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Abstract of the thesis

In this thesis, issues related to estimation of multiple skews in handwritten text with
multi-scripts are addressed. As a result of this, two different approaches, one
independent of scripts and the other dependent on of scripts and the other dependent
on scripts have been proposed. In other words, problem of skew estimation has been
studied with and without having knowledge on scripts present in document images.

A novel script independent algorithmic model for estimation of multiple skews in
trilingual hand written documents has been designed. The designed model works at
block level of text. The designed model uses connected component analysis to
identify each individual word present in a handwritten document image. Each
identified word is the circumscribed by an ellipse, the slope of the major axis of which
gives the skew angle of the particular word. The identified words across the entire
document are subsequently clustered by the use of their spatial co-ordinates and skew
angle of the particular word. The identified words across the entiredocument are
subsequently clustered by the use of their spatial co-ordinates and skew angles by
employing adaptive k-means clustering algorithm. Each cluster of words is then
labeled as a block of text with a different orientation. The overallskew angle of
such an identified block of text is calculated to be the average of slope angles of the
major axis of the ellipse of the words present in that particular block. Since this model
does not take into account any parameter related to type of scripts present in a
document image, this skew estimation model is claimed to be independent of script.

In order to design a script dependent skew estimation model, we initially address
the problem of script identification both at clock level and at word level. The script
identification both at block level and at word level. The script identification problem
has been studied by considering six different south Indian languages under possible
combinations. An empirical study for possibility of exploring fusion based
approaches for script identification is made. For purpose four different feature
extraction methods, two different classifiers and their possible fusions have been
empirically investigated. Experiments have been conducted for both bi-script and tri-
script combinations with and without skew.

It has been argued in the thesis that estimation of skew angle or handwritten text by
knowing the script is more effective than that of not knowing the script. Therefore,
in this thesis, different algorithmic models have been designed and recommended for
estimating the skew angle of Devanagari, Kannada and English scripts at word level.
A novel algorithmic model is proposed for Devanagari script exploiting the inherent
advantages of small Eigenvalue of a set of connected pixels in preserving the linearity
of those pixels for the purpose of detecting Shirorekha existing at the top of a
Devanagari word.

For estimating the skew angle of Kannada and English words, approaches by
combining different feature point extraction methods and skew angle estimation
methods have been studied. Convex hull based model and Gaussian mixture based



models are considered for extraction of candidate feature points, while linear
regression analysis, second order moments and Eigenvector orientation are
considered for skew angle estimation.

Further, all the proposed models have been experimentally demonstrated for their
effectiveness on relatively large datasets of handwritten text document images. Based
on analysis of the research findings through rigorous experimentation, we
recommended suitable models for different issues related to estimation of multiple
skews in handwritten text with multiple scripts.

Furthermore, a successful attempt towards creation of datasets of handwritten
document images is also made during the course of this research work. Various
datasets, a datasets of 3000 monolingual document images six different scripts, a
dataset of 30,000 word images and a dataset of 100 trilingual document images, are
created.

Nevertheless, the proposed algorithmic models for estimating multiple skews in
trilingual handwritten document images have been demonstrated on a dataset of 100
real time office document images as a case study.



