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ABSTRACT

Having safe water for consumption is essential for
public health in every region. However, water
quality is declining in some places, especially to
meet human needs for drinking water. There are
many efforts to maintain water potability, such as
checking to see if there are bacteria or diseases in
the water. This research classifies water potability
using the Artificial Neural Network method, a
technique in the field of machine learning. This
research classifies water quality using a python
library to analyze data and perform classification.
Data is processed through stages such as data
cleaning and data division into training and
testing. In testing, the data is divided into 20% for
testing and 80% for training. The results of the
ANN algorithm show 70% accuracy. in
conclusion, the ANN model has moderate
performance in classifying the feasibility of
drinking water. Model improvement is needed to
improve accuracy and prediction, including the
use of larger and more diverse datasets.
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INTRODUCTION

Having safe water for consumption is very important for public health in
every area. However, water quality is deteriorating in several places, especially
to meet human needs for drinking water. Poor water quality can cause many
serious diseases, one of which is diarrhea, which causes approximately 800,000
deaths each year (Said et al., 2022)(Wati, 2020). The Food and Agriculture
Organization (FAO) states that the lack of clean drinking water causes 3,800
children to die every day from diseases. Research conducted by the World Health
Organization (WHO) shows that 2 billion people are affected by water scarcity
every day in 40 countries, and the lack of access to clean drinking water results

in the death of approximately 2 million newborns each year (Hardiana Said,
2022)(Generosa Lukhayu Pritalia, 2022).

For the coming years, the World Water Assessment Programme (WWAP),
overseen by UNESCO, has planned for clean water conditions. 85% of clean
water becomes waste under certain conditions, to meet their daily needs, each
person uses one hundred liters of water every day(Riyantoko et al., 2021). There
are many efforts to maintain water quality, such as conducting checks to
determine if there are bacteria or diseases in the water, so that preventive
measures can be taken if the water quality declines(Hartanti & Pradana, 2023).
The quality of water can be explained through parameters that encompass the
composition of the water itself. These parameters or variables can be utilized to
predict water conditions using data classification techniques and machine
learning(Mutoffar & Fadillah, 2022).

Machine learning is a part of Al that aims to create artificial intelligence.
Machine learning also refers to a branch of computer science that focuses on the
use of data and algorithms to understand how humans learn and gradually
improve its accuracy(Faiza et al, 2022)(Muniroh & Agus Priatno, 2022).
Classification is the process of finding patterns intended to estimate the class of
unknown objects. The classification method is used in this writing(Sutisna &
Yuniar, 2023). In classification, there are several manual classification methods
based on computers that use machine learning, such as Support Vector Machine
(SVM), Decision Tree, Naive Bayes, and Artificial Neural Network. These are
some examples of machine learning classification techniques that can be used.

Each classification method mentioned above has its own advantages and
disadvantages(Septhya et al., 2023). There have been several studies on drinking
water classification, specifically the classification of drinking water quality using
machine learning applications. The implementation of machine learning
methods involves steps such as collecting water quality data, data processing,
selecting relevant attributes, choosing machine learning algorithms, training the
model using training data, and testing the model(Jesika et al., 2023). Therefore,
the aim of this study is to classify water quality with machine learning that
enhances the modeling process using Artificial Neural Network (ANN). This
study uses Python libraries to analyze data during the classification process.
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Neural Network

A system for information processing with performance characteristics
similar to biological neural networks is called an artificial neural network (ANN),
sometimes abbreviated as neural network (NN). An artificial neural network is a
component of soft computing, which emphasizes the importance of using
methods that prioritize accuracy and certainty. ANNSs can be implemented very
effectively due to their great potential, equivalent to the high-speed parallelism
available. ANNs can be trained and used for natural language processing, image
processing, and other tasks. They are generally more flexible and widely
applicable with outstanding features such as adaptability, self-learning, fault
tolerance, and the ability to perform nonlinear modeling without prior
knowledge of the relationship between independent and dependent
variables(Dastres & Soori, 2021).

There are various reasons why researchers from different domains are
interested in artificial neural networks. Neural networks are typically used in
signal processing and control theory in the field of electrical engineering. In
computer science, neural networks have the potential to be efficiently
implemented in hardware and by applications for robots. Many NN models have
been used in classification, but only in the field of health, for the classification or
diagnosis of diseases such as heart disease, various types of cancers, diabetes,
and so on (Dhoriva Urwatul, 2023).

Klasifikasi

Classification methods are techniques or approaches applied to group or
classify data according to patterns, attributes, or characteristics present in the
relevant data. The goal of classification is to develop models that can identify and
predict the class or label of newly gathered data based on previously collected
information. These classification methods aim to streamline the machine learning
process by using models or algorithms to learn from labeled training data, which
consists of examples already classified. Subsequently, these models are used to
classify data with unknown labels. Naive Bayes, Logistic Regression, Support
Vector Machine (SVM), Random Forest, and Artificial Neural Network (ANN)
are some commonly used methods in classification(Wibawa et al., 2021).

METHODS

This research is based on data obtained from Kaggle using the term "water
potability" to predict whether water is suitable for drinking, utilizing a CSV file
format processed using machine learning techniques. The algorithm employed is
Artificial Neural Network. The dataset includes several parameters.

Table 1. Water Quality Parameter Dataset"

Parameter Description
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pH (power of Hydrogen)

Hardness
Solids
Chloramines

Sulfate

Conductivity

Organic Carbon

Trihalomethanes

Turbidity
Potability

Measuring the acidity or alkalinity of water.
Measuring the content of calcium and magnesium
minerals in water.

