|
Check for |
updates |

https://www.doi.org/10.59256/indjcst.20250401012
Volume 4, Issuel (January-April 2025), PP; 73-78.
www.indjcst.com ISSN No: 2583-5300

Indian Journal of Computer Science and Technology i )
|

Identifying and Forecasting Wastewater Pollutions
Wring IOT & NLP

Dr D J Samatha Naidu?, P. Sowjanya?
12 Department of MCA, Annamacharya PG College of Computer Studies, Rajampet Andhra Pradesh, India.

To Cite this Article: Dr D J Samatha Naidu®, P. Sowjanya?, “Identifying and Forecasting Wastewater Pollutions Wring IOT & NLP”,
Indian Journal of Computer Science and Technology, Volume 04, Issue 01 (January-April 2025), PP: 73-78.

Abstract: The detection of contaminants in several environments (e.g., air, water, sewage systems) is of paramount importance to protect
people and predict possible dangerous circumstances. Most of existing works do this using classical Machine Learning tools that act on the
acquired measurement data. The main disadvantage of the Existing work approach is that it relies on knowing the injection time, i.e., the
instant in time when the contaminant is injected into the wastewater. The proposed work introduces two main elements: a low-cost platform
to acquire, pre-process, and transmit data to classify contaminants in wastewater; and a novel classification approach to classify
contaminants in wastewater, based on deep learning and the transformation of raw sensor data into natural language metadata. The
proposed solution presents clear advantages against state-of-the-art systems in terms of higher effectiveness and reasonable efficiency. For
this reason, the developed system also includes a finite state machine tool able to infer the exact time instant when the substance is injected.
The entire system is presented and discussed in detail. Furthermore, several variants of the proposed processing technique are also presented
to assess the sensitivity to the number of used samples and the corresponding promptness/computational burden of the system. The lowest
accuracy obtained by our technique is 91.4%, which is significantly higher than the 81.0% accuracy reached by the best baseline method.
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1. Sensors: Measure parameters like pH, turbidity, BOD, COD, heavy metals, temperature, and dissolved oxygen.
2. Data Transmission: Wireless networks (e.g., LoORaWAN, NB-loT) for real-time data transfer.

3. Edge Computing: Process data locally to reduce latency.

I.INTRODUCTION

Wastewater pollution is a critical environmental issue that affects ecosystems, public health, and economic development
worldwide. With the growing industrialization, urbanization, and population density, managing wastewater pollution has become
a complex and urgent challenge. Traditional methods of monitoring wastewater quality often rely on manual sampling and
laboratory analysis, which can be time-consuming, costly, and may lack real-time insights.To address these challenges, the
integration of advanced technologies such as Internet of Things (IoT) and Natural Language Processing (NLP) presents an
innovative approach to monitor, identify, and forecast wastewater pollution.loT for Wastewater Pollution DetectionThe Internet
of Things (1oT) refers to a network of interconnected devices that can collect, exchange, and process data in real-time. In the
context of wastewater management, I0T sensors can be deployed to monitor various parameters such as temperature, pH levels,
dissolved oxygen, turbidity, and the presence of harmful chemicals or pollutants

I1. MATERIAL AND METHODS
1 Material
1.1 Data Collection
Limited by effectiveness and lack of integration with advanced technologies.
e Focuses on environments such as air, water, and sewage systems.
¢ Does not fully exploit raw sensor data or advanced data transformation methods.
o Lower accuracy compared to modern techniques

Data Preprocessing:

The raw data from the 10T sensors is often noisy or incomplete. Preprocessing steps may involve:

Data cleaning: Removal of noise, handling of missing values, and outlier detection.

Normalization or scaling: Standardizing values to a particular range or unit of measurement.

Time-series analysis: Identifying patterns over time in the sensor data.

3. Machine Learning for Identification and Forecasting: Algorithms are used to analyze sensor data to identify
current levels of pollution and forecast future pollution trends. Common techniques included.

o Supervised learning algorithms: Such as decision trees, random forests, support vector machines (SVM), and
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neural networks for classification and regression tasks.

¢ Unsupervised learning algorithms: Used for anomaly detection, clustering pollution data to detect unusual

patterns or predict emerging pollution levels (e.g., K-means clustering or DBSCAN).

Time-series forecasting models: Such as ARIMA (AutoRegressive Integrated Moving Average), LSTM (Long Short- Term
Memory) networks, and Prophet, to predict future pollution trends based on historical datalq

1.1. Tools and Libraries

Programming Languages: python R

1. Machine Learning Libraries:

o Scikit-learn: A well-liked package for putting fundamental machine learning methods like clustering, regression,
and classification into practice.

o XG Boost / Light GBM: Libraries for gradient boosting are used to solve classification and regression issues.

o TensorFlow / Keras: Libraries for methods based on deep learning.

