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A New On-line Signature Verification by  
Spatio-Temporal Neural Network  

Maryam Moghadam Fard, Mehdi Moghadam Fard, Nasser Mozayani 

Abstract— In this paper, a new on-line signature verification 
system using neural network is presented. The proposed system 
is based-on a newly developed Spatio-Temporal Artificial Neuron 
(SPAN),which is well adapted for the verification of Spatio-
Temporal patterns. In this model, the strokes of a signature 
generated by a digitizing tablet is presented in form of  a  
sequence of spikes corresponding to displacement of the stylus. 
The STAN has the capability to process continuous asynchronous 
Spatio-Temporal data sequence and compares them with the help  
Hermitian distance. The architecture of the proposed system is 
based on two modules : preprocessing and classification. The  
second module is  based on neural architecture ,which has 
STANs as their neurons. This module is based on an adaptation 
of the RCE algorithm .Our database includes 400 genuine 
signatures , 200  random forgery and 200 skilled forgery 
signatures that were collected from a population of 40 human 
subjects. Our signature database consist of the samples with 
about 100% size difference that are recognize thoroughly. Our 
verification system has achieved a false acceptance rate (FAR) of 
7.5% and a false rejection rate (FRR) of 12.81%. Advantage of 
this method is using spiking neural network by Spatio-Temporal 
coding, using properly from signature’s temporal feature, high 
speed of training and testing , using the less features in 
recognition and verification of signature, signature recognition  
in different size, the easy method with low expenses , not needing 
to any preprocessing such as rotating, transmit , normalization, 
filtering and no local limitation in digitizing tablet.  

Index Terms— On-line Signature Verification , RCE Spatio-
Temporal Neural Network , Spatio-Temporal Complex Coding

I. INTRODUCTION

iometric authentication methods including voice and 
fingerprint identification, face recognition, retina scan 

and  signature verification are becoming increasingly popular 
for applications ranging from access control to restricted areas 
to fraud prevention in financial transaction. Signature 
verification is of  particular importance as it is the only widely 
accepted method for endorsing financial transactions. 
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An important advantage of the signature over other 
biometric is its long standing tradition in many commonly 
encountered  verification tasks. It has been used for decades in 
civilian applications while other methods(e.g., fingerprints)
still have the stigma of being  associated with criminal 
investigation. In other words, signature verification is already 
accepted by the general public.

Handwritten signature verification can be divided into 
Online and Offline verification. On-line verification refers to a 
process where the signer uses a special pen called a stylus to 
create his/her signature that produces measurement  such as 
pen location, speed, and pressure. Off-line verification is 
concerned  with the verification of a signature made by a 
normal pen. Various different approaches to both classes have 
been proposed. For literature surveys, see [1,2]. 

Recently a neuron model called Spatio-Temporal Artificial 
Neuron (STAN) has been developed [3-4], while emulates 
some of the aspects of the biological neuron. Its main feature 
is its capability to simultaneously handle the spatial as well as 
the temporal position of an event in a given sequence of 
events. This feature makes it suitable for applications which 
process data in which temporal positioning is also important 
[5-6]. 

In our solution we didn't use any preprocessing which 
includes : filtering, normalization, resampling  etc  
individually or as a set of them [7-8]. It is worth nothing that 
our purely neural solution is particularly in eresting from point 
of view of speed, cost and the simplicity of putting up the 
system together.    

In the rest of this  paper, we are first going to present the ST 
coding  on  which our system is based . Then we explain our 
system which includes data acquisition , preprocessing, 
verification of signatures and give some experimental results. 

