HVAC systems’ breakpoints are incorrect, people could feel cold or hot
even though more power may be used. Hence, it is crucial to evaluate ways to lower HVAC system
energy use without compromising occupant comfort, especially given the high cost of electricity, rising
electricity usage, and increased environmental degradation. Building thermal control is influenced
by several elements. These variables can be divided into three groups: variables relating to HVAC
systems, variables relating to the thermal environment of buildings, and variables relating to people.
Building structures, indoor and outdoor temperatures, and heat sources affect the buildings’ thermal
surroundings. These variables influence the dynamic variations in building thermal conditions [16].

The capacity to feel temperature declines with growing old or disease. Older people have more
difficulty perceiving a quick temperature shift than young people. They are highly susceptible to severe
drops in temperature, like frostbite [17], which in some circumstances can result in death due to this
delayed perception. Frostbite is when the human body produces less heat than its absorption. The
entire amount of energy the human body produces and expends is measured by its metabolic rate.
People typically become less sensitive to the cold and heat of surfaces with age. This is primarily due
to the body’s slower response in the lower regions, which regulate the core temperature [8].

Motivation: The study aims to promote human thermal comfort by emphasizing essential traits
and enhancing thermal experience predictions. Creating an ML model that can precisely predict
smart buildings’ temperature based on HVAC systems is one of the objectives. Several techniques are
used for controlling building temperature and power optimization [18]. Different techniques, such as
Proportional Integrate Derivative (PID) [19], Model Predictive Control (MPC) and Fuzzy Control
[20,21], and Linear-Quadratic Regulator [22]. Simulating the intricate nature of the thermal dynamics
and the different affecting elements with these methodologies takes much work. These techniques also
need a control policy specially designed for the designated environments. Another research branch
employed a learning-based technique, Machine Learning (ML), to learn the best control strategy. Even
though various models employing ML algorithms have been presented for thermal sensation, the most
crucial factor that may correctly assess thermal comfort while considering both psychological and
physical elements is still an open research area [23–26]. This study suggests a model of human thermal
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comfort that, by emphasizing key characteristics and using a tuned Extra Tree classifier, improves
predictions of thermal experience.

1.1 Contribution

The research’s primary contribution is further down in the list form:

• This paper proposes a human thermal comfort model that enhances predictions of thermal
experience by concentrating on crucial traits and employing a tuned Extra Tree classifier.

• The ASHRAE RP-884 standard dataset is used in this study, and exploratory data analysis
techniques such as skewed data, categorical distribution, and data cleaning are applied to
visualize all features in the dataset. Preprocessing technique SMOTE is applied to balance
minority classes in the dataset.

• The proposed Extra Tree classifier performs better by reaching an accuracy of 0.94%. The
experiment results demonstrate the proposed model’s superiority over other widely used
techniques and effectively increase the rate of thermal comfort detection.

1.2 Organization

The following sections comprise the paper: The heat balancing and machine learning method-
ologies for analyzing the thermal comfort model are described in Section 2. Section 3 explains the
proposed work’s research methodology using the ASHRAE RP-884 standard dataset and ML model.
The findings are explained and discussed in Section 4. The conclusion of the work and suggestions for
further research are included in Section 5.

2 Literature Review

In the literature, numerous models account for physiological, ecological, and psychological factors
to predict human temperature feelings. These models, sometimes called Predictive Mean Vote (PMV)
values, compute the necessary to forecast the average value of the votes for a collection of residents on
a thermal perception scale according to the output with varied degrees of accuracy. We separated the
literature into two categories: ML techniques to anticipate thermal comfort sensations and the heat
balance approach.

2.1 Heat Balancing Techniques

Implement a simulation system for building thermal control and test the performance in various
configurations to gauge the performance [10,11]. The author presents the building thermal control
in [27] as a cost-detraction issue that considers both the inhabitants’ thermal comfort and the
power use of the HVAC system. The author uses Deep Deterministic Policy Gradients (DDPG) to
learn the thermal control policy after initially using a deep neural network-based approach to antici-
pate the occupants’ thermal comfort to address the challenge. The experiment’s findings demonstrate
that the proposed method may increase the precision of thermal comfort predictions, lower HVAC
energy usage, and increase thermal comfort for occupants.

