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Abstract 
This paper is a description of recent advances in off-line signature verification research 
performed at our laboratory. Related works pertain to structural interpretation of signature 
images, directional PDF used as a global shape factor, the Extended Shadow Code (ESC) and 
the fuzzy ESC, a cognitive approach based on the Fuzzy ARTMAP, and shape factors related 
to visual perception. 
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1 Introduction 
 
A lot of work in the field of off-line signature verification has been done at our 
laboratory since the last twelve years. The long-term goal of this research is to design 
a complete Automatic Handwritten Signature Verification System (AHSVS) which is 
able to cope with all classes of forgeries produced with or without imitation of the 
genuine signature. The majority of approaches reported here have been done 
specifically for the problem of the elimination of random forgeries defined as genuine 
signatures of other writers enrolled in the verification system, a prerequisite for real 
applications. 
 
First, structural interpretation of signature images has been investigated in a way to 
implement some graphometric features related to the characteristics of genuine 
signatures used by specialists in the field of forensic science [specially from Locard, 
39]. This AHSV system was design in a way to be able to cope with all classes of 
forgeries [2]. The complexity of this approach, especially this one related to the 
segmentation of the signature line in terms of arbitrarily shaped primitives, gave us the 
motivation to propose the Fuzzy ESC, a shape factor based on a more flexible scheme 
because the segmentation problem is overcome [21]. This new scheme permits the 
fusion of several sources of information related to the geometric shape of the signature 
and to the pseudo-dynamic information related to the effects of the writing dynamics 
like speed variations and pressure. This approach is very promising especially for real 
time applications. 



 

 

A lot of work has been done in the context of the elimination of random forgeries. We 
proposed first a global shape factor, the directional PDF [15], in a way to solve this 
problem with a very simple approach. In fact, the results were not satisfactory (about 
5% of mean total error rate with a threshold classifier and 6 reference signatures) 
because global shape factors like the directional PDF [see [36] for a survey of global 
shape factors published by others] do not take into account the spatial position of local 
measurements in the representation of the signature. Moreover, we observed the same 
level of performance with invariant moments [2]. 
 
This observation leads to the proposal of the Extended Shadow Code (ESC) as a 
family of shape factors related to global and to local shape factors depending on the 
resolution in use [see Figure 2 in [21]]. This representation showed very good results 
at high resolution but the best performance was obtained with the cooperation of 
several classifiers tailor-made for each representation [25]. In this way, several levels 
of perception are considered in the analysis of a test signature image. 
 
In order to understand more deeply the underlying process related to the local analysis 
of signatures, a perceptual approach based on a grid of points of attention and a 
sliding retina has been proposed in [36-38]. Here, the pattern spectrum and elementary 
segments used as structural elements permit the definition of local geometrical 
measurements made on the signature trace or on the background area. Experimental 
results obtained with this representation was closed to those one obtained with the 
ESC. 
 
Another approach is to put emphasis on preprocessing and to extract perceptual 
features like loops, the body of the signature, inter-words spacing, etc [35]. Here, 
Binary Shape Matrices are considered as a good compromise for the encoding of 
signature images. This approach is in fact related to the class of mixed shape factors, 
eg. global shape factors where the location of measurements is embedded in the 
representation of the signature. 
 
Few works have been done at the classification level. Murshed in [31] proposed a 
cognitive approach for the signature verification task in the context of the elimination 
of random forgeries. The motivation of this work is to train each classifier with 
genuine signatures only. In this way, a new writer can be added to the verification 
system without the need to retrain all other classifiers. Another interesting 
characteristic of this approach is the possibility to train each classifier on-line, eg. the 
knowledge of the system is enhanced based on a continuous utilization of the 
verification system. This is a good feature for the implementation of real AHSV 
systems. This verification system used binary segments extracted locally by the help 
of an identity grid as a representation of the signature. Future works will be to 
integrate local shape factors like the ESC [27] and this one related to visual perception 
[36] in a way to enhance the discriminating power of the system. 
 



 

 

In this paper, the related shape factors and AHSV systems are reported and 
experimental results are compared together. This is followed by a brief description of 
works in progress in this field at our laboratory. 

2 Structural Interpretation of Signatures Images 
 
This study [2-14] was inspired from the work made in the field of forensic science by 
Locard, an expert document analyst, who proposed in [39] a survey of graphometric 
techniques used for the authentication of questioned documents. The limitations in the 
performance of graphometric techniques were by this time mostly attributable to the 
lack of accuracy of measurements taken by different expert document analysts. Locard 
has proposed many characteristics belonging to genuine handwritten signatures. These 
characteristics can be subdivided into two classes. 
 