¢ Pandas: to manipulate and preprocess data.

o NumPy / SciPy: For calculations involving numbers.

o Matplotlib / Seaborn: for the visualization of data.
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Figure 2.2.1: system archltecture

1.3 Hardware Requirements
Processor : 13 or higher
Speed : 29GHz

RAM : 4 GB (min)
Hard Disk : 160 GB

2. Methods

2.1. Data Preprocessing

Prior to using machine learning methods, data pretreatment is an essential step. Among the actions involved are:

¢ Data Cleaning: addressing missing data, eliminating anomalies, and fixing dataset mistakes.

o Feature Engineering: Making the raw data more helpful for machine learning models by adding extra features.

¢ Normalization/Standardization: Features are scaled to prevent any one feature from taking over the model because of its
size.

o Categorical Data Encoding: Converting soil type and other category features.

2.2. Feature Selection

o Correlation Matrix: removing strongly connected aspects by analyzing feature correlations.

¢ Principal Component Analysis (PCA): A method for keeping as much variance in the data as feasible while reducing its
dimensionality.

¢ Random Forest Feature Importance: assessing each feature's significance in forecasting water quality suitability using
tree-based models.

2.3. Model Selection

¢ Decision Trees: used to categorize crops according to a variety of input characteristics, such as climate and soil type.

e Random Forest: A decision tree ensemble approach that works well for problems involving regression and classification,
particularly when working with structured data such as soil and farm data.

e Support Vector Machines (SVM): can be applied to classification problems, particularly when there are distinct
boundaries between the various classes in the data.

o K-Nearest Neighbors (KNN): classification based on a data point's "nearness" to other like points using a non-parametric
approach.
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2.4. Model Training

Splitting the Data: Make training and testing sets out of the dataset (e.g., 80% training, 20% testing).

Cross-Validation: Use cross-validation (such as k-fold) to make sure the model is reliable and works well with unknown data.
Hyperparameter Tuning: For best results, adjust hyperparameters using strategies like Random Search.

2.5. Types of Software developing life cycles (SDLC): V- Model

The V-Model (Verification and Validation Model) is a software development methodology that follows a sequential
process, similar to the Waterfall Model, but with an emphasis on testing at each stage. It is called the VV-Model because the
development and testing phases are arranged in a VV-shape, where each development phase has a corresponding testing phase. The
process consists of Requirement Analysis, System Design, Architectural Design, Module Design, Implementation, Unit Testing,
Integration Testing, System Testing, and Acceptance Testing. Each phase must be completed before moving to the next, ensuring
a structured approach with early defect detection. The V-Model is best suited for projects with well-defined requirements, as
changes in later stages can be costly. While it enhances software quality through rigorous validation, it lacks flexibility for projects
with evolving needs.

Module Design

The module design phase focuses on the detailed design of each software component. The system is broken down into smaller,
manageable modules, and each module’s internal structure, logic, and data flow are defined. This phase ensures that individual
components are well-planned, making the coding of phase smoother.

HIL.RESULT
Data cleaning and processing, missing value analysis, exploratory analysis, and model creation and evaluation were all
part of the analytical process. The best accuracy on a public test set will be discovered, as will the highest accuracy score. This
application can assist in determining the current state of water quality. The conductivity acts as a sensor gateway. The sensor
input are sent to the pi4, a edge level processor (personal computer) where in the K Means, a machine learning algorithm is used
for predicting the quality of water. The predicted water quality data are stored in Cloud server for future access. The predicted
data is sent to the water controller unit for further action.

Screen 2: Showing Data Set
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Screen 7: accuracy of LSTM Algorithm
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Screen 8: water quality forecasting

IV. DISCUSSION
Wastewater pollution is a growing environmental concern, impacting aquatic ecosystems, public health, and water
resources. Traditional monitoring systems often rely on manual sampling and laboratory testing, which are time-consuming and
may not provide real-time insights. To address these challenges, the integration of 10T (Internet of Things) and NLP (Natural
Language Processing) has emerged as a transformative approach. This combination facilitates real-time monitoring, predictive
analytics, and automated reporting, enabling proactive environmental management.

V. CONCLUSION

In this paper, the study's findings show that machine learning models, the integration of Internet of Things (IoT) and
Natural Language Processing (NLP) presents a promising and innovative approach to identifying and forecasting wastewater
pollution. By leveraging loT, real-time monitoring of water quality parameters such as pH levels, temperature, dissolved
oxygen, turbidity, and chemical composition can be continuously tracked and analyzed. 10T sensors placed at strategic locations
in wastewater systems provide accurate and timely data, enabling better detection of contamination and pollution levels.On the
other hand, Natural Language Processing (NLP) can be utilized to process and analyze large volumes of textual data, including
reports, scientific articles, and regulatory documents, to extract valuable insights and trends related to wastewater quality. NLP
techniques help in detecting patterns and emerging concerns from unstructured data, which could be missed by traditional
methods. The collaboration of 10T for data collection and NLP for data analysis leads to a more holistic and efficient solution
for managing and mitigating wastewater pollution. This approach can significantly contribute to environmental protection,
public health, and the sustainability of water resources by providing actionable insights that help in the timely detection,
monitoring, and prevention of wastewater contamination.
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