The occupants’ contentment with the thermal environment is reflected in their thermal comfort
[28]. Thermal comfort models are proposed to forecast the occupants’happiness under specific thermal
conditions to evaluate thermal comfort objectively. Thermal comfort is evaluated subjectively since the
occupants’ subjective experiences in a specific thermal environment. Many participants will be asked
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to rate how satisfied they are in a variety of thermal situations, including neutral (0), cool (−1), warm
(1), cold (−2), and hot (2). The data can then be fitted using some mathematical or heuristic methods.

Different transfer learning techniques are proposed in [29,30] to reduce energy consumption in
smart buildings. When there are insufficient previous training data, paper [30] used a novel transfer
learning technique to improve occupancy forecast accuracy. Three office spaces in an educational
institution are used as a case study for the proposed strategy and models. The data sets employed in
this study are gathered from Newcastle University’s Urban Sciences Building (USB). ML algorithms
have been compared to the outcomes of the suggested transfer learning technique. The findings
demonstrate that the proposed model accurately works. The author’s goal in this study [31] is to
improve thermal comfort forecasting accuracy and tackle the data-shortage issue. To discover patterns
of thermal comfort, the author uses sensor data from numerous cities in the same temperature zone.
To overcome the challenges associated with data inadequacy, the researcher utilizes transfer learning
to apply learning from the source domain to the target domain [32].

The researchers in [33] aimed to assist facility managers in anticipating thermal sensations under
conditions. For prediction, a data-driven methodology is used on the gathered dataset, such as the
ASHRAE Global Thermal Comfort. The proposed methodology is based on a Deep Neural Network
(DNN) algorithm. The Bayesian algorithm is applied to optimize the hyperparameter of the DNN
model. The proposed methodology, with an accuracy of 78%, performed well compared to traditional
approaches.

According to a framework with three aspects: sensing, forecasting, and controlling, the research
[34] conducted a literature review to compile modern inmate thermal comfort methods. Various factors
and data-gathering devices were used to support the concept. The top three often used input elements
for predicting the thermal environment among all the available variables are inhabitants’ feedback
on their comfort level, body temperature, and ambient temperature. Using the ML algorithm, the
proposed model achieved an accuracy of 84%.

2.2 Machine Learning-Based Techniques

Machine learning techniques consider behavioral, psychological, and physiological variables for
thermal comfort [8,23]. The author utilized deep learning [35,36] and a time-series-based technique to
predict temperature preferences by framing the challenge as a multivariate, multi-class classification
problem. Integrate a Normalized Long Short Term (LSTM) with l1 regularization. Using a memory
network to prevent overfitting and use this model’s attentional processes. An experiment is conducted
on fourteen issues, and evaluation measurements such as accuracy, F1-score, and Area Under the
Curve (AUC) are utilized. The proposed model performed well with 78% accuracy [37].

Modeling of user behavior using a Markov decision process. The author in [38] proposed a rule
reinforcement learning model to explain how people change their clothes and thermostat settings.
The MDP includes user behavior and several impact factors in the activity and state space. The user
actions are intended to create a friendlier atmosphere. MATLAB language is used in the reinforcement
learning model. Q-learning is employed to train the model on the used dataset. Following training, the
model correctly predicted behavior involving thermostat set point adjustments with an R2 of 0.75 to
0.8. The proposed model consistently predicted the user’s actions with an R2 between 0.73 and 0.8;
the MAE has been typically less than 1.1 Â°C (2 Â°F). In an office space, the mean absolute error has
been below 1.1 Â°C (2 Â°F). This research also applied the RL model’s behavioral insights to various
HVAC control techniques in other office spaces. From corporate buildings to residential properties,
the model similarly achieved an R2 over 0.6.
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A building power consumption forecast and evaluation approach based on the machine and deep
learning network to address the problem of low prediction accuracy caused by inadequate management
of existing building energy usage forecasting models is provided in the studies [39,40]. Two Neural
Network (NN) algorithms were employed in this paper [41] to forecast the thermal comfort of older
adults. The two algorithms’ efficacy was evaluated to determine which NN method would be more
effective. The findings demonstrated a relationship between the two systems’ prediction accuracy and
the additional influencing factors. The RBF NN algorithm is the most precise in predicting older
subjects’ heat sensitivity. The primary criteria were body fat percentage, wind direction, and mean
body temperature.

