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Abstract— This paper demonstrates the application of Gabor Filter technique to enhance the fingerprint
image. This work produces change in Gabor filter design by increasing the quality of an output which
helps in higher security applications. The incoming signal in form of image pixd will be convoluted by
Gabor filter to define the Edge and vale regions of fingerprint. The main characteristic of this paper isto
storeimage pixel in memory if convolution signal islow and if the signal is high imageisfiltered.

Index Terms—Digital Gabor flter,Fingerprint , Kernel Coefficient, Matlab, M odelism, Xilinx.
[. INTRODUCTION

Fingerprinting is the most affordable and at the same time the best way for security and are included in
some important documents such as Personal identification, Personal accounts, Personal Motor identity, and others
to avoid the use or access of unauthorized persons. The vae and their characteristics of our fingers are unique.
Each person has different and unique edges on finger. The patterns of fingerprint are extensively modified but the
accuracy of edges remained unchanged. Fingerprint image need to be very sharp and clear. Since in some cases
there may be mismatchesin fingerprint recognition if it is not so clear. Its main application is for security purpose
and so the concentration will be more on the quality of output. Fingerprint image acquisition is considered to be
the most critical step in an recognition system, as it produces the final fingerprint image quality, which is very
important for overall system performance and to achieve a best quality, Gabor filter otherwise known as edge
detecting filter is used.

This project is mainly to improve the quality of an input fingerprint image by the use of Gabor filtering
techniques [1] where the input image is segmented based on the color texture and filtered. Kernel coefficients [6]
of afingerprint is used here since the original fingerprints are not to be disturbed in the filtering process. Gabor
filter iswidely used for edge detection and extraction of image textures, Suppression and also for object contour
detection, and visual perception effects.

Digital Gabor Filter was designed by transforming the design into Verilog using Modelsim and Xilinx
14.1[8]. The input was generated from the MATLAB R2012a[4] and those pixel were taken into consideration.
The target device is Spartan 6 family.

A. Digital Gabor Filter

Gabor filter, is alinear filter used for edge detection in image processing. Frequency and orientation
representations of Gabor filters are similar to those of the human neural — visua network, and it is aso an
appropriate model for texture representation.

Gabor = Gaussian * Fourier

Its impul se response is given by multiplication of a harmonic function with Gaussian function. Because of
the convolution process [7], the filter has both real and an imaginary component which was represented in

orthogonal directions. These two components may be combined into a complex number or can aso be used
individually [12]
Complex

g(x,y;A,0,¥,0,0)=exp(-(x' >+ Oy’ 3)/2 6°) exp(i(2n X'/ L +¥))

Real
g(x,y;:A,0,%,0,0)=exp(-(x"*+ Oy’ 3/2 6%) cos(i(2n X'/ A +F))
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Imaginary
g(x,y;A,0,¥,0,0)=exp(-(x' >+ Oy’ )12 6°) sin(i(2n X'/ A +¥))
Where x’=xcosd +ysind and y’=- xsind + ycosd
In this A denotes the wavelength of the sinusoidal factor, and [ represents the orientation of the gabor
function, ¥ denotes the phase offset, o denotes the Gaussian envelope and y denotes spatial aspect ratio.
Il. PROJECT APPROACH

A. Design

Image processing is any form of signal processing for which the given input is an image file that is photo
or video and the output generated is not necessary an image, it can also be alist of values or parameters depending
on the requirement of the design. Most image-processing techniques involve treating the image as
atwo-dimensiona signal [2]

3D 102D
RESIZING
INPUT IMAGE PROCESSED MATRIX
) »| CONVERSION [——
SEGMENTATION

Fig.1 Image Processing

The conversion of 3d imagesinto 2d in the design is much important to implement because the input can be
in any dimension but the processing is donein 2d and so conversion is necessary Resizing the image into standard
size isanother part of conversion because we need one fixed size to process.

Now, Imageis converted into the pixel matrix to process as per the conditions and we fix one default sized
matrix, then these pixels are converted into hexadecimal values to reduce the memory. At last the output of the
default pixels are segmented depending upon the coefficients into a default sized matrix. Kernel coefficient [6]
values with which the convolution process will take place are shown in fig.2.