The first class is related to characteristics of genuine signatures imperceptible to the 
average forger and very difficult to imitate: the rhythmic line of the signature 
consisting of the positional variation of the maximum coordinate of each character 
composing the signature; the local variation in the width of the signature line which is 
closely related to the dynamics of the writing process; and the variation in aspect ratio 
of the whole signature followed by the local features like aspect ratio, difference in 
orientation, in relative position, etc., measured between pairs of characters. 
 
The characteristics of the second class are the ones that are very easily perceived by 
the average forger and are consequently easier to imitate: the general design of the 
letter's shape; the signature's overall orientation; and the signature's position on the 
document. 
 
Based on these two classes of characteristics of genuine signatures we proposed in [2-
14] an image understanding system based on a signature representation defined in 
terms of arbitrarily shaped primitives. This approach is text-insensitive because no 
attempt is made to segment specific letters from the semantic part of the signature. 
Two classes of features related to those one proposed by Locard, static and 
pseudodynamic are taken into account for the representation of the signature. The 
former is related to the geometric shape and spatial relations between some primitives 
extracted from the signature trace. The latter is associated with the gray-level variation 
(contrast) and the texture inside the primitive. In considering these two classes of 
features simultaneously, and the separation from the local interpretation of the 
primitives followed by the global interpretation of the scene, a general purpose image-
understanding system was designed for the interpretation of handwritten signature 
images. For a complete description of this system, see [2, 6]. 
 
Recently, an attempt was made to pursue this work related to the definition and the 
extraction of primitives for the structural interpretation signature images [1]. In this 
work, the writing trace of the signature is subdivided in terms of conics like straight 
lines, ellipses and hyperboles. This method permits a simplification of the signature 
tracing for the purpose of the elimination of random forgeries. Works are actually in 



 

 

progress in a way to use attributed string-matching techniques based on this 
representation for the design of a AHSV system for real time applications. 

3 Directional PDF as a Global Shape Factor 
 
In a system like this one described in [2], in order to take into account all classes of 
forgeries, the decision is made only at the end of the verification process. 
Consequently, this approach is a very costly solution in terms of computational 
ressources and in terms of related algorithmic complexity. Since random and simple 
forgeries represent almost 95% of the cases generally encountered in fraudulent cases 
[40], it was decided to subdivide the verification process in such a way to rapidly 
eliminate gross forgeries. Thus, a two-stage AHSVS seems to be a more practical 
solution, where the first stage would be responsible for this rapid elimination and the 
second stage used only in complicated cases.  
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Fig. 1. A genuine signature and the related directional PDF [reprinted from 15]. 
 
The first stage of this complete AHSVS thus has two main objectives: firstly, to 
consider only random forgeries and, secondly, to make rapid decision. To meet the 
first objective, a characteristic dealing with the overall shape of the signatures has 
been proposed [15-20]. Accordingly, we proposed the directional Probability Density 
Function (PDF) as a global shape factor [Figure 1]. Its discriminating power is not 



 

 

optimum because, even though it is invariant in translation and in scale, it is not 
invariant in rotation. To meet the second objective, we have chosen to use a 
BackPropagation Network as a signature classifier. The networks were trained with 
synthetic samples derived from original reference PDFs rotated ±6° with 1° 
increments. See [15] for a complete description of this system. 

4 Extended Shadow Code (ESC) and Fuzzy ESC 
 
One important characteristic that a shape factor related to the signature verification 
problem should have is the ability to be text-insensitive. This means that 
measurements taken on the signature shape do not relate to specific letters. This is 
especially important in the case of handwritten signatures characterized by well-
written to highly personalized signatures. The main problem with global features like 
the directional PDF is a lack of knowledge about the location of local measurements 
taken on the signature considered as a pattern when they are combined together for the 
definition of the feature vector. 
 

 
Fig. 2. Definition of the projection mechanism of the ESC [reprinted from 24]. 

 
 
Intrinsically, the extended shadow code is a global shape factor. The rationale behind 
the use of the ESC as a shape factor for the signature verification problem is that it 
permits the local projection of the handwriting without losing the knowledge of the 
location of measurements in the 2D space [Figure 2]. Thus, this shape factor seems to 
be a good compromise between global features related to the general aspect of the 
signature, and local features related to measurements taken on specific parts of the 
signature without requiring the low-level segmentation of the handwriting into 
primitives, which is a very difficult task [2]. This is acheived by the bar mask 
definition [21,27], where at low resolution [Figure 3a] the ESC is related to the 
overall proportion of the signature. In the opposite case, the values of the projections
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Fig. 3. Examples of the ESC representation at low resolution (a)  
and at high resolution (b) [reprinted from 24]. 



 

 

at high resolution [Figure 3b] could be related to local measurements taken on specific 
parts of the signature without the segmentation of specific letters or specific 
primitives. In this way, varying the resolution of the bar mask permits the definition of 
a family of shape factors ranging from purely global to almost local. The complete 
evaluation of this family of representation has been reported in [27], and the 
evaluation of integrated classifiers based on individual threshold and kNN classifiers 
is available in [25]. 