The author presented a Heterogeneous Transfer learning-based methodology for thermal comfort
simulation. Firstly, the author includes extra important parameters as modeling features to resolve
the parameter sufficiency problem. Second, use deep transfer learning models to train the thermal
comfort model, which will benefit from the transferred knowledge from the used datasets, to lessen
the effects of the data inadequacy problem. Due to the adaptability of learning-based techniques, the
number of modeling features can be increased by attaching newly discovered thermal comfort factors.
The research uses the HTL idea to effectively transfer knowledge among heterogeneous environments,
which are diverse but related datasets with varying features due to the diversity of the features across
various datasets. A five-month data-gathering experiment is carried out to validate the approach and
create the datasets. The results demonstrate that the proposed model achieved an average accuracy of
73.9% [42].

Heat balancing methods have some issues that cannot be disregarded. They conduct their study
only on one age group, primarily in an office setting. Furthermore, they should have examined how
location, age, and weather impacted their findings. Additionally, the proposed model is static and
does not evolve in response to environmental changes. In essence, many limits are being addressed
by utilizing heat balancing approaches, machine learning techniques, and a range of datasets to test
the generalizability of methodologies. Different optimization techniques also consider behavioral,
psychological, and physiological variables for thermal comfort [43–47]. The summary of the literature
review is provided in Table 1.

Table 1: Summary of literature review

References Techniques Results Limitations

[33] DNN 78% accuracy Poor performance
[34] ML algorithms 84% accuracy Poor performance
[37] LSTM 78% accuracy Poor performance
[42] Transfer learning-based

technique
73.9% Poor performance

3 Proposed Methodology

This section details the proposed methodology step, such as experimental dataset, Exploratory
Data Analysis, balance data with SMOTE, and classification model. Fig. 1 demonstrates these steps
of the suggested model. The ASHRAE RP-884 dataset was compiled through a series of field surveys
conducted at 160 distinct building locations worldwide. Next, we preprocess the data by employing
EDA techniques such as skewed data and cleaning the data using Z-score. After this phase, the
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data are balanced by either oversampling the minority class or under sampling the majority class
using SMOTE. Next, Train the Extra Tree classifier used for thermal comfort sensation prediction.
This study experimented with a Jupyter Notebook using Anaconda. This testing set shows how
programmers can create and evaluate ML models on a structured framework.

Figure 1: Proposed thermal comfort model overview

3.1 Dataset Preprocessing

Data preprocessing is essential since it improves the model’s performance and achieves more
specific features. In this section, data preprocessing is performed using Exploratory Data Analysis
(EDA), converting the categorical data into integer values, cleaning, splitting the data, and balancing
the data with SMOTE. This paper uses label encoding and data cleaning using Z-score techniques.

3.2 Experimental Dataset

The dataset is gathered through a series of field surveys covering 160 building locations of different
buildings worldwide. It is offered as part of the ASHRAE project to establish a thermal comfort
preference model. As part of the ASHRAE RP-884 public repository, a collection of documents
from numerous investigations carried out by various researchers is managed by ASHRAE. Multiple
climate zones scattered over diverse geographic regions are the source of the data files [48]. The
dataset is chosen because thermal comfort is crucial for human health and productivity. A lack of
thermal comfort may bring on inconvenience among building occupants. The ASHRAE RP-884
dataset utilized in this study has 12595 records and 56 characteristics. The creation of an adaptive
model is the goal of this dataset. It comprises more than 20,000 customer comfort votes from 52
studies conducted across 10 different climatic zones. The dataset contains 55 primary identifiers such
as blcode, sub, ash, ACT10, ACT20, ACT30, ACT60, met, clo upholst, insul, and TA_H with three
classes: UW, N, and UC.

3.3 Exploratory Data Analysis

Exploratory Data Analysis (EDA) is essential to conduct all research. Finding outliers and
anomalies in the data allows targeting the testing of the hypothesis, which is the primary objective
of exploratory analysis. After data collection, EDA is carried out. Without making assumptions, the
data is effectively viewed, plotted, and updated to assess the data quality and build models [49].

