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ABSTRACT 
-------- 
We present here a fingerprint matching scheme based on transform features 
and their comparison. This method is dependent on the detection of the 
core point of the fingerprint. This application also makes use of image 
enhancement by using normalization technique[6]. The proposed scheme uses 



Discrete Cosine Transform (DCT) to create feature vector for 
fingerprints. The fingerprint matching is based on the minimum Euclidean 
distance between two feature vectors.  The transform coefficients are 
arranged in specific manner and are used to obtain the feature vector in 
terms of standard deviation. The feature vectors are ten used for 
recognition using the similarity measure.  
 
Index Terms: 
Fingerprint Recognition, Discrete Cosine transform, Similarity, Image 
Enhancement 
 

I INTRODUCTION 
-------------- 
 
This document contains the procedure and results of our attempt to 
implement fingerprint recognition. Fingerprint recognition is one 
biometric approach in which a high accuracy has been obtained using 
different methods making it reliable enough to be used in forensic cases 
as well as in other authentication scenarios. The method used here, an 
alternative to the more common minutae-based method. This is the 
implementation of the work done by reference [1]. 
 
Fingerprint based identification is one of the most important biometric 
technologies which has drawn a substantial amount of attention recently. 
The fingerprint - a biological feature of humankind - has many particular 
properties such as uniqueness, stableness, and inseparability from the 
host. It has been used for personal verification for more than one 
hundred years, and is the most widely used biological recognition 
technique today. 
The frequency based algorithm uses different transforms to code a 
fingerprint image into a series of float numbers namely feature vector, 
where the minutiae and ridge information are fused together [2].  The 
feature matching thus is a critical link to the identification system. 
There are many algorithms proposed, some of which are based on graphs and 
images, or ridge structures. [1] proposes extraction method of DCT, FFT 
and DWT features for fingerprint matching and comparison between them. 
But it is not the only reason we are using these algorithms at all at the 
first place. Image transforms like Discrete Fourier Transform (DFT), DCT 
can be factored as Kronecker products of several smaller sized matrices, 
which leads to fast algorithms for their implementation. Before we 
actually find the feature vectors we need to find the core points. 
 
We discuss background knowledge of DCT in Section-II. Section-III 
contains the core point detection. Section-IV contains fingerprint 
matching approach and experimental setup followed by result in Section-V. 
Section-VI throws light on the future work and finally the conclusion is 
provided in Section-VII. 
 
 

II Background 
------------- 



 
DCT 
The discrete cosine transform (DCT) helps separate the image into parts 
(or spectral sub-bands) of differing importance (with respect to the 
image's visual quality). The DCT is similar to the discrete Fourier 
transform: it transforms a signal or image from the spatial domain to the 
frequency domain. With an input image, A, the coefficients for the output 
"image," B, are:  

 
As given in [4]. 
The input image is N2 pixels wide by N1 pixels high; A(i,j) is the 
intensity of the pixel in row i and column j; B(k1,k2) is the DCT 
coefficient in row k1 and column k2 of the DCT matrix. All DCT 
multiplications are real. This lowers the number of required 
multiplications, as compared to the discrete Fourier transform. The DCT 
input is an 8 by 8 array of integers. This array contains each pixel's 
gray scale level; 8 bit pixels have levels from 0 to 255. The output 
array of DCT coefficients contains integers; these can range from -1024 
to 1023. For most images, much of the signal energy lies at low 
frequencies; these appear in the upper left corner of the DCT. The lower 
right values represent higher frequencies, and are often small - small 
enough to be neglected with little visible distortion as is aptly put in 
[5]. The DCT decomposes a signal into a series of harmonic cosine 
functions. DCT  convert images from time (spatial) domain to frequency 
domain to decorrelate pixels.  
 
 
 

III CorePoint Detection 
-------------------- 
Core point is defined as the north most point of inner-most ridge line. 
There is a plethora of algorithms for detecting core-point[3]. The 
algorithm used for this application is using slope technique [6]: 
 
The algorithm is as follows: 
1. Estimate the orientation field O using the least square orientation 
estimation algorithm. 
2. Smooth the orientation field in local neighborhood. Let the smoothed 
orientation field be represented as O’. 
3. Initialize A, a label image used to indicate the core point. 
4. In O’(i , j), start from first row (0, 0), find the block whose angle 
is between 0 and Π/2 and then trace down vertically until a block with a 
slope not with in that range (0 and Π/2) is encountered. That block is 
marked in A. This procedure is performed on all the rows of orientation 
field O’(i, j). 
5. The center of block with the highest number of marks is considered to 
be the center of fingerprint. 
 
The orientation field concept is explained in [6] in detail.  