Measuring the amount of dissolved and
suspended solids in water.

Compounds formed from the reaction of chlorine
with ammonia in water.

Measuring the concentration of sulfate ions in
water.

Measuring the water's ability to conduct
electricity.

Measuring the amount of organic matter in water.

Chemical compounds formed as byproducts of
water disinfection with chlorine.

Measuring the clarity of water.

Indicators of water suitability for consumption
and non-consumption.

"This research employs a method, which can be seen in Figure 1.
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Figure 1. Research Methodology

In Figure 1, first we identify the dataset used, sourced from Kaggle under
the name "water potability." The data cleaning stage involves initial data
preprocessing tasks, which include selecting and handling missing data. During
data cleaning, we check for missing values; if found, these missing values are
replaced with the mean value.
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The modeling stage entails applying neural network techniques to the
training data to uncover patterns or models of knowledge. In this stage, we
specifically examine the target variable, "potability." Next, we proceed with
training and testing the data to evaluate the model's performance on both
datasets. Artificial Neural Network algorithms are applied to derive insights
from the training and testing data. For the testing phase, we vary the test size
from 20% to 80% to assess the neural network algorithm's outcomes in terms of
accuracy, precision, recall, and F1-score.

RESULTS AND DISCUSSION

"Below are the steps in classifying water quality datasets. This study
employs a machine learning algorithm, specifically a neural network algorithm.
The main objective of this research is to determine the accuracy of the model
created using the neural network algorithm.

The dataset used in this program consists of 3276 rows and 10 columns
(pH, Hardness, Solids, Chloramines, Sulfate, Conductivity, Organic Carbon,
Trihalomethanes, Turbidity), along with one labeling attribute (Potability). The
data types in this dataset indicate that there are 2 types: float64 and int64.

Table 2. Data Type

Data Parameter Non-null count Type
0 pH 2785 non-null float64
1 Hardness 3276 non-null float64
2 Solids 3276 non-null float64
3 Chloramines 3276 non-null float64
4 Sulfate 2495 non-null float64
5 Conductivity 3276 non-null float64
6 Organic Carbon 3276 non-null float64
7 Trihalomethanes 3114 non-null float64
8 Turbidity 3276 non-null float64
9 Potability 3276 non-null Int64

The next step is to identify missing values with the aim of determining the
number of empty values in the data. In figure 4, it shows that there are missing
values in pH, Sulfate, and Trihalomethanes, with 491 missing values for pH, 781
for Sulfate, and 162 for Trihalomethanes.
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Figure 4. Viewing Missing Value

Next, due to the presence of missing values, the next step in data cleaning
is to fill these missing values with the mean. Once the data has been cleaned, it is
free from any missing values.

Here are the results of categorizing water quality analyzed through
Exploratory Data Analysis (EDA).

0

count

1

Figure 5. Pie chart of the water potability

From a total of 3276 data, it shows that 61% or 1998 data indicate that water
is non-potable, while 39% or 1278 data indicate that water is potability. The water
potability classification process involves modeling and data splitting, with 20%
of the data reserved for testing and 80% for training. Table 3 shows the
classification results of the Neural Network Algorithm.

Table 3. Classification Results

Algoritma Class Precision Recall F1 Score  Accuracy
0 0.71 0.87 0.78
ANN 1 0.65 0.41 0.50 070

The table above summarizes key evaluation metrics resulting from
classification, including precision, recall, and fl-score. The evaluation results
indicate that the ANN model performs well in classification tasks. For the "not
potable" class (class 0), the model shows strong performance with a precision of
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71% and a recall of 87%, resulting in a relatively high fl-score of 0.78. This
indicates that the model is quite reliable in identifying non-potable water. In
contrast, for the "potable" class (class 1), the model has a precision of 65% and a
lower recall of 41%, yielding an fl-score of 0.50. This suggests that the model
struggles to identify potable water accurately. The overall accuracy of the model
is 70%, indicating moderate performance overall in classifying water potability.

CONCLUSIONS AND RECOMMENDATIONS

In this study, several conclusions and implementations are drawn from
the research findings. However, the model shows lower performance in
identifying drinkable water. The overall accuracy of the model is 70%, indicating
moderate performance in classifying water potability. The model is more
effective in identifying samples of water that are not potable, as evidenced by
significant differences in recall and f1-score between classes. The average macro
and weighted precision, recall, and fl-score indicate that the model performs
balanced overall, despite differing performance between classes.

Based on these research findings, there are several recommendations for
further implementation and development. Improving the model is necessary
through adjusting parameters and artificial neural network architectures to
enhance accuracy and predictions. Utilizing larger and more diverse datasets is
crucial to improving model performance. Additional training data and the use of
data augmentation techniques to expand existing datasets can help the model
learn better and reduce biases. Incorporating additional technologies such as
integration with Internet of Things (IoT) devices for real-time water quality
monitoring and implementing other machine learning algorithms can
complement and validate the results of artificial neural networks.

FURTHER STUDY

This research has several limitations that need to be considered. The size
of the dataset used may not be sufficiently large or representative. An imbalanced
dataset between samples of potable and non-potable water can also affect the
model's performance. The artificial neural network model employed may not be
entirely optimal due to suboptimal parameter selection and architecture.
Although neural networks are capable of capturing complex patterns, they are
also susceptible to overfitting if not properly configured. Moreover, the findings
of this study may not directly generalize to all types of water across various
geographic locations with differing characteristics, as a model trained on one
type of dataset may not perform well on another dataset with a different data
distribution.
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