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Abstract : Air pollution is known to be one of the most important problems of cities all over the world, and industrial emissions
play a major role in affecting the air quality. Tracking the pollution levels is the need of the hour, where pollution levels can be
analyzed with the help of an index called the Air Quality Index(AQI). However, the existing system that analyzes industrial air
pollution data lacks transparency and is prone to tampering which is a hindrance to better decision making. Therefore, a tamper-
proof air quality management system is to be designed using blockchain technology. This paper performs a survey on various
techniques and challenges in predicting AQI and storing the air quality data in a transparent distributed ledger and also lists some
research papers that aid with this issue.

IndexTerms - Air Quality Index(AQIl), Distributed Ledger, Blockchain, Machine Learning(ML)
I INTRODUCTION

Urbanization and industrial expansion has been blamed for the majority of the environmental pollution. Air pollution is a major
threat to the environment. Manufacturing and technology advanced after the Industrial Revolution, resulting in an increase in
factories and industries. These factories polluted the environment by emitting smoke into the atmosphere. Most industrial townships
had unplanned growth, with businesses breaking rules and regulations and harming the environment both with water and air
pollution. In some circumstances, air pollution in megacities surpasses the permissible limit, raising concerns.

The government considers the gravity of the content and, through government organizations, regulates the amounts of air
pollution at each industrial site. A consignment agency's air pollution measurement test is one of them, and it has a variety of
negative implications, including inspection timing, inaccuracy, manipulation, and alteration. With data on air quality, plans and
data-driven recommendations can be developed to mitigate the possibly severe implications. These suggestions, on the other hand,
are based on the Air Quality Index (AQI) numbers.

However, because sensors may not provide AQI measurements instantly, estimating AQI from sensor values can be difficult.
This report presents a method for assessing the quality of air by linking sensor data to an AQI score with the help of prediction
models. Machine learning algorithms equip us with tools for forecasting air pollution levels so that people can take preventative
efforts to reduce pollution. The use of a blockchain to secure AQI values that may be tampered with for immoral objectives
represents the work's uniqueness. The blockchain was utilized to verify that the measured data was immutable and transparent.

We discuss the techniques of the air quality management system widely used today which includes a ML model that predicts
the AQI, and the same is stored in a tamper-proof distributed database using blockchain technology. We present a list of research
papers that helps in overcoming the challenges of the existing system and finally we present our model that helps to predict air
quality accurately and store it on the blockchain. Further the paper is organized as: A literature review of the air quality management
system in Section 2. Our model of Tamper-proof air quality management system in Section 3 followed by conclusion and future
work in Section 4.
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AQI Category, Pollutants and Health Breakpoints

AQI Category (Range) PM,, (24hr) PM, ¢ (24hr) NO, (24hr) O, (8hr) CO (8hr) SO, (24hr) NH, (24hr)
Satisfactory (51-100) §1-100  31-80  41-80  51-100 1.1-20 41-80 201400
Moderately polluted (101-200) 101-250 61-90 81-180 101-168 2.1-10 81-380 401-800
Poor (201-300) 251-350 91-120 181-280 169-208 10-17 381-800 801-1200

Fig. 1. Air Quality Index(AQI) Category Range
Il. LITERATURE SURVEY

Paper [1] explores how successful several current prediction models are in forecasting the AQI values based on input values. In
this paper, the focus is on analyzing the meteorological factors that affect the air quality in New Delhi by making use of existing
regression models, as well as a comparison of the performance of these models to understand their feasibility, given proper data.
Linear regression, neural network regression, Lasso regression, Decision Forest, Elastic Net regression, Extra trees, XGBoost,
Boosted decision tree, Ridge regression and KNN are some of the regression models utilized in the prediction system. The findings
reveal that most of the models attain an accuracy of almost 85% and the Extra Trees Regression model has the highest accuracy.