We applied the EDA technique to ASHRAE dataset. The dataset has 55 numeric and one
categorical feature, and most features have a normal distribution. The target feature is categorical,
consisting of three classes: UW, N, and UC. The dataset is assessed by discovering the 12,595 records
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of these classes: UW class has 1029, N class has 10061, and UC has 1505 data records. The dataset’s
quality is imbalanced, presented in Fig. 2.

Figure 2: Representation of dataset classes

Skewness is a metric for the asymmetry or deviation of standard patterns in a data set. This
research performs the data skewness to check the outlier’s direction. If the skewness value is positive,
the distribution is asymmetrical, and the tail is longer on the right side of the distribution; after
checking the skewness of the dataset performed, the kurtosis. The aggregate weight of the distribution’s
tails, measured as a ratio to the distribution’s center, is known as kurtosis.

The log transformation of skewed data is performed after analyzing the kurtosis of the normal
distribution in this study. Skewed data can be transformed using the log transformation to adhere to
normality roughly. The result indicates that the kurtosis of the normal distribution is 0.

3.4 Encoding Categorical Variables

Some machine learning algorithms find it challenging to handle categorical variables. It is essential
to convert the categorical variable into numerical information. It is an essential step for the developed
algorithms to operate as intended. The performance of different algorithms depends on the coding of
categorical variables. A feature’s dataset may have one or more labels in word or numeric format.
Because of this, it is easier for individuals to analyze the data, but machines cannot understand
it [50]. To make these labels understandable to computers, we use an encoding. There are various
encoding methods, including hash encoding and one-hot encoding. Categorical variables in this study
are encoded using the label encoding technique.

Label Encoder: Label encoding enables numerical label input into a machine-learning model. To
replace each separate label’s value in the dataset, Label Encoder assigns a numeric value to each label.
The labels can be used when they have different priorities. Typically, this method substitutes a number
between 0 and N−1 for each value in a categorical column. Each categorical attribute in this study is
given a value of 0, 1, or 2 using a label encoder. This data preparation phase for supervised learning
techniques is critical [50].
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3.5 Data Cleaning

This research uses the Z-score technique to detect and remove outliers and clean the data. After
converting the categorical variable into a numeric value, this study performs the data cleaning. Before
cleaning, the distribution of the data was 0.5, 0.98. Fig. 3 represents the distribution of some features,
including blcode, sub, ash, ACT10, ACT20, ACT30, ACT60, met, clo upholst, insul, and TA_H before
data cleaning.

Figure 3: Data distribution before cleaning

Z-score: A Z-score is a metric that quantifies how closely a value relates to the average of a set of
values. The Z-score is calculated using standard deviations through the average. When a data point’s
Z-score is 0, it has the same score as the average. After applying the Z-score, the outliers are removed,
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and the data distribution is 0.5, 0.98. Fig. 4 graphically represents the features such as blcode, sub, ash,
ACT10, ACT20, ACT30, ACT60, met, clo upholst, insul, and TA_H distribution after data cleaning.

Figure 4: Data distribution after cleaning

3.6 Prediction Evaluation

After performing EDA, label encoding, and data cleaning, in prediction section counts the label
values as class 0 has 6919 values, class 1 has 1014, and class 2 has 651 and balanced the dataset by
using SMOTE technique.
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3.6.1 Balance Dataset with SMOTE

The ratio of “normal” classes in real-world data sets is often higher than that of “abnormal”
classes. Unbalanced data is defined as datasets where the distribution of the classifying classes varies
across the dataset. The majority of the time, under-sampling is used to make the majority class appear
underrepresented, and over-sampling is used to make the minority class appear over-represented in the
dataset. The classifier performs stronger due to these strategies [51]. The dataset has three classifying
classes in this research: UW, N, and UC. The dataset is highly imbalanced; therefore, this study applied
the SMOTE technique to balance the data. Before applying SMOTE technique, the model performed
poorly without training it with enough samples from both classes. After applying SMOTE technique,
the model performs well with proper training of machine learning classifiers. Before using the SMOTE,
the counter values are 0 : 6919, 1 : 1014, 2 : 651, and after SMOTE, the counter values are 0 : 6919, 1
: 6919, 2 : 6919.