5 A cognitive Approach Based on the Fuzzy ARTMAP 
 
In order to implement a verification system acting like an expert examiner, we 
proposed in [31] a cognitive approach to the signature verification problem. The 
expert examiner performs the verification process by comparing the questioned 
signature only to the reference ones and gives his decision according to the 
comparison results. This fact was the motivation for the one-class approach, that is, 
the ability to recognize a class of objects (genuine signatures) wthout the necessity of 
learning to recognize the shapes of other objects (random forgeries). 
 

 
 

Fig. 4. Feature extraction, image compression and comparison stages  
of the AHSV system [reprinted from 31]. 

 
At the first stage, the signature is segmented from the background using the Otsu's 
algorithm, and then centralized onto the image area such that it becomes divided into 
m regions [Figure 4] through the use of the identity grid. The centralization is 
performed by translating the center of gravity of the binary image to the center of the 
image area. Thereafter, graphical segments of size 16x16 pixels with 50% overlapping 
in the x and y directions are extracted from each region in the binary signature and 



 

 

applied to a Back-propagation network which reduces the size of these segments by 
1/3. 

 
Fig. 5. Final comparison and decision stages of the AHSV system [reprinted from 31]. 

 
The reduced graphical segments are then applied to the  comparison stage for 
learning/verification. This stage is composed of m Fuzzy ARTMAP networks, each of 
which is responsible for one region in the signature [Figure 5]. This structure can be 
viewed as having different experts examining different regions of the signature. 
Finally, the decision stage analyzes the results produced by each Fuzzy ARTMAP and 
gives the decision of the system with respect to authenticity of the unknon signature. 
The complete description of this AHSV system is available in [31].  
 
The main drawback of this approach lies in the use of graphical segments related to a 
specific region without taking into account its local position in the image. Moreover, 
new local shape factor like the ESC is needed in a way to enhance the performance of 
the AHSV system. This approach based on cognitive concepts is very promising and 
more research in this area will be realized in a near future. 

6 Visual Perception 
 
We proposed in [36] a new formalism for the definition of a signature representation 
based on visual perception. As mentioned above, local approaches are better suited for 
defining signature representations than global ones. Based on the observations made 



 

 

earlier on the superposition of genuine signatures [Figure 6], the following 
assumptions can be made with respect to defining a shape descriptor tailored for the 
signature verification problem: 
 
1) The overall orientation and the overall proportions of genuine signatures written 

in a constrained 2D area are relatively stable for each writer, and 
  
2) The local variability of the writing trace of the signature is an intrinsic 

characteristic of the identity of the writer and should be taken into account as 
well. This phenomenon is characterized by local displacements of strokes 
following the principal axis of the signature. 

 
From these assumptions, a certain invariance in rotation and in scale results; hence, 
their explicit requirement is not needed in the definition of a shape descriptor. Only a 
correction in translation remains necessary. Assumption 1 is in accordance with the 
opinion of expert examiners in the field of forensic science [39-41]. Finally, North 
American signatures are "cursive" in nature; this could partially explain the fact that 
their overall proportions are relatively stable over time. 
 

 
 
Fig. 6. A rectangular retina is shown with the field of points of attention uniformly distributed 

in the image space [reprinted from 36]. 
 
The originality of the proposed approach is that local measurements are not made on 
specific parts (primitives) of the signature, but on specific areas around foci of 
attention in the image plane. The identification and segmentation of feature points or 
primitives on the writing trace of the signature are performed by just assuming that the 
foci of attention are specified arbitrarily in the image space. This leads to a 
simplification of the training phase of the verification system. The method proposed 
for feature extraction is simple. A signature image of 512x128 pixels is centered on a 
grid of rectangular retinas which are excited by local portions of the image; each 
retina has only a local perception of the entire scene [Figure 6], and the measurement 
made on the subset of  pixels related to a specific retina will reflect the local activity 
of the signal. 
 
The definition grid (i.e. the position and the number of foci) together with the size of 
retinas have a great impact on the performance of this approach and a prototyping 
phase is necessary [see Section 5.1 in [36]]. An important aspect for signature 
representation is that the consistent absence of signal activity in specific areas of the 



 

 

image will be taken into account in an attempt to characterize the shape of the 
signature. This is achieved by Assumption 1 which stated that the overall proportions 
of genuine signatures are relatively stable. In other words, not only the signature itself 
but the background also are considered in the definition of the shape descriptor. 
 
From Assumption 2, the local variability of the writing trace of the signature could be 
taken into account easily by adding a certain percentage of horizontal and/or vertical 
overlap between neighboring retinas. As the visual observations made on examples in 
our signature database showed that in general the displacement of strokes follows the 
principal axis of the signature, this fact suggests that horizontal overlap alone is 
enough. 
 
