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Abstract
A growing need for personal verification in many daily applications, 
signature verification is being considered with renewed interest. 
Handwritten signature is first few biometrics used even before 
computers. Signature verification is widely discussed using two 
approaches. On-line approach and offline approach. Offline 
systems are extra applicable and easy to use in comparison with 
on-line systems in many parts of the world though it is considered 
more difficult than on-line verification due to the lack of dynamic 
information. Offline signature verification system has more 
attraction because of its necessity for use in daily life routines. 
This paper presents survey of signature forgery type, features 
types, methods used for features extraction and approaches used 
for verification in signature verification systems. 
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I. Introduction
Nowadays, human identifications are necessary these days for our 
routine activities such as entering any secure locations besides the 
many other applications. To that end, higher security levels need 
with easier user interaction which can be achieved using biometric 
verification.  Biometric verification helps us identify people based 
on their extracted physical or behavioral features. These features 
should have certain properties such as uniqueness, permanence, 
acceptability, collectability, and the cost to employ any biometric. 
Commonly, there are two common biometric feature types:

Physical Features are including face, fingerprint, iris, ear, 1. 
palm print, retina, hand, finger geometry and DNA. Most of 
these features are relatively stable over time.
Behavioral Features are including features that measure 2. 
the action of the person such as speaking and writing. 
These features change over time due to aging and other 
developmental factors.

Signature verification is the task of validating a person based 
on his handwritten signature. There are two types of signature 
verification systems in the literature:

On-line Signature Verification System is when a signature is • 
written onto an interactive electronic device such as a tablet 
and is read online, and compared to the signatures on file of 
the person to check for truthfulness. Many vital features are 
utilized with online signatures that are not available for the 
offline ones.
Offline Signature Verification System is when a signature is • 
written offline such as bank checks and the system read the 
image scan then authenticates it with the signatures on file 
for the customer.

Handwritten signatures have been used as a biometric feature that 
recognizes individuals. It has been recognized that handwritten 
signatures are a very good biometric feature with a low conflict 
percentage. Some signatures might be similar but there are various 
scientific mechanisms to differentiate between them and for 
detection of forged signatures.  

Forgeries in signature verification systems are classified in three 
types:

Unskilled Forgeries are signatures in which forger signs • 
without any information about name and signature shape.
Random Forgeries are signatures in which forger knows just • 
the name of the signatory without any prior examples.
Skilled Forgeries are signatures in which forger knows the • 
signatory name and the form of the original signature.

II. Methodology
The state of the art in signature verification follows a pattern that 
is like image processing as shown in fig. 1.

Fig. 1:  Signature Verification System

The input signatures are preprocessed, and then the personal 
features are extracted and stored into the knowledge base. In the 
classification phase, personal features removed from an inputted 
signature are compared with template signature stored in the 
knowledge base, to check the validity of the test signature.

Fig. 2: Work Flow for Signature Verification System

A. Data Acquisition and Pre Processing
A preprocessing stage is done to recover the signature image 
after scanning it using a scanner device. Signature preprocessing 
is a essential step to improve the accuracy, and to reduce their 
computational time. It consists of the following steps:

Offline Handwritten Signature Verification
Approaches: A Review

1Sanjay S. Gharde, 2K. P. Adhiya, 3Harsha G. Chavan
1,2,3Dept. of Com. Engg., SSBT’s College of Engg. and Tech., Bambhori, Jalgaon, Maharashtra, India



IJCST Vol. 3, ISSue 2, AprIl - June 2012 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m266    InternatIonal Journal of Computer SCIenCe and teChnology 

A noise filter (like median filter) is applied to eliminate the • 
noise caused by the scanner.
Then the image is cropped, to the bounding rectangle of the • 
signature.
Transformation from color to grayscale, and then finally to • 
black and white.
Thinning the black and white image results always into the • 
huge information loss.

B. Segmentation
In this segmentation stage, an image of signature is decomposed 
into sub-images. Segmentation refers to a process of partitioning 
an image into groups of pixels which are similar with respect to 
some criterion, which consists of Signature Extraction through 
extracting the smallest box that contains the signature data, the 
signature’s height and width are determined, and then the signature 
image is cropped. Image segmentation can be broadly classified 
in two types, Local Segmentation deals with the segmenting 
sub images which are small windows on whole image. Global 
Segmentation deals with the images consisting of relatively large 
number of pixels and makes estimated parameter values for global 
segments are more robust.

