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SIGNATURE CHARACTERISTIC POINTS DETERMINATION BY MEANS OF 
THE IPAN99 ALGORITHM 

The handwritten signature is often used for the identity confirmation. From the specialized graphic tablet, 
we receive the information in form of time strings. In this paper, the research results are presented which refer to 
the effect of applying the method of point detection of the highest curvature. Signatures are normalized by means 
of a DTW method, where two time strings representing the signature features are matched. 

1. INTRODUCTION 

The methods for the automatic identification of a signature can be applied in many 
areas of human beings’ life. Signature is one of the longest known security techniques. 
Pattern of signature has been for many years an accepted form of credibility determination 
(e.g. in case of bank transactions). We can generally distinguish between two different 
categories of verification systems: online, for which the signature signal is captured during 
the writing process, thus making the dynamic information available, and offline for which 
the signature is captured when the writing processing is over and, thus, only a static image is 
available. Tablet is able to execute the measurement of several parameters during 
performance of signature, e.g. it measures the pressure of the pen on the tablet surface, 
determines the location of the pen, etc. For this reason, the analysis of the presented 
signature can be more complex and based on a greater number of extracted signature 
features. There are a lot of methods for determination of signature similarity [1,3,10]. In the 
methods based on signature features analysis, isolated signature points are investigated 
(usually the edge points of signature are considered). Hence, signature analysis problem can 
be reduced to appropriate signature point adjustment. 

Described in this paper the linear regression method requires the usage of the strings 
with the same data quantity. In case of the signatures, theirs differences can be considered 
as changes local sizes (width, height of the characters) as well as with the redundancy or 
shortage of the elements forming the signature. One of the methods of adapting two time 
series is the DTW(Dynamic Time Warping) algorithm [1,2,8,9]. 

Analysing the entire received data string may be too time-consuming taking into the 
consideration the base of e.g. 10000 signatures. Therefore, it is advisable to find the 
methods for the reduction of the string length, which describe the given signature. 

                                              
*University of Silesia. Institute of Informatics, 41-200 Sosnowiec, Będzińska 39, Poland 



BIOMETRICS AND IMAGE MODELLING  

The goal of the research is not to determine the optimal method for signature 
classification, but only to analyse the effect of applying the algorithm IPAN99 [4,5,6], 
where can be detected points with the highest curvature. Taking into account detected 
signature points, some results of string adaptation by means of DTW method will be also 
presented. 

2. DETECTION OF POINTS WITH THE HIGHEST CURVATURE 

Points with the highest curvature play an important role in perceiving the shapes by a 
human being. In the present thesis, a very fast and efficient algorithm IPAN99 has been 
applied, which was published in year 1999 [6]. The algorithm IPAN99 defines the corner as a 
point of a given curve, if we are able to inscribe in that curve a triangle with a given size 
and angle of the vertical gap. 

In the first stage, the algorithm reviews the string of points and selects the candidates 
for corners. In the second stage, the redundant candidates are eliminated: 

 
,max

2
max

22

2
max

22

min

min

αα ≤

≤−≤

≤−≤

−

+

dppd

dppd

 (1) 

where: 
the distance between points P and P+, 
the distance between points P and P‾, 
the triangle angle of vertical crack defined as follows: 

Values dmin and dmax are entered into the algorithm as its parameters. 
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Fig.1. Detection of points with the highest curvature by means of the IPAN99 

Triangle, which meets the conditions (1) is so called an acceptable one. The searching 
for an acceptable triangle is stared from the point P on the outside that is from the shortest 
length of the triangle sides and stops, if any part of the conditions (1) is fulfilled (therefore 
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the r ideration). Among all 
acceptable triangles, the one with the smallest angle of vertical crack is selected 

estricted number of neighbouring points is taken into cons
( )Pα . 

Pí belongs to the neighbourhood of P point, if |P – Pí|2 ≤ d2
min. 

m parameters: Algorith

dmax
f the curve 

dmin – the parameter restricting the length of sides from the “bottom”. Small values 
cause that algorithm reacts to small corners. 

 – the parameter restricting the length of sides from the “top”. It is necessary to 
avoid false acute angles created by distant points o

maxα – boundary angle specifying the minimal acuteness, which has to have a point in 
order to classify it as the candidate for the corner. 

