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HANDWRITING IN FORENSIC INVESTIGATIONS

Georgi Gluhchev

Abstract: The process of automatic handwriting investigation in forensic science is described. The general
scheme of a computer-based handwriting analysis system is used to point out at the basic problems of image
enhancement and segmentation, feature extraction and decision-making. Factors that may compromise the
accuracy of expert’s conclusion are underlined and directions for future investigations are marked.
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1. Introduction

The individual’'s authentication becomes a serious problem concerning different areas of the social and economic
relations in the world. Its importance increases as a factor in the prevention of terrorist actions and illegal access
to important information. The problem attracts the attention of researchers all over the world and during the last
years a few international projects were launched aimed at the development of reliable systems for authentication
using biometric information.

Writer authentication is one of the broadly investigated modality in this aspect. Until now it was mainly used in
forensic investigations dealing with handwritten document analysis or signature verification. Despite of the long
history in that respect handwriting investigation still remains a difficult, time-consuming and subjective process,
where qualified experts evaluate the similarity between letters, strokes and writing styles on the basis of their
experience. In all cases of writer identification the objectiveness of the analysis and reliability of conclusion are of
great importance. However, the inevitable variation in writing under different conditions and psychological state or
when a significant time gap exists between the incriminated and reference documents may mislead the expert.
Also, extremely difficult are cases where the handwriting is deliberately changed. In such situations different
experts may disagree as to who is the writer of a particular document and a wrong conclusion may be drawn.

Other problems in writer identification concern the expert’s workload during the analysis and difficulties stemming
from sometimes poor quality of handwritten materials.

To overcome the problems quantitative methods for objective handwriting analysis and adequate decision-making
have to be developed and implemented.

To achieve this, serious scientific investigation is required in order to develop appropriate methods for feature
measurement, selection of reliable sets of features, evaluation of the minimal number of handwriting elements
which is necessary for the reliable decision-making, suggestion of robust classification algorithms dealing with
mixtures of continuous and categorical variables. Major difficulties in this direction stem from the qualitative
character of most of the handwriting parameters used by the experts.

Despite that the problem of writer identification is of great practical importance in forensic investigations a
relatively small number of papers have been published until now [5,11,14,22]. The existing computer systems are
aimed especially at the screening of similar handwritings from a large data base of handwritings. After that the
identification problem is carried out manually by an expert on the basis of his own experience and subjective
evaluation of the similarity between the handwritings under investigation. For this he compares visually strokes,
letters or combinations of letters performing sometimes simple measurements.

The goal of the paper is to sketch the frame of a computer-based handwriting investigation system and discuss
the problems of its major components (Fig. 1). It is organized in the following way: Section 2 concerns the
improvement of image quality; Section 3 deals with feature extraction techniques; Section 4 describes decision-
making and Section 5 points out at the unsolved problems.
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Figure 1. Block-diagram of a handwriting investigation system

2. Image Enhancement

The block-diagram in Fig. 1 shows that the development of a computerized handwriting investigation system
follows the general methodology for the development of image processing and pattern recognition systems.

Since very often the handwritten materials are of poor quality, it is necessary to achieve some pre-processing. Its
goal is two-fold: a) to improve image quality including contrast enhancement, random and structured noise
reduction, and edge sharpening [2,3,9,17,19,21]. In such a way the image will offer better possibilities for the
automatic analysis; b) to correct strokes and complex lines using morphological operations. This is especially
important for the analysis of specific handwriting features, where the skeleton of the characters is used.
Morphology allows to automatically connecting disrupted lines or cutting-off wrongly connected strokes.

3. Image Segmentation

Image segmentation is an essential step in the automatic document analysis. In handwriting analysis additional
difficulties may arise due to the possibility of significant variation in rows’, words’ and letters’ position.

The automatic segmentation includes background elimination as a first stage. Approaches based on histogram
analysis (uniform background is supposed), locally adaptive binary trees and heuristic approaches (non-uniform
background or presence of structured noise is assumed) are used.

The second stage concerns separation of rows. This operation is based on the analysis of histogram-like graphs
obtained via horizontal projections of pixels, Hough transform or analysis of envelopes of continuous lines. While
this operation could be easily achieved, special techniques are required for a proper detection of under-row and
over-row elements of some characters. Also, the medial axis of the row may not be presented as a single straight
line which requires piece-wise presentation.

The segmentation continues with the separation of the words. Different cases of concise writing or writing where
letters are not connected between them are a challenge. For the word separation vertical projections of pixels
from the corresponding row are analyzed, distances between envelopes of continuous lines are used, separation
lines parallel to the predominant slope of the vertically oriented strokes could be applied, as well.

However, the most difficult problem concerns segmentation of letters and strokes. Except some special cases,
e.g. child’s writing, their delineation may be quite difficult even for a human being. A proper solution of this
problem could be achieved via a man-machine dialog. The operator has to identify some specific points like end-
points or vertexes of a polygon that encompasses a handwriting element. After that lines could be automatically
investigated for the detection of points of intersection or bifurcation, local extremums and like [12,13,20].

4. Feature Extraction

Feature extraction is the crucial problem that should be solved. While during the last decades a common
methodology for the handwriting analysis has been set up, many of the suggested features are of qualitative
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character and are prone to different evaluation from different experts. Also, there are no strong recommendations
as to what number of features is to be used for a reliable decision-making.

