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Abstract.

The rapid increase in the amount of data produced by WSNs to monitor air pollution has been growing rapidly
and, to support the decision making process, the data must be processed as soon as possible. This study uses big
data analytics and IoT-edge computing to suggest an optimal framework for air pollution monitoring. Data is
gathered and preprocessed (conditioning, filtering, and feature extraction) by loT edge devices before being sent
to a centralized Hadoop system. At the edge layer, the Random Forest classifier uses temperature, CO, and SO2
data to predict pollution levels. For increased accuracy, it is further refined using ensemble learning on the
central server. The technology offers real-time processing while lowering latency and bandwidth usage. It is
appropriate for extensive environmental monitoring and pollution control because experimental results
demonstrate improved response time and accuracy when compared to conventional cloud-only systems.

Keywords. IoT-edge computing, wireless sensor networks, air pollution, big data analytics, Random Forest, real
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1. INTRODUCTION

Pollutant air from urbanization and industrialization has a great influence on health, especially those with
respiratory and heart complications. As the need for effective monitoring increases, WSN (Wireless Sensory
Networks) has become a powerful tool for measuring air quality, including contaminants such as CO and SO2,
as well as temperature and humidity. Nevertheless, the enormous amount of data generated by this sensor
requires complex computing solutions. Along with Edge Computing, the integration of WSN and IoT (IoT) is
more closer to the source to solve the problem of traditional cloud systems. This reduces the consumption of
delays, passing strips and guarantees decision -making in real time, which is important for air pollution
monitoring. Combined with the analysis of machine learning and big data, the IoT-stroke calculation provides
an expandable and effective solution for environmental monitoring. Using a machine learning algorithm, such as
any forest for data processing and predictions of Verge, the system increases the accuracy of the data and
reduces the computing load of the central server. This distributed approach is suitable for both urban and rural
areas by improving the overall performance and scalability of the air pollution monitoring system. Low delays
and resource characteristics of IoT and quality calculations provide an economically effective alternative from
traditional cloud systems, especially local resources, and at the same time interfere with the opportunity to
improve air quality and provide timely information. public health.

2. LITERATURE SURVEY OF PROPOSED FRAMEWORK

Recent research emphasized important achievements in environmental observation, especially air pollution
monitoring, by integrating IoT quality calculations and machine learning. Studies have shown that edge
computing reduces delay, minimizes bandwidth use, and completes local work before transmitting data to the
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central server, improving the performance and scalability of the system to improve data processing. Machine
learning algorithms, such as any classifier and ensemble training models, have been successfully used in the
edge layers to predict the level of contamination with the highest accuracy. In addition, we used large -scale data
systems such as HADOOP to manage the sensor's extensive data and investigate pre -processing methods such
as noise removal and function derivation to optimize environmental monitoring. Research also proves economic
efficiency and scalability by showing the cost of deploying IoT-space in both urban and rural conditions.
Combined with the advanced machine learning method, this innovation promises to increase the performance
and effect of future monitoring systems by providing more effective and economical solutions for environmental
observation in real time.

3. PROPOSED RESEARCH MODEL FRAMEWORK

The proposed air pollution detection system uses WSN sensors to measure pollution levels (CO, SO2, PM2.5)
and environmental factors like temperature, humidity, and noise. The data is preprocessed with SHA-512
hashing for security and then feature extraction is performed using support and confidence factors to identify
relevant environmental parameters. The K-means algorithm clusters the data by pollution levels and conditions,
while the I-ANFI assesses pollution intensity and impact. To optimize data routing and reduce latency, an
integrated approach using Ant Colony Optimization with Genetic Algorithm enhances system accuracy and
decision-making for effective environmental management and public health protection.

The initial step involves
gathering real-time
vironmental data
from WSN sensors

Aty 1.)Deploy WSN sensors and set
parameter thresholds.2.)Aggregate and
store sensor data in a central
database.3.)Pre-process data (hashing,
normalization).4.)Remove irrelevant
functions using support and
trust.5.)Cluster data with K-Means to
identify key areas.6.) Evaluate pollution
levels and compare to critical values.7.)
Select optimal paths using ant and
genetic algorithms.8.) Visualize results
and create reports.9.)Continuously adjust
system based on feedback.

new data are
Incorporated Into the
training process

Finally. Ant Colony
with

Genetic Algorithm

(ACOG) is applied to
determine the most
paths

Figure 3.5. Block diagranrorrroposearrormrovwors

3.1 Processing steps of Proposed research model

The data can be represented as X={xij | i=1,2,....N;j=1,2,....D}. [@))

For a given data point xij,its hash H(xij)=SHA-512(xij). 2)

The greatest x* of the observed data as in xijimputed=x". 3)

Threshold value k in Z(xij)=(xij—p)/ c. “

xijnorm=(xij—min(X))/(max(X)—min(X)). &)

For a feature A, Support(A)=Count(A)/Total Observations. (6)
Contfidence(A—B)=Support(AUB)/Support(A). @)

J=Y iy xeCillx—pill2 - (I=1....k). ®)

I=)'jPj-Wj/ Max Sum of Weights. (j=1.... n) )

Fitness(S)=1/(Path Length(S)+Energy Consumption(S)+Delay(S)). (10)
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4. RESULTS AND DISCUSSION

The proposed system the helps for air pollution monitoring using IoT-edge computing, it can be concretely
observed that significant environmental issues are tackled through real-time data acquisition and processing.
The performance evaluation of Proposed framework is given below in the tabular form as shown in TABLE 1.

Table 1: Performance analysis of Proposed framework.

. Proposed Traditional .
Met Diffi
ete Framework Methods HHerence
Data Accuracy 98.7% 92.5% +6.2%
25 minutes for 45 minutes for
Data P ing Ti -20 minut
ata Trocessing Time 100 GB of data | 100 GB of data fintes
85% (using ACO
Data Transmission Efficiency +GA 70% +15%
optimization)
10-12
. . d. 7-8 d: +3-4
Pollution Exceedance Detection exceedances per exceedances
month (e.g., CO, | per month exceedances
SO2, PM2.5)
Power Consumption 1.2 kWh perday | 1.5kWhperday | -0.3kWh
Dynamic, based .
on real-time Static, manual Weekly updates
Threshold Adjustment Frequency adjustment ’
feedback (every 4x more frequent
(every month)
week)
Network Latency 150 ms 200 ms -50 ms
75% accuracy
. . 85% accuracy with
Pollution I tat +109
ollution Index Computation with I-ANFI conventional 0%
methods
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Figures 4.1 to 4.6 present the analysis of CO2 levels, comparison of SO2 levels, atmospheric temperature
manipulation, humidity rate variations, particulate computation, and noise levels in the atmosphere over various
days. Analysis of data in various contaminants, such as CO, SO2, PM2.5, Temperature, Humidity and Noise,
often shows the excess of certain thresholds, emphasizing the current air quality problem and potential health
risk. This conclusion emphasizes urgent demands for measures to protect public health and to control pollution
and strategy to improve the quality of the environment.

5. CONCLUSION

The proposed air monitoring system uses WSN methods, big data and optimization to measure contaminants
such as CO, SO2, and PM2.5, along with environmental factors such as temperature, humidity and noise. The
SHA-512 for data integrity, the K-Med Clustering for the data configuration and the I-Anfi method for
evaluating the level of contamination provides accurate results. It is noteworthy that the levels of CO, SO2, and
PM2.5 emphasize the important problems of air quality, which is several times higher than related limits. The
integration of ANT optimization of ants (ACOs) and gene algorithm GA reduces data transfer delays by 15%,
ensuring effective and timely response to the risk of the environment.
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