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Abstract— This paper presents a new fingerprint minutiae 
extraction approach that is based on the analysis of the ridge 
flux distribution. The considerable processing time taken by the 
conventional approaches, most of which use the ridge thinning 
process with a rather large calculation time, is a problem that 
has recently attracted increased attention. We observe that the 
features of a ridge curve are very similar to those of a vector flux 
such as a line of electric force or a line of magnetic force. In the 
proposed approach, vector flux analysis is applied to detect 
minutiae without using the ridge thinning process in order to 
reduce the computation time. The experimental results show that 
the proposed approach can achieve a reduction in calculation 
time, while achieving the same success detection rate as that of 
the conventional approaches. 

I. INTRODUCTION 

   For many years, fingerprint identification has been a well 
known and attractive identification method. Because of the 
progress in the field of computers and embedded processors, 
fingerprint identification can now be automatically 
accomplished by using a stand-alone system. Fingerprint 
identification technology is widely used in personal 
recognition systems, for example, door-lock control systems 
and PC user management systems [1, 2]. 
   Fingerprint representations can be broadly categorized into 
two types: global and local [3]. Global representation is an 
overall attribute of a finger; a single representation is valid for 
the entire fingerprint and is typically determined by an 
examination of the entire finger. In contrast, a local 
representation consists of several components, each of which 
is typically derived from a spatially restricted region of the 
fingerprint. 
   The most widely used local features are based on minute 
details called the minutiae of ridges. Localization of the 
minutiae in a fingerprint forms a valid and compact 
representation of the fingerprint. Very often in automatic 
fingerprint matching, only two most relevant types of 
minutiae are used for identification. Several approaches to 
local automatic minutiae extraction have already been 
proposed. Although rather different from one another, most of 
these methods transform fingerprint images into binary 
images through an ad hoc filtering algorithm. A thinning 
process is then carried out on these binary images. This 
process reduces the thickness of the ridge line to the width of 
a single pixel. Finally, a simple image scan is carried out in 
order to locate the pixels that correspond to the minutiae, i.e., 

terminations and bifurcations [3, 4, 6].  
   In this paper, a new minutia extraction method is proposed. 
This method does not contain the ridge thinning process; this 
elimination of the thinning process leads to a faster minutiae 
extraction. Since it is well known that the features of ridge 
curves are very similar to those of fluxes such as lines of 
electric force, or lines of magnetic force, it is possible to 
detect minutiae by using the vector analysis approach for 
ridge curves. In this approach, minutiae are extracted on the 
basis of the assumption that ridge curves have the same 
features as those of vector fluxes. The proposed method has 
low computational complexity as compared to the 
conventional method [3, 4] and is suitable for parallel 
implementation. Nowadays, as most researchers are aiming to 
host biometric systems onto cheap, small, portable, and low-
power hardware architectures, issues related to the reduction 
in the computational complexity are attracting increased 
attention. Moreover, such architectures are characterized by 
low computing capabilities, limited memory, and a small 
biometric template size [5]. 

II. OVERVIEW OF RIDGE FLUX ANALYSIS 

A. Overview of conventional approach 

(a) original image. (b) binary image. (c) extracted minutiae.

termination bifurcation

 
Fig. 1   Overview of conventional approach. 

Most automatic systems for fingerprint comparison are 
based on minutiae matching; hence, fast and reliable minutiae 
extraction is an extremely important task, and considerable 
research has been devoted to this topic. Although rather 
different from one another, most conventional methods 
require the conversion of a grayscale image of a fingerprint 
into a binary image. Some binarization processes greatly 
benefit from a priori enhancement. In contrast, some 
enhanced algorithms directly produce a binary output, and 
therefore, the distinction between enhancement and 
binarization is sometimes faded. The binary images obtained 
by the binarization process are usually submitted to a thinning 
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stage, which allows the thickness of the ridge line to be 
reduced to one pixel. Finally, a simple image scan allows the 
selection of pixels that correspond to the minutiae. An 
overview of the conventional approach [3, 4] is shown in Fig. 
1. 

B. Basic Concept of Ridge Flux Analysis 
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Fig. 2  Similarity between ridge fluxes and lines of electric force. 

The pattern of a ridge curve is very similar to that of a 
vector flux. Fig. 2 shows a comparison between the pattern of 
a ridge flux and the pattern of a line of electric force. It can be 
regarded that the ridge curve is generated from the bifurcation 
(the flux source) and is terminated at the terminal (the flux 
drain), as shown in Fig. 2 (a). Similarly, the line of electric 
force is generated from the plus charge (the line source of 
electric force) and is terminated at the minus charge (the line 
drain of electric force). In our investigations [7, 8, 9, 10], we 
have found that there are similar features between a ridge 
curve and a vector flux. In this paper, we have assumed that 
minutiae can be precisely detected by using a vector analysis 
approach called the ridge flux analysis. 

C. Outline of Ridge Flux Analysis 

(Step 2) Generation of binary image f (x, y).

(Step 3) Generation of grad f (x, y). 

(Step 4) Generation of div ( grad  f (x, y) ). 

(Step 5) Extraction of minutiae.

(Step 1) Pre-processing.

 
Fig. 3  Outline of the ridge flux analysis. 

An outline of the ridge flux analysis is shown in Fig. 3. 
There are five steps, i.e., pre-processing, binarization, 
generation of the gradient vector grad f (x, y), generation of 
the divergence image div (grad f (x, y)), and minutiae 
extraction. 

In Step 1, the average filtering, the detection of the ridge 
direction, and the directional filtering along the ridge 
direction are carried out in order to enhance the image quality 
[1, 2, 3]. 
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Fig. 4  Ridge and its gradient. 
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Fig. 5  Projection of the gradients grad f (x, y) around a terminal and a 

bifurcation. The value of divergence div (grad f (x, y)) tends to be 
larger around the minutiae. 

