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Abstract---In this paper a feature vector which has been used 

for signature verification is created using morphological 

processing of horizontal projections of pre-processed 

images. Here morphological opening is used for the pixel 

allocation along the directions of projection. Structuring 

element having various lengths is employed to increase 

feature discrimination capabilities. This system conducts a 

comparison to verify the claimed identity of the user. This 

comparison is made between calculated feature vector and 

stored user templates. Here comparison is made using 6 

different distance metrics to find out the best verification 

results. 
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I. INTRODUCTION  

An off-line signature verification system is used to decide, 

whether a signature originates from a given signer based on 

the scanned image of the signature and a few images of the 

original signatures of the signer. Within the field of human 

identification, the usage of Biometrics is growing because of 

its unique properties such as hand geometry, iris scan, 

fingerprints or DNA. The use of signature has been one of 

the more convenient methods of identification and 

verification of human beings [3]. Therefore the Signature 

verification methods must have good efficiency to 

differentiate the correct and forge signatures. There are two 

methods of signature verification based on acquisition of 

data. One is on-line signature verification and second is off 

line signature verification method. 

On-line signature verification system is easy 

compared to Off-line signature verification system, as there 

are so many features available for on-line data records. On-

line data features includes motion of the stylus when 

signature is produced, location, and possibly velocity, 

acceleration and pen pressure as functions of time. These 

dynamic characteristics are specific to each individual and 

sufficiently stable as well as repetitive. 

The off-line recognition just deals with signature 

images acquired by a scanner or a digital camera. In general, 

off-line signature recognition & verification is a challenging 

problem. Unlike the on-line signature, where dynamic 

aspects of the signing action are captured directly as the 

handwriting trajectory, the dynamic information contained in 

off-line signature is highly degraded. Handwriting features, 

such as the handwriting order, writing-speed variation, and 

skillfulness, need to be recovered from the grey-level pixels 

[4]. All these coupled together cause large intra-personal 

variation. A robust system has to be designed which should 

not only be able to consider these factors but also detect 

various types of forgeries. The system should neither be too 

sensitive nor too coarse. It should have an acceptable trade-

off between a low False Acceptance Rate (FAR) and a low 

False Rejection Rate (FRR). The designed system should 

also find an optimal storage and comparison solution for the 

extracted feature points [5].  

Here the feature extraction method is based on 

morphologically processing the projections of simple or 

complicated curves which are obtained from the binary 

signature samples. Morphological openings are applied to 

one dimensional projection functions in order to control and 

measure the information from shapes and waveforms by 

means of granulometries [6]. The length of the line 

structuring elements (SE), which controls the loss of 

information, has been selected and kept constant in order to 

extract the maximum amount of information which describes 

the pixel distribution. Another issue, which is studied, is the 

level of image partitioning in order to enhance the 

classification accuracy. The efficiency of the feature is 

examined using handwritten signatures on a large signature 

database. 

II. DATABASE CREATION 

The first phase in this project was the collection of signatures 

and their pre-processing. The signatures were collected from 

the different students on A4 sheets. Students were asked to 

provide 10 of their genuine signatures on an A4 page with 

the described grid. Students were also asked not to touch the 

borders of the grid cells to facilitate signature segmentation.  

Students were asked to give their 10 genuine 

English signatures in first column. Then for each student we 

asked other than that student to do forgery of that students in 

second column with first five in English signature. Then 

these A4 size paper is scanned with hp photo smart 5510 all 

in one scanner at 300dpi. 

Figure 1 shows one sample page containing 

genuine signature and forge signatures. Then for each 

student we have Cropped each signature from scan A4 size 

Database sheet to created 5 training and 5 testing signature 

from English signature and 5 forge signature for English. 

 

Fig. 1: A4 size scan page of student signature Database 
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III. METHODOLOGY 

It describes the methodology used for image processing 

algorithm that transforms the original image into its feature 

vector. This section also discusses the flow graph of the 

used methodology. 

 Pre-processing  A.

The pre-processing module employs image processing 

algorithms to demarcate the region of interest (R.O.I.; i.e., 

signature zone) from an input image. The pre-processing 

module includes 6 steps: color to black and white 

transformation, inversion, skew detection and correction 

using Hough transform, noise removal, signature cropping 

and normalization, and thinning the normalized image using 

morphology. Among these steps, the last step is much 

important for the feature extraction of signature image. 

