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NEW SIGNATURE SIMILARITY MEASURE BASED ON AVERAGE DIFFERENCES

This paper presents a new method of recognizing handwritten signatures. Signature was treated as a collection of features of
specific values. As features the values of x, y coordinates of signature points and the pressure p in its consecutive points have been
used. Additionally, before comparing them, the signatures were properly prepared. The method discussed in the paper is a
modification of the method based on average differences. This modification consists in dividing signatures into windows of the
preset size and measuring the value of similarity between the windows according to their position in the signature. The paper shows
the construction of a new similarity measure taking into consideration the modifications introduced and the results of the research
obtained by means of this similarity measure.

1. INTRODUCTION

The methods of automatic personal identification based on biometric techniques are used in many spheres of life.
Signature biometrics is one of the oldest and longest-used protection techniques. A handwritten signature has become an
official form of reliability confirmation (e.g. in banking) [5].

At present there are a lot of methods of determining the similarity between signatures, which include on-line and off-
line methods. Off-line methods treat a signature as a scanned image [3,7,9,10,11]. However, such an approach, as opposed to
on-line methods, does not allow for the analysis of the dynamics of the writing process. The device which is able to register the
signature together with the dynamics of the signing process, and which then sends the data to the computer is called a tablet. A
signature is treated as a collection of movements which include unique biometric data such as for example: accelerating and
changing the pressure of a pen on the tablet, the number of breaks in writing, the position of the pen, and the angles at which
the person who is writing a signature holds the pen [1]. Using the given parameters, the signature analysis can be much more
complex than in the case of a signature made on the paper, thus the probability of the correct signature recognition is higher.

In the proposed method several important stages: signature rotation, normalization of its features and comparison can be
distinguish. In order to compare signatures, the similarity measure based on average differences has been used. Additionally,
the modification of this rate, where signature is divided into pre-defined windows size has been introduced.

2. SIGNATURE DATA PREPARATION

All compared signatures come from SVC database (Signature Verification Competition) available on
http://www.cse.ust.hk/svc2004/index.html. A single signature is represented by a text file which contains the values of its
particular features. Fig.1 shows two sample of signatures and the values of selected features: coordinates x, y of the signature
points and the pressure p.
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Fig.1. Sample of signatures and their selected features.
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An algorithm of the comparison of the signatures should be independent of their direction resulting from the different
position of the tablet on which the signatures were written. Therefore, every signature before comparing it was additionally
turned by angle o The value of a is estimated on the basis of inclination of simple linear regression / of coordinate signature
points to the axis X (Fig. 2). The detailed description of signature rotations is presented in the work [3].
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Fig. 2. Different angles of inclination of simple linear regression line / to the axis X for the same signature.

3. SIMILARITY MEASURE WHICH USES AVERAGE DIFFERENCES

The presented method of marking the similarity is based on the comparison of a set collection of signature features.
There was assumed that for a single signature, the features are the values of coordinates x, y of signature points and pressure p
in its consecutive points.

In order to determine the similarity between signatures, the similarity measure based on average differences has been
used [2]. The average difference between elements M, and M, of the analyzed data collection is represented by the following
equation:

1 n
DD(M13M2)222|M15_M21 (1)
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where:
n —umber of features being compared,
M, —normalized to the range [0,1] value of the i’th feature of the first element,
M, —normalized to the range [0,1] value of the i’th feature of the second element.

The average difference takes the values from the range [0,1]. Value 0 means that the elements are identical. In this
paper equation (1) to the form (2), in which value 1 means that the elements are identical, has been modified. Such a
modification allows for the comparison of the presented similarity measure with other normalized similarity measures to the
range [0,1].

n
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In order to specify the influence of a given feature on the result of the comparison, the weight of the ith feature w was
introduced, which fulfills the following conditions:

w, € [0,1], iwl. =1.
i=1

To compute the similarity between two signatures Q and S, the following equation was modified:

ZC: max(DD(q,. .8 ), DD(q,. ,S, ),..., DD(ql. 28, ))
simDD(Q,S)= — 3)

C

where:
0= {ql,q2 yees qc} — collection of ¢ data representing the first signature,

S= {sl,sz,...,sg} — collection of g data representing the second signature.

A single data collection is described by means of three features, e.g. ¢, = {xl" 0 ol } , 8 = {xf, Vi, pf}.

The similarity measure presented by equation (3) has the following characteristics:
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1. simp,,(0,S)e[0,1]. Value 1 means that the signatures are identical.
2. The similarity measure is not symmetrical, which means that sim, (S , Q) # Sim,y, (Q, S ) .

The similarity measure presented by equation (3) compares only the features of single signature points. In practice, two
theoretically different signatures may have points of the same coordinates. For this reason, similarity measure can be wrongly
determined. That is why, while comparing the signatures, it is better to analyze the string of consecutive signature points. In
the next part of the paper the string /4 of the signature points will be called ‘window’ and marked as win. The division of the
signatures O and S into windows is shown in Fig. 3

o
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Fig.3. Division of signatures Q and S into windows, where /#=5.

After dividing the signatures into windows, average differences are calculated for the windows of the signatures being
compared. In order to calculate the average difference for two windows, it is necessary to calculate average differences
between the corresponding lines in the windows (Fig.4).

