
 

 

 

  



              ISSN 2321-2152 

                 www.ijmece.com  

              Vol 13, Issue 2, 2025 

 

 
 

71 

ATMOSPHERE POLLUTION DETECTION USING SKY IMAGES 

1Dr.P.SAMBASIVA RAO, 2PUPPALA JAHNAVI, 3POLIMETLA BHAVANA, 4JALLURI 

V.S.N.V.MANIKANTH, 5MUVVALA RAMESH 

1 ASSOCIATE PROFESSOR, 2345B.TECH, STUDENTS 

DEPARTMENT OF CSE, SRI VASAVI INSTITUTE OF ENGINEERING & TECHNOLOGY 

NANDAMURU, ANDHRA PRADESH. 

ABSTRACT  

Air pollution poses a significant threat to 

public health, climate stability, and overall 

environmental quality. Traditional air 

quality monitoring systems rely on physical 

sensors that are often expensive, stationary, 

and offer limited spatial coverage. This 

project proposes an innovative, image-based 

solution for air pollution detection and 

classification using Convolutional Neural 

Networks (CNNs). The system is designed 

to analyze sky images and categorize them 

into predefined air quality levels. The core 

of the project is a deep learning model built 

using Tensor Flow/Keras, which leverages 

various CNN layers such as Conv2D, Max 

Pooling, Dense, Flatten, and Dropout, along 

with activation functions like ReLU and Soft 

max to learn and predict image patterns 

effectively. To improve model 

generalization and combat over fitting, data 

augmentation techniques such as rotation, 

flipping, zooming, and rescaling are applied 

using Image Data Generator. The training 

process incorporates modern optimization 

and regularization techniques, including the 

Adam optimizer, categorical crossentropy 

loss, and performance metrics like accuracy. 

Additionally, training callbacks such as 

Model Checkpoint, Early Stopping, and 

Reduce LR On Plateau enhance model 

performance and training efficiency. The 

final model is saved in .h5 format for reuse 

and deployment in real-world applications. 

Visualization tools like Matplotlib are used 

to plot training and validation metrics, 

offering insights into model behavior and 

learning trends. This solution demonstrates 

strong potential for scalable and cost-

effective environmental monitoring, 

especially in urban areas where realtime 

pollution detection is essential. Beyond 

environmental applications, similar 

architectures are widely applicable in fields 

such as medical imaging, autonomous 

driving, agriculture, and security 

surveillance. The project represents a 

practical integration of computer vision and 

deep learning for sustainable development 

and smart decision-making. 

1.INTRODUCTION 

Atmospheric pollution has emerged as one 

of the most pressing global environmental 

issues, affecting not only the air quality but 

also the overall well-being of ecosystems 

and human health. Pollution in the 

atmosphere is a direct result of industrial 
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activities, vehicle emissions, burning of 

fossil fuels, agricultural practices, and waste 

disposal, all of which contribute to the 

degradation of air quality and the 

accumulation of harmful pollutants such as 

particulate matter (PM), carbon monoxide 

(CO), nitrogen oxides (NOx), sulfur dioxide 

(SO2), and volatile organic compounds 

(VOCs). Among the various pollutants, 

particulate matter, particularly PM2.5 and 

PM10, poses significant health risks as they 

are capable of penetrating deep into the 

lungs and the bloodstream, leading to 

respiratory and cardiovascular diseases. 

The impact of air pollution has spurred 

governments, environmental agencies, and 

research institutions to monitor and assess 

air quality. Traditional methods of air 

pollution detection primarily rely on ground-

based monitoring stations that measure the 

concentration of specific pollutants in the 

air. While these stations provide accurate 

data, they are often limited in their coverage, 

expensive to deploy, and sometimes 

ineffective in real-time detection over large 

areas. As a result, there is a growing interest 

in developing alternative methods for 

pollution detection that can provide more 

extensive coverage and offer real-time 

monitoring with reduced costs. 

One such promising approach is the use of 

sky images to detect atmospheric pollution. 

Sky imaging offers an innovative solution to 

monitor air quality by capturing visual 

characteristics of the sky, such as its color, 

brightness, and cloud patterns, which are 

influenced by the presence of pollutants in 

the atmosphere. When pollutants are present 

in large concentrations, they can scatter or 

absorb sunlight in different ways, altering 

the appearance of the sky. By analyzing sky 

images with advanced image processing and 

machine learning techniques, it is possible to 

estimate the level of pollution in the air. 

This approach of using sky images for 

pollution detection has gained attention due 

to its cost-effectiveness, ease of 

implementation, and potential for real-time 

monitoring. Sky images can be easily 

obtained using cameras or smartphones 

equipped with high-resolution sensors, and 

recent advances in image processing, 

machine learning, and computer vision 

techniques have enabled the automatic 

analysis of sky images to detect pollution 

levels. Machine learning models, 

particularly deep learning models such as 

convolutional neural networks (CNNs), have 

demonstrated significant promise in 

classifying and predicting pollution levels 

from visual data, allowing for the accurate 

assessment of air quality in real-time. 

