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Abstract- AFTS (automated fingerprint identification 
system) is used for identification of fingerprint images. 
AFIS is a type of biometric system which uses d igi t al 
imaging methodology to capture , analyze and store 
fingerprint data. This f i n g e r p r i n t  d a t a  c a n  b e  
compare d with the database to determine the identity of 

individual. Th e fing e rprint images of poor quality nee d 
to be enhanced before the feature extraction and feature 

matching. In this paper, we present a novel automated 
a p p r o  a c h f or fingerprint m a t  c h i  n g, w h i c h 
involve thre e st eps. In the tirst step, we enhance image 
to remove noise. In the second step, we 
extract re quir e d feature th a t  is n e c essa r y f o r 
match ing and remove unwanted feature. In the 
third step, we do matching by u s  i n g adjacent 
feature v e c t o r  t e c h n i q u e. The advantage of 
adjacent feature ve ctor technique is that, it shows 
a good performance to differentiate matching and 

non- matching minutiae pairs. AFV (Adjacent 
Feature Vector) also reduce the computational cos t 
and m atching error. We have used standard 
fingerprint image database FVC2004 (Fingerprint 
Verification Competition). Experimental result sho ws 
that our approach is effective and gets high quality 
matching. 
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T. INTRODUCTION 

Many biometrics devices (such as Iris Recognition, 
Face Recognition, Retina Recognition , Signature 
Recognition and palm print Recognition) are used for 
identification of person from past decades. But 
Fingerprint matching is most widely used today for 
identification of person because of its uniqueness and 
immutability. It is bas cd on thc distinctivc and 
invariant characteristics of fingerprints [1]. 
Automatic F ingerprint Identification System (AFIS) 
arc mostly bas cd on local ridgc fcaturc such as ridgc 
endings and ridge bifurcation shown in figure I [2]. 

Figurc 1. (a) Bifurcation (b) Endings 

The minutiae-based fingerprint matching algorithms 

are mostly used for fingerp rint matching . In this 
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algorithm first local minutiae is extracted (include ridge 
endings and ridgc bifurcation) from thc thinncd image 
and then match their relative position in a given 
fingerprint with the fingerprint that are stored in 
databasc. Each minutia has thrcc basic attributcs x
coordinate, y-coordinate and local ridge direction 0 
[3]. 

Some approaches to minutiae-based fingerprints 
matching have been projected in the previous work. 
Wei et a!. [I] proposed an efficient algorithm for 
fingerprint minut iae matching. The bank of 
coordinate system is introduced to obtain consistent 
minutiae pairs which show tremendous performance 
with great matching rate and great matching 
consistency. Weiwei at al. [2] Suggested the core

bascd structurc matching algorithm for fingcrprint 
matching which shows the excellent and efficient 
performance of the fingerprint match ing . L ifeng et a1. 
[3] proposcd thc oricntation- improvcd minutiac 
technique for fingerprint matching which progress 

both the matching effectiveness and the consistency 
of thc global matching. H ong1ci ct a1. [4] proposed 
the fingerprint verification technique that is based on 
multistage minutiae matching which shows the good 
performance in consistency and precision. Aparecido 
et a1. [5] suggest the ridged-based technique for 
fingerprint matching which shows that fingerprint 
matching are more accurate , especially when the 
images are of poor quality. 

Fingerprint is the surface that is present on the top of 
human fingertip. Every person has unique and 

unchallengeable fmgerprint and due to this 
fingerprint authentication has been useful in many 
areas. Fingerprints are the oldest method which has 
been used for person identification about 100 years 
ago and today most widely used in many fields [6]. 
Fingerprint identification is the process of 
automatically matching the one or more fingerprint 
images against a database. Computerized fingerprint 
identification system is mostly used for security 
purposes. In past the process of fingerprint 
identification was a manual and that required more 
time but today computer technology made it possible 
in very short time and identifies possible matches. 
The objective of the fingerprint identification system 
is to determine whether the prints represent the same 

finger or not. 



This paper is organized in four sections. Section 2 
presents the proposed technique . Section 3 presents 

experimental result. Section 4 present conclusions. 

II. PROPOSED TECHNIQUE 

Our proposed technique consists of three steps: 

Tmage Enhancement 

• Feature Extraction 

Feature Matchin g 

Input Image I 

I nput I mage 2 

Image 

Enhancement 

Image 

Enhancement 

A. Image Enhancement 

In general , a fingerprint image may be despoiled by 

noise during image capture. Image enhancement is 
used to eliminate the noise. [7] Image Enhancement 
is a method of improving the quality of the images by 

reducing the lowest gray level values to black and 
highest grey level values to white. Image 

enhancement widely used in many fields where image 
is corrupted by noise . It is the secondary areas of 

image processing . The basic objective of image 
enhancement process is to enhance the image so that 

the resulting image is more suitable than the input 

Feature 

Extraction 

Feature 

Extraction 

DB 

Feature 

Matching 

Decision 

figure 2 Proposed Systems for Fingerprint ldentifieation System 

Figure 2 shows the Proposed System for Fingerprint 
Identifi cati on System. Accord ing to th is fi gure, First 

