
-153- 
 

SUMMARY 

 

Air pollution is one of the environment problem which has great impact on human health. 

Several air pollutants are generated by means of different sources including anthropogenic 

activities. Vadodara being an industrial hub of Gujarat is vulnerable to air pollutants. The 

major pollutants in the city are NO2, SO2, COx and Particulate Matters (PM10 and PM2.5). 

The monitoring of the air pollution is the primary input needed by the authorities to take 

necessary actions to control them. Government body and private agencies are currently 

involved in this task and they use traditional methods for the measurements of different 

parameters of air pollutants. However, this method takes more time and resources and 

provides data for limited locations. Remote sensing based estimation of pollution parameters 

can work as an effective alternative to these methods. Various satellite sensors acquire 

imagery of the earth surface at regular intervals. These satellite data can be used for pollution 

monitoring. However, the satellite sensors give only images which are based on the earth 

surface response. Techniques and methods are required to be developed to retrieve 

meaningful information from the imagery based on application requirement.  

The basic aim of the present study is the estimation of PM10 and SO2 pollution parameters 

using remote sensing data. The objective of the research is to identify a solution that is 

simple yet effective. Retrieval of air pollutants requires various inputs including the 

meteorological data, which makes the retrieval process complex. Estimation of PM10 has 

been done in several studies by different researchers. Most of the studies use Aerosol Optical 

Depth (AOD) for prediction of PM10. However, calculation of AOD is complex and needs 

several environmental parameters. The present study does not use this method. The AOD is 

provided by certain satellite sensors as a product which can be directly used without any 

processing. MODIS is one of such sensor, which have a low spatial resolution compared to 

other satellites. The study of large area may be carried out using low resolution images, but it 
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is not suitable for local or regional studies. In contrast, Landsat ETM+ sensor has high 

resolution making it suitable for studies of small area like a city.   

Unlike the AOD based approach for pollution retrieval, which is commonly used method for 

PM10 estimation, the present study uses the atmospheric correction approach. Atmospheric 

correction is the removal of noise incurred by the effects of the atmosphere in the image. All 

the remote sensing images are affected by such noise which is normally corrected during the 

preprocessing done on the images while using them for any remote sensing application 

study. This noise removal exercise has been experimented as input to the process of PM10 

and SO2 prediction from the images of Landsat ETM+. Thus, the outcome of the 

preprocessing task has been used as input to the prediction model. Apart from the remote 

sensing imagery, pollution data observed by ground monitoring stations has been used in for 

modeling in the study, which was collected from the Gujarat Pollution Control Board 

(GPCB). Modeling of PM10 and SO2 prediction was carried out with the objective to 

achieve highest level of accuracy for the estimation of pollution distribution. 

The conventional statistical method for the modeling is multiple regression, which has been 

exercised by many researchers for pollution retrieval. However, the prediction is possible 

with limited accuracy with this method. The present work was carried out using multiple 

regression analysis for the retrieval of pollution parameters and machine learning approach. 

The efficacy of the different modeling approaches were analyzed with the performance of 

result outcomes.   

Machine learning has the ability to learn without being explicitly programmed. It has been 

proved efficient for modeling many complex problems. The relationship between the input 

and output are established by automated learning which makes it able to address problems in 

various fields for predictive analysis. Artificial Neural Network is a computational model 

inspired by the structure, processing method and learning ability of biological neural 

networks. This makes them useful tools for solving problems like face recognition, image 
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processing etc., which our biological brains can do easily. Researchers from various 

disciplines are developing artificial neural networks to solve various problems in the field of 

pattern recognition, optimization problems, predictions etc. The present study of PM10 and 

SO2 prediction has been carried out using ANN based prediction modeling. The multilayer 

perceptron feed-forward neural network was implemented for training the prediction model. 

The results indicated a significant improvement in estimation outcomes against multiple 

regression results. The prediction accuracy was also found to be improved by taking multiple 

pollution parameters as the target in MLP model training. However, for training the MLP 

model with high accuracy, reasonable set of data is desired, which was not available due to 

constraints like temporal resolution of Landsat ETM+ sensor, quality of images due to 

atmospheric conditions and frequency of ground measurements.  

Support Vector Machine is another machine learning algorithm applied in the present study 

for pollution retrieval. SVMs are supervised learning models with associated learning 

algorithms that analyze data for classification and regression analysis. The algorithm works 

on the basis of optimal hyperplane used for classification of the data. The SVM based model 

was found most suitable for the study with the improvement of the model prediction 

accuracy over the regression and ANN models. 

It is possible to generate classifiers by applying different learning algorithms (with 

heterogeneous model representations) to a single dataset. An ensemble method of combining 

two different prediction models was applied for PM10 and SO2 estimation in the present 

study using stacking, which is a high level classifier on top of the base classifiers. The results 

of the SVC based model stacking were found to improve the model performance. A tool has 

been developed for modeling and prediction of the pollution parameters using python. 

The effect of Land Surface Temperature (LST) was investigated using the Landsat ETM+ 

thermal infrared (TIR) channel sensitivity for the PM10 and SO2 modeling. The thermal 

channel response of the sensor is based on the emitted energy of the surface. The 
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characteristics of the thermal channel are different from reflective channels. The effects of 

the thermal channel for the estimation of the pollution parameters was carried out by 

analyzing the results of the prediction using thermal channel and without using thermal 

channel. The study was applied on all the three methods used for modeling- regression, ANN 

and SVM. The resutls signifies the role and sensitivity of Landsat ETM+ thermal channel in 

PM10 and SO2 prediction using the methodology used in the present study. It was observed 

that the thermal channel has significant effects on the prediction especially in regression and 

ANN based models. Using the thermal channel, the LST maps of the study area was 

generated. The visual interpretation of the PM10, SO2 and LST maps was carried out to find 

the distribution of the pollution concentration with respect to industrial areas and correlate 

PM10 and SO2 with LST distribution in the study area. The maps show there was high level 

of concentration of pollutant in the industrial areas and dense urban area. An inverse 

correlation between PM10 and LST was observed in the summer. It was also observed that 

the there is high variability in the distribution of parameters. Hence, the study may be further 

extended by applying quantitative, geostatistical techniques and meteorological data, which 

is a significant input for detailed analysis.  
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