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ABSTRACT 

This paper is concerned with the study and design of a fingerprint recognition system based on wavelet 
transformation. Fingerprints of 100- persons were taken as test data. These fingerprints were scaled, rotated and 
translated accordingly and compared with the original images. The system proved to be successful in the presence 
of these effects, where. The improve the feature extraction and recognition rate of the system, texture features 
were extracted from spatial domain and combined with the wavelet features. The selected texture features are well 
known for their capability to recognize images in general. The recognition accuracy, after the combination, was 
highly improved. It gives about 100% for the conditions covered in the tests. In the case of recognizing multiple 
instances for the same person, the results show that wavelet descriptors can be efficient representation (when 
compared with moment descriptors) and can provide reliable recognition in problems with large input variability. 
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INTRODUCTION  

Fingerprints is a life time unchangeable personal characteristic that has been used for a long time as a mean to 
identify individuals. However, the early attempts regarding fingerprint depended on two aspects; the ability of 
human to visual recognition and/or by mathematically by analyzing and describing the fingerprint curves. 
Therefore, automatic recognition system has recently been of significant importance to speed up the recognition 
process [1]. The main aim proposed when totally automated fingerprinting applied is to generate a fast, reliable, 
accurate and cost-effective fingerprint system. Electronic applications have witnessed a wide range of using 
fingerprint image analysis to be involved in automatic identification such as in banking, access to systems and 
criminal investigation, …etc [2]. Image analysis has involved the use of wavelets, a process in which imaging at 
a given resolution is necessary. Such resolution is used along with multiresolution decomposition and 
representation of an image [3]. Wavelet transform is characterized by its ability to transform images to time-
frequency domain of localized frequency bands. Hence, it is possible to extract the pictorial information (features) 
of an image into very compact wavelet features and the global and local visual characteristics of the image are 
conserved [4]. 

The system proved to be successful in the presence of these effects, the improve the feature extraction and 
recognition rate of the system, texture features were extracted from wavelet domain and combined with the 
wavelet features. The selected texture features are well known for their capability to recognize images in general. 
can provide reliable recognition in problems with large input variability. In addition to this introduction, this paper 
consists of the following sections: the next section is describing the wavelet transform of fingerprints image. The 
section after will be about the proposed modeling system. The section after will be section 4 will describe the test 
results obtained regarding recognition using 25-fingerprint samples. The last section will be a summary and 
discussion of the significant results in this study. 
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RELATED WORK 

Whatever the acquisition method used in fingerprint, a scanner containing a set of tiny semiconductor sensors. It 
has been observed that the variability in the pattern of a scanner is related to the characteristics of semiconductors. 
In other words, it is caused by imperfect generation of digital image (scanner output), particularly due to 
conversion the object applied to a scanner. There are two categories of process variations related to 
semiconductors parameters. Firstly, those variations occur among chips and these variations may affect all devices 
designed in a lot/from a wafer. For example, over-etching technique may cause variation in the characteristics of 
a device due to a reduced length of all transistors, process temperature and pressure differences [5]. Secondly, 
variations of intradie which are attributed to gradient effects, variations in random components and variations 
related to across-field/across-chip linewidth. If the electronic performance of two identical devices on the same 
chip is different, it called "mismatch" which means a variation in intradie parameters. There are two causes of 
mismatch; geometry and bias [6] and the device sensitivity to variations in the process parameters. Drennan and 
colleagues studied the difference between these two types of parameters that are involved in mismatch modeling 
of MOSFET transistors [7] and divided them into "the process parameters" which are physically independent and 
the "electrical parameters" which are the designers have been interested in.  

