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Abstract— in this paper, we study the online signature 

verification features to define their personalities and 

categorize them in different groups. We employed 30 

features in four categories, a faster methodology using 

DTW and Fuzzy logic has been applied to find optimal 

solution based on the lowest Equal Error Rate (EER). At 

the end, we compare the result with the different methods 

proposed by other researchers.   
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1. Introduction 

Biometrics is a field of science to identify and 

authenticate each individual, based on their human unique 

characteristics such as: fingerprint, face, IRIS, hand 

geometry, voice recognition, non-retinal blood vessel and 

signature [1]. These biometric elements are categorized 

into two classes of physical and behavioral. The physical 

characteristics are the one related to the physical parts of 

human body such as, fingerprint, face, IRIS, hand 

geometry, and non-retinal blood which cannot be 

modified or changed. The behavioral elements are the one 

that related to the actions perfume by human such as 

(voice and signature) [2].   Regardless of using both 

physical and behavioral characteristics in the verification 

and authentication, behavioral characteristics received 

more attention because of their changeability and 

modifiability.    

Among all these biometric elements, signature 

verification is considered as one of the low cost and the 

most trustable biometric systems. Signature verification is 

also categorized into two different branch of Off-line 

(static) and On-line (dynamic). Despite the similarities 

between these two types of signature verification 

approaches, there are still several unsolved issues remain. 

These issues are caused by its Inter-class variability and 

intra-class variations to be addressed [3]. These problems 

with the features can be solved (addressed) by generating 

different new and effective combinations of them contain 

more discriminative information. The combinations of 

features are unlimited. Hence it is a difficult task to 

determine an optimal or more effective set of features. 

Thus, the result of each experiment work would be 

different with others.  

In this study, we aim at attacking the problem which 

deals with the prediction accuracy and selecting the best 

and optimized feature set through the entire 30 available 

on-line signature verification's features. The selected 

features set are divided into four categories. There are two 

experimental results achieved in this study. The first one 

is to achieve the result of each individual feature from 

each category and then retrieve the best feature of each 

category. In the last part, the task is to find the Equal 

Error Rate (EER) of combination of these retrieved 

features. The second experiment compares all the 

calculated EER of each category and extracts the optimal 

category of the feature set. These results are planned to 

analyze the features using Dynamic Time Warping (DTW) 

algorithm and SVC2004 database. 

The remains of this paper are structured as follows: In 

section two, previously related studies can be found in 

literature. In the section three our proposed approaches are 

introduced. In section four our achieved results are 

presented, discussed, and analyzed. And in the final 

section, our conclusion and future works are covered. 

 

2. Related Works 

Electronic signature recognition techniques require 

proper and accurate analysis. Tarig A. Osman, believed 

that the accurate signature verification system challenges 

by precise process, the comparison process and feature 

extraction process.  

Since 1996, a lot of researchers have worked on the 

online and offline signature verification [4] [5] [6] [7] [8]. 

In this area online signature verification is the interested 

area for the researchers and industrial [9].  

After several years, researchers introduced a number of 

features for verification. These features define based on 

the devices which are used for verification. Based on 

these researches, they look for some methodology to 

provide the optimal solution at the minimal time. 

Among these compounds methods such as review 

processes are presented by some researchers. The 

composition process is a way in which processes and 



 

 

combines them with an error rate compared to the other. 

Although this method offers a better Result but it is time 

consuming. Testing the features separately is more time 

consuming rather than twenty processes at the same time 

[10].  

Other methods such as classification process are also 

presented by other researchers. In the above method using 

24 processes and introduced the division into two parts 

and processes, dynamic processes have been trying to 

form with the GA algorithm employing fuzzy logic in the 

next topic to provide spatial optimization methods [11] 

[12]. 

 

3. Data Acquisition and Pre-processing 
The first steps on signature verification are Data 

acquisition and pre-processing as an input step. There are 

many devices exist to obtain the input data of signature 

verification systems. The most important features 

captured by these devices and tablets are divided into 

three main categories namely (i) Absolute value of X(n), 

Y(n) coordination, (ii) The end point of each stroke, (iii) 

The time spends in each pair of X(n), Y(n) coordinates [11]. 

Since many works have been conducted to challenge 

the signature verification system, there are many available 

database systems either in online or private. To 

accumulate the input data, the tablet PC and Pen will be 

used to capture the signature of the user. 

There are several databases exist for online signature 

verification. BIOMET, MCYT, SVC are the most famous 

databases which collected by different persons. In this 

investigation, SVC 2004 online database has been used 

[13]. The representation of signature is as follows in SVC 

2004 databases [14]. SVC 2004 defines signature factors 

as (1). 

