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Abstract

Feature extraction is an important process in automatic off-line signature verification systems. In
this process, only the information that helps to identify the authenticity of questioned signatures
is extracted and retained. Amongst the numerous feature extraction techniques investigated by
researchers, grid segmentation schemes have been employed more favourably due to their encour-
aging results. The research presented in this dissertation focuses on improving the performance of
Support Vector Machines (SVMs) based off-line signature verification systems using novel feature
extraction techniques.

The research began with an in-depth investigation and comparative performance analysis of
the Modified Direction Feature (MDF), a structural feature extraction technique. Since the MDF
is known for its relatively high accuracies in the cursive character recognition problem, it has
been suggested that the performance of the MDF would be as encouraging in verifying Western
(English) signatures due to the “cursive appearance” of the signatures. The other features employed
for comparative studies were the two grid-based features proposed by Francesco Camastra and
Wakabayashi et al. (Gradient feature). The former feature captures the information about the
distribution of the foreground pixels in each grid cell whilst the latter utilises the directional
information available. The comparisons of these state-of-the-art techniques set the foundation for
the development of the novel feature extraction techniques proposed.

In total, three novel local features and four global features were proposed and investigated. The
local features include Gaussian Grid, Curvature Map, Variance and the local features are New Ra-
tio, Energy, Trajectory Length, Moment. Amongst the local features proposed, the Gaussian Grid
feature significantly outperformed all the state-of-the-art features mentioned above. Nevertheless,
the combination of another particularly small-dimensional local feature, the Variance feature, with
the global features also outperformed the MDF and the Camastra features, and closely approxim-
ates the performance of the Gradient feature. The total dimension of this feature set was only 33
compared to 120 of the MDF. This finding emphasizes the capability of small-dimensional global
features

Apart from the newly proposed feature extraction techniques, this dissertation also presents an
investigation of a newly-proposed intersection analysis framework within the context of handwriting
trajectory recovery. The proposed framework introduced a new pathway, which may help to tackle
the problem of trajectory recovery. This framework was employed to estimate the continuity of
contour segments at stroke intersections in the signatures. Experimental results indicated that
the curvature information extracted from the undirected estimated contour had improved the
performance of the Curvature Map feature, one of the proposed local features. The Curvature
Map feature further improved the performance of the Gaussian Grid feature by 0.4% with the
average error rate (AER) of 13.54%.
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All signature verification experiments of this research were conducted using a subset of the
publicly available GPDS-960 signature corpus. With 3840 genuine signatures and 4800 simulated
forgeries organized into 160 distinct signatures sets, this database enables more reliable results
compared to other publicly available signature database of small size. The public availability of
the GPDS-160 signature corpus also facilitates a comparison with the results of other researchers
in the field.
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