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! Sparse

% Video compression

* Human action recognition
* Video retrieval

* Abstraction

© Video indexing

7 Video clustering

8 Spatial

° Wavelet

1 Kullback-Leibler distance
" Subjective

12 Objective

13 Spatio-temporal

!4 Marginal

% Joint

'® Parametric video analysis and modeling
'7 Temporal decomposition
'* Distance measure

1 Autoregressive modeling
23D wavelet statistical modeling
2! Keyframe selection

22 Shot boundary detection
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DC
DCT
DWT
GGD
GMM
GoP
HMM
HMT
HSV
HVS
i.i.d.
ITU-R
ITU-T
JPEG

Lab

LMS
MPEG
MSE

PDF
PSNR
RLS
SPIHT

TD
WD-HMM

Ol G gd

Auto-Regressive Prediction Errors

Auto-Regressive Prediction Errors ratio

Auto-Regressive

Block of Frames

Expectation Maximization

Direct Current (the transformed coefficient corresponding to zero frequency )
Discrete Cosine Transform

Discrete Wavelet Transform

Generalized Gaussian Density

Gaussian Mixture Model

Group of Pictures

Hidden Markov Model

Hidden Markov Tree

Hue, Saturation, Value (coordinates of a color space)

Human Visual System

Independent and Identically Distributed

International Telecommunication Union- Radio communication Sector
International Telecommunication Union-Telecommunication Sector
Joint Photographic Experts Group

Kullback-Leibler Distance

CIE specification that attempts to make the luminance scale more perceptually
uniform.

Least Mean Squares algorithm

Moving Picture Experts Group

Mean Square Error

Probability Density Function

Peak Signal to Noise Ratio

Recursive Least Squares algorithm

Set Partitioning in Hierarchical Trees

Temporal Decomposition

Wavelet Domain Hidden Markov Model
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Bin

Dependent
Classifier
Confusion Matrix
Correlated

Cousin

Cut

Database

Dissolve

Fade in/out
Generalized Gaussian Density
Human Action Recognition
Joint Statistics
Lossless

Lossy

Marginal Statistics
Mutual Information
Objective
Orthonormal
Parent

Precision

Recall

Sparse
Spatio-Temporal Parameters
Subjective

Support Vector
Video Abstraction
Video Clustering
Video Compression
Video indexing
Video Retrieval
Visual Event

Wavelet Transform
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? Spatio-Temporal Features
? Projection

* Optical Flow
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Abstract

Video signal has a major role in the transmission of visual information to a wide range of users in
various applications. Video modeling and analysis have been of great interest in the video research
community, due to their essential contribution to systematic improvements concerned in a wide range
of video processing techniques. Parametric modeling and analysis of video provides appropriate means
for processing the signal and mining necessary information for efficient representation of the signal.
Video comparison, human action recognition, video retrieval, video abstraction, video transmission,
video clustering are some of video processing applications that can get certain benefits from video
modeling and analysis.

In this thesis, the parametric analysis and modeling of the video signal is studied through two
schemes. In the first scheme, spatial parameters are first extracted from video frames and temporal
evolution of these spatial parameters is investigated. Spatial parameters are selected based on the
statistics of the 2D wavelet transform of the video frames, where wavelet transform provides a sparse
representation of the signals and structurally conforms to the frequency sensitivity distribution of the
human visual system. To analyze the temporal relations and progress of these spatial parameters, three
methods are considered: inter-frame distance measurement, temporal decomposition, and AR
(autoregressive) modeling. In the first method, employing the KL* distance between spatial parameters
as the similarity measure, the temporal evolution of the spatial features is studied. This analysis is used
to determine shot boundaries, segment shots into clusters and select keyframes properly based on both
similarity and dissimilarity criteria, within and outside the corresponding cluster, respectively. In the
second method, the video signal is assumed to be a sequence of overlapping independent visual
components called events, which typically are temporally overlapping compact functions that describe
temporal evolution of a given set of the spatial parameters of the video signal. This event-based
temporal decomposition technique is used for video abstraction, where no shot boundary detection or
clustering is required. In the third method, the video signal is assumed to be a combination of spatial
feature time series that are temporally approximated by the AR model. The AR model describes each
spatial feature vector as a linear combination of the previous vectors within a reasonable time interval.
Shot boundaries are well detected based on the AR prediction errors, and then at least one keyframe is
extracted from each shot. To evaluate these models, subjective and objective tests, on TRECVID and
Hollywood2 datasets, are conducted and simulation results indicate high accuracy and effectiveness of
these techniques.

In the second scheme, video spatio-temporal parameters are extracted from 3D wavelet transform of
the natural video signal based on the statistical characteristics analysis of this transform. Joint and
marginal statistics are studied and the extracted parameters are utilized for human action recognition
and video activity level detection. Subjective and objective test results, on the popular Hollywood2 and
KTH datasets, confirm high efficiency of this analysis method, as compared to the current techniques.

Keywords: Parametric video analysis and modeling, temporal decomposition, distance measure,
AR model, 3D wavelet statistical modeling, keyframe selection, shot boundary detection, human action
recognition.
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