Fingerprint Image Wavelet Transform (WT) 

WT includes contractions as well as expansions in addition to translations that process the mother function by 
decomposing a signal into a set of basic functions. It is a technique with a variety in sized regions. It acts by 
cutting up data and organizing it into different frequency components followed by analyzing components with a 
resolution corresponding to its scale. In order to obtain analysis with multiresolution, both the time and frequency 
resolution can be variable to obtain a time-frequency plane instead of using fixed time and the frequency 
resolutions. One- or two-dimensional signals are allowed by WT to be decomposed into a time-frequency joint 
representation. Wavelets are a bank of functions with which the signal is correlated to be analyzed. An original 
mother wavelet ψ(t) give wavelets {ψj,k(t)} by means of dilation and shifting operations. 

ψ𝑗𝑗,𝑘𝑘(t) =  2j/2  ψ(2𝑗𝑗t − k)                                                                                                                                          (1) 

where j and k are integers. Due to the orthonormal property, the wavelet coefficients of a signal x(t) can be easily 
computed via  

a𝑗𝑗,𝑘𝑘 = ∫ x(t)−∞
∞  ψ𝑗𝑗,𝑘𝑘(𝑡𝑡) dt                                                                                                                                       (2) 

and the synthesis formula  

𝑥𝑥(𝑡𝑡) = ∑ ∑ 𝑎𝑎𝑗𝑗,𝑘𝑘𝑗𝑗𝑘𝑘  ψ𝑗𝑗,𝑘𝑘(𝑡𝑡)                                                                                                                                       (3) 

To construct the mother wavelet ψ(t), we may first determine a scaling function ϕ(t), which satisfies the two-scale 
difference equation [7]  

𝜙𝜙(𝑡𝑡) = √2∑ h(𝑛𝑛) 𝜙𝜙𝑛𝑛 (2𝑡𝑡 − 𝑛𝑛)                                                                                                                              (4) 

where n is integer. Then, the wavelet kernel ψ(t) is related to the scaling function via  

𝜓𝜓(𝑡𝑡) = √2∑ 𝑔𝑔(𝑛𝑛) 𝜙𝜙𝑛𝑛 (2𝑡𝑡 − 𝑛𝑛)                                                                                                                               (5) 

Where 

𝑔𝑔(𝑛𝑛) = (−1)𝑛𝑛 ℎ(1 −  𝑛𝑛)                                                                                                                                         (6)  

For the coefficient h (n) in (4) to be involved in the set of basis wavelet functions in (1), it should have several 
features so as to be unique, orthonormal, a considerable degree of regularity [8]. Due to its usefulness in time 
scale presentation, WT has been widely involved in signal processing as well as it is widely used in computer 
vision [9]. Interestingly, WT is different from other types of transforms in terms of localized functions of WT. 
Therefore, when transformed into the wavelet domain, many functions and operators use wavelets “sparse” 
resulting in obtaining several useful applications utilized in data compression and detection of image features 
[8,9,10]. There are matching between the generation of wavelets and the determination of the Discrete Wavelet 
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Transform (DWT) to the digital computer. There are only just multiplication and additions processes but not 
derivatives or integrals. The signal at different bands of frequency is analyzed by the DWT using a wide range of 
resolutions. This step involves two processes; decomposition of the signal into coarse approximation and detail 
information. There are two sets of function belong to DWT; scaling function, which is associated with lowpass 
filters and wavelet function, which is associated with highpass filters. In order to decomposing the signal into 
different bands of frequency, the process is simply composed of successive highpass and lowpass filtering of the 
time domain signal. The original signal x(n) is first passed through a half-band highpass filter g(n) and a lowpass 
filter h(n) [10]. By using digital filtering techniques, a time-scale representation of a digital signal is obtained with 
a pair of filters (h and g) at the heart of the DWT (lowpass and highpass, respectively). Figure (1) illustrates the 
block diagram of one-level DWT. The process involves convolution of the one-dimensional signal, x, with 
highpass lowpass filter to analyze the high and low frequencies, respectively. Each value is then down-sampled 
by two to give the transformed signals xg and xh. A DWT is obtained by further decomposing the low-pass output 
signal xh by means of a second identical pair of analysis filters. This process may be repeated, and the number of 
such stages defines the level of the transform [7-9]. 

