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Abstract

Public health has become a significant focus in the modern era due to the increasing number of
people suffering from various diseases. Unhealthy eating habits and lack of physical activity are
often linked to health issues, including obesity. Several studies have developed food
recommendation systems for individuals with obesity using K-Means and Random Forest
algorithms to provide recommendations based on specific user aspects. However, these studies do
not offer physical activity recommendations to address a lack of fitness or exercise. This research
develops a diet and physical exercise recommendation system for individuals with obesity using a
combination of K-Means and Random Forest. The system categorizes and classifies foods and
physical activities, providing personalized recommendations based on user data input. These
recommendations consider body mass index (BMI), age, weight, and food preferences like vegan or
non-vegan. The system provides diet and exercise plans tailored to the individual needs of each user.
The system's accuracy is evaluated using the Mean Absolute Percentage Error (MAPE) metric, with
the highest accuracy for food recommendations being 99.03% for non-vegan lunch and the lowest
being 70.74% for vegan breakfast. The MAPE for exercise recommendations is consistently at
26.35%, indicating a stable accuracy of 73.65%. The testing results show that the system accurately
recommends diet and physical exercise plans for each user.

Keywords: Public Health, Obesity, Unhealthy Diet, Lack of Physical Activity, BMI, Diet
Recommendation System, Physical Exercise, K-Means, Random Forest, Mean Absolute Percentage
Error

Abstrak
Kesehatan masyarakat menjadi fokus utama di era modern karena meningkatnya jumlah penderita
berbagai penyakit. Pola makan yang tidak sehat dan kurangnya aktivitas fisik sering dikaitkan
dengan masalah kesehatan, termasuk obesitas. Beberapa penelitian telah mengembangkan sistem
rekomendasi makanan untuk individu dengan obesitas menggunakan algoritma K-Means dan
Random Forest untuk memberikan rekomendasi berdasarkan aspek spesifik pengguna. Namun,
penelitian-penelitian tersebut tidak memberikan rekomendasi aktivitas fisik untuk mengatasi
kurangnya kebugaran atau olahraga. Penelitian ini mengembangkan sistem rekomendasi diet dan
latihan fisik untuk individu dengan obesitas menggunakan perpaduan K-Means dan Random Forest.
Sistem ini mengkategorikan dan mengklasifikasikan makanan dan aktivitas fisik, serta memberikan
rekomendasi yang dipersonalisasi berdasarkan input data pengguna. Rekomendasi ini
mempertimbangkan berbagai faktor, seperti indeks massa tubuh (IMT), usia, berat badan, dan
preferensi makanan seperti vegan atau non-vegan. Sistem ini memberikan rencana diet dan latihan
fisik yang disesuaikan dengan kebutuhan individu setiap pengguna. Akurasi sistem dievaluasi
menggunakan metrik Mean Absolute Percentage Error (MAPE), dengan akurasi tertinggi untuk
rekomendasi makanan adalah 99,03% untuk makan siang non-vegan, dan terendah adalah 70,74%
untuk sarapan vegan. MAPE untuk rekomendasi latihan fisik konsisten di angka 26,35%,
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menunjukkan akurasi stabil sebesar 73,65%. Hasil pengujian menunjukkan bahwa sistem
merekomendasikan rencana diet dan latihan fisik secara akurat bagi setiap pengguna.

Kata Kunci: Kesehatan Masyarakat, Obesitas, Pola Makan Tidak Sehat, Kurangnya Aktivitas Fisik,
Sistem Rekomendasi Diet, Latihan Fisik, IMT, K-Means, Random Forest, Mean Absolute
Percentage Error

[. INTRODUCTION

In this modern era we face serious health challenges, particularly those related to unhealthy eating habits and
lack of physical activity. Various studies have shown that poor eating habits are a major factor behind
numerous health issues, including obesity. According to UNICEF's conceptual framework, it is known that the
combination of unhealthy diets and lack of physical activity significantly contributes to the increase in obesity
cases [1]. This is supported by recent data from the World Health Organization, which shows that global obesity
cases have more than doubled from 1980 to 2014. The data indicates that approximately 13% of the world's
adult population, comprising 11% of men and 15% of women, are obese. There are over 1.9 billion overweight
adults, with more than 600 million of them being obese. The primary factors for this increase are the
consumption of high-calorie, fat-rich foods and the decline in physical activity, particularly due to
predominantly sedentary work [2].

