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Abstract 

In this article, a novel device and software solution were developed for high-

precision measurement and analysis of groundwater hydrogeochemical parameters, 

including pH, electrical conductivity, total dissolved solids (TDS), temperature, and 

other indicators. The proposed solution integrates the K-Nearest Neighbors (KNN) 

machine learning algorithm for data processing and enables real-time monitoring. 

The device operates using modern sensors, microcontrollers, and radio 

communication modules, while the software performs intelligent analysis of the 

collected data, providing visualization and predictive capabilities. This approach 

ensures high accuracy in measuring hydrogeochemical parameters and serves as an 

effective solution for sustainable management of groundwater resources. 

Groundwater quality can deteriorate due to pollution, making sustainable 

management and continuous monitoring essential. In this study, devices were 

developed and tested in wells to measure key parameters, and the collected samples 

were analyzed using machine learning algorithms. 

 

Introduction 

In the next step - we send (get) the data received from the receiver part of our radio 

module to our web application using the A9G GSM module. A9G is a 

multifunctional wireless communication module that includes GSM/GPRS and GPS 

functions, developed by Ai-Thinker. With this module, you can make calls, SMS 

messages, connect to the Internet, determine location via GPS and many other 

wireless communication operations. The A9G module is widely used in IoT (Internet 

of Things) projects, automated devices, GPS tracking systems and remote control 

systems. To power our device with an alternative energy source, we use a 300 V 
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solar panel kit, which is a high-performance waterproof charging for the weather, 

strong output power, and a battery led 3.5V-5V. I used an Arduino Uno 

microcontroller as the central control part of the device. Arduino Uno is an open-

source, easy-to-use microcontroller platform used in electronic devices, IoT, 

automation, and various other projects. It is based on the Atmel ATmega328P chip 

and is equipped with digital and analog input/output pins, a USB interface, power 

ports, and other functions. Arduino Uno is one of the most popular entry-level 

platforms for students, engineers, and programmers. In the Power Management 

section, we used the LM2596 regulator. Since our device integrates two wireless 

communication modules and these communication devices consume more than 2 

amps of current when active, I paid special attention to choosing the right power 

source and used rechargeable lithium batteries. However, since the voltage coming 

from these lithium batteries is high, I used an LM2596 regulator to generate the 

necessary voltage for my Arduino microcontroller. The automated measuring device 

consists of a multi-channel measuring system for classifying and assessing the 

hydrogeochemical parameters of groundwater, a transmitting-receiving sensor, a 

GSM module for transmitting and receiving data, and a microprocessor for 

processing commands. In the process of creating its technological structure, an 

electronic schematic diagram was developed. The block diagram of the multi-

channel measuring system for classifying and assessing the hydrogeochemical 

parameters of groundwater consists of the main module at the wellhead; a floating 

part located inside the well; a computer of the central control and monitoring system. 

 
Fig.1. Architecture of an information and analytical system for groundwater 

monitoring. 
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Water is the key element of life, essential for the survival of all living organisms. 

For human health, at least 2 liters of clean water per day are recommended . Water 

quality affects not only people’s well-being but also agriculture, industry, and the 

environment, making its regular monitoring and compliance with standards crucial. 

Conventional laboratory analyses are accurate but slow and resource-demanding, 

while recent advances in machine learning and real-time monitoring provide faster 

and more automated solutions. One promising method is the K-Nearest Neighbors 

(KNN) algorithm, which classifies new data by comparing it with existing datasets. 

Integrating KNN into IoT-based monitoring systems enables continuous and 

accurate classification of water quality, supporting timely decision-making and 

preventive measures . 

This study explores the application of KNN for water quality classification using 

parameters such as pH, temperature, and TDS. The approach offers high efficiency, 

scalability, and cost-effectiveness, contributing to sustainable water resource 

management . Groundwater properties are defined through hydrological indicators 

(water level, slope, volume) and hydrochemical factors (salinity, salt content, 

organic, biogenic, and pollutant concentrations). Hydrogeological monitoring is 

therefore vital for managing groundwater quality and availability. Modern 

automated devices and software significantly enhance the accuracy and reliability of 

hydrogeochemical measurements, enabling continuous real-time data collection and 

advanced analysis of parameters such as pH, electrical conductivity, dissolved 

oxygen, and ion concentrations. 

When collecting the dataset, we took it from our web application 

https://qudugsuvi.uz/home/1/. 

Our web application is built on the Django framework, a high-level web framework 

for the Python programming language. Our web-based application enables the 

continuous observation and monitoring of well indicators throughout the 

measurement period. This functionality facilitates the collection of precise data 

accumulated over extended periods, allowing for comprehensive analysis and 

comparison of trends across different years. This increases the possibilities of 

groundwater monitoring. 