 

Signature=(x(i), y(i), p(i), ψ(i), Φ(i), pr(i)) i=1,2,3,..,I      (1)                                      

 

    Here, x(i), y(i) is the pen position; p(i), the pen 

up/down; ψ(i), the azimuth; φ(i), the altitude; pr(i), the 

pressure of the pen at time i.  
After collecting the raw data from users, pre-processing 

which consists of: (i) normalization, (ii) re-sampling, (iii) 

smoothing applied to standardized input signature [10]. 

By applying the pre-processing stage, the signature will 

be ready to use for the next modules. The formula of these 

three stages of pre-processing is as (2). 

- SIZE-NORMALIZATION: 

XI = 
      -       
 

    -      

 W       (2) 

YI = 
      -       
 

    -     

  H       (3) 

XMIN = MINI {  
 } , XMAX  = MAXI {  

 }     (4)                                                                                                                         

YMIN = MINI {  
 } , YMAX  = MAXI {  

 }     (5) 

- RE-SAMPLING: 

                                                                                                                            

   ∑    
   
          (6) 

   = √         
             

     (7)                                                                                                                                                                          

              (8) 

- SMOOTHING: 

St=αγt-1+(1-α) St-1  0≤α≤1   t≥3 (9) 

 

 

4. Feature Extraction 

There are varieties of features being used in signature 

verification system to achieve the most accurate results 

[15]. These features are classified into three categories of 

local, global and segmentation.  As we are working on on-

line signature verification, the features related to online 

system will be integrated in this research [16] [17]. 

      We believe that the features employed in this work, 

constitutes a total number of 30 which could be divided 

into four groups [11] namely: (i) Direction-related, (ii) 

Pressure-related, (iii) Dynamic-related, (iv) Shape-related.  

The numbers of candidate features for each group are 

represented in Table 1, respectively. 

These features are selected based on their performance 

in the previous works from a large set of proposed 

features in online signature verification (TABEL1).   

Table 1: Shape, Dynamic, Pressure and Direction Related Features. 

 
Once features extracted, we applied feature matching 

methods to compare the input signature with the signature 

stored in engaged database. Each extracted feature 

represents by a character. Succeeding feature extraction, a 

sequence of character with the different length will be 

created. The constructed sequence will be compare to the 

data of database. The process of getting result of matching 

will be done by using DTW algorithm. 



 

 

In earlier researches conducted by the authors [10], the 

result of some of the features’ combinations showed 

lower Accept Error Rate (AER). However, testing the 

results of these 24 features’ combinations has high time 

consumption. Despite, it shows the best features set based 

on the achieved Accept Error Rate (AER). Thus, we are 

seeking for the optimal way to decrease the time 

consumption of the evaluation task by using more features. 

As mentioned above, these categorized set of features 

will be evaluated in two different ways to enhance the 

effectiveness of each category.  

These two assessments have been accomplished in 

several stages. The stages of work are explained as follow: 

 

The first stage is to categorize and classify all the 

employed features into four groups. This stage is applied 

in both proposed experimental works. The rest of this 

study partitioned into two different investigational tasks.  

The Second Stage of the first experiment is “Finding 

Optimized set of feature among all categories‖. The 

primary way of evaluating these four groups of feature 

sets is to get the optimized set of feature among all the 

employed features in each group. This task will be done 

to determine the Equal Error Rate (EER) of each 

individual feature of the categories which will be done in 

the next stage. The first way has shown in Figure 1. 

 

 

Figure 1: First experiment blocking diagram process. 

The Second Stage of the second experiment is 

―Finding optimized category of features‖. The second 

way of evaluating these four groups of feature sets (after 

using and training all the features of each category on the 

data set) is to determine the Minimum Equal Error Rate 

(EER) among all categories. Based on The minimum EER, 

the best category of features will be achieved.  This 

experiment will be done by finding average Equal Error 

rate of each category. By the comparison of released EER, 

which will be done in the next stage (Figure 2), the 

optimized set of features, is selected. 

 
Figure 2: Second experiment blocking diagram process. 

In the third stage, the best equal error rate of each 

individual feature in categories will proceed to the vector 

with four sectors or parameters. These results will 

compare with each other and attain the best equal error 

rate (EER) among all the employed features in each 

category. The vectors define as Figure 3. 

 

S D I F 

Figure 1: Vectorresultsation of Stage two result. 

Each element of this vector is a number between zero - 

three. This percentage number defines by Figure 4.  
 

 

Figure 4: Fuzzy Logic Decision Table 

For more explanation, each element shows the EER 

which is the amount of percentage. These percentages 

grouped into four numbers and insert on the vector. This 

vector used for the next stage. 