With the rapid advancement of technology in today's era, information spreads quickly and can be accessed
from anywhere. Although much information is available on healthy eating patterns and physical exercise, many
people still need more personalized guidance and support to achieve their health and fitness goals. Additionally,
with busy schedules and conflicting priorities, finding the time and motivation to prioritize healthy habits poses
challenges. This includes information on managing obesity, which is crucial for treating and preventing
diseases. However, much of the available information is general and lacks specificity. For example, information
on diet and exercise recommendations often needs to be tailored to individual circumstances, thus providing
insufficient guidance that is both precise and effective.

Various studies have been conducted on the development of food recommendation systems for obese
individuals, including a study in India that developed a system using the K-Means and Random Forest
algorithms to provide diet and exercise plan recommendations to users [3]. This system allows users to input
their age, gender, and weight. The system then includes food recommendations based on the user's Body Mass
Index (BMI). According to the research findings, this system has improved the accuracy and efficiency of
recommendations.

The previous research recommended breakfast, lunch, and dinner based on the user's Body Mass Index (BMI).
However, it did not provide supporting information, such as physical activity recommendations to address
fitness or physical inactivity issues. Therefore, we developed a diet and exercise recommendation system
simultaneously. This system will implement the K-Means algorithm in classifying food data into three main
categories: breakfast, lunch, and dinner. The K-Means algorithm, which is an iterative clustering method, is
used to separate the dataset into homogeneous clusters. By reducing the variation within clusters and increasing
the differences between clusters, this research aims to improve classification accuracy, allowing users to input
their age, gender, and weight. Furthermore, the Random Forest algorithm is used to assist in creating classes
from the dataset. The Random Forest algorithm is a collection of decision trees combined to recommend diet
and exercise. This system is designed to provide diet and exercise recommendations based on the user's Body
Mass Index (BMI) to provide a comprehensive solution for users with tailored recommendations based on their
BMI. The system has various benefits for people. It provides personalized recommendations based on an
individual's BMI, making it more relevant and effective than general guidelines. By combining diet and physical
activity recommendations, the system helps users to adopt an overall healthy lifestyle. The results of this study
are expected to help address the problems that users face in maintaining and improving their health by choosing
diet and exercise menus in their daily activities.
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II. LITERATURE REVIEW

Diet and exercise recommendation systems have become a popular research topic in recent years. This
research focuses on developing systems that can provide diet and physical exercise recommendations tailored
to individual needs based on various factors such as age, food type, and BMI. In this context, several studies
have explored the use of K-Means and Random Forest algorithms.

Singh Kardam et al. (2021) [3] implemented the K-Means and Random Forest algorithms in testing a diet
recommendation system because both algorithms have complementary advantages in the classification and
grouping of data. The K-Means algorithm was used to cluster food items into different categories, such as
breakfast, lunch, and dinner, allowing the system to organize food items based on calories and relevant food
categories. The Random Forest algorithm was then used for further classification, leveraging multiple decision
trees to improve accuracy. Thus, implementing these two algorithms enables the system to provide accurate and
personalized recommendations tailored to the user's nutritional needs and preferences.

Golagana et al. (2023) [4] emphasized that the K-Means algorithm effectively groups users based on their
physical details and health conditions, enabling the system to provide more personalized diet recommendations.
This grouping is important as it facilitates the creation of meal plans that align with the user's calorie needs and
food preferences. Furthermore, Random Forest is known for its ability to handle high-dimensional data and
provide accurate predictions, which is highly useful in predicting user food preferences. This algorithm can
handle data complexity and extract important patterns to make precise recommendations. The combination of
these two algorithms allows the proposed diet recommendation system to identify similar user groups and
predict meal plans that align with individual nutritional needs, thereby improving the quality of
recommendations provided to users.

Shah et al. (2023) [5] applied the K-Means and Random Forest algorithms to harness the strengths of both
methods in data analysis and accurate predictive model creation. The K-Means algorithm was used to cluster
food data based on nutritional characteristics such as calories, allowing the system to filter and recommend
foods that align with the user's calorie needs. This clustering helps simplify the recommendation process by
categorizing foods into similar groups, making it easier to identify food choices that align with the user's dietary
goals. Random Forest is a powerful classification algorithm used to predict the food categories that best suit
user preferences. This algorithm combines the results of many decision trees to improve accuracy. With its
ability to handle large and complex datasets as well as diverse features, Random Forest is well-suited for tasks
such as food classification and diet recommendations that require consideration of many variables. The
implementation of these two algorithms aims to create a recommendation system that can provide highly
personalized diet and exercise advice, ultimately helping individuals achieve their health and fitness goals more
effectively.