3.6.2 Data Splitting

The process of building models comes after data preparation and handling the imbalanced dataset.
To improve accuracy and effectiveness for this phase, the under-sampled data are split into training
and testing data, maintaining a ratio of 70% training data and 30% testing data. After splitting, the
model is trained using the extra tree classifier.

3.6.3 Extra Tree Classifier

The Extra-Trees classifier entails significantly randomizing the selection of a feature and a cut
point while dividing a tree node. In the worst situation, it creates completely random trees with patterns
distinct from the output values of the training sample. It mainly distinguishes itself from previous tree-
based ensemble techniques on two grounds: it splits nodes by choosing cut points entirely at random. It
builds the trees using the complete training sample. Using a majority vote, the estimations of every tree
are pooled to determine the final result. Besides the extra-trees classifier, the theory is that ensemble
means and wide variation of the cut-point and attribute will reduce variation more effectively than
other approaches’ inferior randomization strategies. The training data are used instead of bootstrap
duplicates to reduce bias. One of this algorithm’s key advantages is its computational effectiveness [52].
The Key features of the extra tree classifier are:

Randomness in Feature Selection: In Extra Trees, feature splitting points are selected randomly
instead of using the best possible split. This randomness adds diversity to the trees and reduces the
variance of the model, making it less prone to overfitting.

Randomness in Bootstrap Sampling: Like Random Forests, the Extra Trees Classifier performs
bootstrap sampling to create different subsets of the training data for each tree. However, Extra Trees
also randomly selects a subset of features at each node to determine the best split, further enhancing
the randomness of the model.

Efficiency: Extra Trees typically have a faster training time since they do not search for the best-
split point at each node. However, this speed gain comes at the cost of slightly lower predictive accuracy.
This research uses the ‘gini’ criterion; the min-sample-split is 3, and 1 is a random state.

The complexity of the Extra Trees Classifier algorithm can be broken down into two main aspects:
training complexity and prediction complexity.

Training Complexity: The training complexity refers to the computational cost of building the
ensemble of decision trees in the Extra Trees Classifier. The primary factor influencing the training
complexity is the number of trees in the ensemble, denoted by the hyperparameter n_estimators. The
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training complexity of the Extra Trees Classifier is generally higher than that of traditional decision
trees but lower than that of Random Forests. It is typically proportional to the number of trees
multiplied by the complexity of building a single decision tree. The complexity of building a single
tree is determined by the number of samples in the training set (n) and the number of features (m).
The time complexity of constructing a single decision tree is usually around O(n ∗ m ∗ log(n)), where
log(n) represents the average depth of the tree. Therefore, the training complexity of the Extra Trees
Classifier can be approximated as O(n_estimators ∗ n ∗ m ∗ log(n)).

Prediction Complexity: The prediction complexity refers to the computational cost of making
predictions with the trained Extra Trees Classifier. The prediction complexity of the Extra Trees
Classifier depends on the number of trees (n_estimators), the average depth of the trees (max_depth),
and the number of features (m). The prediction complexity is generally similar to that of a single
decision tree. Once the ensemble of decision trees is built, predicting the class labels for new instances
involves traversing each decision tree in the ensemble and aggregating their votes. The time complexity
of predicting with a single decision tree is typically around O(m ∗ log(n)), where log(n) represents
the depth of the tree. Therefore, the prediction complexity of the Extra Trees Classifier can be
approximated as O(n_estimators ∗ m ∗ log(n)).

Model Limitations: Like any other machine learning algorithm, the Extra Trees Classifier has
weaknesses and limitations. Here are some of them: The Extra Trees Classifier tends to use more
memory than other algorithms like decision trees or linear models. This is because it constructs
multiple decision trees in the ensemble, each requiring memory to store the tree structure and training
data subsets. By introducing randomness in feature selection and splitting points, the Extra Trees
Classifier increases the model’s bias. This can lead to slightly lower predictive accuracy than other
ensemble methods like Random Forests. However, the reduction in variance can make it more resistant
to overfitting. Ensemble methods like the Extra Trees Classifier are generally less interpretable than
individual decision trees. Understanding the underlying logic and feature importance can be more
challenging because the predictions are based on the combined votes of multiple trees. Extra Trees
does provide feature importance estimates, but they may not be as reliable as those of Random Forests.
This is because the random feature selection in Extra Trees can sometimes result in suboptimal splits,
leading to less accurate feature importance rankings. The randomness introduced by Extra Trees
may cause it to pay more attention to noisy features in the data. This can lead to overfitting on
noisy features and potentially degrade the classifier’s overall performance. The performance of the
Extra Trees Classifier can be sensitive to the choice of hyperparameters, such as the number of trees
(n_estimators), the maximum depth of the trees (max_depth), and the number of features to consider
at each split (max_features). Careful tuning of these hyperparameters is necessary to achieve optimal
results.