 
 

IV Approach 
----------- 
 
We have used the database[footnote: Gray- scale fingerprint images captured using 500 dpi 
optical scanner. The database consisted of fingerprints of 10 individuals and 8 images per person. The results are 
further extended for 72 people. The subjects in the database mainly consist of volunteers in the age of 5 to 70 years 
and 50% are male.] provided at http://bias.csr.unibo.it/fvc2000/ 
  

 
Fig. 1. (a) Fingerprint image (b) Four 32x32 pixel sub-images, cropped and 
quartered at its centre. 
 

 
Fig. 2. Eight 64x64 images of one person cropped around core point. 
 
The algorithm first find out the core point of the image using slope 
technique [6] described in section IV. Image is then cropped around the 
core point into size of 64x64. This gives translation invariance and also 
considers that area of fingerprint around the core point where most of 
the information is concentrated. Fig 1 (a) shows original image and Fig 1 
(b) shows the cropped image around core point. Fig. 2 shows such 8 images 
of one person. It can be seen that there is some amount of translation, 
rotation as well as intensity variations in the fingerprint data 
collected. The rotation and translation are well handled for the query 
image using algorithm presented in [6]. 
 
The cropped image is further divided into four non-overlapping parts as 
shown in Fig. 1(b). The 2-D transform is applied on each sub-image 
separately. The DCT transformed coefficients are now grouped into 
different frequency bands (blocks) as shown in Fig. 3. For each numbered 
block the standard deviation is calculated using formulas given in 
equation (2) and stored as feature vector. 
 



  
 
where p(i.j) is the transformed value in (i,j) for any block or sub-band 
of size N x N. Such features are calculated from four images and hence 
form a total of 36 features (feature vector) which is used for enrollment 
as well as matching phase. These are stored as float values so require 
144 bytes to store the feature vector for one person. 
 

 
Fig. 3. Grouping of bands - DCT  
 
From recognition point of view, it is better to extract more information 
of ridges near the core area. In the DCT domain this area corresponds to 
top right, bottom left and bottom right corner, that is nothing but mid 
and high frequency region. In this area, by considering only 9 blocks per 
sub-image and their corresponding standard deviations as feature vector 
the recognition rate is calculated.  
 
 

V Results 
--------- 
 
 We evaluate the implemented algorithm over database supported by 
‘Finger-print Verification Competition’, named as FVC 2000 [7] database. 
As mentioned earlier, this database consists of eight finger-print images 
of ten different people (both male and female), captured at 500 dpi (dots 
per inch) resolution. Various finger-print images are of different size 
(pixel wise) and hence we scale each image to 256 x 256 pixels. Our 
evaluation consists of three experiments, which are mentioned below. 
 
In first experiment, we train the finger-print recognition system over 4 
images of each person. That is, we utilize 40 database images as training 
images and use remaining 40 database images as query images. The results 
are summarized in Table 1. We mention accuracy of experiments based on 
the best match found for a particular finger-print. If a query finger-
print gives the best match for the finger-print of the same person, we 
declare it to be a correct match otherwise we declare it to be a false 
match. The described experiment yields 65.0% accuracy. In second 
experiment, we give 5 finger-prints/ person as training images and we 
find 73.33% accuracy. For similar experiment with 6 finger-prints/  



person, we get 75.0% accuracy. 
 
 

Experiment 
No. 

No. of 
Training 
Images 

No. of Query 
Images 

Accuracy 

1 40 (4/ person) 40 (4/ person) 65.00% 
2 50 (5/ person) 30 (3/ person) 73.33% 
3 60 (6/ person) 20 (2/ person) 75.00% 

 
Table 1: Performance evaluation of the implemented algorithm 
 
As we can see from results, as we increase number of training images, 
accuracy improves. However, the gain from 50 training images to 60 
training images is not drastic and hence one can save over resources 
(both in terms of memory and computation) by yielding for 5 training 
images per person. 
 
Figure 4 shows the query image and first three matches with corresponding 
similarity measures. All the retrieved images belong to the same person 
in this case. 
 

    
 
 Query Image  Sim: 0.8355  Sim: 0.8179   Sim: 0.8070 
 
Figure 4: Query image and first 3 matches along with their similarity 
measures 
 
 

VI FUTURE WORK 
-------------- 
The application could be extended to a hardware realization to offer 
cheap means of fingerprint recognition. The similarity measures like L2 
distance, Kullback-Leibler distance, Bhattacharyya distance, etc. can be 
tried to see if the results fair better. Also, some preprocessing like 
clustering can help shoot up the results as well as make it more scalable 
for large databases. Also, k-NN(K-Nearest Neighbors) algorithms can be 
used more succinctly for the similarity. 
 
 



VII CONCLUSION 
-------------- 
  
 
We see here that how DCT can be used for fingerprint recognition rather 
than using heavier image processing mechanisms and get a comparable 
accuracy.  This makes it easy to integrate on the hardware with less 
computation power and thus provide a cheap means of fingerprint 
recognition. This application also illustrates the simplicity and power 
Digital Signal Processing. The accuracy improves as the quality of image 
improves.  
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