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Abstract-Handwritten signatures are very important in our social and legal life for verification and   authentication.  A 
signature can be a "seal of approval" only if it is done by an authorized person which is a full proof way of authentication. 
Even two signatures of same person can have some kind of differences that is they cannot have perfect resemblances. Their 
positions may vary with respect to start and finish.  Also, the angle of inclination of the signatures, space between each letter, 
height of each letter, all vary even with the same person.  For comparison, it becomes a challenging task for two signatures 
to be of same person. In this paper, we presented the method that consists of image pre-processing, feature extraction, 
template matching and clustering technique and hamming distance verification. 
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I. INTRODUCTION 
 
Signature recognition and verification is a technique 
which helps in identification of an individual, through 
the use of signature. Signature recognition is a 
behavioural biometric.  
It can be operated in two different ways:  
 
Static mode: In this mode, the signature is written on 
paper. It is then digitize, through an optical scanner or 
a camera. The signature is analyzed by its shape 
through the biometric system. This mode is also 
known as "offline" signature verification mode.  
Dynamic mode: In this mode, the signature is written 
in a digitizing tablet, which needs a signature in a real 
time. Dynamic recognition is also known as "online" 
signature verification mode.  
 
Our approach is for offline mode, which includes 
signature done on paper, read through scanner or 
camera. Many features have been extracted by which  
Verification can be done easily. On combining 
template matching and clustering technique, better 
results have been obtained. 
 
Signatures are composed of special characters and 
flourishes and therefore most of the time they can be 
unreadable. Also intrapersonal variations and 
interpersonal differences make it necessary  to  
analyze  them  as  complete  images  and  not  as  
letters  and  words  put  together.  
 
Basically  signatures  are  the  primary mechanism 
both for authentication and authorization  in  any 
legal  transactions,  so the  need  for  research  in  
efficient  solutions for signature recognition and 
verification  has been increased in recent years. 
Recognition is the identification of the signature 
owner. Verification  is  the  decision  about whether  

the  signature  is  genuine or  forgery. In this, the 
forgery images can be classified in three groups:  
(i) Random Forgery, 
(ii) Unskilled Forgery, 
(iii)  Skilled Forgery. 
 
(1)  Random Forgery:  This is also known as simple 
forgery and is very easy to detect. The signer creates 
a signature in his own style by just knowing the name 
of an individual whose sign is to be made. 
(2)  Unskilled Forgery:  The  signer  creates  a  
signature  after observing  the  signature  once  or  
twice  without  any  prior experience. 
(3)  Skilled Forgery:  The signer may be a 
professional in copying signatures. He creates a 
signature after having a good practice over it.  Such 
signatures are most difficult to detect. 

 
II. PROPOSED METHOD 

 
The main problem with verification includes the 
challenges for correct identification between original 
one and forgery one. This problem can be solved by 
the use of some important steps which includes 
correct identification with the help of template 
matching and clustering technique. The process of 
Signature verification requires many steps for 
completely verifying the signature. These steps are 
implemented in a manner like- 
 
1.  Signature Acquisition 
2.  Signature Pre-processing  
3.  Feature extraction  
4.  Signature Verification 
 
1. Signature Acquisition- Signature made on A4 
paper can be acquired and can be easily stored any 
format like Portable Network Graphics (PNG), Joint 
Photographic Experts Group (JPEG), etc. 
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2. Signature Pre-processing- Pre-processing  is  
mainly  done  to  remove  the  noise  and  to represent  
an  image  properly. The relevant information about 
the image is extracted after pre-processing.  There are 
several steps in pre-processing. Here first converting 
the input signature image into black and white image.  
Then  it  is rotated;  because  it  is  not  necessary  that  
the  signature  of  person  always  will  be  in  same  
alignment.   
 
After  rotating  it  is cropped  to  remove  the  extra  
area  of  the  image.  The size  of the  signature  
should  also  be  normalized  so  that  the  signatures 
of  a  person  are  almost  the  same  size  and  the  
variation  in  size does  not  affect  the  method. Thus 
a transformed image of enhanced quality is obtained.  
It involves-  
 
 Resizing: The signature is resized to a standard 

size.  
 Conversion of Color image to Grayscale 

image: It converts the color image of signature 
to a grayscale image. 

 Noise Removal: This noise can be present in the 
image in the form of salt and pepper noise. A 
noise free image is required. Thus, median filter 
is used to remove this noise.  

 Thinning: The signature is reduced to a skeleton 
of unitary thickness. 

 Canny Edge detector: The edges of the 
signature image are detected.    

