
 

1. INTRODUCTION 
 

The recent embedded systems are portable but their 
processing capacity is lower than PC. Therefore, it is so 
difficult to design fingerprint recognition system based on 
embedded system. It has become necessary to compute large 
amount of fingerprint data rapidly. Also, accuracy has become 
an essential element. This paper has an aim in embedded 
system to reduce computing time and recognize more exactly. 
Following procedures and methods were employed to achieve 
the goal of this paper. One is Wavelet Transform, the other is 
Probabilistic Neural Network. Fig 1 shows the overall 
structure of this paper.  

 
 
 

 
 
 
 
 
 
 
 

Fig.1. System Architecture 
 
The system implemented consists of a server computer 

based on linux and a client board based on embedded linux.[2] 
The fingerprint is captured using the AF-S2 semiconductor 
sensor.[3] And we use Wavelet Transform is used to extract 
the feature vector of the fingerprint[4]. Finally we adopt the 
Probabilistic Neural Network to compare the acquired feature 
vector with established one.[5]  

 
2. HARDWARE ARCHTECTURE 

 
In this paper, hardware architecture is composed widely of 

a server and a client. The server is equipped with Pentium 3 
processor and Red Hat Linux 9.0 as operating system. The 
emulator installed in the server acts as the environment of a 
server acts as the environment of a target board, also used as 
another client. We adopt the Tynux box equipped with 
PXA255 processor as the client that supported by Qtopia. The 
Tynux box as client includes the TFT LCD to display the 
sequences of the processing and obtained the fingerprint 
image from the sensor.  

 

There are three protocols to communicate between server 
and client. Firstly, serial communication is to monitor the 
client. Secondly, parallel port communication used for the 
client. Thirdly, Ethernet communication to transmit the 
fingerprint cognition program developed in the server and 
obtained special feature vector from client. The overall 
hardware system architecture is shown in Fig 2. 
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Fig.2. Hardware Architecture 
        

3. FINGERPRINT SENSOR 
 
In this paper The fingerprint image is captured using the 

AF-S2 semiconductor sensor. The sensorium of the AF-S2 is 
comprised of a sensor matrix, a drive ring and supporting 
electronics. The purpose of this elements is to detect the 
presence of the sensor matrix, and to reliably produce a digital 
image of the fingerprint. Fig.3. shows the sensor.. 

 

 
Fig.3. AF-S2 sensor 

The following block diagram shows a high level view of the 
AF-S2 interface groups.  
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Fig.4. AF-S2 interface 

 
We propose the real-time fingerprint recognition system. And 
we use the serial interface.  

 
4. FINDING THE FEATURE VECTORS 

 
 In this paper the fingerprint image is transformed to a data 

with seven times transform of 128 bit row data by wavelet 
transform, and the sequence is iterated until the end of the data. 
Finally the data generated from each rows is collected and 
then it is transformed five times by Harr wavelet. The four 
data is obtained by above process is called feature vector, and 
it is used for fingerprint comparison. 

Wavelets are mathematical function disassemble the data of 
frequency elements. And wavelets are functions defined over a 
finite interval and having an average value of zero. The basic 
idea of the wavelet transform is to represent any arbitrary 
function ƒ(t) as a superposition of a set of such wavelets or 
basis functions. These basis functions or baby wavelets are 
obtained from a single prototype wavelet called the mother 
wavelet, by dilations or contractions (scaling) and translations 
(shifts). The Discrete Wavelet Transform of a finite length 
signal x(n) having N components, for example, is expressed 
by an N x N matrix.   

Over the past several years, the wavelet transform has 
gained widespread acceptance in signal processing in general, 
and in image compression research in particular. In many 
applications wavelet-based schemes (also referred as subband 
coding) outperform other coding schemes like the one based 
on DCT. Since there is no need to block the input image and 
its basis functions have variable length, wavelet coding 
schemes at higher compression avoid blocking artifacts. 
Wavelet-based coding is more robust under transmission and 
decoding errors, and also facilitates progressive transmission 
of images. 

Fig.5. shows the decomposition process of the wavelet 
transform that we use in this paper. We use the Approximation 
data to find feature vectors. 
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Fig.5. Decomposition process 

 
Fig.6. shows the fingerprint image that is bulged out on the 

upper part of the image and flat on the lower part. And Fig4 
represents the 128 data processed by Harr wavelet transform. 

That show, in case of passing the data through low-pass-filter, 
the upper part of the fingerprint image varies harshly due to 
extreme transformation of the contour, otherwise the changes 
of the lower part is not that intensive.  

 

 
Fig.5. After Wavelet Transform 

 
The following figure shows fingerprint images each other 

type and feature vectors. The graph shows the four row feature 
vectors. In this paper we propose that compare 4 row feature 
vectors with other feature vectors. 

 

 
Fig.6. Row feature vector of fingerprint 

 
Also we propose to diminish error rate that compare 8 

column feature vectors with other feature vectors. Fit.7. shows 
8 column feature vectors. 

 

 
Fig.7. Column feature vector of fingerprint 

 

5. COMPARISON 
 
We implement that after gaining of the feature vector, 

compare it with existing feature vectors using PNN and then 
find the most identical to currently obtained fingerprint data. 

Probabilistic neural networks can be used for classification 
problems. When an input is presented, the first layer computes 
distances from the input vector to the training input vectors, 
and produces a vector whose elements indicate how close the 
input is to a training input. The second layer sums these 
contributions for each class of inputs to produce as its net 
output a vector of probabilities. Finally, a compete transfer 
function on the output of the second layer picks the maximum 
of these probabilities, and produces a 1 for that class and a 0 
for the other classes. 
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Eq. (1) represents PNN. Fig.8. shows the distance between the 
last vector and the stored four each vector, respectively. Fig.9. 
displays the result after substituting the vector distance to the 
PNN. Since the vector distance of the first one is equal to 0, 
the output value of the PNN becomes 1 that means the 
accuracy is 100%. In contrast to the first one, the output value 
of is 0 because the distances of other vectors are bigger than 
the first. 
 

 
Fig.8. Distance of each feature vector 
 

 
Fig.9. Output of PNN 

 
 

4. CONCLUSION 
 
In this paper, we implemented a fingerprint recognition 

system using the embedded Linux system. The projected 
curriculum has been proven effective as to increase the 
accuracy of fingerprint recognition system. We have known 
recognition rate were enhanced if the shape of a fingerprint is 
solitary. Also FAR and FRR is controlled using δof PNN. 
But, in case the obtained fingerprint image is rotated or moved 
outstandingly, the distinction power becomes decreased. To 
overcome these shortages, we need to install the finger guide 
that prevents the rotation and movement of the finger. Also, if 
the fingerprint looks round shape, the level of distinction 
becomes reduced. To overcome this difficulty,  we increase 
the number of the elements in the feature vector from 4 to 8 
through the column-wise DWT, where the amount of the 
calculation will be increased.  
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