The candidate P point is rejected, if it has a shaper neighbour that is P  point, which is 
also a candidate, and which was assigned a greater s

 

í
trength of the corner: 

( ) ( )iPP αα >  (2) 

3. SIGNATURE SIMILARITY DETERMINATION BY USING LINEAR REGRESSION 

n two data strings is the method of the smallest squares. This method 
enabl

In the described method as the measure for the quality of point adjustments of different 
strings, the coefficient R2 was adopted, where the variables X and Y can be correlated: [7]. 

 

METHOD 

One of the methods, which is most often used for determination of the functional 
dependency betwee

es forming of a mathematical formula describing the relation between the studied 
elements.  
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3.  where R =1 means the full linear conformity (high similarity), and 
R =0 means the lack of linear conformity (the lack of similarity). 

the signature 
analy

rmation based on the DTW metho

Where R2 has the following: 
1. eflexivity, i.e. R2(X,X) = 1 
2. Symmetry, i.e. R2(X,Y) = R2(Y,X)  

2[ ]1,02 ∈R
2

4. DATA ADAPTION BY MEANS OF THE DTW METHOD  

Some inconvenience of the above described method, where factor R2 is used, is the 
possibility of similarity description for only two sequences with the same number of n 
points. As it has been described in the Section 1, the biometric data used in 

sis have different lengths. In order to standardise two time series, the non-linear 
transfo ds [1,2,8,9],was used in the research. 

 107



BIOMETRICS AND IMAGE MODELLING  

The ic DTW algorithm defines the distance between two time 
series ( )1, ,...,

bas
x nX x x x= , ( )1 2, ,..., mY y y y=

2), which enables th
 The calculation are started with the formation of 

e setting of the “best adjustment path ” according 
to the dependencies(3): 

 

the matrix n m×  (Fig. 

 

Fig.2. The matrix adjustment plan of an exemplar path. 
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Where: ( ) ( )2, yxyxd iii −=  is the cost of the series matching. 
The path determination has some restrictions: 

 cannot have any interruptions, 
− the path points have to be arranged in time, it cannot come back to already assigned 

poi

igned by 30 different people were the set of the input data for the research. Each 
of them made 5 signatures every several days. Finally, the signature database contains 150 
signatures. 

 

− initial and final points of the X and Y signal should be equal, 
− the path

nts. 

5. CONCLUSIONS AND RESEARCH RESULTS 

The signature data were produced by means of the SigLite LCD 4x3 tablet, where the 
static and dynamic signature features can be captured. It allows the measure of the signature 
features such as: signature time intervals, pen-pressure and pen location on the tablet 
surface. The sizes of the active area, where the signature can be putted are as follows: 112 x 
64mm, the speed of the data conversion: 377 points per second, resolution: 410 ppi. The 
signatures s
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Fig.3. Coordinates xi or yi of the analysed signature. 

Each signature was treated as a series of points ( )nx xxxX ,...,,1= . The values of the 
coordinates xi or yi of the analysed signature can be considered as the string values. (Fig.3)  

In the next step, the characteristic function of coordinates yi points were designated by 
using method of IPAN 9. The sets of the characteristic points of two signatures were 
normalised by means of DTW algorithm. In proposed approach the influence of the basic 
parameters dmin,dmax,αmax of the IPAN99 algorithm on the DTW working has been 
investigated. The Figs.4a and 5a present the signature characteristics of the same person. 
Additionally, in these figures characteristic points of signature were marked. The Fig. 5a 
presents all characteristic points both signatures, and Fig. 5b presents the same signatures, 
normalised by means the DTW algorithm, where signatures have the same length

9

. The 
numb

he results, obtained 
from entioned algorithm, were showed by Figs.4b and 5b, respectively. The Figs.5 and 6 

sent the analogous approach for signatures of two different persons. 
 

a) b) 

er of characteristic points depending on IPAN99 parameters. From Fig.5 follows, that 
the new number of characteristic points is less than number points observed in Fig.4.  

These points by means of the DTW procedure were normalized. T
 m

pre

  
 person, analysed with aid of the of the Fig.4. The two signatures of the same IPAN99 parameters: dmin=5 dmax=10 

αmax=160. The number of the characteristic points in the reference signature=62, in the analysed signature=71. The 
linear regression co ient =0,9717. 

a) b) 

effic

  

n, analysed with aid of the of the Fig.5. The two signatures of the same perso IPAN99 parameters: dmin=5 dmax=10 αmax 
=130. The number of characteristic points in the reference signature= 16, in the analysed siganture = 12. The linear 

regression coefficient =0,9637.  
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a) b) 

  

Fig.6. The two signatures of the different persons, for the IPAN99 parameters: dmin=5 dmax=50 αmax=160. The number of 
characteristic points in the reference signature= 245, in the analysed signature= 886. The linear regression coefficient = 

0,40 

a) b) 

  
Fig.7. The two signatures (from Fig. 6), analysed with aid of the IPAN99 algorithm dmin=5 dmax=50 αmax =100. The 
number of characteristic points in the reference signature= 21, in the analysed signature= 30. The linear regression 

coefficient = 0,054. 