A. Recommendation System

Navastara et al. (2019) [6] stated that a recommendation system is a system that can provide users with
suggestions for beneficial items/products. Jaja et al. (2020) [7] described a recommendation system as a system
that helps users cope with information overload by providing specific recommendations that are expected to
meet users' desires and needs. Muhammad Rizqi Az Zayyad and Arrie Kurnawardhani (2021) [8] noted that
recommendation systems have been utilized as an effective strategy to manage the vast amount of available
information and to provide item recommendations that match users' preferences. Fadlil and Mahmudy (2007)
[9] explained that this system operates by collecting data from users both directly and indirectly. Direct data
collection can be done by asking users to rate an item, rank their favorite items, choose the best item from a
selection, or list the items they like and dislike the most. Indirect data collection involves observing user
behavior, such as items viewed by users on e-commerce websites or collecting transaction data from online
stores. The collected data is then processed using specific algorithms to predict which items will be useful for
users based on the provided information. The results are returned to the users in the form of appropriate item
recommendations.
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B. Body Mass Index (BMI)

Body Mass Index (BMI) is a method of measuring weight adjusted for height, calculated by dividing the
weight in kilograms by the square of the height in meters (kg/m?). Licenziati et al. (2022) [11] stated that the
Body Mass Index (BMI) uses the following formula:

Weight

BMI = Height

€y

According to the NHLBI [12] stated that the results of the Body Mass Index (BMI) calculation are classified
based on the Asia-Pacific Criteria classification in Table I.

TABLEI

Classification Of Asian BMI Criteria
Asia-Pacific Classification Body Mass Index
Underweight <18,5
Normal 18,5-229
Overweight 23-249
Obesitas | 25-299
Obesitas 11 >30

The results of Body Mass Index (BMI) calculations can be used as a reference to classify a person's weight into
several categories, such as underweight, normal weight, overweight, obesity I, and obesity II.

III. RESEARCH METHOD

This section presents the research methodology used in designing and implementing the recommendation
system for diet and physical exercise. The system utilizes a combination of K-Means and Random Forest
algorithms to provide personalized recommendations. The methodology includes data collection,
preprocessing, algorithm selection, model training, and evaluation. Additionally, Fig 1 illustrates the system
design of the recommendation system. In Fig 1, the process begins by directing the user to a website containing
data such as age, weight, mealtime category, vegan/non-vegan, and height. After the user inputs the data, the
system processes the user input by preprocessing and then processing the data using the K-Means and Random
Forest algorithms. After the model produces predictions, an evaluation is done using the Mean Absolute
Percentage Error (MAPE) test metric. Then, food and exercise data suitable for the user's condition will be
retrieved and displayed to the user as a result of the diet and exercise recommendations. The flowchart of the
system process depicted in Fig 2 is shown below.

The flowchart in Fig 2 outlines the sequential steps from data input to recommendation output, emphasizing
the systematic approach employed in this system. The preprocessed data is grouped into several sub-clusters
based on the K-Means algorithm in the section. The best sub-cluster is selected to form the desired number of
clusters. After clustering, the data is used in the Random Forest model. After splitting the data into training and
testing data, the Random Forest algorithm determines the required number of trees, takes a random sample, and
creates trees to generate predictions. The prediction results from the Random Forest model are then evaluated.
This research methodology ensures a robust framework for developing and deploying an adequate diet and
physical exercise recommendation system, contributing to improved health outcomes and user satisfaction.
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In the data preparation stage, we utilized publicly available datasets collected from verified sources,
particularly from Kaggle. For this research, we selected the Diet and Physical Exercise Datasets, which have
been accessed and used by many previous studies. They are considered suitable for analyzing eating patterns
based on predefined Body Mass Index (BMI) categories: Underweight, Normal, Overweight, and Obese. The
Diet Dataset consists of 89 food entries covering various attributes such as Fooditems, Breakfast, Lunch,
Dinner, VegNovVeg, Calories, Fats, Proteins, Iron, Calcium, Sodium, Potassium, Carbohydrates, Fiber,
VitaminD, and Sugars. Meanwhile, the Physical Exercise Dataset consists of 3994 entries, including Date,
Workout Name, Duration, Exercise Name, Set Order, Weight, Reps, Distance, and Seconds. The use of these
datasets has been a common practice in previous research and is included to support the validity and reliability
of this study's analysis. Here are the datasets that have been collected:

