
  
Abstract—Neural Network is widely used in pattern recognition 

and classification. The proposed system aims to implement an off-
line signature verification system using neural network. Before 
extracting the features, rotated signature image is normalized to 
achieve the corrected signature image. Without retrieving of the 
whole feature of the signature image, signature image is segmented to 
achieve 64 sub-images based on center of gravity. Three features are 
extracted from each sub-image block. These features are used as an 
input to neural network. In verification, test signature’s features are 
used to a trained neural network to verify the signature as an accepted 
or rejected signature. 
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I. INTRODUCTION 
OWADAYS, people commonly use handwritten 
signatures to authorize all type of transactions and 

document approval in many areas or fields.  
Handwriting can be classified as character, digit, signature, 

graphical mark and symbol.  Signature is just a special case of 
handwriting and often is just a symbol. So it is wisdom and 
necessary to just deal with signature as a complete image with 
special distribution of pixels and representing a particular 
writing style and not as a collection of letters and words. 

Among them, handwritten signature can be used in the field 
of personal authentication and documentation as an authority 
[1].  

Signature verification is so different with the character 
recognition because signature is often unreadable, and it seems 
it is just an image with some particular curves that represent 
the writing style of the person.  

Handwritten signature verification can be divided into on-
line (or dynamic) and off-line (or static) verification. On-line 
verification refers to a process that the signer uses a special 
pen called a stylus to create his or her signature, producing the 
pen location, speeds and pressures, while off-line verification 
just deals with signature images acquired by a scanner or a 
digital camera. 
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 In an off-line signature verification system, a signature is 

acquired as an image that represents a personal style of human 
handwriting, extensively described by the graphometry. The 
objective of signature verification system is to discriminate 
between two classes: the original and the forgery, which are 
related to intra and interpersonal variability. 

 Offline Handwritten Signature usually may have noise 
according to scanning hardware or paper background, and 
contain less discriminative information since only the image of 
the signature is the input to the system. Moreover, it is difficult 
to separate the signature strokes because of writing styles. 
Therefore, the proposed system attempts to segment the 
signature image parts and extracts the features from each 
segmented sub-image part. These features are used as input to 
neural network. The objective of the proposed system is to 
implement for offline signature verification using neural 
network.  

This paper is organized as follow: in section 2, some 
previous works are reviewed. Section 3, is the design of the 
proposed system. Section 4 describes the implementation of 
the proposed system. Section 5 shows the experimental results 
of the proposed system.  The last section of this paper is about 
the conclusion.    

II. RELATED WORK 
To overcome the variation among signatures of same 

person, vertical and horizontal centre points are extracted from 
a static image of signature using vertical and horizontal points 
splitting technique [2]. Two threshold values are used for 
original signature but false rejection rate is 14.58 percent in 
classification stage.  

Ashwini Pansare et al [3] used a GPDS signature database.  
60 feature points are extracted using horizontal and vertical 
splitting techniques based on centre of gravity. These features 
are used as input to the Neural Network. But, correct 
classification rate is 85.7%. 

Daramola Samuel et al [4] developed a new technique 
which is a novel feature extraction technique for Offline 
Signature Verification System. In this paper, three features are 
extracted but it is needed to detect all kinds of forgeries 
particularly in paper documentation environment, like banks, 
schools and government ministeries. 

The above paper showed the different extraction technique 
from document and bank cheque. Different techniques are 
used for extraction of feature from the signature image. The 
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proposed system uses the neural network for the verification. 
Three features are extracted for each part of signature image. 
These features are used to verify the accepted or rejected 
signature image as the input to the neural network. 

III.  PROPOSE SYSTEM DESIGN 
The proposed system designs an algorithm in order to verify 

whether the input signature image is the accepted or rejected 
signature image in the trained database. This system includes 
two parts which are the training and testing.  In training part, 
the input image is preprocessd, the features are extracted and 
then the extracted features are trained with neural network. In 
testing part, test image is preprocessd and features are 
extracted. These features of test image are compared to trained 
neural network. The result is verified as accepted or rejected 
signature in finally. Fig.1 shows the overall system design of 
the proposed system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Overall System Design of Proposed System 
 

IV. IMPLEMENTATION OF THE SYSTEM 
In system implementation, the input signature images are 

acquired from bank cheque. The blue ink color is used for 
signing. Bank cheque image is scanned by a scanner at a 
resolution of 300 dpi and saved with *.jpg file format.  