This paper explores the use of sky images 

for atmospheric pollution detection, 

reviewing existing methods, proposing an 

improved approach, and discussing the 

potential of integrating this technology with 

modern machine learning techniques to offer 

better detection and forecasting of air 

quality. 

2.LITERATURE SURVEY 

The concept of using sky images for air 

pollution detection has been explored in 

various studies. Researchers have focused 

on the correlation between visual features of 

the sky, such as its color, clarity, and 
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texture, and air quality indicators like 

PM2.5, PM10, and ozone levels. A variety 

of image processing and machine learning 

techniques have been employed to extract 

relevant features from sky images and 

correlate them with pollutant levels. 

Early studies in this domain focused on the 

qualitative analysis of the sky’s color and 

brightness. For instance, Dai et al. (2017) 

explored the relationship between the color 

of the sky and pollution levels. They found 

that the presence of pollutants such as NOx 

and PM significantly influenced the color of 

the sky, with polluted skies showing reduced 

clarity and different shades compared to 

cleaner skies. Based on this, they suggested 

that visual analysis could be a reliable tool 

for estimating pollution levels, especially in 

regions lacking adequate ground-based 

monitoring stations. 

In more recent works, the use of image 

processing techniques to quantitatively 

assess sky images has gained momentum. 

Researchers like Wang et al. (2019) 

developed algorithms to analyze sky images 

and detect air pollution based on changes in 

sky brightness and cloud patterns. These 

studies have demonstrated that sky images 

taken from cameras, drones, or satellites can 

capture significant variations in atmospheric 

conditions that reflect the underlying levels 

of pollution. Machine learning algorithms, 

including traditional techniques like support 

vector machines (SVM) and decision trees, 

were then used to correlate these visual 

characteristics with pollution data obtained 

from ground-based stations. 

The application of deep learning, 

particularly convolutional neural networks 

(CNNs), to sky image analysis has become a 

key area of interest. CNNs have the ability 

to automatically learn and extract spatial 

features from images, making them suitable 

for identifying complex patterns in sky 

images that correlate with pollution levels. A 

study by Lee et al. (2020) applied CNNs to 

analyze sky images captured by low-cost 

cameras and demonstrated that these models 

could effectively predict the concentration of 

pollutants, such as PM2.5, in the 

atmosphere. Their findings suggested that 

deep learning models can achieve high 

accuracy in predicting air quality by 

leveraging the rich visual information in sky 

images. 

Additionally, the use of multi-modal data, 

combining sky images with other 

environmental factors, has been explored to 

improve prediction accuracy. Zhang et al. 

(2021) proposed a hybrid model that 

combined sky image data with 

meteorological data, such as temperature, 

humidity, and wind speed, to predict 

pollution levels more accurately. This study 

highlighted the importance of incorporating 

contextual data along with sky images to 

create more robust pollution detection 

systems. 

Another significant advancement in this 

field has been the development of systems 

that can monitor air quality in real-time. 

Real-time monitoring allows for immediate 

detection of pollution levels and timely 

intervention in case of pollution spikes. In 

their research, Xie et al. (2021) 

demonstrated the integration of sky image 
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analysis with real-time pollution forecasting 

systems. By combining sky images from 

CCTV cameras with data from air quality 

sensors, they were able to create a system 

capable of providing near-instantaneous 

predictions of pollution levels, facilitating 

faster decision-making and public health 

advisories. 

Despite the promising advancements in sky 

image-based pollution detection, there are 

several challenges that need to be addressed. 

The quality of the images, which can be 

influenced by weather conditions such as 

cloud cover or fog, poses a significant 

challenge to accurate analysis. Variations in 

the sky due to natural phenomena like rain 

or sunsets may also confound pollution 

detection. To overcome these challenges, 

researchers are exploring the use of data 

augmentation techniques to simulate a wide 

range of environmental conditions and train 

more robust models. 

In conclusion, the use of sky images for 

atmospheric pollution detection has shown 

considerable potential in both academic 

research and practical applications. 

However, further advancements in data 

collection, image processing, and machine 

learning algorithms are necessary to improve 

the accuracy and reliability of these systems. 

3.EXISTING METHODS 

Existing methods for atmospheric pollution 

detection primarily rely on traditional 

ground-based air quality monitoring stations 

that measure concentrations of specific 

pollutants, such as PM2.5, NO2, CO, and 

ozone. These methods provide accurate, 

direct measurements of pollutants, but they 

are limited by the spatial coverage, high 

costs of installation and maintenance, and 

the need for extensive sensor networks to 

monitor large areas. 