In the last stage, the linear regression coefficient R2 is calculated by means of the 
smallest square method for the set of the characteristics points of the two signatures. 

In investigation carry out, the comparisons of signatures have been performed, where 
particular person signature with different signature was analysed.. The entire research was 
performed twice. In the first case, the IPAN99 algorithm was applied in the method defining 
its parameters (dmin,dmax, αmax), and in the second case, the mentioned algorithm was not 
used. In the Tables 1 and 2, the values of the linear regression coefficient are presented 
depending on the set of IPAN99 algorithm parameters. 
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Table 1. The exemplary percentage error coefficients depending on the algorithm IPAN99 parameter set  

Parameters of IPAN99 algorithm 
dmin = 5, dmax = 40, αmax = 170, the number of characteristic points =25% 
DTW with the usage of IPAN99 DTW without the usage of IPAN99 

Signatures of the same 
person 

Signatures of the 
another persons 

Signatures of the same 
person 

Signatures of the another 
persons 

 

average min max average min max average min max average min max 
sign1 0,93 0,88 0,98 0,53 0,40 0,68 0,96 0,95 0,97 0,55 0,42 0,68 
sign 2 0,90 0,89 0,91 0,40 0,22 0,78 0,91 0,89 0,90 0,52 0,22 0,77 
sign 3 0,92 0,87 0,98 0,27 0,09 0,74 0,93 0,92 0,94 0,40 0,14 0,71 
sign 4 0,86 0,79 0,90 0,34 0,11 0,59 0,84 0,80 0,88 0,41 0,11 0,57 
sign 5 0,84 0,75 0,85 0,53 0,42 0,69 0,92 0,88 0,96 0,55 0,32 0,77 
sign 6 0,85 0,76 0,87 0,45 0,17 0,72 0,91 0,90 0,96 0,48 0,24 0,71 
sign 7 0,85 0,80 0,92 0,38 0,38 0,38 0,90 0,88 0,91 0,44 0,26 0,68 
sign 8 0,95 0,93 0,97 0,38 0,10 0,64 0,96 0,95 0,98 0,45 0,21 0,69 
sign 9 0,93 0,90 0,97 0,34 0,02 0,73 0,97 0,96 0,97 0,41 0,06 0,73 
sign 10 0,94 0,89 0,98 0,53 0,40 0,68 0,96 0,95 0,97 0,55 0,42 0,68 
average 0,90   0,42   0,93   0,48   

Table 2. The exemplary percentage error coefficients depending on the algorithm IPAN99 parameter set  

Parameters of IPAN99 algorithm 
dmin = 10 dmax = 40 αmax = 150, the number of characteristic points =16% 

DTW with the usage of IPAN99 DTW without the usage of IPAN99 
Signatures of the same 

person 
Signatures of the 
another persons 

Signatures of the 
same person 

Signatures of the another 
persons 

 

average min max average min max average min max average min max 
sign1 0,87 0,78 0,95 0,45 0,23 0,73 0,97 0,95 0,98 0,56 0,43 0,68 
sign 2 0,60 0,02 0,91 0,33 0,10 0,76 0,90 0,90 0,90 0,52 0,22 0,77 
sign 3 0,73 0,23 0,98 0,35 0,16 0,73 0,94 0,93 0,95 0,40 0,14 0,71 
sign 4 0,80 0,72 0,86 0,28 0,15 0,43 0,84 0,80 0,88 0,42 0,12 0,58 
sign 5 0,75 0,65 0,84 0,48 0,35 0,64 0,92 0,89 0,96 0,55 0,32 0,77 
sign 6 0,33 0,22 0,42 0,38 0,15 0,65 0,96 0,95 0,96 0,49 0,25 0,72 
sign 7 0,76 0,55 0,93 0,38 0,38 0,38 0,90 0,89 0,92 0,44 0,26 0,68 
sign 8 0,93 0,88 0,98 0,31 0,06 0,61 0,96 0,95 0,98 0,46 0,21 0,70 
sign 9 0,92 0,86 0,98 0,27 0,02 0,72 0,97 0,96 0,98 0,43 0,07 0,73 
sign 10 0,88 0,78 0,95 0,45 0,23 0,73 0,97 0,95 0,98 0,56 0,43 0,68 
average 0,75   0,37   0,93   0,48   