 

Figure 1. Building Block for the one-level DWT 

To initiate this procedure, the signal (sequence) is passed through a half band digital lowpass filter with impulse 
response h(n). Filtering a signal corresponds to the mathematical operation of convolution of the signal with the 
impulse response of the filter[8,9,10].  

System Model 

As shown in Figure 2, system model involves several steps for the preparation of input image (fingerprint image) 
to extract features. These steps include shifting, rotation, and/or gray scale modification followed by feature and 
finally selecting among the combined features-sets vector and certain features are chosen in feature analysis. In 
the database, the differences between the vector of the query fingerprint and the vector of the potential target 
fingerprint, city block distance has been used. 

 

Figure 2. Block-Diagram of the proposed System Model 

Input Image  

The following steps are required for the principle to generate the fingerprint image and transform it to a new 
format [1]:  
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a) Covering the fingerprint image with ink followed by copying it to a clean, clear and light paper taking into 
consideration that it is important to avoid spots that may appear in the scanned image. Therefore, the finger should 
be pressed carefully on the paper. 

b) Converting the input image from a physical to a digital mode using a scanner, which is then saved as a JPG 
image with resolution (300dpi) and color (256 gray-level).  

Preprocessing of the Fingerprint Images 

The processing of fingerprint images can be summarized in the follows: 
 

• Images are obtained with various size and aspect ratios. 
• The fingerprint image size is standardized. 
• A preprocessing step is performed in which a resizing step to white square thumbnails of dimension (256 

× 256) with 25 gray levels. 
• The original image is rotated at a random angle about its center 
• The original image is shifted randomly in the square window of size (256 × 256 pixels), (the entire 

fingerprint should be inside the square window) 
• Rotation with shifting the rotated image randomly in the square window of size (256 × 256 pixels)  
• Gray-scale modification (Scalar Quantization) 

 
Gray-scale modification involves the use of mapping equation to changing the pixel value of point operation and 
function in order to modify the pixel’s (gray-level) values. The typical mapping equation is linear that deals with 
the original gray-level values to reach quantifiable level. Such approach is useful in processes that includes actions 
like contrast enhancement and feature improvement. Collectively, the method of enhancement depends on 
application which, therefore, are mostly developed empirically. It is necessary that one method is suitable for all 
applications.  

Features Extraction 

For each fingerprint image, sets of features were computed as follows, either from the spectral properties of the 
wavelet transform. Wavelet Features Set After converting the query fingerprint image from the spatial domain 
(the lowest level of pixel data) to its corresponding wavelet domain (the higher level-representation of wavelet 
coefficients) (see [1], a two-dimensional wavelet transform is obtained by repeated application of the one-
dimensional discrete wavelet transform algorithm), a set of wavelet features were calculated. by using Algorithm 
(1), in which features can be extracted by recursively decomposing the wavelet transform representation in the 
low frequency channels.  

Algorithm (1): Pyramidal Wavelet Transform Decomposition   

Step1: After decomposing an image (2-D wavelet is transformed into 4 sub-images) the decomposed image is 
divided into four sub-bands after as follows: horizontal, vertical, diagonal sub-images in addition to a low 
resolution sub-image (Figure 3). 

 

Figure 3. Quad tree representation of three-level wavelet decomposition image 
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Step2: Calculate the value of e for each decomposed image (children node). That is, if the decomposed image is 
x(m,n),  

From practical point of view, for the iterative decomposition process, it is important to use sub-images that have 
the smallest size as a stopping condition. Choosing a channel with very narrow size to be decomposed results in 
variable location and e value for the feature resulting in unreliable features due the wide of difference from image 
to image. It has been widely agreed [1] that the minimum size of the smallest sub-images should be 16×16. As a 
result, for an image with an input size, for example (256 × 256 or 64 ×64), it is appropriate to use a 4-level or 2-
level pyramidal wavelet transform. 

