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ABSTRACT

This paper presents the improvisation of
Modified Gabor Filter design using Verilog HDL.
This work details important enhancement made to
the modified Digital Gabor filter to minimize the
sizing problem and the coding style that
synthesizable. The intention is to study, analyze,
simplify and improvise the design synthesis
efficiency and accuracy while maintaining the same
functionality. The main characteristic of the
proposed approach was to replace the parallel
multiplication-accumulation unit (MAC) to a
compact programming approach where the
convolution matrix takes place. This significant
change helps to reduce the sizing problem without
jeopardizing the functionality of the modified Digital
Gabor Filter. The result provides area efficiency
architecture for the effective design.
Keywords -Digital filter, digital design, fingerprint,
Modified Gabor filter, MAC, verilog HDL, Xilinx.

1. INTRODUCTION

Gabor filter is a linear filter which is used for
edge detection.Gabor filter is used in finger print
enhancement which is considered as one of the complex
process in fingerprint verification. Gabor filter has
kernel coefficients and memory where convolution
takes place. So Gabor filter plays an important role in
fingerprintverification process. Designing a modified
Gabor filter will help enhancing the quality of
fingerprint image. In Fingerprint recognition process
gabor filter captures information about local orientation
and frequency of a finger print image. Here gabor filter
is tuned to specific frequency and direction to obtain
information about local frequency and orientation The
convolution process takes place at the multiplication-
accumulation unit (MAC) of the digital filter design.
The parallel design of the MAC is to speed up the
convolution process. Group of series data is transferred
simultaneouslyhere and that is allowed with parallel
design. Filter size was compromised by parallel MAC.
Serial MAC allows group of series data bits to transfer
one series of data at a time. The speed factor is
compromised here but the area consumption is reduced.
The speed in serial design can be improved if the filter
is operated at high frequency.

This modified Gabor Filter was designed by
transforming the design into Verilog using Xilinx 10.1.
The target device is Spartan 3A family. The figure
shown below is the block diagram of modified Gabor
filter. Table 3.5 shows the resource utilization table and
the proposed model has drastically reduced the slices
etc.Basically there are 3 major parts in the filter: CLU,
ALU and MEMORY. The ‘convolution’ signal
indicates the operation of the filter. If
the signal is high that is 1 then the convolution process
takes place between memory and kernel coefficients. If
it is low then data is loaded into the memory. The data
enters the filter pixel by pixel. The ‘PIXEL X’ and
‘PIXEL Y’ signal gives the address of memory
location.

ALU is the main part of the filter that is doing
the convolution process. There are 3 parts in ALU:
ROM, DECODER and MAC. Here memory and CLU
are taken as single block; there by reducing the area.
The MAC unit is divided into 2 parts: multiplier and
adder. The multiplier has got 9 parallel multipliers. So
the multiplication will be done in the same time as to
speed up the convolution process. The adder consists of
8 adders which are connected in sequence. The job of
the adder is to sum up all the 9 multiplier outputs. The
design is significantly large since 9 parallel multipliers
and 8 adders are used.

2.BLOCK DIAGRAM

Figure 1 shows the block diagram of a
modified gabor filter. There are 6 input pins and one
output pin on the block diagram. Filter_data_in stands
for 16bit input data. If convolution signal is low that is
zero, filter_data_in is loaded into  the
memory.Kernel(gabor)coefficients are declared as
parameter. If convolution signal is high that is 1
convolution process is performed between memory and
kernel coefficients. If write_enable signal is 1 then the
convolution output is loaded into the register .when
output_enable signal is 1the data in the register is
moved into filter_data_out pin.
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Filter_data_in Filter_data_out Q
— ——
Convolution
—> Parameter
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Gabor filter ¢
Reset
—
Write enable 'bl
—> Memory<=0
Output_enable
—_—>
Py 1°b0
Memory<=
Flgure 1: Block Diagram Of Gabor Filter Filter data in
3. ALGORITHM FOR MODIFIED GABOR
FILTER
STEP1: All the kernel (GABOR) coefficients are . -
declared as parameters.p0, p2, p3.......... ps CO”fVO'“t'O" OPEICEER |-
STEP2:When Convolution Signal is 1°b0 then Filter per O?;r(;;r:tirgory& B

data input loaded into memory .i.e.
Memory [8] <=Filter_data_in [0],
Memory [7] <=Filter_data_in [1],
Memory [6] <=Filter_data_in [2],

