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Abstract— In recent years security is becoming most important role in our daily activities. We need to carry ATM cards; 
credit cards; license and also we need to remember. These all have disadvantages like robbery, theft, remembering 
passwords. So for these reason biometric identification technique is used and fingerprint recognition is the one of the most 
popular biometric identification technique. Currently fingerprint technology is suitable to recognize users with high 
accuracy, high flexibility and low execution times, using microprocessors able to solve algorithms with high- computational 
cost. This proposed algorithm presents the implementation of a whole minutiae extraction fingerprint algorithm using a 
Spartan-6 FPGA, as an proper solution for portable devices and for the low-cost consumer market.  
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I. INTRODUCTION 
 
       Biometric patterns are unique to an individual. 
For different credit cards, ATM cards and many other 
things we have to remember password which may be 
misplaced lost or stolen. These disadvantages are 
overcome by biometric identification technique [1] 
[2]. Fingerprint identification is the firstborn method 
among all the biometric techniques, and has been 
used in several applications. Identification systems 
based on biometric features lack of these problems, 
since the user’s character is determined based on 
physiological or behavioral features unique for each 
person. Fingerprint is one of the most popular 
identification techniques allowing high level 
confidence rates. Additionally, the small-size and low 
cost fingerprint sensors are used to capture images 
has added to increase its commercial use. A 
fingerprint can be realized as a set of enclosed ridges 
and valleys on the surface of the finger as shown in 
Fig. 1.[3].  
       More recently, FPGAs such as the Xilinx Virtex-
7 or the Altera Stratix 5 have come to rival 
corresponding ASIC and ASSP solutions by 
providing significantly reduced power, increased 
speed; lower materials cost, minimal implementation 
real-estate, and increased possibilities for re-
configuration 'on-the-fly'[5]. In the proposed project 
fingerprint algorithm is focused on improving their 
performances, basically increasing the reliability and 
reducing the error rates.  In this proposed system 
implementation is based on a high-performance 
microprocessor, such as a desk computer, able to 
work at frequencies in the GHz range.The algorithm 
runs on a microprocessor that sequentially executes 
the processes involved in the fingerprint processing. 
Recent years in the field of microelectronics have 
improved the microprocessor computational power 
which allows algorithms to run with without 
increasing the execution times and with high 
accuracy. Low-cost microprocessors, more suitable in 

the consumer’s device market, are generally too slow 
for applications requiring intensive computations 
such as those involved in minutiae fingerprint 
extraction. 
      A dedicated coprocessor allows accelerating the 
processing time in those applications whose 
execution can be carried out using high-speed parallel 
processing or several pipeline stages. There are 
several examples that show as dedicated coprocessor 
performances can overcome those offered by 
microprocessors in fingerprint processing. 
Coprocessors require a major design effort, especially 
for algorithms which are based on floating point 
calculations or when sequential operations obstruct 
the application of parallelism. In these cases a 
software implementation on microprocessor is better 
than in dedicated hardware. The fundamental concept 
of a hardware-software co-design is to take advantage 
from both hardware and software implementations. 
The system architecture consists in different hardware 
coprocessors that increases speed of the tasks 
responsible for the high execution times and a low 
cost microprocessor, which executes sequential or 
simple operations. Moreover, these architectures can 
be implemented in low-cost devices like FPGAs 
(Field programmable Gate Arrays) with the additional 
benefits related to this technology such as short NRE 
(Non-Recurring Engineering) cost and time-to-
market. As Fig. 2 shows, the capture device returns 
an image, usually with 256 grey-levels, which 
consists of dark (ridges) and bright (valleys) lines [4].  
      The Finger Print Sensor module is used to capture 
Finger print Images [3]. These Images are then saved 
locally on the hard Disk. The images can then be 
retrieved for processing and Algorithm 
implementation. Desktop Application such as a PC 
Application is used to convert the stored Image to 
binary data stream to be fed to the FPGA Board. This 
development board features Xilinx XC6SLX9 
TQG144 FPGA with maximum 70 user IOs. The 
USB 2.0 interface provides fast  
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Fig. 1. Fingerprint Structure 

      
Fingerprint Sensor           Computer 

 
Fig. 2. Block Diagram of overall System 

 
and easy configuration download to the on-board SPI 
flash. The Algorithms will be implemented on this 
Board. The board will return response / error code 
back to PC after processing. 
 
II. MINUTIAE EXTRACTION ALGORITHM 
 
      The proposed project is based centrally around 
“MIMAS”. Mimas is an easy to use FPGA 
Development board featuring Xilinx Spartan-6 
FPGA. Mimas is specially designed for 
experimenting and learning system design with 
FPGAs. This development board features Xilinx 
XC6SLX9 Sparten-6 FPGA. The USB 2.0 interface 
provides fast and easy configuration download to the 
on-board SPI flash. A PC based application will 
convert Images captured by a finger print device into 
binary bit stream which shall be transferred to the 
FPGA via RS232/USB. The soft processor and 
hardware accelerator unit shall be designed using 
VHDL on Xilinx ISE. 
      The minutiae extraction algorithm embedded in 
the soft processor, processes the fingerprint image in 
several stages in order to find the singular points 
related to bifurcation and termination of ridges. The 
stages in our proposed project being as follows [4] 
[5]. 
A. Normalization 
      Normalization is the first step in fingerprint 
analysis of minutiae extraction algorithm. In this step 
we standardize the pixel intensity by adjusting the 
range of grey-level values to a determined mean and 
variance. This step is important because it facilitates 
the processing of subsequent stages where a typical 

