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e Lectures on Image, Video and Multimedia Processing are intended to provide a unique and
groundbreaking forum for the world’s experts in the field to express their knowledge in unique and
effective ways. It is our intention that the Series will contain Lectures of basic, intermediate, and
advanced material depending on the topical matter and the authors’ level of discourse. It is also
intended that these Lectures depart from the usual dry textbook format and instead give the author
the opportunity to speak more directly to the reader, and to unfold the subject matter from a more
personal point of view. e success of this candid approach to technical writing will rest on our
selection of exceptionally distinguished authors, who have been chosen for their noteworthy
leadership in developing new ideas in image, video, and multimedia processing research,
development, and education.
In terms of the subject matter for the series, there are few limitations that we will impose other than
the Lectures be related to aspects of the imaging sciences that are relevant to furthering our
understanding of the processes by which images, videos, and multimedia signals are formed,
processed for various tasks, and perceived by human viewers. ese categories are naturally quite
broad, for two reasons: First, measuring, processing, and understanding perceptual signals involves
broad categories of scientific inquiry, including optics, surface physics, visual psychophysics and
neurophysiology, information theory, computer graphics, display and printing technology, artificial
intelligence, neural networks, harmonic analysis, and so on. Secondly, the domain of application of
these methods is limited only by the number of branches of science, engineering, and industry that
utilize audio, visual, and other perceptual signals to convey information. We anticipate that the
Lectures in this series will dramatically influence future thought on these subjects as the
Twenty-First Century unfolds.
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ABSTRACT
Current vision systems are designed to perform in normal weather condition. However, no one
can escape from severe weather conditions. Bad weather reduces scene contrast and visibility,
which results in degradation in the performance of various computer vision algorithms such as
object tracking, segmentation and recognition. us, current vision systems must include some
mechanisms that enable them to perform up to the mark in bad weather conditions such as rain
and fog. Rain causes the spatial and temporal intensity variations in images or video frames.
ese intensity changes are due to the random distribution and high velocities of the raindrops.
Fog causes low contrast and whiteness in the image and leads to a shift in the color. is book
has studied rain and fog from the perspective of vision. e book has two main goals: 1) removal
of rain from videos captured by a moving and static camera, 2) removal of the fog from images
and videos captured by a moving single uncalibrated camera system.

e book begins with a literature survey. Pros and cons of the selected prior art algorithms
are described, and a general framework for the development of an efficient rain removal algo-
rithm is explored. Temporal and spatiotemporal properties of rain pixels are analyzed and using
these properties, two rain removal algorithms for the videos captured by a static camera are de-
veloped. For the removal of rain, temporal and spatiotemporal algorithms require fewer numbers
of consecutive frames which reduces buffer size and delay. ese algorithms do not assume the
shape, size and velocity of raindrops which make it robust to different rain conditions (i.e., heavy
rain, light rain and moderate rain). In a practical situation, there is no ground truth available for
rain video. us, no reference quality metric is very useful in measuring the efficacy of the rain
removal algorithms. Temporal variance and spatiotemporal variance are presented in this book as
no reference quality metrics.

An efficient rain removal algorithm using meteorological properties of rain is developed.
e relation among the orientation of the raindrops, wind velocity and terminal velocity is estab-
lished. is relation is used in the estimation of shape-based features of the raindrop. Meteoro-
logical property-based features helped to discriminate the rain and non-rain pixels.

Most of the prior art algorithms are designed for the videos captured by a static camera. e
use of global motion compensation with all rain removal algorithms designed for videos captured
by static camera results in better accuracy for videos captured by moving camera. Qualitative
and quantitative results confirm that probabilistic temporal, spatiotemporal and meteorological
algorithms outperformed other prior art algorithms in terms of the perceptual quality, buffer size,
execution delay and system cost.

e work presented in this book can find wide application in entertainment industries,
transportation, tracking and consumer electronics.

KEYWORDS
bad weather, rain, raindrop, probabilistic classifier, intensity waveform, outdoor vi-
sion and weather, meteorological properties, motion estimation, video enhancement
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