take input image (say input image 1) and then 
enhance the image for better result. After this, feature 
is extracted and then store this feature extracted 
image in database. Take another image of the same 

person (say input image 2) and enhanced the image 
and required feature is extracted from the enhanced 
image . After this , database image (input image 1) and 

extracted image (input image 2) is matched by using 
feature m at ch i n g p r ocess. If the results of both 

images are same then Fingerprint images are matched 

with each other otherwise fingerprint images are not 
matched . 
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Image for a particular function. To advance the 

information in images for human spectators , or to 
provide superior input for other automated image 

processing techniques is the aim of image 

enhancement process. Image Enhancement consists 

of following step . 

Segmentation 

• Normalization 

Orientation Field Estimation 

Frequency Estimation 

Gabor Filtering 



Figure 3 shows the complete diagram of Image 
enhancement process. 

Fr =9I:r:cy ::a;c O:J:.:llD;o • La 

Figure 3. Steps of Image Enhancement Process 

A.I. Segmentation 

Segmentation is used to extort foreground image from 
background. In AFIS (Automated Fingerprint 
Identification System), the background image 
processlI1g is not important and required extra 
processing time in all phases. Extracting the 
foreground image from background reducing the 
amount of thc operation on the fingerprint image. [8] 

A.2. Normalization 

Normalization performs to normalize the intensity 
values in an image by changing the collection of 
gray-level values so that it is located within a 
preferred range of values. [8] 

A.3. Orientation Field Estimation 

The orientation field of a fingerprint image describes 
the angle of minutiae that is enclosed in the 
fingerprint. In image enhancement process 
orientation e s t  i m a t  i o n  i s a ba s i c p h  a s  e . 

Excellent orientation f i e  Ide s t i m  a t i o n  i s 
v e r ye s s e  n t i a I f o r  fingerprint identification 
[8]. 

A.4. Frequency Estimation 

Frequency Estimation is another important step of 
image enhancement process. Frequency estimation is 
used to transform the image into frequency domain. 

A.5. Gabor Filtering 

The purpose of Gabor filter is to remove the noise 
from the Image. Gabor filters use both 
Orientations 
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Field Estimation and Frequency Estimation images to 
reduce the noise and enhance the image [8]. 

B. Feature Extraction 

Feature Extraction means extract those feature that 
are necessary for matching and eliminate unnecessary 
feature. Input data is transformed into reduced form 
when input data of the program is large. Converting 
the given data into the set of features is called feature 
extraction process. 
After the image enhancement process, we perform 
feature extraction process on the enhance image. Step 
for Image Extraction are following: 

Binarisation 

Thinning 

Feature Extraction using Crossing Number 
Method 

Figure 4 shows the complete diagram of Feature 
Extraction Process. 

Filered �e Binarised ::mage 

Extracted Image 

Figure 4. Steps of Feature Extraction Process 

B. J. Binarisation 

Binarisation is used to convert an image into black 
and white. We perform image binarisation operation 
by selecting a threshold value [8]. 

B.2. Thinning 

Thinning is a skeleton image and it is Ixi wide. 
Thinned image is used in minutiae extraction process. 
Thinning is mostly applied on binary images as an 
input and generates second image as an output 
which is also a binary image [8]. 



B.3. Feature Extraction using Crossing Number 
Method 

Crossing Number Method is used to extort the 
minutiae from the fi ngerprint images. After thinning 
binary image is one pixel wide and minutiae are those 

which have a pixel value of one ( called endings) or 
which have a pixel value of more than two ones 

(called bifurcation) in their neighborhood. [8] 

C. Feature Matching 

After feature extraction we perform feature matching 
process. For feature matching process we usc AFV 
(Adjacent feature Vector) technique. Adj acent 
Feature of a minutia is rotation invariant and 
translation invariant so it is extremely essential for 
matching. 

Figure 5 Diagram of adj acent Feature vector 

Figure 5 shows an Adjacent Feature Vector. If In is a 
minutia of a fingerprint, n is the parallel direction 

point, whereas xl, x2, x3, and x4 are the four 

adjacent point in the fingerprint image. Feature 
matching process consists of three steps. 

Minutiae Pair Searching 

Preliminary Searching 

Fine Matching 

C.l. Minutiae pair searching 

First step is to search the minutiae pair . One minutia 
from the given image and other minutiae from the 

stored image (database) . After this determine the 
relative position of the minutiae pairs . Then match 

the relative position of the given image with the 
database (stored) image. 
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C.2. Prelim in my Matching 

Second step is matching score that is depends on the 

correspondence of angle, position and Adj acent 

Feature Vector Formula for calculating ma tching 
score is following: 

M _Score(p, q) = (AovErr(p, q)' 2 + DisErr( p, q) + DirErr(p, q)) I 
4 

Where M_score(p,q) is the matching score between p and 

q. AovErr(p,q) is the AFV(Adjacent Feature Vector) error 
between p and q. DisErr(p,q) and DirErr(p,q) are distance 

error and direction error between p and q respectively. 