TABLEII
Diet Dataset
Food_items Breakfast Lunch Dinner VegNonVeg Calories Fats Proteins Iron Calcium Sodium Pottasium Carbohydrates Fibre VitaminD Sugar
Asparagus 0 1 1 0 22 0.2 24 0.91 23 14 224 4.1 2 0 13
Rebus
Alpukat 1 0 0 0 160 15 2 0.55 12 7 485 8.5 6.7 0 0.7
Pisang 1 0 0 0 89 0.3 11 0.26 5 1 358 23 2.6 0 12
Roti Bagels 0 1 1 0 250 15 10 2.76 20 439 165 4.1 0 0 6.1
Buah Beri 1 0 0 0 349 0.4 14 6.8 190 298 77 77 13 0 46
TABLE IIT
Exercise Dataset
Date Workout Duration Excersice Set Order Weight Reps Distance Seconds Notes Workout RPE
Name Name Notes

13/09/2021 PUSH 1 1h 12m Bench Press 1 35.0 10 0 0 Focusing on 9

(Barbell) CHEST,

SHOULDERS
and TRICEPS

13/09/2021 PUSH1 1h12m Bench Press 2 35.0 9 0 0 10

(Barbell)
13/09/2021 PUSH 1 1h 12m Bench Press 3 35.0 8 0 0 10

(Barbell)
13/09/2021 PUSH1 1h 12m Bench Press 4 35.0 7 0 0 10

(Barbell)
13/09/2021 PUSH 1 1h 12m Incline Cable 1 125 12 0 0 9.5

Chest Fly
13/09/2021 PUSH 1 1h 12m Incline Cable 2 125 10 0 0 10

Chest Fly
13/09/2021 PUSH1 1h 12m Incline Cable 3 125 8 0 0 10

Chest Fly
13/09/2021 PUSH 1 1h 12m Incline Cable 4 125 7 0 0 10

Chest Fly
13/09/2021 PUSH1 1h 12m Overhead 1 12.0 10 0 [ 8

Press

(Dumbbel)

B. Data Pre-processing

In the next step, the data is separated based on mealtime categories, such as breakfast, lunch, and dinner. Each
food item and its corresponding data index are stored in a separate list for each mealtime category. Then, the
data is further processed in several steps, including the transpose method, which converts rows into columns.
After the data is processed, the next step is calculating each user's Body Mass Index (BMI). This process
determines the user's age category based on the predefined age ranges. Then, the BMI calculation is performed
using the formula BMI = Weight / Height (m)?. Based on the calculated BMI value, users are categorized into
five predefined BMI categories: Underweight, Normal, Overweight, and Obese, based on BMI value ranges.

C. K-Means

The labeling process in the diet and exercise recommendation system using the K-Means algorithm is carried
out in the following steps. First, food data is separated based on mealtimes, such as breakfast, lunch, and dinner.
Then, each corresponding data is stored in matrix form for each mealtime category. The K-Means process is
then applied to these matrices with a predefined number of clusters, in this case, three clusters. The clustering
results, which include cluster labels for each food data, are printed for each mealtime category. This process
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assigns cluster labels to each food category according to the K-Means results, allowing for grouping foods based
on their calorie values. These cluster labels can then be used to recommend a balanced diet according to the
user's nutritional needs.

D. Random Forest

The process of predicting labels using the Random Forest algorithm involves several steps. First, a Random
Forest Classifier or Regressor model is created by initializing a RandomForestClassifier or
RandomForestRegressor object with specific parameters such as the number of trees (n_estimators). Next, the
model is trained (fit) using training data (X_train and y_train). After the model is trained, test data (X_test) is
provided for predictions. Predictions are made using the prediction method on the trained model object,
resulting in predicted labels for each test data sample. The prediction results are then printed for evaluation,
allowing an understanding of the model's performance and its fit with the given test data.