C. Feature Extraction
It is the process of removing the characteristics or attributes from 
an image. The accuracy of verification in pattern systems depends 
mainly on the removed features. Classification of the signature 
verification systems in terms of extracted features can be done 
into two kinds.

1. Global Features
Global features describes the signature image as a whole like 
length, width, density, edge points of the signature, and wavelet 
transforms. These features are less sensitive to noise and signature 
variations. So it will not give us a high accuracy for skilled 
forgeries, but it would be suitable for random forgeries and it is 
better to be combined with other types of features. 

2. Local Features
Which describe a small area of signature image and extract 
information in more details from it, it is more accurate than the 
global one but the computational time is high, it can be divided 
into two groups: statistical as well as geometrical features.

Statistical Features are taken from the pixel distribution of • 
the signature image.  
Geometrical Features describes the geometrical characteristics • 
of the signature image; Geometrical features have the ability 
to tolerate with distortion, style variations, rotation variations 
and certain degree of translation.

III. Signature Verification Approaches   

A. Template Matching Approach
It is a process of pattern comparison so it is called “template 
matching”. A test signature is matched with templates of genuine 
signatures stored in a knowledge base; the most common 
approaches use Dynamic Time Wrapping (DTW) for signature 
matching. A.Piyush and Rajagopalan [5], proposed an offline 
signature verification system based on DTW and they applied their 
modified DTW algorithms. The modification was the addition of 
a steadiness factor. Better results were gained than using the basic 
DTW algorithm. Almudena [6], established an offline signature 

verification system based on contour features. The features were 
mined from the directional contour of the signature and the length 
of regions enclosed between letters. For feature matching stage, 
each signature (set of features) was represented by probability 
density function and Hamming distance was used for similarity 
measure. MCYT database, which consists of 75 subjects, were 
used. The total signatures which were used are 2250.

B.  Neural Networks Approach
This approach is widely used in signature verification systems, 
power, ease of use, capabilities in learning and generalizing are the 
main reasons to use this approach. When using this approach we 
have to structure the Neural Network (NN) by removing features 
from signers’ samples and learning the relationship between the 
signature and its class. Thus the signature verification process 
parallels this learning mechanism. There are many ways to structure 
the NN training, but a very simple approach is to firstly extract the 
feature set representing the signature (details like length, height, 
duration, etc.), with several samples from different signers. The 
second step for the NN is to learn the relationship between a 
signature and its class (either “genuine” or “forgery”). Once this 
relationship has been learned, the network can be presented with 
test signatures that can be categorized as belonging to a particular 
signer. NNs therefore are highly suitable to modeling global 
aspects of handwritten signatures. Edson [7] presented another 
method for off-line signature verification uses hough transform 
to detect stroke lines from signature image. The Hough transform 
(general Radon transform) is used to remove the parameterized 
Hough space from signature skeleton as unique characteristic 
feature of signatures. In this method, the Back Propagation 
Neural Network is used as a tool to estimate the performance 
of the proposed method. The system has been tested with 70 
test signatures from different persons revealing the recognition 
rate of 95.24%. Velez [8] presented the robust offline signature 
verification using compression networks and positional cuttings. 
Each signature class was tested using the compression NN. The 
advantage of using compression networks is that they can act as 
auto-associative or the content addressable memories.

C. Hidden Markov Models Approach
Hidden Markov Model (HMM) is one of the most widely used 
models for sequence analysis in signature verification. Handwritten 
signature is a sequence of vectors of values related to each point 
of signature in its route. Coetzer [9], developed a system that 
automatically authenticates offline handwritten signatures using 
the Discrete Radon Transform (DRT) and a hidden Markov model 
(HMM). Given the robustness of the algorithm and the fact that 
only global features are considered, the system achieves an Equal 
Error Rate (EER) of 18% when only high-quality forgeries (skilled 
forgeries) are considered and an EER of 4.5% in the case of only 
casual forgeries. Justino [10] in his work presented a robust system 
for off-line signature verification using simple features, different 
cell resolutions and multiple codebooks in a HMM framework. 
The simple and random forgery error rates have been shown to 
be low and close of each other. A FRR of 2.83%   and a FAR of 
1.44%, 2.50%, and 22.67% are reported for random, casual, and 
skilled forgeries, respectively.