Despite these limitations, the Extra Trees Classifier can still be a powerful and effective algorithm,
especially when computational efficiency is a priority or when dealing with high-dimensional datasets.
It can provide competitive performance in many classification tasks, particularly with proper prepro-
cessing techniques and hyperparameter tuning.

3.6.4 Multilayer Perceptron

We use Multilayer Perceptron (MLP) to analyze thermal sensation prediction further. It is a
feedforward classifier that predicts the output mapped by input variables. MLP comprises input units,
one hidden layer, and one output layer.
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3.6.5 Naive Bayes

Naive Bayes is a supervised machine learning algorithm based on likelihood. Each feature is
independent of the other and takes part in the learning process independently.

The proposed thermal comfort model’s general operation is described in Algorithm 1. The
ASHRAE RP-884 dataset DS is taken as input, and the output is the performance of the proposed
thermal comfort model. The features are visualized using Exploratory Data Analysis (EDA). Data
cleaning, skewness correction, log transformation of skewed data, and categorical variable distribution
are all used to preprocess the data. SMOTE (SM) is used as a data preprocessing approach for
balancing the data, and the data is divided into training and testing groups with sizes of 0.7 and
0.3, respectively. Accuracy, precision, recall, and F1-score evaluation metrics Em are employed. The
thermal comfort model’s training dataset yields the best results.

Algorithm 1: Proposed Thermal Comfort Model Pseudo Code
1: Input: ASHRAE RP-884 dataset (Ds)
2: Output: Thermal Comfort Model Performance
3: Dp = Data Preprocessing
4: Ds = x, y {Dataset}
5: EDA = Exploratory Data Analysis
6: a) Data Skewness
7: b) Log transformation of skewed data
8: c) Categorical Variables Distribution
9: Data Cleaning
10: Pd = Prediction
11: SM = smote () {Balance Data}
12: Splitting = x_train, x_test, y_train, y_test
13: ML = Create a Machine Learning Model
14: ETC ← gini, minsamplesplit, random state
15: Em ← Accuracy, Precision, Recall, F1-Measure
16: Return ← Best Results

4 Result and Discussion

This section examines the performance of the proposed model. The model’s performance was
evaluated using various metrics such as accuracy, precision, recall, F1-score, and confusion matrix.
These criteria assess the proposed model’s performance compared to the current methods and
their suitability for the human thermal comfort model. The proposed model uses machine learning
classifiers on an ASHRAE RP-884 dataset. The dataset was split into 25% for model testing and 75%
for model training. The results obtained from the experiments are discussed in detail in this section.
Different ML classifiers are applied to check the validity of the model.

Evaluation Metrics: The effectiveness of the suggested model is evaluated using the evaluation
parameters listed below. The accuracy reported in Eq. (1), the precision in Eq. (2), the recall in Eq. (3),
and the F1-score in Eq. (4) are some of the metrics used to evaluate the prediction and classification
issues.

Accuracy = TP + TN
TP + TN + FP + FN

(1)
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Precision = TP
TP + FP

(2)

Recall = TP
TN + FN

(3)

F1 − score = 2 × Precision + Recall
Precision + Recall

(4)

Table 2 demonstrates the overall performance of the ML algorithm on the ASHRAE dataset.
Fig. 5 represents the performance error of tuned Extra Tree classifier, MLP and Naive Bayes algo-
rithms. The Extra Tree classifier obtained an accuracy of 0.94, a precision of 0.94, a recall of 0.97, and
an F1-score of 0.95. The MLP classifier obtained an accuracy of 0.81, a precision of 0.84, a recall of
0.85, and an F1-score of 0.84. The Naive Bayes obtained an accuracy of 0.74, a precision of 0.78, a
recall of 0.76, and an F1-score of 0.76.