E. Evaluation

The results of the generated recommendations will be evaluated using a specific method that can be measured
based on the errors or discrepancies formed from the prediction results. The error value can be obtained using
the Mean Absolute Percentage Error (MAPE) calculation metric. Mean Absolute Percentage Error (MAPE) is
the average of the absolute percentage differences between actual data and predicted data. The lower the Mean
Absolute Percentage Error (MAPE) value, the better the prediction model performance. The formula to
calculate Mean Absolute Percentage Error (MAPE) is as follows:

n  |xXt=Yyel

MAPE = ‘T"f x 100% )

x; = Actual value
x; = Predicted value
n = Total number of data

Based on the Mean Absolute Percentage Error (MAPE) formula, which depicts the error value of the predictive
model, the accuracy of the model can be obtained with the following calculation formula:

Accuracy = 100% — MAPE 3)

IV. RESULTS AND DISCUSSION
A. Data Pre-processing

In this process, data is grouped based on mealtime categories: breakfast, lunch, and dinner. Each food item
and its corresponding data index are stored in separate lists for each mealtime category. After grouping the data
according to mealtime categories, the data is further processed with several steps, one of which is using the
transpose method to convert rows into columns. Rows of data are extracted based on predefined indices to
retrieve a subset of data containing only the specified columns. This process removes columns for breakfast,
lunch, dinner, and veg/non-veg. Then, the obtained subset of data is transposed back to its original form to
facilitate further analysis. The result of the processed data is printed, providing food data based on meal
categories and their nutritional values that can be used for further analysis. The result of the process will be
displayed in the image below :
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Fig 5. Breakfast Food Data
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Food_items Avocados Bananas Berries

Food_items Breakfast Lunch

Asparagus Cooked 0 1
Bagels made in wheat 1
Brocolli 1

Brown Rice 1
Cauliflower 1

Corn 1

Onions 1

Pasta canned with tomato sauce 1
Peas 1

Pumpkin 1

Fig 7. Lunch Food Data
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0. Dinner Food Data After Processing

In this process, food data is separated based on mealtimes, namely breakfast, lunch, and dinner, and then
processed to obtain calorie data. K-Means model with 3 clusters representing low, medium, and high-calorie
foods is applied to the calorie data. K-Means clustering is performed to group food calorie data into 3 clusters
in this process. Cluster 0 is marked with the number 0 and contains relatively low-calorie data, Cluster 1 is
marked with the number 1 and contains medium-calorie data, while Cluster 2 is marked with the number 2 and
contains high-calorie data. Breakfast, lunch, and dinner foods produce cluster label results through the K-Means
clustering. The results of this K-Means process are shown in Fig 11.

Breakfast
[01201000000110110011100100000001000901
200 0]

002211122002000200000020000000

C. Random Forest

Fig 11. K-Means Results

00200020000020

In the Random Forest process for diet planning, the first step is to read the nutrition distribution dataset and
transform it into a data frame, which is then transposed so that each row represents a type of food and each
column represents a nutritional attribute such as calories, protein, and fat. This nutrition data is used to develop
a model to calculate the recommended food nutrition values and ensure they align with the user's nutritional
needs. The data is then grouped based on BMI and user age categories and transformed into an array where
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each row represents a type of food, and each column represents a nutritional attribute. This process is carried
out for each BMI and age category to generate feature data (X_train) and label data (y_train) used for model
training. Afterward, the data is split into training and testing datasets. A Random Forest Classifier model with
100 estimators is used to train the training data and produce a model capable of predicting food
recommendations. Once the model is trained, the testing data is processed using the Random Forest model to
generate suitable predictions for low-calorie foods.

Avocados
Bagels made in wheat
Berries

Brocolli
Cauliflower

Fig 12. Random Forest Diet Sample Results

In the Random Forest process for physical training, the first step is to read and convert the physical training
data into a data frame, where features such as weight, set order, and number of repetitions are used as variables
X. In contrast, the physical training labels are stored in variable y and converted into numeric form using
LabelEncoder. The data is then split into training and testing datasets. The RandomForestRegressor model trains
the training data and generates predictions based on the testing data. After training, the model processes the
testing data and produces predictions for physical training, including information on set order and number of
repetitions based on weight.