In the final step, fuzzy Logic Classifier has been 

implemented, and applied to decide the level of 

acceptance of each equal error rate (EER). This fuzzy 

logic based classifier, uses to make the decision making 

of four dimensions namely:  accept, possibly accepted, 

possibly rejected, and reject. The result of this fuzzy logic 

is the category with the status of accepted. 

There are some processes before making any decision 

with fuzzy logic. First of all using (3) and (4) formula to 

find V ratio (V is a vector of feature’s combination).  

 

                                                              (3) 

 

0≤V≤4                            (4) 

 

 

Based on the V ratio, fuzzy logic used Figure 4 to 

process and provides a result. 

Table 2 : Table of fuzzy logic result. 

V 0 1 2 3 

Fuzzy 

Result 
Rejected 

Possibly 
Rejected 

Possibly 
Accepted 

Accepted 

 

These best features construct a best set from among the 

entire engaged feature using in this work. 

 

 

 

V=|∑   
 
      

Accepted 

Possibly Accepted 

Possibly Rejected 

Rejected 



 

 

5. Dynamic Time Warping Algorithm 

As already stated in section IV, A signature is a set of 

time sequence data [12]. Dynamic Time warping has been 

used for computing the distance between two produced 

signature's sets. These sets include signatures of reference 

data (input) and the test data (one stored in database) [18].  

The result of using DTW achieved by applying this 

formula [19]: 

 
D (m, n) = d (rm, tn) + {min (D (m, n-1), D (m -1, n-1), D (m-1, n)}       (5) 

 

Where d(rm, tn) is the distance computed for between 

two coordinates. The second part of the formula is to find 

the minimum distance from the correspondent points. 

D(m,n) would be the accumulated distance obtained so far. 

A warped path and an accumulated distance would be 

obtained from this algorithm. 

 

6. Experimental Result 

In order to evaluate the performance of features in 

online signature verification system, we have used an 

SVC 2004 database, DTW algorithm and a fuzzy logic to 

make a decision on acceptance level. These employed 

features selected based on their performance and usability 

in the prior works [10] [12].  

As mentioned in previous sections, many features are 

extracted and used in this system. Several researchers 

worked on different sets of features to tackle the problem 

with obtaining the best and most accurate rate of results. 

Hence, there are numerous set of features are exist which 

is not evaluated yet. 

In this study, the engaged features are categorized into 

four different groups. Some of these features are 

considered in two or more groups. Three different set of 

results achieved from the experimental works applied in 

these feature sets. The result of this research work is 

shown in (Table 3). 

Table3: Features category result. 

Features 

Category 
Best feature- EER 

Feature 
combination- 

EER 

Avg-EER 
of feature in 

a category 

Shape 
Horizontal mean 

min difference 38% 
 

44% 
 

45% 

Dynamic 
Total signature time 

0% 
 

1% 
 

40% 

Direction Avg Velocity 19% 19% 42% 

Pressure No. Of Stroke 8% 9% 30% 

Average 
9% 

 
--- --- 

 

As it can be inferred from Table 3, each of these 

categories tested based on 3 measurements. The first 

examination was to find the best EER of each feature set 

and put them together as a set of features. The selected 

features are Horizontal mean min difference, Total 

Signature time, Average velocity and No. Of stroke. The 

Equal Error Rate of this feature set is 9%. 

According to Table 3, the second column represents the 

Equal Error rate of each Shape, Dynamic, Direction and 

Pressure set of features. The Equal Error Rate for each of 

these feature sets are 44%, 1%, 19%, and 9% respectively. 

As Table 3 represent the feature set to the lowest Equal 

Error rate is Dynamic. 

The third column of Table 3 refers to the average error 

rate of each feature in the different categories. This 

amount is consisting of the all the equal error rate of 

categories and shows the averages. The best average error 

rate of features is for the pressure with the 30% Equal 

Error Rate. 

 

7. Conclusion  

Many researchers have worked on the on-line signature 

verification. Some of them using the selection method and 

personalized features vectors based on the discriminating 

ability of the feature vector as a whole rather than the 

individual features. There are several types of methods 

and algorithms to get the best results. This research work 

basically considering 30 features of online signature 

verification system. We have categorized these features in 

four different groups based on their personalities. Use of 

fuzzy logic for determination of the authenticity of a 

signature as opposed to distance measurements enables 

the inclusion of heuristics in signature verification. The 

achieved result shows the best feature set among all the 

other features. The results published in Table 3, show the 

Equal Error Rate of each feature set of three different 

experiments. 

The future work will be the study on features 

combination. Achieving the best EER among all the entire 

features can be done and improved by using different 

methodology and features.  
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