The signature is obtained by manually cropping. There are 
three main steps in system implementation. These are image 
preprocessing, feature extraction and verification. 
 

A. Image Preprocessing  
 

In image preprocessing, binarization, medium filtering, 
rotation normalization, morphological thinning, bounding and 
size normalization are performed. 

 

1. Binarization 
Color signature image is changed to grayscale signature 

image by eliminating the hue and saturation information while 
retaining the luminance. Then, gray signature image is 
converted to a binary image (black and white image) using 
Otsu’s method. Moreover, Binary image is converted to 
foreground (white pixel) and background (black pixel).   

 

2. Median Filtering (Noise Reduction) 
Noise reduction technique is used to remove the unwanted 

noises because input image is acquired by using a scanner.  
Generally, signature image consists of salt and pepper noise, 
which is removed using median filter. However, with median 
filtering, the value of an output pixel is determined by the 
median of the neighborhood pixels, rather than the mean. 
Therefore, median filtering is better able to remove these 
outliers without reducing the sharpness of the image.  

3.  Rotation Normalization 
Each person signs a signature image at different time, place 

and emotional simulations. Therefore, signature image is not 
the same angle, length and width. These situations are mistakes 
in verification. The proposed system aims to correct the angle 
of rotational signature image. Angle of signature image is 
rotated in a counter-clockwise direction around its center 
point. 

   4.  Morphological Thinning 
 Rotated image is thinned to achieve one pixel thick of 

image using morphological thinning.   

5.  Bounding 
Thinned image is bounded in the rectangular bounding box. 

Signature image is scanned from top to bottom to obtain the 
signature image height. Then, signature image is scanned from 
left to right to obtain the signature image width. 

 
 

   
 (a) Binary Image   (b) Inverted Image 

 

  
(c) Rotation Normalization Image 

 

  
 

(d) Thinned Image 
 

  
(e) Bounding Image 

 

 
(f) Resize Image 

Fig.3 (a) to (f) some of the preprocessing steps 
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6. Size Normalization 
 

 In training and testing phase, signature image is not the 
same width and length. Therefore, signature image is 
normalized to equal size. Minimum of width and height of 
signature image in the training phase is used for the proposed 
system. Fig. 3 shows the some of the preprocessing steps 

B.  Feature Extraction  
Feature extraction is very important step because the 

extracted features are needed to verify in the next step. 
Moreover, for Offline Signature Verification System, the small 
parts of signature image are spilt according to the centre of 
gravity and then extract three features from each part of 
signautre image. 

1.  Centre of Gravity 
When the signature image is equally split depending on the 

pixel intensity value, the centre of gravity is firstly found on 
the whole signature image. The centre of gravity of the 
signature image is calculated as in (1). 
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(1)      

where    is the centre of gravity of x-coordinate,   is 
the centre of gravity of y-coordinate and N  is the number of 
intensity of the signature image (𝑥,𝑦). Fig.4 shows the centre of 
gravity of signature image. 

 
Fig.4 Centre of Gravity of signature image 

After the centre of gravity has been found, the following 
three steps are performed. 

Step 1. Partition into four sub-image parts 

Before splitting the four parts of signature image, it is firstly 
detected whether it has interesting pixel or not  before finding 
the centre of gravity of the signature image. To achieve the 
four parts of image parts, signature image is split according to  
(1).  

Step2. Partition each of four sub-image parts into four                    
rectangular parts 

Previous step 1 is used to get the four sub-image parts for 
each of four sub-image parts. Before splitting the sixteen parts 
of signature image, the following conditions will be needed.  
All sub-image parts are detected whether these have interesting 
pixel or not. If black pixel value is found in all sub-image 
parts, these parts will be assumed as ‘0’. When all sub-image 
parts contains white pixel value , these sub-images will be split 
to achieve the four sub-image parts according to (1). 

 

Step3.  Partition each of sixteen parts into four sub-image 
blocks 

The implementation of proposed system aims to split the 64 
sub-images when the 16 sub-image parts are achieved in the 

previous step 2. Before splitting the 64-parts of signature 
image, eah sub-image part is detected whether it has 
interesting pixel or not. If pixel value is not found in every 
sub-image part, this part will be assumed as ‘0’. If pixel value 
is found in all parts, each sub-image will be split to get the four 
sub-image parts according to (1). 

Finally, a signature image is equally split to get the 64 sub-
image parts of the image above the previous steps. When each 
feature is found for all sub-image part of a whole signature 
image, black pixel value of each sub-image is assumed as zero 
value.  Fig.5 shows the Segmented Signature Image Parts of 
each sample image. 