Best exercise: Chest Fly (Dumbbell), Set Order: 1, Reps: 8

Other Recommendation :Bench Press (Barbell), Set Order: 1, Reps: 10

Fig 13. Random Forest Physical Exercise Sample Result
D. Evaluation

In this step, the evaluation result of accuracy measurement using MAPE (Mean Absolute Percentage Error)
is shown in the table below.

TABLE IV
Evaluation Result
Mealtime Category | Veg/Non Veg MAPE Diet Diet Accuracy MAPE Physical Physical Exercise
Exercise Accuracy
Breakfast Vegan 29.26% 70.74% 26.35% 73.65%
Breakfast NonVegan 7.80% 92.20% 26.35% 73.65%
Lunch Vegan 9.75% 90.25% 26.35% 73.65%
Lunch NonVegan 0.97% 99.03% 26.35% 73.65%
Dinner Vegan 6.34% 93.66% 26.35% 73.65%
Dinner NonVegan 8.29% 91.71% 26.35% 73.65%

Table I'V shows the evaluation results of accuracy measurement using MAPE (Mean Absolute Percentage Error)
for diet and exercise recommendations based on user input. The results indicate that the diet recommendations
for Vegans have a higher MAPE than Non-Vegans across all mealtimes. The highest accuracy for diet
recommendations is for Non-vegetarians at lunchtime, at 99.03%, while the lowest accuracy is for Vegans in
the morning, at 70.74%. The MAPE for exercise recommendations is consistently at 26.35%, and the accuracy
for exercise recommendations is stable at 73.65%, indicating relatively stable accuracy for exercise
recommendations. Overall, this system shows fairly good accuracy in recommending diets and physical
exercises.
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E.  System Testing Results

In this process, the system is developed using the Python programming language. After the model is
formed, a user interface is created to connect the user with the ongoing process. In Fig 14, the homepage of
the diet and physical training recommendation system is Displayed.

Diet and Physical Exercise Recommendation
Veg (0) or Non-Veg (1):

Vegetarian

Weight (kg): Height (cm):

Mealtime Category:

Breakfast

Fig 14. Input Display of Diet and Physical Exercise Recommendation System

In the system interface shown in Fig 14, users can input their personal information, such as age, weight, vegan
status, height, and desired mealtime category, for the recommendation process. After that, the user will receive
recommendations, as shown in Fig 15. Here is the display of the diet and physical training recommendation
results page according to the user input, showing the user-provided information, diet recommendations, and
physical training recommendations.

Diet and Physical Exercise Recommendation

Personal Data :

Age :22

Vegetarian (0) / Non-Vegetarian (1) : 0
Weight : 80.0 (kg)

Height : 180.0 (cm)

Mealtime Category : Breakfast

BMI : 24.691358024691358

According to your BMI, you are healthy!

Diet Recommendation :

Avocados

Bagels made in wheat
Berries

Brocolli

Cauliflower

Physical Exercise Recommendation :
Best exercise : Chest Fly (Dumbbell) | Set Order: 1| Reps: 8

Other Recommendation : Bench Press (Barbell) | Set Order: 1 | Reps: 10

© 2024 Muhammad llham Hafizha

Fig 15. Display of Diet and Physical Exercise Recommendation Results

The system can benefit society by offering personalized diet and exercise recommendations tailored to
individual needs, promoting healthier lifestyles, and preventing obesity-related health problems. Its advanced
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algorithms provide accurate and data-driven insights, making health advice more accessible and practical. The
system supports holistic health and accommodates dietary preferences. Overall, the system encourages healthier
and more active communities, improving public health outcomes.

V. CONCLUSION

In this study, we developed an integrated diet and physical exercise recommendation system using a
combination of K-Means and Random Forest algorithms. The system consists of several stages, including data
preparation from public datasets, data processing by separating them based on mealtime categories, Body Mass
Index calculation, K-Means for clustering food data based on calories, Random Forest for recommending diet
and exercise plans, and evaluating accuracy using Mean Absolute Percentage Error (MAPE). The test results
indicate that the system has fairly good accuracy in recommending diet and exercise plans, with the diet
recommendation accuracy for Non-Vegans higher than Vegans at all meal times and the exercise
recommendation accuracy relatively stable in all categories with a MAPE of 26.35% and an accuracy of
73.65%. For further research, this system must be continued to improve its accuracy and usability by expanding
the dataset and enhancing the user interface and experience. With ongoing development, this system is expected
to provide greater benefits to the community.
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