 

https://qudugsuvi.uz/home/1/
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Table 1. The Dataset Attributes 

Data Location pH TDS 

(mg/L) 

Temperature 

(C°) 

Water Level 

(cm) 

2025- 01-01 Site A 7.2 450 11.1 2.8 

2025 01-02 Site B 7.1 460 10.5 2.9 

2025 01-01 Site B 6.9 400 10 3.2 

2025 01-02 Site B 7.0 405 10 3.3 

 

K-Nearest Neighbor (K-NN) The K-Nearest Neighbor (KNN) algorithm is a data 

classification based on the closest distance to an object or what is usually called a 

neighbor in training data and testing data . The following is the formula for K-

Nearest Neighbor 

 

j%=1(xi-yi)2                              (1) 

Where :  

K = determines the data attribute 

Xi = determines the training data 

Yi = determines testing data or test data 

K-Nearest Neighbor has calculation steps, namely: 

Determine the set/parameter k = the closest number of data 

Calculate the amount of new data with training data 

Sort the closest data based on the minimum distance of the K value 

Check the class data from the closest data 

Determine the results from the closest data as the predicted value of the new data. 

Calculating the distance between new data and old data can be calculated using 

several methods, one of which uses the Euclidean distance formula . 

The formula for calculating Euclidean distance can be seen as follows: 

 

(pH, - pH) + (TDSt - TDSj)2 + (Tempt - Tempj )2+ 

                         (Leveli -Levelj)2                                                                             (2) 
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pHt, TDSt, Тетр ^ Level t j- are the values for the data point 

pHj, TDSj, Tempj,  Levelj j- are the values for the data point  d(i,j) i and j distance 

between points. 

K- Nearest Neighbor Algorithm. Preparations before calculating are as below: 

Cleaning data. Data cleaning is a step that needs to be carried out to deal with missing 

values and inconsistent data. 

Data Selection. Data Selection is the stage ofreducing the amount of data used in the 

mining stage. 

• still presenting the original data. In this data selection step, only data with 

important characteristics that are 

• usually used in good water quality prediction classes are selected. In this 

study, all available attributes 

• influenced the results. There are 21 attributes used including class/tag. 

• Data Transformation. Data transformation is carried out to correct the shape 

and format of the data. 

 
Fig.2. Classification of water quality based on KNN 

 

The model evaluation phase determines the performance of the algorithm. 

The integration of IoT sensors has enabled real-time data collection and analysis. 

The system transmitted data every 5 seconds, with an average processing and 

response time of 2.5 seconds. This performance meets the requirements of realtime 
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monitoring under dynamic water quality conditions. This approach enables more 

precise real-time prediction of groundwater quality parameters, including pH, TDS, 

temperature, and water level, through the classification capabilities of the KNN 

algorithm in water quality analysis. 

 

Results 

In the Python programming environment, we can import the libraries we need. 

Python libraries are used to import the necessary functions and tools into our 

program. Below are the libraries we use: 

train_test_split: Divides the dataset into training and testing subsets. test_size=0.3 

means 30% of the data is used for testing. random_state=42 ensures reproducibility 

of the split., KNeighborsClassifier: The KNN algorithm with n_neighbors 

defining how many neighbors are considered, accuracy_score: Calculates the 

accuracy of the predictions, classification_report: Provides precision, recall, and F1- 

score for each class, giving deeper insights into model performance. 

Python libraries make it easy to perform specific tasks in our program. These 

libraries enable the implementation of a comprehensive pipeline for water quality 

detection, from sensor data acquisition to machine learning classification and 

visualization. 

The Table 2 dataset for KNN classification in water quality analysis is structured as 

a table. Each row represents a water sample, while the columns include various 

features such as pH, temperature, dissolved solids, and conductivity. 

Table 2. The Dataset KNN classification table 

ID pH TDS 

( ppm) 

Temperature(°C) Water 

level(s m) 

Quality label 

1 7.2 150 25.5 2.5 Good 
2 6.8 450 26.0 3.0 Moderate 
3 5.5 701 28.0 1.8 Poor 
4 6.9 155 24.0 2.2 Good 
5 7.0 400 25.0 2.7 Good 
6 6.5 700 28.5 3.5 Poor 
7 7.1 520 25.8 3.0 Moderate 

e 8 7.3 450 26.5 2.9 Good 
9 6.7 620 27.5 3.2 Poor 
10 7.4 390 25.2 2.8 Good 
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Conclusion 

The KNN algorithm has proven to be a valuable tool in water quality monitoring and 

prediction. Its applications in classifying water samples based on parameters like 

pH, TDS, temperature, and water level demonstrate its potential in realtime decision-

making systems, remote sensing, and environmental management. Despite its 

simplicity, KNN is effective in dealing with water quality data, especially when 

combined with appropriate preprocessing techniques and domain-specific 

knowledge. This paper focused on improving the scalability of KNN, processing 

large amounts of data from IoT sensors, and integrating it with more complex 

machine learning models to improve prediction accuracy and operational efficiency, 

and obtained effective results. 
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