This paper [2] uses a dataset that consists of the concentration of pollutants and meteorological factors. The dataset consists of
twelve attributes: Temperature, Nitrogen Monoxide, Methane , Nitrogen Oxides, Sulfur Dioxide, Ozone, Carbon Monoxide, Non-
Methane Hydro-Carbons, Nitrogen Dioxide, and Particulate Matter (PM10 and PM2.5). The new attribute is selected from the
attributes in the dataset. The AQI is calculated based on the pollutants or attributes that have the highest effect on air pollution, ie.
the highest row-wise value. This research shows how air quality may be efficiently analyzed and predicted using machine learning
techniques such as Artificial Neural Network, Support Vector Machine and Random Forest models with accuracy scores of 90.4%,
93.5%, and 99.4%, respectively. The author Dyuthi Sanjeev concludes that the Random Forest model to be the most efficient model
among the three.

The purpose of Timothy M’s [3] research is to produce predictive models that can be utilized to generate data-driven solutions
in order to cut back on the risk of air pollution using integrated gas sensors and machine learning algorithms. This research presents
a method for assessing quality of air by developing prediction models that link sensor data to an air quality score. The models are
created using several supervised machine learning methods, including the, support vector machine, k-nearest neighbors, neural
network, random forest and Naive-Bayesian classifier which showed an accuracy of 97.78%, 98.67%, 99.56%, 94.22% and 98.67%
respectively.

In Aditya C R’s [4] paper, the work employs logistic regression to determine if a data sample is polluted or not and auto
regression is used to forecast future PM2.5 values based on previous PM2.5 data. We can keep PM2.5 levels below the harmful
range by knowing what they will be in the following years, months, or weeks. This algorithm is used to predict PM2.5 levels using
machine learning and determine the air quality based on a dataset of daily atmospheric conditions. The proposed system
accomplishes two goals. One, based on supplied atmospheric variables, detects PM2.5 levels and two, predicts PM2.5 levels for a
specific date. The suggested technology will help the public as well as meteorologists to detect and forecast pollution levels and
take action appropriately. This will also aid in the establishment of a data source for small towns that are frequently ignored in
comparison to larger cities.

The purpose of the paper [5] is to examine numerous existing prediction models and assess the level of success of their
application in predicting data from the area under study, such as seismic events and to create an architectural model that combines
many existing prediction models and generate reliable air quality predictions using the related meteorological input data. Two
techniques for air quality prediction are proposed and evaluated: a mix of convolutional neural networks and LSTM, and one-
dimensional convolutional neural networks. The findings reveal an accuracy of around 78% in predicting air pollution levels.

According to the LSTM deep learning method, Yue-Shan Changa presents an Aggregated Long Short-Term Memory model
(ALSTM) in this paper [6].The strategy presented in this work incorporates regional air-quality monitoring stations, stations in
neighboring industrial zones, and stations for external emission sources. To create the ALSTM forecasting model, the author used
data with 17 attributes gathered by Taiwan Environmental Protection Agency from 2012 to 2017 as the training data, and we tested
the model using data collected in 2018. The author ran some tests to compare novel ALSTM model to LSTM, GBTR (Gradient
Boosted Tree Regression), SVR (SVM based Regression), and other models for 1-8 hours, in the prediction of PM2.5 and evaluated
them using RMSE, MAE, and MAPE. The proposed system has three aggregation-learning models employed in the Aggregated
LSTM model that are overseas characteristics, neighborhood features and local characteristics. For various station types, the system
generates three predictive characteristics. The data is generated using fully connected LSTM predicted functional data, and the
system trains data with reverse propagation adjusting weights on a continuous basis, after each batch. The findings show that this
proposed model can significantly increase prediction accuracy.
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In Mahmoud Reza Delavar’s paper [7], weekly and monthly data, topography, meteorological, and two nearest neighbors’
pollutant rates were utilized as input factors. In order to predict air pollution, machine learning algorithms were employed. These
algorithms include artificial neural networks, regression support vector machines, spatially weighted regression, and auto-regressive
nonlinear neural networks along with an external input. The error percentage was lowered and improved by 47%, 57%, 47%, and
94% respectively, using a predictive model that was suggested in order to improve the above mentioned methodologies. Fourier
series and spline approaches were used for daily and weekly missed meteorological data. Using machine learning and statistical
approaches, this study offers a unique approach for prediction of air pollution in metropolitan areas based on both stationary
pollution and non-stationary sources.