. q - S
win; win;
X y p X y p
2873 6154 130 ¢ PDP(01S) 2877 5154 238
2768 6933 187 4 PP(%:S) 2768 6913 267
2003 7454 130 ¢ 2P(%:S) 2943 6954 230
2577 7154 130 |4 2(%k:S) 2679 6164 230
2483 6702 201 4 PP(%Ss) 2413 7767 189

Fig.4. Rule for calculating the average difference for two windows.

For every pair of windows being compared, the average difference, has been calculated:

h+j-1

DD(qi+k—1’Sk)
DD" =t

L] h (4)
where:

i —number of the window in signature Q, 1<i<c—h+1,
Jj —number of the window in signature S, 1< j<g—-h+1,

h — number of signature points in the window.

In addition, equation (4) was modified by means of two factors which considered:

0 standard deviation between the values of average differences in the compared windows,
0 distance between the windows being compared.

The average value does not allow us to estimate the discrepancy between individual values DD in the window.
Therefore, the result of the comparison is additionally dependent on the value of the calculated standard deviation SD. It was
assumed that the higher the value of standard deviation, the smaller the similarity between the windows. Moreover, distance d
between the windows of signatures being compared was taken into consideration. This distance is defined by equations (6a)
and (6b).

After considering the above modifications, equation (4) looks as follows:

pp!, = DD, -(1-5D!, )-d(win ,win}) (5
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where:

SD,.’f ; — standard deviation between the values of average differences in windows 7 and j,

d (win;’, win )— distance between the compared windows winiq and Win; , according to the equations:

N Y B
d(wmi",wmj)—l |c—h+1 g—h+1|
d( g x)_ 0, d\win{ ,win; )< 0.95
WIS alwing wins) - dlwin? win®)> 0,95

Value 0.95 in equation (6b) was experimentally estimated.

(6a)

(6b)

Next, a single window in the first signature is compared with every window in the second signature (Fig.5). From
among all comparisons the most similar window is selected. This step is repeated for every single window of the first

signature.
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Fig.5. Example of comparing windows of signatures Q and S, respectively.

Finally, the similarity measure which considers all the above modifications is calculated by means of the following

equation:

c—h+l

S max(pD/, DDL,.., D!, )

> i,g—h+1

sim};,(0,8) = ! Jforh<ch<g

c—h+1

For the parameter value /# = 1 equation (7) is equal to equation (3).

4. RESEARCH RESULTS

)

The research was conducted on 50 signatures written by 10 people. Each person wrote 5 signatures. Forgeries were not
taken into consideration during research. All in all, 19 measurements were made, taking in each measurement different values
of weights of particular features. During the research, the signature window size was arbitrarily chosen as h = 10 points. Since
the selected similarity measure is not symmetrical, the comparison of signatures was made according to the rule ‘everyone with

everyone else’. Altogether, it resulted in 2,500 comparisons for one measurement.

For each measurement, Equal Error Rate (EER) was calculated [3]. The smaller the EER, the smaller the error of the
method. Table 1 shows the results obtained, while Fig.6 shows the dependence diagram FAR-FRR-ERR for the measurement

with weights w, = 0.4, w, = 0.4, w,= 0.2.
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Table 1. Measurements results for # = 10 and different values of weights of particular signature features.

Wy Wy Wy EER [%]
0.4 0.4 0.2 1.06
0.33 0.33 0.33 1.15
0.5 0.25 0.25 1.46
0.4 0.2 0.4 1.82
0.25 0.5 0.25 1.86
0.5 0.5 0.0 2.22
0.2 0.6 0.2 2.26
0.2 0.4 0.4 2.26
0.6 0.2 0.2 3.02
0.25 0.25 0.5 3.06
0.2 0.2 0.6 3.95
0.5 0.0 0.5 4.17
0.0 0.5 0.5 4.75
0.8 0.1 0.1 6.26
0.1 0.8 0.1 6.48
0.1 0.1 0.8 9.06
1.0 0.0 0.0

0.0 1.0 0.0

0.0 0.0 1.0

FAR
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Fig.6. Diagram FAR-FRR-ERR for the measurement with weights w, = 0.4, w, = 0.4, w, = 0.2.

The analysis of the research results shows:
0 the best results were obtained during the analysis of coordinates X and Y with weight 0.4 and pressure P with
weight 0.2,
0 calculating the comparison by means of only one feature leads to a major error (>10%),
0 the further away the values of weights of particular features, the worse the final result,
0 in the 5 best results, the weights of the features X and Y play a significant part.
Table 2 shows comparison results provided by the most recently proposed techniques, where pen tables were used.
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Table 2. Different online signature verification methods [6]

Methods (for genuine signatures) ERR (%)
Proposed technique (the best result) 1.06
Data glove, Kamel et al. (2008) 2.37
Maramatsu et al. (2003) 2.60
Kholmatov et al. (2005) 2.80
Nakanishi et al. (2005) 3.30
Shinatro et al. (2006) 4.10
Fierez-Aguilar et al. (2005) from 5 to 7
Lei et al. (2004) 7.2

5. FINAL REMARKS

The presented results lead to the conclusion that the method based on average differences is very useful in the process

of signature recognition. The error obtained is relatively low, although other dynamic features such as the speed of pen were
not considered in the research. The results of the experiment are an incentive to do further research into the method proposed.
In the next experiments we are going to determine the influence of additional parameters, such as the size and distance between
the windows, on algorithm function. Addition to the database forgeries is also the aim of next investigations.
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