D. Statistical Approach
The statistical knowledge is used to perform some of the statistical 
concepts like the relation, deviation, etc between two or more data 
items to find out a specific relation between them. Generally, it 
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follows the concept of Correlation Coefficients which refers to the 
departure of the two variables from independence. In signature 
verification system, average signature (template) is calculated 
from previously collected signatures, stored in knowledge base, 
when new input signature is read, correlation concept is followed 
to find the distance between the test signature and average 
signature, then to decide if it is accepted or rejected. Debnath [11], 
presented a Statistical Approach for offline handwritten signature 
verification. The algorithm proposed has the flexibility of choosing 
the number of signatures, i.e., no-of-Sign for testing purpose to 
generate a signature as a Avg-Sign containing the specialized 
mean features set from the test signature set. After collecting 
signatures for testing, the algorithm converts them into a set of 
2D arrays of binary data values-0 and 1. From these binary arrays 
using statistical methods of calculating the expected mean an 
average data set. The Recognition scheme is based on an extensive 
Statistical Analysis of Correlation Coefficient between bivariate 
data set. In implementation of proposed algorithm to constant 
factors carry major impact on the validity of the method and the 
strength of the verification lies in the efficiency of selection of 
these constant parameters, namely AvgSign, Threshold Value and 
decision value.

E. Structural Approach
The main idea in structural pattern recognition is the representation 
of patterns by means of symbolic data structure such as trees, 
graphs and strings. When a forged signature comes, its symbolic 
representation is compared with prototypes stored in database. 
In other words, Structural approach is based on the relational 
organization of the low-level features into higher-level structures, 
and then theses structures are matched with models stored in 
database. Structural features use Modified direction and transition 
Distance Feature (MDF) which extracts the transition locations 
and are based on the relational organization of low-level features 
into higher- level structures. Nguyen [12], presents the new method 
in which structural features are extracted from the signature’s 
contour using the (MDF) and its extended version: the Enhanced 
MDF (EMDF) and further two neural network-based techniques 
and Support Vector Machines (SVMs) are investigated and 
compared for process of the signature verification. The classifiers 
were trained using genuine specimens and other randomly selected 
signatures taken from the publicly available database of 3840 
genuine signatures from 160 volunteers and 4800 targeted forged 
signatures. A Distinguishing Error Rate (DER) of 17.78% was 
obtained with a SVM whilst keeping the false acceptance rate for 
random forgeries (FARR) below 0.16%.  Ferrer [13] calculates 
geometric features of the signature in fixed-point arithmetic for 
offline verification. The proposed features are then checked with 
different classifiers, such as the Hidden Markov Models, the 
Support Vector Machines, and the Euclidean distance verifier. 
The results show that HMM works slightly better than SVM and 
the distance Euclidean verifier, but, bearing in mind that the SVM 
and Euclidean distance-based verifiers can be programmed in a 
fixed-point microprocessor, the results encourage us to follow 
the SVM research line in order to built a smart card capable of 
detecting a simple forgery. 

F. Wavelet- Based Approach
In general, the multi-resolution wavelet transform can decompose 
a signal into low pass and high pass information. The high pass 
information usually represents features that contain sharper 
variations in time domain. Hou and  Feng  proposed [14] the method 

uses a wavelet-based transformation to extract the inflections of 
the signature curves by using different scale wavelet transforms in 
the curvature signature signals transformation. After analysis, the 
proper scale is selected. The zero-crossings points are mined and 
are taken as the inflections of the signature. Then this signature 
curves are divided into several parts, i.e. the strokes, according to 
the above inflections. The distance between the two corresponding 
strokes can be measured with Dynamic Time Warping algorithm. In 
the end, the training algorithm of the signature verification system 
also the verification method of the signatures is also introduced. 
The experimental result shows that this method is superior to 
those methods that match the whole signature curves. Samaneh 
and Mohsen [15], presented a method for offline Persian signature 
identification and verification based on image registration and 
fusion. Discrete Wavelet Transform (DWT) is applied on the 
preprocessed signature to get high frequency sub-images, then 
an image reduction and fusion methods are used to create a feature 
matrix from sub-images. In verification phase, for test signature; 
the feature matrix is compared with all feature matrixes stored 
in knowledge base using Euclidian distance. And then upon the 
specified threshold, the test signature would be accepted or rejected 
Larkins and Mayo [16], presented an offline signature verification 
method based on Adaptive Feature Thresholding (AFT). They 
converted the signature image to binary feature vector; by using 
the above conversion, the comparison was more accurate. That 
vector was based on gradient direction for each pixel from across 
a signature. Gradient direction gave a global features level; Spatial 
Pyramids were used to express a signature at deep levels, Equi-
mass sampling grid with Spatial Pyramids were combined to 
improve the structural features. In classification phase, DWT and 
graph matching methods were used.