 
It results from the performed research that the appliance of the IPAN99 method 

decreased the average value of the linear regression coefficient. It happened both in case of 
the comparison the signatures of the same person (from 0,93 to 0,88 for IPAN99 parameters 
in the Table 1 and from 0,93 to 0,75 in the Table 2) and in case of comparing the signatures 
of different persons (accordingly from 0,48 to 0,42 and from 0,48 to 0,37). The exception is 
the signature 4, for which the mentioned situation did not occur in the Table1. In that case, 
the the linear regression coefficient after appliance of IPAN99 increased from 0,84 to 0,86. 
The differences in the linear regression coefficient are definitely smaller in the Table1. It is 
obviously joined with the IPAN99 parameters. In the Table2, the borderline angle 

maxα specifying the minimal sharpness, which the point has to have to be qualified as the 
candidate for corner, is smaller. It causes that part of the points cannot be qualified as a 
characteristic point. The IPAN99 algorithm with the parameters specified in the Table1 
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qualified in average 25% of the points as the characteristic points, whereas in the Table2 the 
percentage of these points amounted only to 16%. 

Also the analysis of the difference between the minimal and maximal values of the 
regression coefficient for particular measures provides interesting results. In case of a 
research without the usage of the IPAN99 the biggest difference between the minimal and 
maximal values of the regression coefficient for the signatures of the same person amounts 
to 0,08 (signature4). In case of comparing the signatures of different persons this value 
amounts to 0,67 (signature9). It testifies that the regression coefficient in case of comparing 
the signatures of the same persons shows only very small diversity. The usage of the 
IPAN99 algorithm influenced the increase of this difference. In the Table1, the maximal 
difference amounts to 0,11 (signature6) for the comparison of the signatures of the same 
persons and 0,65 (signature3) for the comparison of the signature of different persons. In the 
Table2, the maximal difference amounts to 0,88 (signature2) for the signatures of the same 
person. Such a high difference between the smallest and the biggest linear regression 
coefficients testifies that the IPAN99 algorithm parameters were selected wrongly. 

 The performed investigations showed that the smallest differences between the values 
of the linear regression coefficient achieved by means of the IPAN99 algorithm and the 
regression coefficient without usage of this algorithm were achieved for the following the 
IPAN99 algorithm parameters: dmin=5, dmax=40, αmax=170. In case if using the IPAN99 
algorithm, the average regression coefficient decreased by about 0,05. The comparable 
differences between the minimal and maximal regression coefficient value for the particular 
measurements were preserved. The value of the linear regression coefficient was subject to 
a slight change with the significant reduction of the number of characteristic points. 

6. SUMMARY AND PLANNED RESEARCH DIRECTION 

The goal of the research was not to determine the best method for signature 
classification, but only to analyse the effect of applying the algorithm of point detection of 
the highest curvature IPAN99 on the results of string adaptation by means of the DTW 
method. 

The goal of the performed research was to determine the effect of applying the method 
of point detection of the highest curvature on the distance determination between two data 
strings, and not the determination of the best method for signature classification. 

From the point of view of the research result analysis, it is worth paying attention to 
the difference between the values of the linear regression coefficients achieved by means of 
IPAN99 algorithm and the regression coefficients, which do not use this algorithm. 

Summarising the research results, it can be stated that the usage of the IPAN99 
algorithm enables the preliminary selection of characteristic signature points; however, it 
requires the appropriate selection of algorithm parameters. 

The usage of the IPAN99 algorithm could be useful e.g. in case of preliminary 
selection of the signatures. It could allow the comparison of the studied signature only with 
a certain group of signatures, which shall be qualified as similar. The again comparison 
would be performed by means of the analysis of all signature points. 

The achieved research results are encouraging and may be the basis for further 
research and analyses in that direction. In the next work stage, the appliance of all 
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information kinds is expected (coordinates x, y, pressure, signature time, etc.) in the 
classification process. Also the dynamic selection of the IPAN99 algorithm parameters is an 
interesting issue for further research. 
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