M. Licking et al. [8] in this paper, offers a software design for Pollution monitoring system (PMS) on the basis of distributed
ledger technology and the long-range protocol, which offers monitoring that is flexible, transparent, and energy-efficient.Many
unresolved difficulties such as storing data that is not authentic or prone to tampering in the operation of pollution monitoring
system were addressed by distributed ledger technology in a Hyperledger Fabric blockchain. In LoRaWAN, public-key
cryptography and digital signatures were used to explore how the battery-powered and low-energy sensor nodes are integrated into
distributed ledger technology . The analysis of various digital signature schemes,consensus methods, and the prototype for a
decentralized pollution monitoring system with low-energy sensor nodes aid in resolving the performance security trade-off in the
loT.

Daniele Sofia [9] provides a blockchain management system as a solution for ensuring the accuracy of sensitive data. It was
possible to get temporal traceability of data transmitted by an air quality monitoring network with high geographical and temporal
resolution. It was feasible to save data on the average concentrations of zones which are considered as city's main areas on the
Ethereum blockchain. Air quality data is provided by an loT based sensor network, which includes PM10, PM2.5, volatile organic
compounds, and Nitrogen dioxide concentrations. This data, recovered from a typical Not Only Structured Query Language
database and structured according to particular requirements, will be automatically transferred to the Ethereum blockchain daily,
with the option to manually specify the time of interest. As a result, the blockchain technique has been employed to unambiguously
record data provided by air quality monitoring networks.

Sina Rafati Niya’s paper [10] proposes an automated solution involving a IoT and Blockchain-based system for measurement
of air and water quality of factories, lakes etc, monitoring and storing the same. The proposed pollution monitoring system uses
LoRa to overcome high-power consumption and long-range transmission limitations of 10T protocols. The Ethereum Blockchain is
used to store and retrieve data collected by 10T sensors, making it completely decentralized. Due to this, data integrity is ensured
and data is captured automatically and collected eliminating the need for manual interference.Turbidity, carbon dioxide, carbon
monoxide (CO), and potential hydrogen were all measured using four different types of sensor and a high level of accuracy with
non-falsified experimental values was observed. This system suggests two approaches, one where Ethereum Light Client is
deployed on LoRa gateways. This approach highlights the need for installing blockchain full nodes in the 10T sensors. The other
approach is where Ethereum Light Client is installed on the LoRa sensor nodes and the web server receives data from sensor nodes
and has a full node installed on it. The data generated by 10T sensors is sent to the blockchain, which also acts as proof of pollution
in that area.

The proposed platform in paper [11] collects real-time air pollutants using 5G wireless 10T sensors, generated at industrial
locations and maintains encrypted blockchain data through a periodic blockchain transaction to the index measurement service and
cloud. This system facilitates real-time monitoring of pollution levels in industrial workplaces while also preventing tampering of
data. The 5G wireless network handles a huge amount of data gathering and bulk traffic to store data on edge nodes and core
networks. Edge computing aids real-time analysis of the acquired data on this platform. It is also resource efficient as it uses virtual
system technologies to handle real-time 10T data. A 5G wireless network with wireless access networks and core network segments
can send data to Edge computing data storage. The encryption technology in blockchain and the distributed messaging protocol
improves the efficiency of data processing and data exchange ensuring integrity of data.

[l RESEARCH METHODOLOGY
3.1 Our proposed system

The proposed solution mainly has three modules: the machine learning model, Blockchain network, and Client application. The
machine learning model is to be trained using industrial air pollution data and supervised learning algorithms such as random forest,
SVM, etc to predict the Air Quality (AQI) and respective quality category of the given input data. The algorithm that gives the best
accuracy will be considered.