C.3. Fine Matching 

Third step is to consider the comparative position 
between matched and unmatched minutiae pair to 

overcome possible deformation. [7] 

u 

u 

t" t' 

Figure 6: A minutiae matching 
In this figure (figure 6) the b lack minutiae (q, r, s, t, 
and u) come from one set, and the gray minutiae (q, 
r, s, t and u )  come from other (database) set. Hence 
we can examine that a fine matching is necessary, 
which create the algorithm faster. Many distorted 

minutia can be matched by fine matching . 

TTl. EXPERIMENT AL RESULTS 

FVC 2004 is a database that is used in experimental 
result for fingerprint matching. Because FVC2004 is 

the recent available database of fingerprint and it 
contains many images. This database contained four 
databases DB I, DB2, DB3 and DB4. Each Database 
contains i ma g e s of 100 different people and one 
person has 8 images of one rIDger. So total image of 
one database is 800. All images in my database are 

analyzed however all 8 images of every person is not 
analyzed. 
The i mages in DB 1, DB2, DB3 and DB4 have the 
size of 640x480 and the resolution of 500 dpi . The 
test is executed under Windows XP Professional O.S. 

on PC Pentium 1.7 GHz. In table 1 the average 
minutiae matching time and average image 
preprocessmg time is compared. From the 

experiments, we can see that our algorithm reaches 
high matching consistency with low time cost. 



TABLE 1: AVERAGE EXECUTION TIME 

FVC2004 Database DB1 DB2 DB] DB4 

Image preprocessing 0. 172 0.087 0.077 0.067 
Time (secs.) 

Minutiae Matching 0.0 19 0.022 0.024 0.026 
Time (sees.) 

The Table 1 shows the average execution time of four 
databases DB1, DB2, DB3, and DB4. 

TABLE 2: AVERAGE ACCURACY RESULT 

Database FVe 2004 

Accurate Matching Percentage 95% 

Inaccurate Matching Percentage 5% 

The Table 2 showing the accuracy of system in 
figures. Hence correctness of this software is 95%. 

IV. CONCLUSION 

In this research effort, adjacent feature vector 
technique is used for matching the fingerprint image. 
It is an easy but a successful system of the fingerprint 
matching. It is an automatic system that is the fewer 
labor demanding. Its results are relatively hopeful. 
This system will be supportive in the defense area 
and utilize this system for the security intention. A 
new method is planned to automatically match the 
images of the fingerprint. Image Enhancement is 
used to enhance the image and then feature are 
extracted because we want exact matching so we 
eliminate unnecessary feature and extract required 
feature and after this extracted feature are matched. 
This system provides the capable, correct and error 
free results. The result shows that the proposed 
technique for automated system for fingerprint 
Matching is not only well-organized but also provides 
consistency of the results. In future some more 
effective algorithm for fingerprint matching should be 
applied. And this, system should be implemented in 
any hardware to make the system cost effective and 
user friendly. After that, this system should be used in 
different fields. 

106 

REFERENCE 

[1] Wei Wang Jianwei Li Weimin Chen, "Fingerprint 
minutiae matching based on coordinate system bank 
and global optimum alignment" 18th International 
Conference on Pattern Recognition (ICPR'06) 
Volume 4, pp. 401-406. 

[2] Weiwei Zhang and Yangsheng Wang "Core based 
structure matching algorithm of fingerprint 
verfication" 16th International Conference on Pattern 
Recognition (ICPR'02) - Volume 1, pp. 70-74. 

[3] Lifeng Sha and Xiaoou Tang, "Orientation 
improved minutiae for fingerprint matching" 17th 
International Conference on Pattern Recognition 
(ICPR'04) Volume 4, pp. 432-435, 2004. 

[4] Honglei Wei, Mingen Guo and Zongying Ou, 
"Fingerprint Verification based on multistage 
minutiae matching" 18th International Conference on 
Pattern Recognition (ICPR'06) Volume 2, pp. 1058-
1061. 

[5] Aparecido, Nilceu Marana and Anil K. Jain, 
"Ridge-Based Fingerprint Matching Using Hough 
Transform" XVIII Brazilian Symposium on 
Computer Graphics and Image Processing 
(SIBGRAPI'05). 

[6] Nicolau Canyellas, Enrique Canto, Giuseppe 
Forte and Mariano Lopez "Hardware-Software 
Codesign of a Fingerprint Identification 
Algorithm",A VBPA 2005, LNCS 3546, pp. 683-692, 
2005. 

[7] Yuliang He *, Jie Tian *, Xiping Luo, Tanghui 
Zhang "Image enhancement and minutiae matching 
in fingerprint verification" Pattern Recognition 
Letters 24 (2003), pp. 1349-1360. 

[8] M. Usman Akram, Anam Tariq and Shoab A. 
Khan "Fingerprint image: pre- and post-processing" 
Int. J. Biometrics, Vol. 1, No.1, pp. 63-80, 2008. 