In Step 2, the pre-processed grayscale image is separated 
into several small rectangle blocks, and the binary image f (x, 
y) from the pre-processed grayscale image is generated by the 
local binarization for each block; this binarization is based on 
the assumption that the average of the pixel value can be 
considered to be the threshold for each block. 

In Step 3, the gradient image (vector) grad f (x, y) is 
generated from the binary image f (x, y). The relation between 
grad f (x, y) and f (x, y) is shown in Fig. 4. grad f (x, y) can be 
represented as 
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Since the derivative can be approximately represented by a 
linear approximation, the differential value along the x axis 
can be represented as 
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where kx is the specified constant value. Similarly, the 
differential value along the y axis can be represented as 
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where ky is the specified constant value. This means that a 
Sobel filter can acquire the average of each differential value 
along both the x direction and the y direction. These Sobel 
filters can output elements in both x and y directions of the 
gradient image grad f (x, y). 
    In Step 4, the divergence image div (grad f (x, y)) of the 
gradient image vector grad f (x, y) is generated in order to 
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find locations that have a high probability of the existence of 
minutiae. On the basis of this investigation, we have 
concluded that the divergent image div (grad f (x, y)) has a 
relatively high value around the location where a termination 
point of ridges is relatively closer. Further, it tends to have a 
relatively small value when a bifurcation is close. The 
relationship between the gradient image grad f (x, y) and the 
divergence image div (grad f (x, y)) is shown in Fig. 5. The 
value of div (grad f (x, y)) can be represented as 
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Using the linear approximation, we can represent Π(x, y), 
which is an approximate value of div (grad f (x, y)), as 
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where k is the specified constant value. 
In Step 5, the minutiae location is extracted by using the 

binarization of divergence image div (grad f (x, y)); this 
binarization is based on the given threshold value.  

An example of each output from every step is shown in Fig. 
6. Fig. 6 (a) is an original fingerprint image, and Fig. 6 (b) is 
the binary image f (x, y) generated from the image shown in 
Fig. 6 (a) by applying an ad hoc filter in order to improve the 
image quality. Fig. 6 (c) shows the projection to the x-y plane 
of the gradient image grad f (x, y). Both the x coordinate and 
the y coordinate are calculated using the Sobel filter. Fig. 6 
(d) shows the divergence image div (grad f (x, y)) generated 
from Fig. 6 (c). Fig. 6 (d) is the binary image of div (grad f (x, 
y)), which is generated by the binarization based on the given 
threshold Th by the trial-and-error approach. White dots 
indicate the minutiae point, where the value of | div (grad f (x, 
y)) | becomes relatively high. In the next section, the effect of 
the amplitude of Th is discussed. The final result of the 
minutiae extraction is shown in Fig. 6 (f). 

 
 

III. EXPERIMENTAL RESULTS 

A. Optimization of  Threshold Value for Minutiae Detection 
It is very important to optimize the value of the threshold 

Th for the binarization of the divergence image. In order to 
find the optimal value of the threshold Th, we varied its value 
from 180 to 230 in steps of 10 and investigated the binary 
image of each divergence image. Fig. 7 shows the results of 
the binarization based on the threshold Th. When Th is small, 
there are several white dots around the minutiae, as shown in 
Fig. 7 (a) and Fig. 7 (b). In contrast, several minutiae cannot 
be extracted when Th is large. This means that there exists an 
optimal value of Th for the minutiae extraction. On the basis 
of our investigation, we calculated the optimal value of Th to 
be 200° for this example. 

B. Example Result of Minutiae Extraction 
An example result is shown in Fig. 8. In order to compare 

our approach with the conventional approach [3, 4], we have  

 

(a) original image.

(b) local binarization image  f (x, y).

(c) gradient image  grad f (x, y).

(d) divergence image div(grad f (x, y)).

(e) binary image of divergence image.

(f) result of minutiae extraction.

gradient vector
 grad f (x, y).

 
Fig. 6  An example of the result image at each step in Fig. 4. 

shown the original image and the result by the conventional 
approach in Fig. 8 (a) and Fig. 8 (b), respectively. If there are 
several minutiae which are placed adjacently, the center 
location of adjacent minutiae is determined as the truth 
location of the correct minutiae location. All minutiae are 
extracted correctly in the results by both the conventional 
approach and the proposed approach. 

The processing time taken to extract minutiae by the 
conventional approach [3, 4] using Pentium D 3.2 [GHz] 
Windows XP PC with 1 [GB] DRAM is 190 [ms], while the 
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processing time in the case of the ridge flux analysis is 641 
[ms]. This shows that the proposed approach is faster than the 
conventional approach and that it achieves the same success 
detection rate of minutiae as that of the conventional approach, 
without carrying out the thinning process. 

IV. CONCLUSION 

This paper presents a new fingerprint minutiae extraction 
approach that uses a ridge flux analysis. During our 
investigations, we observed that the features of the ridge 
curve were very similar to those of a vector flux such as a line 
of electric force or a line of magnetic force. In this approach, 
vector flux analysis is applied to detect minutiae without 
using the ridge thinning process in order to reduce the 
computation time. The experimental results show that the 
proposed approach can achieve a reduction in the calculation 
time, while achieving a success detection rate that is the same 
as that obtained by using the conventional approaches. 
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(a) Th = 180. (b) Th = 190.

(c) Th = 200. (d) Th = 210.

(e) Th = 220. (f) Th = 230.  
Fig. 7  Similarity between ridge curves and lines of electric force. 

(a) original image.

(b) result obtained using conventional method.

(c) result obtained using Ridge Flux Analysis.  
Fig. 8  Example result obtained using the ridge flux analysis and a 

conventional method. 
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