  Feature Extraction Module B.

Feature extraction plays an important role in offline signature 

verification system. In the proposed system, projection 

profile types of features were extracted from the 

preprocessed image. 

In the proposed system, first the binary image of 

each signature is partitioned into four sub blocks. Then, the 

projection function of each sub-block is defined. Fig 2 shows 

the four parts of the original pre-processed image. 

There are two types of projection profiles which are 

horizontal projection function (HPF) and vertical projection 

function (VPP). The VPF and HPF fall under static features 

of a signature. Horizontal Projection Profile (HPF) is an 

array contains sum of pixels of each row in a signature 

image. The size of HPF is equal to the number of rows in the 

signature image. The horizontal projection function f
h
i , i=1, 

2, …4 (HPF) is defined as the sum of the white pixels with 

the same abscissa k inside the sub-block.  

 

Fig. 2: Original image and  divided four sub blocks 

By using equation (1) we calculate the horizontal 

projection function for full image    which is demonstrated in 

the figure 3.   

f
h
 (k) = ∑ (white pixels with abscissa k)          (1) 

  Similarly, for all four sub blocks the horizontal 

projection function is calculated using equation (1), which is 

shown in figure 4. 

  

Fig. 3: Horizontal projection function of full image 

Structuring elements defined as a structuring 

element (SE) is a shape, used to probe or interact with a 

given image, with the purpose of drawing conclusions on 

how this shape fits or misses the shapes in the image. Here 

we have used the line structuring elements using the strel(‘ ’,  

, ) command in Matlab. The final feature vector is obtained 

when two successive morphological openings are performed 

on the projection functions with a line Structuring Element 

(SE) having two different lengths where SE1 with length 3 

and   SE2 with length 7. Morphological opening of HPF of 

part 1 with segment element   and   is shown below in figure 

5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: (a) Part 1 and HPF of part 1 (b) part 2 and HPF of 

part (c) part 3 and HPF of part 3 (d) part 4 and HPF of part 4 

 

(a) 

 
(b) 

 
(c) 

 
(d) 



Morphological Transformation based Signature Verification System 

 (IJSRD/Vol. 2/Issue 03/2014/090) 

 

 All rights reserved by www.ijsrd.com 327 

Similarly for each sub blocks of image we have to 

find the morphological opening with two segment element 

length. Now for each part we find the fine details and coarse 

details which measure the gradual reduction in the area of 

each waveform according to 

e
h

i = (mes(f
h
i) – mes(f

h
i o g1)) / mes(f

h
)        (2) 

c
h

i = (mes(f
h
i o g1) - mes(f

h
i o g2)) / mes(f

h
)      (3) 

Where e
h
i is fine details of each sub blocks for i 

=1,2,3,4 and  c
h
i is coarse details of each sub blocks for 

i=1,2,3,4. Where mes(.) is the area under the function in the 

argument and is the original projection function. 

 

Fig. 5: (A) Opening Of Part1 With G1 And HPF Of Part 1 

Using G1(B) Opening Of Part1 With G2 And HPF Of Part 1 

Using G2 

The normalization factor   which corresponds to the 

number of pixels in the initial image is used in order to 

achieve finite dynamic range for the obtained feature 

components as well as to make intra class dispersion 

insensitive to natural variations of the genuine class the set 

of all parameters {e
h

i , c
h

i}, for i = 1,2,3,4 Contributes the 

feature vectors for each signature. Now for each signature 

feature is extracted using this operation and extracted 

feature is arranged in the form of vector and store in the data 

base for verification purpose. 

 Verification Module  C.

In the Verification Module, the system recognizes an 

individual by comparing the extracted features with those     

stored in the database. The system conducts a comparison to 

verify the claimed identity of the user. The calculated 

feature vectors for an input image should enter a comparison 

process to determine the user's identity. This comparison is 

made against stored user templates. Various methods for this 

comparison like  Radial basis function neural networks 

(RBF), Multilayer perception (MLP), k-Nearest Neighbor 

(k-NN),  Support vector machines, Bayes method and 

Euclidean distance are suggested in literature. Here 

comparison  is made by different distance matrices 

which are discussed in experimental results.  Out of those 

distances, city block distance gives good results for 

signature verification. The database feature vector is 

represented as the mean of the set of training feature vectors 

for a person [5]. 