 
3. Feature extraction-The objective of this phase is 
to extract the features of the test image that will be 
compared to the features of original image for 
verification purpose.  
Some extracted features are- 
 
i. Maximum horizontal and vertical histogram  
Actually when going through each row of the 
signature image and counting number of black pixels 
can give the exact horizontal histogram based on 
rows. A row with maximum number of black pixels is 
recorded as maximum horizontal histogram. 
Similarly, when going  through  each  column  of  the  
signature  image  and  finding  a  column  with  
maximum number of black pixels gives a vertical 
histogram  based on columns.   
 
ii. Centre of mass  
It is the central point which divides the signature 
image in two equal parts and then centre of mass can 
be calculated for both equally divided individual 
parts.  
 
iii. Normalized area of signature  
It can be defined as the ratio of area of signature 
image to the area of signature enclosed in a bounding 
box. Area of a signature is the number of pixels 
comprising it.  

iv. Aspect Ratio  
It is the ratio of width of signature image to the height 
of the image. Actually the width or height of person’s 
signature may vary, and can’t remain same, but its 
ratio remains approximately equal.   
 
v. Distance Vector- The Hamming distance 
between two strings of equal length is the number of 
positions at which the corresponding symbols are 
different. 
 
4. Signature Verification- In the area of Handwritten 
Signature Verification (HSV), especially offline 
HSV, different technologies have been used and still 
the area is being explored. There are many 
approaches based on different pre-processing 
techniques used, different features extracted, and 
different verification methods used. 
The challenge involves making the computer solve 
the problem using a series of steps. 
We have used Template matching and clustering 
technique to verify the signatures the input one and 
the test signature.  
Template matching is a technique in digital image 
processing for finding small parts of an image which 
match a template image. Basically one method is 
based on the projection profiles (Horizontal Profile 
and Vertical Profile) for optimal matching of the 
signature patterns and the alternate method is based 
on the number of strokes for elastic matching of the 
two-dimensional signature patterns.  Given a test 
signature to be verified, the positional variations are 
compared with the statistics of the training set and a 
decision based on a distance measure is made. 
Template Matching Approaches 
 
1. Feature-based approach-If the template image 
has strong features, a feature based approach may be 
considered; the approach may prove further useful if 
the match in the search image might be transformed 
in some fashion. Since this approach does not 
consider the entirety of the template image, it can be 
more computationally efficient when working with 
source images of larger resolution, as the alternative 
approach, template-based, may require searching 
potentially large amounts of points in order to 
determine the best matching location. 
 
2. Template-based approach 
For templates without strong features, or for when the 
bulk of the template image constitutes the matching 
image, a template-based approach may be effective. 
As aforementioned, since template-based template 
matching may potentially require sampling of a large 
number of points, it is possible to reduce the number 
of sampling points by reducing the resolution of the 
search and template images by the same factor and 
performing the operation on the resultant downsized 
images (multiresolution, or pyramid, image 
processing), providing a search window of data points 
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within the search image so that the template does not 
have to search every viable data point, or a 
combination of both.  
Clustering Technique is the task of grouping a set of 
objects in such a way that objects in the same group 
(called a cluster) are more similar (in some sense or 
another) to each other than to those in other groups 
(clusters). A clustering is essentially a set of such 
clusters, usually containing all objects in the data set. 
Additionally, it may specify the relationship of the 
clusters to each other, for example a hierarchy of 
clusters embedded in each other. 
On combining these two techniques, the verification 
process can be made easy and therefore correct 
decision between original and forgery one can be 
calculated. 
The clustering formula used- 
 
tk+1(n) = tk(n) + eta * ( x(i) - tk(n) ) 
 
Where, tk+1(n) – (k+1)th iteration number  
t – Centre or feature point 
 k – Iteration number  
n – Centre number.  
eta – centre adjustment parameter (step size)  
x(i) – ith input 
 
III. METHODOLOGY 
 

 

 

 

 
Fig 1.Algorithm 

 
IV. RESULTS 

 

 
Fig 2. Binary Image 

 
Fig 3. Noise Removal 

 
Fig 4. Centroid and Bounding Box  
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Fig 5. Actual Histogram 

 

 
Fig 6. Forged Histogram 

 
 
 
 
 
 

CONCLUSION 
 
This paper presented a novel approach for signature 
verification. The method used features extracted from 
pre-processed signature images. Pre-processing is 
basically done to remove noise and to represent 
image properly. The features extracted were Centroid, 
Bounding Box calculation, Horizontal and Vertical 
Histogram calculation, Aspect ratio, Region of 
Occupancy. Verification is done using Template 
Matching and Clustering Technique. When two 
signatures are being matched, the result came as the 
number of errors less than 5.0 should be above 18 and 
total error is less than 155, then it is declared as 
original one. 
 
FUTURE SCOPE 

 
This approach can be extended which includes 
extraction of many other features like tri surface 
feature, six fold surface features, transition feature 
which definitely improves the verification result.  
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