The measurement applied to the set of pixels related to a retina should be capable of 
detecting the presence, or absence, of any signal activity, and it should be capable in 
some way of quantifying it. We think that local measurement should be capable of 
describing the information contained in a binary image and the manner in which it is 
distributed between the "fine" and "coarse" details. The morphological operations of 
opening and closing are useful for this task. The pattern spectrum is an internal 
information non-preserving morphological shape descriptor called the pecstrum [36]. 
The pecstrum is computed by measuring the result of successive morphological 
openings of the image, as the size of the structuring element increases. The sequences 
of openings so obtained are called granulometries. Spectra obtained from the local 
analysis based on elementary segments as structural elements are shown in Figure 7. 
 
Shape matrices have been used as a representation of planar shapes like industrial 
parts or printed characters. In [35], we investigated the use of shape matrices as a 
mixed shape factor for off-line signature verification. By mixed shape factor we mean 
any global shape factor where the position of local measurements are take into 
account in the definition of a similarity measure between two representations. Several 
preprocessing algorithms like loop filling, smearing and morphological closing have 
been used for emphasize some local characteristics (perceptual features) of the 
signatures. It was demonstrated that using a good similarity measure between two 
shape matrices, this shape factor is relatively well suited for the global interpretation 
of signature images. Experimental results reported in [35] are closed to those observed 
with local shape factors like the ESC [27] and local measurements  based on the 
pattern spectrum [36]. 
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Fig. 7. A signature image (a) and the pecstrums based on structural elements in {|,,/,\} are 

depicted in (b) to (e) [reprinted from 36]. 

7 Conclusion and Perspectives 
 
Experimental evaluation of approaches reported in this paper has been made using a 
signature database of 800 genuine signatures from 20 individuals. Two types of 
classifiers, a Nearest Neighbor (NN) and a Minimum Distance (MD) classifier with 
threshold (Nref=6 reference signatures) was used for the implementation of all 
verification systems except this one based on the Fuzzy ARTMAP [Table 1].  



 

 

 
Approaches NN MD with Nref=6 Nref=18 
Structural Approach [2]  2.49%  
Directional PDF [15] 2.69% 5.61%  
ESC [27] 0.01% 0.88%  
ESC with Integrated classifiers [25] 0.0% (0.18%) 0.05% (2.88%)  
Cognitive Approach [31]    3.56% 
Pattern Spectrum (PS) [36] 0.02% 0.85%  
PS with Integrated classifiers [36] 0.0% (0.05%) 0.27% (2.38%)  
Binary Shape Matrices [35]  0.84%  

 
Table 1. Experimental results, mean total error rate Et in % (Rejection rate Rt) 

 
 
We can see from Table 1 that local shape factors like the ESC and this one based on 
the pattern spectrum outperform global shape factors like the directional PDF and the 
structural approach. Moreover, cooperation of classifiers based on local shape factors 
shows very good results on this signature database [25, 36]. In the case of the AHSVS 
based on the Fuzzy ARTMAP, the experimental results are closed to those obtained 
with global shape factors and structural approaches. In this case, the performance of 
the verification system can be enhanced significantly if binary segments are replaced 
by local shape factors. 
 
This survey of recent advances in off-line signature verification shows the importance 
of local approaches in the definition of a signature representation tailor-made for the 
elimination of random forgeries. Further work is needed to find a signature 
representation based on local measurements where several information sources can be 
taken into account, as is the case for the Fuzzy ESC [21]. In this way, several classes 
of forgeries can be considered without the need to segment the trace of the signature 
in terms of primitives, a prerequisite for real applications. Moreover, this research on 
signature representation should be integrated into the cognitive approach proposed by 
Murshed in [31]. If the merge of these two schemes succeed, it could be possible to 
implement a real AHSV system able to cope with all classes of forgeries, using only 
genuine signatures for training. 
 
Works are in progress in a way to relate points of attention [36] to the dynamics of the 
writing process. In this way, the number, the position and the size of the retinas will be 
based on the model of the signature. This means that the representation of the 
signature will be adapted to the intrinsic characteristics of each writer. The main 
objective of this approach is the elimination of random, simple, simulated and 
freehand forgeries. 
 
A lot of experiments showed the superiority of AHSV systems based on the 
cooperation of classifiers [25,36], as is actually the case in the field of character 
recognition. More research is needed on the design of integrated classifiers for 
signature verification because the number of data available for training is always small 



 

 

in real application. This situation restricts us to the use of integrated classifiers based 
on the voting principle because no training is required. 
 
In conclusion, due to the confidentiality of this kind of data, no international signature 
database is available for research. This is one limitation of this research area. 
Experimental results can be compared only if the same experimental protocol and 
database are used for the evaluation of different verification schemes. We hope that an 
international standard database will be available soon. 
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