G. Support Vector Machine Approach
Vahid and Hamid [17], proposed an offline signature verification 
using LRT and SVM. They used the LRT locally for line segments 
detection for feature extractions and SVM for classification. The 
proposed system consisted of the two models (1) Learning genuine 
signatures and (2) Verification model. Preprocessing phase was 
shared between learning and verification models. Feature extraction 
phase included the line segment detection, line segment existences 
validation, feature vector extraction and summarization, and 
feature vector normalization. Classification: in the classification 
phase they used SVM with Radial Basis Functions (RBF) kernel 
to achieve the best results. In the best case, they achieved the same 
96% identification rate. Shailedra Kumar Shrivastava, Sanjay 
S. Gharde [18] Support Vector Machine is supervised Machine 
Learning technique. Support Vector Machines (SVM) is used for 
classification in pattern recognition widely Moment Invariant and 
Affine Moment Invariant techniques are used as feature extractor. 
Emre and Karshgil [19] presented an offline signature verification 
system based on the SVM. Feature extraction phase which consists 
of global features, mask features, and grid features.

IV. Evaluation and Discussion
Table 1, shows the details of the Feature extraction, verification 
approaches of different authors along with their verification rate. 
After the comparative study of various verification approaches 
from the Table 1 it is observed that average accuracy for template 
matching signature verification 56.41% which is minimum and 
average accuracy for statistical approach is 89.47% which is 
maximum in all signature verification approaches. In case of SVM 
approach signature verification rate is 96% which is higher as 
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compared to other approaches. SVM approach is still suitable for 
skilled forgeries and suitable for simple and random forgeries.

Table 1: Different verification approaches, feature extraction & 
verification rates used by different authors

Sr. 
No. Author Approaches Features Verification 

rate in % 
AVG 
Accuracy

1 
Piyush and 
Rajagopalan 
[5]

Template 
Matching 

Dynamic Time 
Wrapping 2.1% FAR 56.41% 

2
Justino, F. 
Bortolozzi, and 
R. Sabourin [7]

Hidden 
Markov 
Model 

Grid 
Segmentation 4.7%  FAR 85.15% 

3 Jose , Angel , 
Moreno [8]

Neural 
Networks 

Compression n/w 
and Positional 
Cuttings 

4.20%  
FAR 86.24% 

4

Debnath, 
Samir Kumar 
and 
Deepsikha 
[11]

Statistical 
Approach 

Correlation 
Coefficient, 
Standard 
Deviation 

7.9%  FAR 89.47% 

5
Samaneh and 
Moghaddam 
[15]

Wavelet 
based 

Discrete Wavelet 
Transform (DWT), 
Image Reduction 
and Fusion 

3.45% 
FAR 

63.57% 
  

6 

Ramachandra 
, Ravi, 
Venugopal, 
Patnaik [20]

Structural 

Graph Matching 
and Cross 
Validation 
Principle 

3.7% FAR 73% 

7 
Emre and M. 
Elif Karshgil 
[19]

Support 
Vector 
Machine 

Radial Basis 
Function 

9.5% FAR 
9.2% FAR 96 % 

V. Conclusion
This system holds true from the number of perspectives i.e. ease 
of use, low implementation cost and the ease of embedding the 
system in an organization, without excessively disrupting or 
affecting the existing operations. In this paper we present a state-
of-the-art for latest methods used in offline signature verification 
systems. We classify the offline signature verification systems 
in terms of extracted features type into local and global features 
and also we classify local features into statistical and geometrical 
features. On the other hand, we summarize the approaches used 
in offline signature verification systems, then we discuss these 
approaches depending on forgery type it detect, even there are 
many approaches used in this problem but the accuracy still needs 
to be increased for especially skilled forgeries.

VI. Future Work
We can try other approaches used in other pattern recognition 
systems like finger print, face, etc. On the other hand, we can 
increase the number and quality of extracted features, and combine 
between global and local features, because the system performance 
is mainly depending on the extracted features.
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