Table 2: Proposed model results

Model Accuracy Precision Recall F1-score

Tuned extra tree 0.94 0.94 0.97 0.95
MLP 0.81 0.84 0.85 0.84
Naive Bayes 0.74 0.78 0.76 0.76

Figure 5: Graphical representation of performance error

The confusion matrix of the proposed model is depicted visually in Fig. 6. It gives a general
description of how a classification algorithm works. It indicates that class 0 accurately predicts 1870
samples, whereas 230 samples are misdiagnosed, and class 1 predicts 2024 samples successfully and
78 samples are falsely diagnosed. Similarly, class 2 successfully predicted 1949 samples, whereas 59
samples were misdiagnosed. The proposed method works better because it has more continuous, better
true positive and negative values and fewer false positive and negative values.

Fig. 7 indicates the Receiver Operating Characteristic (ROC) curve. The ROC curve is a graphical
representation of the performance of the classification model. It illustrates the trade-off between
the true positive rate (sensitivity) and the false positive rate (1-specificity) for different classification
thresholds. The ROC curve is created by plotting the True Positive Rate (TPR) on the y-axis against
the False Positive Rate (FPR) on the x-axis at various threshold settings. Each point on the curve
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represents a different threshold, showing the model’s performance across all possible threshold values.
The pink dotted line represents the micro-average ROC curve area of 0.96, and the purple dotted line
shows the macro-average ROC curve with a 0.96 value. Class 0 is represented by a sky-blue line with
an area of 0.93, class 1 by an orange line with a 0.97 area, and class 2 by a green line with a 0.97 area.

Figure 6: Confusion matrix of proposed model

Figure 7: Receiver operating characteristic curve

The comparative analysis of the suggested approach with existing techniques [33,34,37,42] is
provided in Table 3. The comparison is provided regarding the accuracy, precision, recall, and F1-
score. The proposed approach outperforms as associated to the existing techniques.
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Table 3: Comparison with existing techniques

References Techniques Accuracy Precision Recall F1-score

[33] DNN 78% NA NA NA
[34] ML algorithms 84% NA NA NA
[37] LSTM 78% NA NA 78.0%
[42] Transfer learning technique 73.9% NA NA NA
Proposed
approach

Tuned extra tree classifier 94.0% 94.0% 97.0% 95%

5 Conclusion

This study produces a human thermal comfort model that uses an Extra Tree classifier to detect
critical elements and generate improved predictions of thermal experience. Furthermore, MLP and NB
algorithms are employed and compared with the tuned Extra Tree classifier. HVAC systems are used in
buildings to regulate the temperature. Better thermal conditions directly impact people’s productivity
and health. The suggested approach significantly enhances people’s thermal comfort. This technique
preprocessed the raw information, balanced the class imbalance dataset, then built a classifier that
receives a feature vector as inputs and produces a class of thermal characteristics sensations. The
study uses an ASHRAE RP884 standard dataset, open to the public for experimentation and research.
SMOTE balances the dataset, while EDA explores outliers and abnormalities in the dataset. The
proposed Extra Tree classifier obtained 94% accuracy and precision, 97% recall, and 95% F1-score.
Similarly, the MLP obtained 81% accuracy, 84% precision, 85% recall and 84% F1-score, and NB
yielded 74% accuracy, 78% precision and 76% recall and F1-score. The results demonstrate that a
tuned Extra Tree classifier outperforms MLP and NB. They present a model for human thermal
comfort that enhances predictions of thermal experience by emphasizing key traits and utilizing a
tuned Extra Tree classifier. The limitation of this study is that we focused on building from a few
limited geographic locations. The model may underperform when the proposed approach is applied
to new data from different locations. The future scope includes extending the study’s focus to non-
ventilated buildings and local thermal comfort, as well as taking other machines and deep learning
approaches into account to enhance the learning effectiveness of the HVAC systems with multiple
datasets and employing different statistical tests, such as Wilcoxon and ANOVA, to ensure the quality
of the proposed algorithm.
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