S.No Kernel Coefficients
=B 0.006737943
1.29E-05
-4.00E-08
2.36E-07
4.41E-08
1.45E-12
1. 36E-11
2.65E-14
S53E-17
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Fig.2 Kernel/Gabor coefficients

From fig.3 the processed matrix which istaken as IMG [63:0] and the coefficients are referred as COEFF
[63:0] was convoluted and the filtered output isgenerated asFILTERED _VALUE[127:0] and DATA_OCCURIis
‘high’ when IMG [63:0] has been assigned to temporary memory location.
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Fig.3 Gabor Filter Design
I1l. ALGORITHM AND FLOWCHART
A. .Algorithm:
STEP L

Initially, when the convolution signal is‘ 0’ theinput datawhichisin pixel format will enter the filter and
stored in the memory. In ALU there is aso a ROM which will store the Kernel coefficient. All the kernel
coefficients are fixed values

STEP2:

When the convolution signal istriggered to *1’, then the convolution process starts and the convolution
takes place

between the memory and coefficients inside the MAC unit.
STEP3:

It takes 1 complete cycle to complete STEP 2, only one series of datawill be convoluted at atime.
STEP4:

The design will count for 9 convolution operation before giving out the result of filtered image. Since
there is 9 coefficient values it takes 9 consecutive cycles, which will result in output of the filter.

STEPS5:
And if the convolution signal is* 0’ the control will goto STEP 1 and if not the filtered output is obtained.

B. Flowchart:

Feaad dats from:

|

Send one dats to WLAC

|

MAC read data from memory and cosfficient
fromn FORL. After that it will perform matrin
conwolution

==

| Outpot = Filter imsge

Fig.4 Flowchart of convolution process

Inpot data stored
in the remoay
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A. Image output

IV. RESULTSAND DISCUSSION

The input fingerprint image has been filtered and the clear output image has been obtained shown infig.5

INPUT IMAGE

FILTERED IMAGE

B. Waveform

Fig.5 Comparison of Input and Output |mage

The waveform obtained from the convolution process done in MODEL SIM shown in fig.6

Fl
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Joabor_fiter_finger. ..
Jaabor_filter finger...
Joabor_filter finger...
fasbor_filter_finger...
Joabor_filter finger...
Joabor_filter_finger...
Jaabor_filter_finger...
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0000000000A00A00Y
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0000000000000000 3

Fig.6 Waveform
C. Synthesisreport
This paper can be implemented in FPGA and the report of synthesis done in Spartan 6 family is shown
infig.7

Initially this design was implemented in Spartan 3E. It utilizes more memory and clock cycles and
hence to avoid thisissue we have implemented in Spartan 6 family. This produces considerable result and faster.
This project can be further improvised by implementing on higher version boards.
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gabor_fiter finger_image Project Status (03/14/2013 - 15:47:04)
Project File: Prithi. xise Parser Errors: N Errors
Module Name: gabor_fiter_finger_image Implementation State; Synthesized
Target Device: xehslx25t-3csg324 *Errors: No Errors
Product Version: I5E 14,1 +Warnings: 1Warping (1 new’
Design Goal: Balanced +Routing Results:
Design Strategy: ik Default (unlocked +Timing Constraints:
Environment: System Settings +Final Timing Score:
Logic Utilization Used Available Utilization
Number of Slice Registers 384 30084 1%
Number of Slice LUTe 8038 15032 40%
Number of fuly used LUT-FF pairs 34 6038 6%
Number of bonded 108 708 190 %

Fig.7 Synthesis Summary

D. Comparison of device used

We have implemented thisdesign in Xilinx 14.1 and the target device is xc6sIx25t-3csg324 (Spartan 6).

It was also checked in previous version Spartan 3E and the comparison is done shown in fig.8

S.No Device Params Spartan 3A Spartan 6
1 No.of Slices 818% 1%
2 No.of Slice Flip Flop 615% 40%
3 No.of 4 input LUTs §52% 6%
4 No.of bonded I0Bs 29% 372%
5 Warnings 10 1

Fig.8 Comparison of Device Used
Graphical representation of device comparison can be referred in Fig.9 and Fig.10

Design Comparisons

Spartan 3A Spartan 6
2000%
0%% \04
Fig.9 Design Comparison 1
Design Comparison
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Fig.10 Device Comparison 2
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V. APPLICATION

This design can be effectively used for security and criminal investigation purposes. We can also
implement this design in variousfields like Biomedical, Defense. This design can be used in Acoustic application
i.eto load audio databases.

VI. CONCLUSION

Gabor Filter design for Fingerprint have been successfully completed. The area of the design has been
significantly reduced but the function of thefilter is perfectly maintained. The numbers of slices obtained from the
previous design was reduced from 4488 dlices to 384 with a utilization of 1%.This design is used as one of the
module in all security databases and since the world is getting worse in security,its very important to concentrate
on personal security and since fingerprint differs for every individual, this gives a perfect individual security. In
future this design can be taken into consideration and can be implemented in many real time applications as
discussed above.
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