Feature Analysis  

One of the common problems associated with this topic is that there are many available features so it is important 
to select which of them are better to be measured to be used as parameters in the assessment of discrimination 
function. The aim is to select, among all the available features, those whose combination in a discrimination 
function will lead to an optimal classification. Exactly what we do with the features will be application dependent.  
 

a) The Sorting of Features: The extraction of features from a fingerprint sample image “P” belongs to the 
original database in different angles 00, 900, 1800, and 2700 is shown in Table (1) by using D2 wavelet 
coefficients. The results in Table (1) clearly indicate that the features of the same fingerprint with anti-phases 
are identical (00 with 1800 and 900 with 2700). By comparing between features of phase 00 to that of 900 
at each level, it was found that the horizontal details in phase 00 become vertical details in phase 900 and 
vice versa. Therefore, a sort process is required between LH and HL details.  

b) Selecting Features from Features Vector: From the previous table, it is clear that any fingerprint which has 
right angle or in opposite angle from its origin, gives equivalent features vector in the case of sorting LH and 
HL details. So the variation in features vectors for a rotated fingerprint between phases 00 through 900. The 
pattern of fingerprint, in general, is composed of information belongs to image of fingerprint that is 
concentrated in the horizontally and vertically oriented sharp edges. Therefore, the best tree patterns of 
algorithm have been chosen that do not decompose the diagonal details. 

Binarization and Thinning 

Thinning is a final step in the fingerprint, a step that is typically processed just before minutiae extraction. It 
involves an operation in terms of image's morphology that successively gets rid of the foreground pixels to obtain 
one pixel wide by employing a standard thinning algorithm which uses two sub-iterations in the thinning process. 
To get access to this algorithm in MATLAB, it is as follows "`thin' operation –bwmorph function". At the 
beginning in this process, each sub-iteration examines the neighborhood of each pixel in the binary image, 
followed by pixel-deletion to delete those pixels that can be deleted until no more pixels can be deleted. By 
applying thinning algorithm to a fingerprint image, the connectivity of the wavelet structures is preserved as it 
forms a version of the binary image with skeleton which is then used in the minutiae extraction subsequently. 

Matching  

A query fingerprint is compared with potential tset fingerprints in the database by determining the by applied the 
correlation equation   between their corresponding features vectors.  

Simulation Results 

The first  read image  the  enhancement and apply median filter  and segmentation impotent part , then apply  the 
wavelet transform  the image as shown in figure (4) , figure(5),figure(6) , and figure(7). The figure (8) show the 
main window where display  read training  image and test image then apply median filter  
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Figure 4. Input Fingerprint 

 

Figure 5. Segmented Image 

 

Figure 6. Normalized Image 

 

Figure 7. Wavelet decomposed 
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Figure 8. The main window of system 

Figure 9. Show the correlation between test image and training image 

CONCLUSION 

This work has presented an attempt to design a fingerprint recognition system, which is invariant to the input 
fingerprint in the case of rotation, translation and scale size. Further improvements in the ability of the system can 
be achieved by combining spectral and statistical features together in a single vector. Based on the results of 
computer simulation tests, a number of conclusions can be drawn, these are: 

1. The experimental results show that the four wavelet decomposition levels provides the most appropriate 
features set for fingerprint discrimination process. 

2. The extraction of moment features takes more computational time than the extraction of wavelet features. On 
the other hand, it gives best recognition results for the case of single instance per person. 

3. Using wavelet features (by applying Db4) gives better recognition accuracy than using moment features for 
the case where different fingerprint images for the same person are used. 

4. Combining the wavelet features with the moment features gives the highest recognition accuracy in the case 
of multiple instances per person. 

5. According to the obtained results, the proposed image scalar quantization needs to be performed before 
extracting the wavelet and texture features, since it improves the recognition accuracy. 
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