The design of the ML model has these phases as shown in Fig. 2. The dataset we are currently considering is from one of the
biggest industrial areas of Southeast Asia, i.e., Peenya, Bangalore. We have collected this data from the Central Control Room for
Air Quality Management. The dataset consists of parameters such as PM10, PM2.5, NO, NO2, NOX, NH3, SO2, CO, O3,
temperature, etc. over the course of 12 years from 2010 to 2021. Further, the dataset is cleaned and partitioned into training and
testing data. After which the model can be trained and validated. In the Hyperledger fabric blockchain, chain code will have the
ML model deployed in it. Once the client supplies the data to the blockchain, the chain code that has the ML model will start
executing. After successful execution, the output will be stored on the distributed ledger as shown in Fig. 3.
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3.2 Artificial Neural Network

An artificial neuron network (ANN) is a computational technique based on the structure and functionalities of biological neural
networks and is a collection of units known as Artificial neurons. An artificial neuron takes input, evaluates it, and then transmits
messages to the neurons with whom it is linked.

3.3LSTM

In the realm of deep learning, long short-term memory (LSTM) is an artificial recurrent neural network (RNN) architecture. The
LSTM network has feedback connections, unlike traditional feedforward neural networks. The standard LSTM unit consists of
three gates namely input gate, output gate and a forget gate. LSTM networks are best suited for operations such as categorizing,
analyzing, and making predictions based on time series data since there can be unanticipated gaps between significant occurrences
in a time series.[5][6].

3.4 Random Forest

Another supervised learning technique, Random Forest is utilized for both classification and regression. The Random Forest
Algorithm builds decision trees based on the available data samples, then gets predictions from each of them, and finally votes on
the best solution. Random forests are better than choice trees in the majority of cases, however, they are less exact than gradient
enhanced trees. Data features, on the other hand, can have an impact on their performance.[2][3]

3.5 Support Vector Machine

SVM is a common Supervised Learning technique for both classification and regression. It is most typically employed for
classification issues in ML. The purpose of the SVM method is to discover the decision boundary for dividing n-dimensional space
into classes so that fresh data points may be placed in the proper category easily in the future. Using kernel methods data is
transformed and the optimal choice boundary is represented by a hyperplane and its extreme points are chosen by it. A polynomial-
based kernel will be used in the SVM. For SVM with more than two predictors, polynomial-based kernels provide superior accuracy
and performance. The SVM algorithm is called after support vectors, which are extreme examples. [2][3][7]

3.6 Hyperledger Fabric blockchain

Hyperledger Fabric is a distributed ledger platform that is open, tested, and enterprise-ready. It features sophisticated privacy
controls, ensuring that only the information you want to be shared is shared with the "permissioned" (known) network participants.

Distributed ledger technology (DLT) enables the operation of distributed ledgers, which are fault-tolerant (Byzantine). Each
node of distributed ledger maintains a local copy of data and new data gets added to the ledger as transactions. New transactions
are verified with digital signatures and they are stored in the memory of nodes, which is further passed to other DLT nodes in the
network. Eventually, validated transactions get appended directly to the ledger, or stored in a block, which will further be added to
the ledger. The majority of DLT consensus mechanisms are crash fault-tolerant or Byzantine fault-tolerant. Crash fault tolerance
means obtaining consensus across all validators, in spite of some nodes temporarily being unavailable. Private-permissionless,
private-permissioned, public-permissionless, and public-permissioned are the four types of distributed ledgers.

Private-permissioned distributed ledgers typically provide more flexibility i.e., maintainability, greater performance, maximum
throughput and a higher degree of transparency compared to public-permissionless distributed ledgers. [8]

V. RESULTS AND DISCUSSION

The existing method for tracking pollutants emitted by industries is a centralized one with a lack of transparency and the potential
for data tampering. We present the design of a tamper-proof air quality management system using a machine learning model to
predict the AQI along with its quality category and store it on Blockchain.

In this survey paper, we have briefly reviewed the common machine learning algorithms used to predict the AQI. The use of
machine learning has improved prediction accuracy. We found that the most commonly used methods used to predict AQI are
Support Vector Machine, LSTM, Random Forest, and Artificial Neural Network. We have also gathered that a blockchain-based
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solution can solve problems of data reliability in pollution monitoring and also ensure a permanent, tamper-proof record of all the
air quality data of industries. Hence, air quality reports of industries can be generated in a reliable and transparent manner and
necessary actions can be taken by both the industries and the government to reduce pollution, which will benefit society and the
environment.
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