threshold that depends on the intensity and contrast of 
the image is used [2] [4]. 
B. Segmentation 
      In this segmentation step we separate the 
foreground from background areas. The background 
area does not contain any 
information and it corresponds to the region outside 
the borders of the fingerprint. Foreground is 
associated with region that contains the information 
about ridges and valleys As shown in Fig.3. a the 
background presents a very low grey-scale variance, 
whereas due to the presence of ridges and valleys the 
foreground exhibits a high variance[2] [4].  
C. Ridge extraction 
      The output of this ridge extraction is in the binary 
form that is captured fingerprint image is binary 
image. The value of each pixel could be 0 or 1.Pixel 
value set to 1 corresponds to background valley and 
pixel value 0 corresponds to foreground ridge. In this 
ridge extraction the primary step consists of an 
enhancement of the image by obtaining a better 
definition between the ridges and valleys as is shown 
in Fig.3.c.[2] [4]. 
 
D. Thinning 
      The thinning process consists of a set of iterative 
morphological operations that reduces the width of 
ridges until they are one pixel wide. Thinning is 
performed prior to minutiae extraction. The Zhang-
Suen was the parallel thinning 
algorithm used to perform this stage. The thinned 
image is shown in Fig.3.d. [2] [4]. 
 

 
Fig.3.Stages involved fingerprint minutiae extraction 
algorithm: a) Original fingerprint, b) Segmented 
fingerprint, c) Ridge extraction and d) Thinning and 
minutiae extraction 
 
E. Minutiae Extraction 
      The minutiae extraction algorithm is carried out 
by only by examining the connectivity of the pixels in 
the thinned image. A pixel with a connectivity of 3 
leads to bifurcation. Pixel with connectivity of 1 leads 
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to an ending minutiae, whereas any other is not a 
significant pixel [2] [4]. 
 
F. Post-processing stage 
      Post-processing stage eliminates false minutiae 
which are carried out after running the minutiae 
extraction. Undesired spikes and breaks leads to 
many spurious minutiae present in thinned image. 
These all are detected and removed based on 
heuristics methods [2] [4]. 
 
III. HARDWARE/FPGA BOADRD AND ITS 
WORKING 
 
A. Introduction to FPGA Board 
      Mimas is an easy to use FPGA Development 
board featuring Xilinx Spartan-6 FPGA. Mimas V2 
(Version 2) is specially designed for experimenting 
and learning system design with FPGAs. This 
development board features Xilinx XC6SLX9 in 
CSG324 package. The USB 2.0 interface provides 
fast and easy configuration download to the on-board 
SPI flash. You don’t need a programmer or special 
down loader cable to download the bit stream to the 
board. 
 
B. Board Features 

  FPGA: Spartan XC6SLX9 in CSG324 
package  

 DDR Memory: 166MHz 512Mb LPDDR 
(MT46H32M16LF/W949D6CBHX6E)  

 Flash memory: 16 Mb SPI flash memory 
(M25P16)  

 USB 2.0 interface for On-board flash 
programming  

 FPGA configuration via JTAG and USB  
 8 LEDs ,Six Push Buttons and 8 way DIP 

switch for user defined purposes  
 VGA Connector  
 Stereo Jack  
 Micro SD Card Adapter  
 Three Digit Seven Segment Displays  
 32 IOs for user defined purposes  
 Four 6×2 Expansion Connectors  
 On-board voltage regulators for single 

power rail operation 
 
IV. EXPERIMENTAL RESULTS 
 
       The result of FPGA based fingerprint minutiae 
extraction algorithm will be as shown in figure 4 in 
MATLAB. In this proposed project fingerprint 
minutiae extraction algorithm is implemented using 
FPGA with several advantages. Proposed algorithm is 
implemented using Visual C language and VHDL 
programming for the hardware implementation. For 
this application a fingerprint image is captured  using 
USB  finger 
   

 
Fig. 4.  Minutiae extraction result 

 
in print sensor and minutiae points are extracted in 
PC and also in FPGA Board with high performance 
and less execution time. 
 
CONCLUSION 
 
      In this proposed paper we will implementing 
fingerprint minutiae extraction algorithm using FPGA 
with many advantages. Advantages of FPGAs include 
the ability to re-program in the field to fix bugs, and 
may include a shorter time to market and lower non-
recurring engineering costs. Vendors can also take a 
middle road by developing their hardware on 
ordinary FPGAs, but manufacture their final version 
as an ASIC so that it can no longer be modified after 
the design has been committed. The proposed project 
presents the hardware-software co-design of a 
fingerprint minutiae extraction algorithm. Because of 
using FPGA in our proposed project is based on an 
embedded low-cost microprocessor and several 
coprocessors units that speed-up the execution time 
of the whole algorithm.  These performances can be 
obtained if the system is implemented with internal 
dedicated coprocessors. 
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