Memory [0] <=Filter_data_in [8].
It takes 9 clock cycles to finish step 2.
STEP3: When convolution signal is 1’bl then the Register<=Convolution_out
convolution process takes place between memory and
coefficients.
It takes 1 complete clock cycle to finish step 3.
STEP4: When Write signal is 1’b1 then the convolution
output is loaded into the register.
It takes 1 complete clock cycle to finish step 4.
STEP 5: When output_enable is 1°bl then the data in
the register is sent to Filter_data_out. When the
convolution signal is 1’b0 again the process goes to
STEP 2.
It takes 1 complete clock cycle to finish step 5. |

A

Output
enable
?

1’bl
Filter_data_out<=Register

4. FLOW CHART

Figure 2 shows the flow chart of verilog design Figure 2: Flow chart for Gabor Filter
description for compact verilog programming implementation
approachfor the modified gabor filter .
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5. RESULTS AND DISCUSSIONS 5.3 TECHNOLOGY SCHEMATIC
5.1 OUTPUT WAVEFORM Figure 4 shows the Technology schematic for the

Figure 3 shows the output of modified gabor filter. ~ modified gabor filter.

When convolution signal is 1the convolution output =

and filter_in is shown in the rounded circle on the

output wave window .
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Figure 5: RTL Technology Schematic for Gabor

Figure 3: Output for Gabor Filter Top module ljter Top mglE

52 RTL SCHEMATIC 5.4 SYNTHESIS REPORT

i

Figure 4 shows the RTL schematic for the modified Figure 6 shows the synthesi JEERINQr thanodified
[ gabor filter
gabor fllter fpgadesign Project Status
File: fpaadesign.se Current State: Synthesized
Name: gabor_fiter + Errors: Mo Enors
? B ? e s s - R S - E Jevice: 1354005p5208 + Warnings: 12 Wamings
g ";§+ {.i" .‘:‘Ii"' ';i'} J:i' J.Zi" Li} mesinn: ISE 101 - Foundation Simulatar + Routing Results:
E [ L T__.-"' .:..r" .:.--' T_,.-"' T.-"" t.- Goak Balanced + Timing Constraints:
B
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Figured: RTL Schematic for Gabor Filter Top Figure 6: Synthesis Report for Gabor Filter Top
module module
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5.5 RESOURCE UTILIZATION TABLE
Table 1 shows the resource utilization comparisons
between referencel,reference2 and proposed model.

S. Device Referenc | Referenc | Propose
N parameter el e?2 d
0 model
1 Number of 818% 84% 4%
Slices
2 Number of 615% 50% 2%
Slice Flip
Flops
3 | Number of 4 552% 71% 2%
input LUTs
4 Number of 29% 42% 37%
bonded
10Bs
5 Number of 1200% 70% 37%
MULT18X1
8s
6 Number of 8% 37% 12%
GCLKs
7 Number of 80% 26% 12%
warnings
8 Number of 34% 10% 6%
infos

Table 1:Resource Utilization Table

5.6 COMPARISON GRAPH (REFERENCE 2 VS
PROPOSED MODEL)

Figure 7 shows the resource comparison graph
between reference2 and proposed model. The red
line shows the reference2 and blue line shows the
proposed model.
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Figure 7: Comparison graph between reference 2 vs
proposed model

5.7 BAR CHART
Figure 8 shows the resource comparison bar chart
between reference2 and proposed model. The red
bar shows the reference2 and blue bar shows the
proposed model.
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Figure 8: Comparison Bar Chart between reference
2 vs proposed model

6. CONCLUSION

The desigh enhancement proposed for Modified Gabor
Filter has successfully reached. The area of the design
has been significantly reduced while the function of the
filter is perfectly maintained. The numbers of slices
used from previous design (Reference 2) reduce from
1625 slices to 177 slices. This significant change is due
to the compact verilog HDL coding used in the
Modified Gabor Filter. The enhancement made in the
multiplication-accumulation unit has been proven
effectively reliable and functional. By adjusting the
memory and the controller unit, the functionality of a
complete and correct digital Gabor Filter is obtained.
By minimizing the area, the speed of the design is
relatively slower. It took 12 complete cycles to finish
the convolution.
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