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Abstract- Critical and indispensable step in biometric fingerprint image processing is thinning. The speed and reliability of 
thinning process are more important for the fingerprint. In this paper a fast fingerprint thinning algorithm is introduced. We 
have modified the thinning algorithm which was proposed by Saleh, Eldin and Wadah [1].The unique feature of our 
modified algorithm that directly works on gray scale images after normalization process not the binarized one where 
binarization of fingerprint causes many spurious minutiae and removes some important features and algorithm makes use of 
parallel processing of each individual image segments of size 8×8 pixels to speed up the execution without segmentation and 
ridge extraction. This paper presents the implementation of algorithm on Spartan- 3E XC3S100E FPGA as an appropriate 
solution for portable devices and for low-cost consumer market. Experimental results shows thinning of fingerprint image 
are obtained in 321ms when an image of 256×256 pixel is analyzed.  
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I. INTRODUCTION 
 
Determining the identity of person has became a 
critical task in a global and inter-connected society. 
Cash terminal, ATM machines, access control system 
are some examples of security systems where user 
identity is fundamental information. Biometrics 
measures a physiological or behavioral characteristic 
that allows reliable identification. Some well-known 
biometrics such as fingerprint, iris, face and hand 
geometry are the basis of civilian are forensic 

identification system today. Fingerprint identification 
is Perhaps most common biometrics method 
employed in the field of authentication because it is 
low-cost, capture device is small and it has high 
algorithm recognition rate. Fingerprint is one of the 
most wide spread identification technique allowing 
High-Medium confidence rate. A fingerprint can be 
seen as interleaved ridges and valleys on the surface 
of the finger. As shown in fig.1 the image usually 
with 256 gray-level, consists of dark (ridges) and 
bright (valleys) lines. 

 

 
Fig.1:Acquired fingerprint sample 

 
The fingerprint feature extraction and matching 
approach relies on the fact that the uniqueness of 
fingerprint can be determined by detecting prominent 
singular points known as minutiae, which are 
represented either by bifurcation or termination of 
ridges. The solution proposed in this work focuses on 
the thinning process that involved in automatic 
fingerprint identification system (AFIS) often by 
extracting and matching of fingerprint minutiae 
features around core point, such as ridge termination 
and bifuraction. A typical AFIS often consists of 
these stages: Fingerprint acquisition, image 

processing such as normalization,thinning etc. Fig.2 
presents the general algorithm flowchart for a general 
fingerprint feature extraction system. Thinning is the 
process of reducing the thickness of each line of 
patterns to a single pixel. Thinning is critical 
preprocessing step to obtain skeletons for pattern 
analysis in fingerprint recognition. Most current 
thinning algorithm works on binarized image, where 
many spurious minutiae results during minutiae 
detection phase. New modified thinning algorithm 
which works directly on gray scale version of the 
fingerprint image is needed. 
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Fig.2: General flow of fingerprint minutiae features extraction 

 
II. FINGERPRINT SIGNATURE 

STRACTION 
 
The aim of a fingerprint identification algorithm is to 
extract a set of singular points known as minutiae that 
allow one individual to be singled out. The minutiae 
correspond normally to the end or termination and 
bifurcation of ridge lines. The minutiae extraction 
algorithm processes the fingerprint image in several 
stages in order to find bifurcation and termination of 
ridges. The number of stages and the preprocessing 
involved in each one is differing slightly depending 
on the algorithm employed. 
 
NORMALIZATION 
The first step in fingerprint analysis is to standardize 
pixel intensity by adjusting the range of gray-level 
values to determine mean and variance. In our work 
we used improved algorithm for enhancement of 
fingerprint image, which have the adaptive 
normalization based on block processing. To obtain 
an enhanced fingerprint image, first an input image is 
partitioned into sub-block with the size of K×L (8×8) 
and region of interest (ROI) of the fingerprint image 
is acquired. The parameters for the image 
normalization are then adaptively determined 
according to the statistics such as estimated mean and 
variance of each block. 
 
ADAPTIVE IMAGE NORMALIZATION 
BASED ON BLOCKS PROCESSING: 
For a given fingerprint image I which is defined as 
N×M matrix and I(i,j) represents the intensity of the 
pixel at ith row and jth column, normalization process 
involves in 

 

 
 

Where Mo and VARo are desired mean and variance 
values and M and VAR are the computed mean and 
variance of given image. The desired Mo and VARo 
should be pretuned according to the characteristics of 
input image. For a given fingerprint image, the 
proposed normalization algorithms are composed of 
following steps: 
 
1. Histogram equalization: This step defined a 
mapping of gray level p into gray level q is uniform. 
This mapping stretches contrast for gray levels near 
the histogram maxima and improves the detect ability 
of image features. 

2. Selection of region of interest (ROI): Since the 
image has some background noise, the algorithm may 
process the area outside the fingerprint. This can 
cause erroneous feature in the algorithm, thus the 
fingerprint area in the input image should be pre-
selected in advance. To do this, the input image is 
divided into the non-overlapped K×L blocks. In this 
work, we utilized a block size of 8×8 pixels. Among 
all partitioned blocks, the blocks which have high 
variance of gray level are selected for next steps. Let 
Vi be the variance of the gray level for ith block, 
block classification is performed as: 
 

 
 
Where BROI is region of interest, Borigin is original 
image data; 0 is a zero block in which all elements 
are zero values. 
 
3. Adaptive image normalization based on local 
priority: 
For the acquired ROI, the initial Mo and VARo are 
first estimated utilizing a role as the reference value 
in the adaptive processing. 
 