The objective of proposed system aims to retrieve the three 
main features which are pixel density (F1), cell angle  (F2) and 
pixel angle (F3).  According to splitting of 64 sub-image part 
of signature image, each signature image contains 64*3 
features. 

 
(a) Four parts of Signature Image 

 

 
(b) Sixteen parts of Signature Image 

 
 (c) Sixty-four parts of Signature Image feature 

Fig.5 (a) to (c) Segmented Signature Image Parts 

2.  Pixel Density (F1) 
i. Find the area of each cell (sub-image) and use this value 

to obtain the cell size. (Area of each cell) 

ii. Find the total number of white pixels in each cell. 

iii.Divide the area of cell size by the total number of white 
pixels. 

celleach in  pixels  whiteofnumber  Total
celleach  of Area  (F1)Density  Pixel =

  
(2)                

3.   Cell Angle (F2) 
i. Find the centre of gravity of each cell using  (1). 

ii. Calculate the angle of inclination of each sub-image 
centre to the lower right corner of the cell. 
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corner   right lower                             (F2)      
   thegravity to of  centre ofn inclinatio of Angle  Feature Angle Cell =

 
(3) 

4. Pixel Angle (F3) 

i. Find the white pixel of each cell. 

ii. Find the angle of inclination of each white pixel to the 
lower right corner of the cell. 

iii. Calculate the sum of angle in each cell.(Total Angle) 

iv. Find the total number of white pixels. 

v. Divide the sum of angle by the total number of white 
pixels. 

     
pixels  whiteofnumber  Total

Angle Total (F3) Feature Angle Pixel =

    
(4) 

C.  Verification Process 

 The verification process compares the incoming signature 
which is to be tested with the reference signatures stored in the 
database. The implementation of the proposed system contains 
training part and testing part.  

1. Training Part 
 In training step, ten sample signature images for each person 
are used. These signature images are represented as S1, S2, 
…and S10 which are S = {S1, …, S10}. Each signature has 64 
sub-images and each sub-image contains the three features.  
For each signature image, Si = {F1, F2, F3}. That is, F1 has 64 
features which are {f1-1, …, f1-64}. F2 has {f2-1, …, f2-64}. F3 
has {f3-1, …, f3-64}. 
 Each sample signature image is trained in the training stage 
and then stored in the database. Mean values of each feature 
for each training sample signature are calculated. Using the 
following equation (5), 

n
iifS

imeanT
∑

=
       

(5)   

 Where imeanT  is mean value of trained sample signature 
image,  iifS   is the feature value of corresponding each sample 
signature and  n  is the number of sample signature. 

Neural network consists of three layers which are input 
layer, hidden layer and output layer.  The proposed system 
uses learning vector quantization network.  This network is a 
method for training competitive layers in a supervised manner. 
A competitive layer automatically learns to classify input 
vectors. However, the classes that the competitive layer finds 
are dependent only on the distance between input vectors. If 
two input vectors are very similar, the competitive layer 
probably will put them in the same class. There is no 
mechanism in a strictly competitive layer design to say 
whether or not any two input vectors are in the same class or 
different classes. On the other hand, LVQ networks learn to 
classify input vectors into target classes chosen by the user.  

The proposed system uses 100 sample signature images for 
ten persons in the training part. Mean features of training 
signature image are used as input to neural network.  Hidden 

layer contains 50 neurons and output layer contains one 
neuron. 

2.  Testing Part   
 In testing stage, test sample signature is also used to 
preprocessing step and then to extract the three mean features 
from each part of signature image. These extracted features are 
applied to the trained neural network in the trained database.  
In verification stage, this result is assumed as an accepted 
signature image in the database if output neuron is ‘one’. If the 
output result is ‘zero’, it is assumed as a rejected signature 
image.  

V. EXPERIMENTAL RESULTS  
This sections show the experimental results of the proposed 

system  in Table I.  
TABLE I 

 ACCURACY OF THE OFFLINE SIGNATURE VERIFICATION SYSTEM USING 
NEURAL NETWORK 

Method Trained 
Database 

Testing Accuracy 

Proposed system 100 100 90% 

CONCLUSION 
The proposed system uses three mean features of signature 

image as input for network. In experimental result achieves the 
90 percent of accuracy of the testing signature image. After 
that, untested signature is not accepted as trained signature 
image However, test signature image in database is correctly 
accepted as an accepted signature image.  
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