IV. EXPERIMENT RESULTS 

The experiment is performed on English language. The 

performance of the proposed signature verification system 

evaluated against different distance metrics. 

A crucial parameter for classification is the choice 

of an appropriate distance metrics to measure the similarity 

or dissimilarity between two signature images. It is essential 

to explore the different similarity measures to find out best 

distance metric for signature matching. In conventional 

signature matching technique, Euclidean distance is used to 

find the similarity between the test image and database 

image. Similarity score is used to find the best match of test 

image from the database image. Test image is more similar 

to the database image if the distance between the test image 

and database image is small. P and Q represent the feature 

vectors for database image and test image respectively. 

The proposed method is tested with 6 distance matrices 

which are shown in below. Each and every distance gives 

the different FAR and FRR values such that we can choose 

the distance matrix that can gives the minimum FAR and 

FRR values (Equal error rate). 

1) Euclidean distance: Euclidean distance metric is defined 

for p=2. In Euclidean distance metric difference of each 

dimension of feature vector of test and database image is 

squared which increases the divergence between the test and 

database image.  

deuc = (∑
N

j=1 |Pj - Qj|
2
)

1/2                                   
(4) 

2) City Block distance:  This distance metric is defined for 

p=1. Absolute difference at each dimension of feature vector 

is given by an equation called City Block or Manhattan 

distance. This is the moderate approach to minimize the 

difference if dissimilarity is more. 

dcity = ∑
N

j=1 |Pj - Qj|
                                        

(5) 

3) Hellinger distance:  In this distance square root of sum 

of squared square root difference at each dimension is taken 

which minimizes the difference if similarity between feature 

vectors is more. Hellinger is more robust over the squared 

chord distance. This distance cannot be used for feature 

space with negative values.  

dHeling = ((∑
N

j=1 (P
1/2

 – Q
1/2

)
2 
)
 ½                        

(6) 

4) Chebyshew: Chebyshew distance maximum metric or 

L∞ metric is a metric defined on a vector space where the 

distance between two vectors is the greatest of their 

differences along any coordinate dimension. The 

Chebyshew distance between two vectors or points p and q, 

with standard coordinates Pj and Qj, respectively, is 

dchebys = Max( |Pj - Qj|)                          (7) 

5) Square Chord Distance: In Squared chord distance sum 

of square of square root difference at each dimension is 

taken which increases the difference for more dissimilar 

feature vectors. This distance cannot be used for feature 

space with negative values. 

dsqch = ∑
N

j=1 (Pj
1/2

 – Qj
1/2

)                       (8) 

6) Squared Euclidean Distance: Squared Euclidean 

distance computes sum squared difference at each 

dimension of feature vector. 

dsqeuc = ∑
N

j=1 (Pj – Qj)
2                                   

(9) 
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Table. 1  Observation Table 

Types Of 

Distances 

FAR 

(%) 

FRR 

(%) 
Threshol

d 

Time 

(sec.) 

Euclidean 23.87 21.04 4.16 5.984 

Cityblock 11.25 11.25 119.5 3.150 

Hellinger 7.31 7.5 11.76  11.119 

Chebyshew 4.23 0 65 4.438 

Square chord 8 8 68.85  10.798 

Square 

Euclidean 
12.75 12.75 37.57 2.7490 

FAR and FRR for different distances for projection 

profile features 

V. CONCLUSION 

Here Hellinger and square chord distance gives the good 

FAR and FRR values for projection profile types of features. 

But Cityblock distance takes less time to calculate the 

distances compare to the all other distances. Our traditional 

method i.e. Euclidean distance gives moderate FAR and 

FRR values and time taken for calculation also more 

compare to city block distance. Hellinger distance gives 

good FRR and FAR values and time taken for calculation is 

more compare to all distances. 

VI. FUTURE SCOPE 

In this project we take 5 signatures of each specimen for 

testing and training. Increasing the number of signatures per 

specimen can improve the results as the feature vector may 

grow more accurate. In this study we have used HPP to 

gather information in spatial domain. More accurate results 

can be obtained by finding and isolating the individual 

letters in a signature and then comparing these as well as 

checking the angle of the signature. Using a higher 

dimensional feature space and also incorporating dynamic 

information gathered during the time of signature can also 

improve the performance. The concept of Neural Networks 

as well as Wavelet Transform holds a lot of promise in 

building systems with high accuracy. 
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