As an alternative to ground-based 

monitoring, sky image-based pollution 

detection has been gaining attention. Early 

efforts in this area involved analyzing the 

color and brightness of the sky to estimate 

pollution levels. The basic premise was that 

polluted air scatters and absorbs sunlight 

differently than clean air, thus altering the 

sky’s appearance. Researchers have 

developed algorithms that extract features 

such as color histograms, brightness, and 

contrast from sky images and correlate them 

with pollution levels measured by traditional 

methods. 

Machine learning algorithms have been 

applied to sky images to improve the 

accuracy of pollution detection. These 

methods rely on training models to 

recognize patterns in the visual features of 

the sky and associate them with specific 

pollution levels. For instance, support vector 

machines (SVM) and decision trees have 

been used to classify sky images into 

categories based on air quality. These 

methods are relatively simple and require 

labeled training data, but they may not 

always provide the level of accuracy 

required for real-time prediction. 

The use of convolutional neural networks 

(CNNs) for sky image analysis has become a 

popular approach in recent years. CNNs are 

capable of automatically learning complex 

patterns in visual data, making them ideal 
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for tasks like image classification and 

feature extraction. Several studies have 

demonstrated that CNNs can be trained to 

recognize pollution-related patterns in sky 

images and predict air quality with high 

accuracy. For example, Li et al. (2020) used 

CNNs to analyze sky images captured from 

low-cost cameras and achieved promising 

results in predicting PM2.5 levels. 

In addition to deep learning, hybrid models 

that combine sky image data with other 

environmental parameters, such as 

meteorological data and pollution data from 

ground-based stations, have been proposed 

to improve prediction accuracy. These 

models are designed to account for the 

multiple factors that influence air quality, 

including temperature, humidity, and wind 

speed, in addition to visual data from sky 

images. 

While these methods have made significant 

strides in sky image-based pollution 

detection, they still face limitations. The 

accuracy of pollution prediction is highly 

dependent on the quality of the images, 

which can be influenced by various 

environmental factors. Moreover, traditional 

machine learning algorithms often struggle 

with handling the large volume of data 

generated by real-time monitoring systems. 

Deep learning techniques, although 

powerful, require large amounts of labeled 

data for training, and the model’s 

performance can degrade if the data is not 

representative of all possible environmental 

conditions. 

4.PROPOSED METHOD 

The proposed method for atmospheric 

pollution detection using sky images aims to 

overcome the limitations of existing 

approaches by leveraging state-of-the-art 

machine learning and deep learning 

techniques. The key innovation of this 

method is the combination of sky images 

with contextual data, such as weather 

information and real-time pollution 

measurements, to create a more 

comprehensive and accurate pollution 

detection system. 

The proposed system will use a 

convolutional neural network (CNN) to 

analyze the visual features of sky images. 

CNNs are well-suited for image recognition 

tasks due to their ability to automatically 

learn hierarchical features from raw pixel 

data. The model will be trained on a large 

dataset of sky images taken from different 

locations, with corresponding ground-based 

air quality measurements. In addition to sky 

images, meteorological data, such as 

temperature, humidity, and wind speed, will 

be incorporated into the model to provide 

additional context and improve prediction 

accuracy. 

To further enhance the model’s 

performance, a hybrid approach will be 

employed that combines both supervised and 

unsupervised learning techniques. The 

supervised learning component will use 

labeled sky image data to train the CNN, 

while the unsupervised component will use 

clustering algorithms to identify hidden 

patterns in the data that may not be 

immediately obvious. This dual approach 

will help the model learn from both explicit 

and implicit relationships within the data. 
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The proposed system will also include a 

real-time pollution detection and forecasting 

component. Using sky images captured by 

fixed cameras and drones, the system will 

continuously monitor the sky and update air 

quality predictions in real-time. By 

integrating the system with existing air 

quality monitoring networks, it will be 

possible to validate the predictions and 

provide accurate, timely information to the 

public. 

Finally, the system will employ data 

augmentation techniques to simulate 

different environmental conditions, such as 

cloudy skies, fog, or sunsets, to improve the 

robustness of the model. This will ensure 

that the system can handle variations in 

weather and lighting that may affect the 

quality of sky images. 

5.OUTPUT SCREENSHOTS: 

Open CMD and Type  

>>>py manage.py runserver  

#signup page 

 

#login page 

 

#home page 

 

#mission 
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#Prediction 

 

 

6.CONCLUSION 

Sky image-based pollution detection 

represents a promising alternative to 

traditional ground-based monitoring 

methods. By using advanced image 

processing and machine learning techniques, 

it is possible to estimate air quality in real-

time based on visual features of the sky. 

While significant progress has been made in 

this area, there are still challenges related to 

the quality of the images and the need for 

large amounts of labeled data. The proposed 

method, which combines deep learning, 

meteorological data, and real-time 

monitoring, aims to improve the accuracy 

and reliability of pollution detection 

systems. This approach has the potential to 

offer cost-effective, scalable, and real-time 

solutions for air quality monitoring, with 

applications in urban planning, public 

health, and environmental protection. 
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