Different types of features may be investigated including graphometric, densitometric, categorical, model-based
and topological invariants [2,5,6,7,8]. From the expert’'s point of view they are classified as general and specific
features.

The general features are of categorical type and describe qualitative characteristics as: degree of connection
between letters (usually three degrees are accepted: low, moderate and high), slope (right, left, upright), motion
(rectilinear, curvilinear, angular or arched, loop-like, oval, wavy or spiral), elaboration (presence of ornaments),
direction of movement (clock-wise or counter-clock-wise), quantity of movement (average number of strokes used
to draw separate letters) and like [2,7,8,12,16]. They are difficult for automatic evaluation and are specified by
the expert.

Specific features admit quantitative evaluation. They are known as graphometric and are aimed at the automatic
or semi-automatic measurement of the following characteristics: distances between rows, height and width of
letters, distances between letters, size of the above-row and under-row elements, distances between words,
predominant slope, geometric parameters of handwriting elements like strokes, fragments and/or combination of
characters [2,11,22].
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Figure 2. a) Original image, b) Areas of different pressure

While many of the above-mentioned features can be easily imitated, there are features that are not clearly seen
and, therefore, difficult to falsify. In that respect a special attention is paid to the distribution of pressure alongside
the strokes (Fig. 2). It could be analyzed in different ways looking for a reliable description, e.g. evaluation of the
geometric parameters of areas of different pressure and their mutual disposition at different writing elements, or
pressure change alongside the skeleton of the elements. In that respect promising results have been reported
in [15].

Except the described features, which are reasonable and intuitively clear for the experts, other features that do
not express a particular property of the handwriting may be used as well. These include topologically invariant
points associated with a particular character. According to this approach characters are divided into specific
segments that can be transformed and compared piece-wise.

Another approach is based on the presentation of characters as elastic changes of an ideal model. Thus, a
transformation between the model and the real character can be evaluated and its parameters used for
classification.

Very important is the problem concerning the reliability evaluation of different set of features. A number of
approaches may be used for this based on the information theory, statistics and classification power.

5. Decision-Making

The overall estimation of the similarity between two handwritings must be obtained as a combination of decision-
making classifiers.

The decision-making for the specific features is based on the evaluation of the similarity between particular
elements from the handwritings under investigation. Since the overall estimation will be based first on the
estimations of separate elements and second on groups of elements, multi-level classifiers are to be used. The
first level will concern the comparison of basic elements like strokes, letters and signs of punctuation. At the
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output of these classifiers every element will be assigned a number that reflects the degree of similarity between
the handwritings under investigation. Since a particular element may be detected in a few places in the text, an
average similarity relative to this element will be calculated at the second stage. After the similarity is evaluated
for all different elements, an overall evaluation is being obtained at the third level. One of the basic problems that
has to be solved here concerns the weight factors of the elements, i.e. their classification power. Different types
of decision rules could be used, including statistical, linear, heuristic, and NN-based [1,4,6,18].

The authenticity, where a forgery is expected, would be predominantly verified using stable features like pressure
distribution. This is usually applied to small pieces of written text like particular words or signatures. Depending on
how the pressure will be measured (areas of different pressure or a function alongside a skeleton line) different
comparison techniques could be applied.

The categorical features are mainly used for the search of similar handwritings in a large database. Also, for the
sake of one-to-one comparison mixed variables discriminant techniques could be used. A simple approach for the
analysis of mixture of categorical and continuous data requires arbitrary scoring of all the categorical variables
followed by the use of standard methods for multivariate continuous data, which in the case of classification
means the use of techniques such as linear or quadratic discriminant analysis.

6. Discussion and Future Work

Different aspects and major problems that are to be solved for the development of a computer-based handwriting
investigation system are described.

While the pre-processing stage of digital images is thoroughly investigated during the last decades, the well-
known approaches may not work properly due to possible damages, background variation and/or poor image
contrast. This requires locally adaptive methods to be developed, reflecting the specificity of the investigated
images.

A big challenge is the selection of a reliable set of features. A computerized system must include as much as
possible features that experts are accustomed to, but at the same time, special attention must be paid to the
measurement of some parameters that are difficult for expert’s evaluation, and therefore difficult for imitation, e.g.
curvature at characteristic points, line smoothness or pressure distribution. Also, the expert has to have the
possibility to interfere and suggest his one selection of features. This requires a friendly man-machine interface to
be available.

The decision-making seems to be the most expert-independent part of the problem, since various objective
measures of similarity (parametric, non-parametric, clustering) have been developed in pattern recognition theory.
The different levels of similarity estimation will require the development of multi-level hierarchical classifiers.
Age-due variations in handwriting or changes due to different diseases must be investigated as well. This will
increase the possibility for reliable writer identification when a significant time-gap between the handwritten
materials exists or in case of a psychiatric disease [10].

A successful solution to all of the discussed problems will allow developing of a reliable and user-friendly
computer system for handwriting analysis that could be implemented in police departments, bank and notary
offices. It must be noted that such a system will help the expert to do an objective analysis, not to replace him.
The obtained solutions to specific handwriting analysis problems could be easily incorporated in a more
complicated access-permit systems or person authentication systems at check points.
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