III. PROPOSED THINNING ALGORITHM 
 
The fig.3 presents the flowchart of the proposed 
algorithm, which is divided into following steps: 
1) Divide the fingerprint image into blocks (8×8) of 
two types, near horizontal ridge as type-1 or near 
vertical ridge as type-2. 
2) After this step, each block is reduced from gray-
scale block values from 0 (black) to 255 (white) of 
size 8×8 into a single value block-1 for type-1 and 0 
for background of size 1×1.  
3) Segment the image to deal only with blocks of 
type-1 and type-2 containing the fingerprint area 
without background. 
4) Determine the coordinates of blocks in the image 
of horizontal type alone and that of vertical type 
alone. 
5) Scan each group of consecutive block of type-1 
vertically column by column to find the local 
minimum values and set these pixels to one in the 
new image. 
6) Scan each group of consecutive block of type-2 
horizontally row by row to find the local minimum 
values and set these pixels to one in the new image. 
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7) Initialize the new array of same size of original 
fingerprint with zeros to represents the thin 
fingerprint. 

 
Fig.3: Flowchart of the proposed algorithm. 

 
The various steps of algorithm can be implemented 
as:   
If the block is in the fingerprint image area (not the 
background) then, Sum_of_Cols = Sum of gray 
values of each column in the block; Sum_of_Rows = 
Sum of gray values of each row in                                                                       
the block; 
MIN1 = Minimum value of vector “Sum_of_Cols”; 
MIN2 = Minimum value of vector “Sum_of_ Rows”; 
END if; 
IF MIN1 > MIN2 Then 
This block is identified as type-1; 
Else 
This block is identified as type-2; 
End if 

End 
As an example, consider the block (8×8) located at 
the   intersection of row (57-64) and column (65-72), 
the bold rectangular shown in the figure 4(a) the 
values obtained are shown in table (1).           
        
As it seen from table, the centre line of ridge is 
shaded and this is what the thinning algorithm should 
reach, when Sum_of_Cols and Sum_of_Rows vector 
(1×8) are calculated and minimum value each  vector 
(MIN1 > MIN2 respectively) is determined it is 
found that MIN1> MIN2.So that we can identify the 
block as horizontal (type_1). 
 
As another example, taking another block (8×8) 
located at intersection of rows (225-232) and columns 
(193-200), the rectangle shown in figure 4(b) the 
values obtained are shown in table (2). 
 

 
 

 
 

 
Table (1): gray values of type_1 block. 

 

Table (2): gray values of type_2 block. 
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Step 2 in the algorithm is for segmentation of 
fingerprint image, the steps are as: 
 
After step1, we have for each block of size 8×8.A 
corresponding block of size 1×1 with value of 0, 1, 
and 2. The perimeter of the fingerprint area is 
detected where we will have binary image of 1s in the 
perimeter and zero elsewhere. So now we can find the 
left most and right most block Indies with value 
1.These four blocks indices will guide us to 
determine the rectangle location containing the 
fingerprint without background and the segmentation 
result of an image will be get segmented after the 
original size of image. 
 
Step 3 in the algorithm is implemented to deal 
severalty with each type alone. During recording the 
indices, each consecutive blocks of certain type is 
tagged with a zero to separate it from the next 
consecutive blocks of the same type. After 
implementing the remaining steps, the thin fingerprint 
is obtained as shown in figure 4(d). As seen, the ridge 
lines are one pixel wide.  
 

 
 

 
 

 
Table (3): Result of thinning of block of table (1). 

 
Table (4):  Result of thinning of block of table (2). 

 
IV. EXPERIMENTAL RESULTS: 
     
In order to evaluate the performance of this 
algorithm, normalization, thinning phases are 
programmed in VHDL is realized and whole minutiae 
flow of fingerprint processing mentioned in section-I 
are implemented in Matlab for verification. Figure 
4(c) shows original input of 256×256 gray scale 
image and figure 4(d) represents the thinned 
skelitonized image.  
 
In our observation, for thinning the total area interms 
of total number of slices occupies 5% of FPGA 
Spartan-3E XC3S100E. Fingerprint from the database 
is tested by VHDL program, takes execution time of 
321m.s. Modelsim is used as simulation tool and 
Xilinx 10.1 version is used as synthesis tool. The total 
timing cost for both normalization and thinning 
process is 12861800 clock cycle. The system runs at 
40 MHz, and then total time up to thinning is 321ms. 
 
EXECUTION TIME FOR ALGORITHMS: 
 

 
STAGE 

 
EXECUTION TIME 

 
NORMALIZATION 

212ms 
109ms 

 
THINNING 

 
212ms 

 
TOTAL EXECUTION  

TIME 

 
321ms 

  
PARAMETER USED IN NORMALIZATION 
ALGORITHM: 
 

Selected Threshold 
Voltage value 

 
Vt=100 
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FPGA DESIGN EDITOR OF PROPOSED 
ALGORITHM: 
 

 
 
 

SYNTHESIS RESULT OF NORMALIZATION 
ALGORITHM: 
 

 

SYNTHESIS RESULT OF THINNING ALGORITHM: 
 

 
CONLUSION AND FUTURE WORK: 

 
In this paper, a fast modified direct gray scale 
algorithm is proposed for fingerprint thinning without 
need to first binarized the image which can  
drastically improves the thinning operation 
efficiency. The system is built on Xilinx Spartan-3E 
XC3S100E series. The clock rate at which the board 
runs is 40 MHz taking 321ms in time including for 
both normalization and thinning stages. Requires area 
of only 20% of total CLBs. By utilizing adaptive 
normalization and modified thinning algorithms, the 
experimental result shows that the algorithm is more 

accurate and very fast with less area utilization due to 
the segmentation process. Future work will focus on 
the implementation of the fingerprint recognition 
system. The communication between each block of 
operation and handshake signals used for fusing into 
FPGA is expected to be bottleneck of the whole 
system. 
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