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yat sankhyaih prapyate sthanam
tad yogair api gamyate
ekam sankhyam ca yogam ca
yah pasyati sa paSyati

One who knows that the position reached by means of analytical study
can also be attained by devotional service, and who therefore sees
analytical study and devotional service to be on the same level, sees
things as they are.

BHAGAVAD-GITA (V- 5)






Dedicated
To
My Parents, wife (Punam)
Z
daughter (Samridhi)






CERTIFICATE

This is to certify that the thesis entitled “Neuro-Fuzzy Modelling of Vehicular Exhaust
Emissions on Urban Roads” being submitted by Mr. Suresh Jain, has been prepared
under my supervision in conformity with the rules and regulations of the Indian Institute
of Technology Delhi. I further certify that the thesis has attained a standard required for
the award of a degree of Doctor of Philosophy of the institute. This work, or any part

thereof, has not been submitted elsewhere for the award of any other degree or diploma.

Dr. Mukesh Khare

Professor

Department of Civil Engineering
Indian Institute of Technology, Delhi
New Delhi— 110 016

INDIA






ACKNOWLEDGEMENTS

It gives me immense pleasure to thank my revered teacher and research
supervisor, Professor Mukesh Khare, Department of Civil Engineering, Indian Institute of
Technology, Delhi for having introduced me to the world of air quality modelling
research and for his expert guidance. His sympathetic hearing, bestowing innovative
ideas, constant inspirations, keen interest in my research problem and timely discussion
and advise to solve various problems encountered during the research work are highly
appreciable. He is such a revered teacher who understood me when I lacked in
explanation and explained me when I lacked in understanding, thank you sir!

I am deeply indebted to Professor Stuart Batterman (University of Michigan,
USA) and Professor James Longhurst (University of West England, UK) for giving me
detailed insight with relevant information and providing the required references to carry
out the research. I appreciate the thoughtful suggestions provided by Professor Button,
USA, on the validation of the model. Also appreciable is the suggestion provided by
Professor Schlink, Univgrsity of Leipzig, Germany.

I also wish to thanks to Central Pollution Control Board and Indian
Meteorological Department, New Delhi for providing pollutant data and meteorological
data. I am also grateful to Dr. Neeraj Sharma, Scientist, Central Road Research Institute,
New Delhi and Dr. Kafeel Ahmed, Jamia Millia Islamia University, New Delhi for his
invaluable help in collecting traffic data.

I would like to thank Dr. A. W. Deshpande and Dr. A.K. Mittal, Dr. A. K. Nema

and Dr. B. J. Allapat, Department of Civil Engineering for their invaluable comments and

il



suggestions at various stages of this work. I would also like to extend my special
appreciation to Professor Manju Mohan, Center for Atmospheric Sciences for all her
advises and help.

I extend my thanks to Dr. Parteek Sharma and Mr. Arun Kansal, GGSIP Universit
and Dr. Shiva Nagendra, IIT Madras for his help in collecting useful literatures to my
research work. I am deeply indebted to Professor A.K. J ain, Prof. Sashi Mathur, Dr. H.S.
Gupta, Mr. Raje Singh, Mr. Sanjay Gupta, Mr. Iswar Singh, Department of Civil
Engineering, Prof. S. G. Deshmukh, Department of Mechanical Engineering, for their
help and encouragement. |

I would like to express my thanks to the Head and staff members of Civil
Engineering" Department and Environmental Engineering laboratory for all their help and
cooperation. I am also thankful to the members of computer service center of this
institute for their invaluable help.

Special thanks to my friends especially Mr. Amitabh Kumar Srivastava, Mr.
Nadeem,‘Ms.lPunam, Ms. Radha Goel, Mr. R. P. Garg and research colleagues for their
help, suggestions and encouragement.

My whole hearted appreciations are to my parents, parents-in-law, brothers and
brothers-in-law for their understanding, patience and cooperation. Their encouragement
and care provided me with the necessary strength to withstand the pressure in difficult
times during the tenure of my research. My heart-felt thanks are due to my wife, Punam,

for her encouragement and tolerance.

SURESH JAIN
February, 2007

iii



ABSTRACT

Movement of traffic on urban roads and roughness elements surrounding an air
quality control region (AQCR) add more complexities in vehicular exhaust dispersion
modelling studies. The conventional modelling approach using deterministic Gaussian
based models may not be able to take into account these complex variations in
meteorological and traffic parameters and so affectingl their prediction efficiency. In
addition, stochastic based vehicular exhaust emission models, to some extent, may
explain the non-linearity (randomness) present in the meteorological and traffic data in
such complex urban corridors. However, the variations in air quality data are so complex
and non-linear in nature that it requires prior assumptions concerning their distribution. In
contrast, artificial neural networks (ANNs) based models are capable of analyzing such
complex non-linear data more accurately than stochastic and deterministic based models.
One of the constraints in ANN based air quality models is their inability to converge to
global minima even by complex back propagation learning due to their dependence on
trial and error method in determining the number of hidden layers and nodes.
Additionally, they also may not take into account, analyze and interpret the linguistic
information. The fuzzy based air quality models, to some extent, overcome the above
shortcomings of ANN based models. They are capable of analyzing linguistic
information and efficiently carry out programming/processing with improved knowledge
rei)resenfation and uncertainty reasoning. Further, the Neuro-Fuzzy modelling technique,

hybridizing fuzzy inference system and ANNs interpret and analyze more precisely any
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kind of information (numeric, linguistic or logical) and possesses self-learning, self-
organizing and self-tuning capabilities, thus improving the quality of forecasts.

In the present research, 1-hr average Neuro-Fuzzy based carbon monoxide (CO)
and 24-hr average Neuro-Fuzzy based nitrogen dioxide (NO;) models have been
developed at selected AQCRs in the urban district of the Delhi city. These models have
been formulated with three meteorological and one traffic characteristic variables. The
performance of 1-hr and 24-hr average Neuro-Fuzzy based models has been evaluated on
unseen test data. Degree of agreement (d) and other descriptive statistics have been used
for evaluating the model performance. The prediction performance of 1-hr average
Neuro-Fuzzy based CO models has been found to be satisfactory with predictions
accuracy varying from 91% to 98%. The 24-hr average Neuro-Fuzzy based NO, model
predictions are 89% and 98% error free at AQCR, and AQCR|, respectively.

Further, 1-hr average Neuro-Fuzzy based CO model prediction perf(?rmance has
been compared with ANN and deterministic based General Finite Line Source (GFLS)
and Delhi Finite Line Source (DFLS) models. The Neuro-Fuzzy based CO model shows
satisfactory predictions as compared to other models in terms of degree of agreement

index (d) and RMSE values.
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