II. SPATIO-TEMPORAL CODING

Consider a sequence of asynchronous events. An event is 
represented as an impulse x whose spatial and temporal 
aspects are simultaneously taken into account by coding it in 
the complex domain. In polar coordinates ( , ) the magnitude  

 gives the amplitude and the angle  gives the temporal 
position of the impulse from a reference point.  
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Abstract —Cyberactivism refers to the use of the Internet to 
advocate vigorous or intentional actions to bring about social or 
political change. Cyberactivism analysis aims to improve the 
understanding of cyber activists and their online communities. In 
this paper, we present a case study of online Free Tibet activities. 
For web site analysis, we use the inlink and outlink information of 
five selected seed URLs to construct the network of Free Tibet 
web sites. The network shows the close relationships between our 
five seed sites. Centrality measures reveal that tibet.org is 
probably an information hub site in the network. Further content 
analysis tells us that common hub site words are most popular in 
tibet.org whereas dalailama.com focuses mostly on religious 
words. For forum analysis, descriptive statistics such as the 
number of posts each month and the post distribution of forum 
users illustrate that the two large forums FreeTibetAndYou and 
RFAnews-Tibbs have experienced significant reduction in 
activities in recent years and that a small percentage of their users 
contribute the majority of posts. Important phrases of several 
long threads and active forum users are identified by using 
mutual information and TF-IDF scores. Such topical analyses 
help us understand the topics discussed in the forums and the 
ideas and interest of those forum users. Finally, social network 
analyses of the forum users are conducted to reflect their 
interactions and the social structure of their online communities. 

Index Terms — Cyberactivism, Forum Analysis, Free Tibet, 
Web Site Analysis 

I. INTRODUCTION

CTIVISM often refers to vigorous or intentional actions 
that aim to bring about social or political change [1]. The 

rapid development of the Internet makes it an ideal source for 
information and propaganda dissemination [2] [3]. Cyber 
activists use web sites, forums, and other types of computer 
media to build relationships with the public, voice their 
opinions, and spread their propaganda [4] [5]. Consequently, 
Cyberactivism, which refers to activism on the Internet, has 
emerged as a new and important social phenomenon. 

A comprehensive and systematic framework for analysis of 
Cyberactivism needs to be developed for researchers, analysts, 
and related government agents to get a better understanding of 
cyber activists and their online communities. For example, it 
has been observed that web sites of related activism groups are 
linked to each other through hyperlinks, creating their own 
community network [6]. A good research framework would 
include an effective method to identify such networks and the 
roles of the web sites in the networks. In forums, social 
networks of forum users, representative topics and phrases, and 
active users are useful information that can help understand 
member interactions. 

This paper presents a case study of online Free Tibet 

activities and is an initial attempt toward a framework to 
analyze Cyberactivism. Two popular Internet media, web sites 
and forums of Free Tibet activities, are identified, collected, 
and analyzed. We aim to shed light on the following research 
questions:

1. What automated methods can be used to analyze 
Cyberactivism? 

2. What knowledge and insights can we gain through 
social network and topical analysis of Cyberactivism? 

II. FREE TIBET

Tibet generally refers to the Tibet Autonomous Region, a 
province-level entity governed by the People's Republic of 
China (PRC). Religion is extremely important to the Tibetans 
and Tibet is the traditional center of Tibetan Buddhism. 
Panchen Lamas and Dalai Lamas are two well-known spiritual 
leaders of Tibetans.

Tibet was first included into China’s territory in the 1300s. 
At the beginning of the 20th century, Tibet and Mongolia 
signed a treaty proclaiming mutual recognition and their 
independence from the Republic of China.  When the China 
Civil War ended in 1949, Tibet became a part of the PRC. In 
1959, PRC armies thwarted the Tibetan resistance movement 
and Tenzin Gyatso, the 14th Dalai Lama, fled to India. 

The Central Tibetan Administration (CTA), also referred to 
as the Tibetan Government in Exile (TGE), is headed by the 
14th Dalai Lama and claims to be the rightful and legitimate 
government of Tibet.  Free Tibet activities refer to activities 
that aim to support the independence of Tibet. Most Free Tibet 
activities are guided by the CTA. 

III. RESEARCH DESIGN

Free Tibet related web sites and forums are the focuses of 
this case study. Such web sites and forums are created and 
maintained by activists, supporters, and sympathizers in a 
variety of languages, including English, Chinese, and Tibetan. 
In this study, we propose different methodologies for analysis 
of each medium. 

A. Web Site Analysis 
1) Identifying and Collecting Important Web Sites 

Since there are many Free Tibet web sites available, the first 
step is to identify which ones are important. Fig. 1 shows our 
identification process. 
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