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Abstract

Various feature extraction algorithms are widely applied to real-time image processing applications for extracting
significant features from images. Feature extraction algorithms are mostly combined with image processing algorithms
mostly for image tracking and recognition. Feature extraction function is used to supply feature information to the other
image processing algorithms and it is mainly implemented in a preprocessing stage. Nowadays, image processing
applications are faced with embedded system implementation for a real-time processing. In order to satisfy this
requirement, it is necessary to reduce execution time so as to improve the performance. Reducing the time for executing a
feature extraction function dose not only extend the execution time for the other image processing algorithms, but it also
helps satisfy a real-time requirement. This paper explains FAST (Feature from Accelerated Segment Test algorithm) of E.
Rosten and presents FPGA-based embedded hardware accelerator architecture. The proposed acceleration scheme can be
implemented by using approximately 2,217 Flip Flops, 5034 LUTs, 2,833 Slices, and 18 Block RAMs in the Xilinx Vertex
IV FPGA. In the Modelsim - based simulation result, the proposed hardware accelerator takes 3.06 ms to extract 954
features from a image with 640x480 pixels and this result shows the cost effectiveness of the propose scheme.

Keywords : Feature extraction, hardware accelerator, FPGA, featue from accelerated segment test.
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Table 1. Performance Comparison of Different Feature
Extraction Module on Different Platforms.
Algorithm | Frequency Image Exec. pixel per
(platform) (MHz) Resolution | time (ms) | clock cycle
Harris™
(GPU) 1,350 640 x 480 2.6 0.088
SUSAN[]()]
(FPGA) 60 512 x bl2 835 0.526
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(FPGA) ' ’
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2 % 2 /e Fag A2 5 dEAE AU
B =i sl=dlo] 7H57]= (640 x 480)/(100 MHz x
3.06 ms) = 1.0039 pixel/clock cycle®] A%< 7}At)
Ho=fo] o] 7p&7)o] A83F FAST-9 &g
%5 26GHz9] Opteron ZEAAE 7HA]E= S Eo|| A
Tdshd oF 500719 EAS FEsk=d 1.33 ms7t &

a5 (640 x 480)/(26 GHz x 133 ms) =
pixel/clock cycle®] %< 7HIth ¢F 45071 ©]’39
e ¥ 2EFPE BT, B =R ALE 5

=9 o] 7F&:717} oF 16819] pixel/clock cycle Also] &

ms'” 1667 ms®, 183 3142 msF 28
L?l 7H5718F GPUOIA Harris &ale]s
FdFol % oA EAE FEste 2
28 FHAAN F& F8o] 7]
7F ok 118)9) =& pixel/clock cycle A4%5S 717th A
=83l AL FPGA 3704 719 SUSANY
ZY o] A48 SUSANY SUSAN®wmT} &

2 pixel/clock cycle &% Aol $-F3lth &

3|
L

fo rlo &
> 4

F_‘\L fu ¢



2012 38 MAsete] ==X M 49 A SPEH A 2 =

& A 7157]e AvsE SUSANeka fAbahA
[e)

Ag] Alzko] ¢k 29% W= a1 pixel/clock cycle®] 4%
= AT
2. 7¢ HIE

A st=glo] 7HE719 A B&& AXte] 9
& ALg 2~ Vertex IV FPGA 7]1¥+ ISE (Integrated
Software Environment) 7H &5 o]-&3] s, 7
g H&& stttk Abgk st=dlo] 7719
H-§-5 vl Hrikety] fle) Adeol FARHAl dEhdt
SUSAN"'g o] g8}9 25 AXE THE7)e
SUSAN®| & H]-§-o|t}.

Aergk 7kE719 4 HlE
dldst= FD, FS, NMS 234, 7147 A4S 9%
Configuration =3, 18] ¥ w R ZHE do]H
& 27198 Native Port Interface (NPI) %
Video Frame Buffer Controller (VFBC)E Ajojsle= =
A& xgeith AE st=dol= 100MHze 52 2
=0

A
it

FAST-9 ¢ae]&d

=

o
oF

)

7FAM 2217719 Flip Flops, 5034712l LUTs,
283337019 Slices, 18] a1 18712] BRAMs®] AR8-5| ST},
H I gido @ AREE SUSAN 7H:7|E 9 viie
st odolgls Fatr] flsl A& PLB bus IP
interface (IPIF)E A3k st=glo] H]&o] 1=
o & 2281709 Flip Flops, 8450702 LUTs, 460174
9] Slices, 1671¢] BRAMs, 18]a1 171¢] MULTI8X18
7b AREHSA vl E, steso] E Mg H7bREH
Aore st=glo] 7H4:7)+= SUSANE T 270¢] BRAMs
= F7F ARESAE, o5 QEHols REe] T
Hl87HA] gl e B8kal 2.89%°] Flip Flops,
67.86%<] LUTs, 6241%9 Slices, 12|31 171
MULTISX18 Ajhe] AHES #AaAA 78S 43
aFtt.

E 2 StEdlo 78 H|E

Table 2. Comparison of Hardware Implementation Cost.

Resource SUSANY Frop. Hardware
Accelerator
Slice Flip Flops 2,281 2,217
4 input LUTs 8,450 5,034
Occupied Slices 4,601 2,833
Block RAMs 16 18
MULT18X18s 1 0
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