@, 2N

b M-
S
& > &y

)
o"v‘ud X

U U

Mshdadyanasunvludyanadiaesnion I mMs¥nayaiam
AWIBNIUNTTUNTYNUY FPGA
Denoising in Low Sampling Rate Simulated Signals based on

the Matching Pursuit Method on an FPGA

v A d
MUIITT AIIUNA

Natthaweera Sa-nguanwong

3ﬂﬂ1ﬁwuﬁﬁg"ﬂudmﬂf‘iwmmiﬁnmmuﬁé’nqmﬂ%tyq‘n
Irnssumansumamia a1 3r13an550 1
AINENFBIVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Electrical Engineering

Prince of Songkla University

2553

¢
a a A LY a J
amemﬁmaauﬁﬁmmﬂawammum (1)



[ v o

FoInentinus manvadyausunuludyaiudiaenloanmsdndyayiud

MEITMIUNBFURYYNUY FPGA

Y A v A J
RN WBI9ITE AIUNA
VI eanssu i
dd' a a Y
1158 nE IneNHWUSvian AUZNITNMIADU
........................................................................................... U5LHIUNTTUNT
9 o o a 3 o R -4 o d o 4
(A0 TA319138 A3.900F1 IUAUNYT) ({30 ETA319138 AT.NTFY WONHANTIUUA)
...................................... AITUMS

1 4 Y v A @
(Ej“lf’)flﬁWﬁﬁﬂﬂTiﬂ ATATIUTY TUNDNINN)

...................................... NITUNIT

4 @ Jd a
(399ATNTI01TY AT IR UNIA lﬂ@‘l/l@\?fl)

o a

a @ a [ a J A v Aa a J o yd
UUNAINYIAY WH1INYIAYTIVATIUATUNG ﬂHNﬁiﬁuU’J‘ﬂﬂTuWUﬁﬂUUﬁLﬂu

daunilwesmsing munangaslSyanimnssumaasuniada armiirnssu i

-4 o 4
(AMTNIITY AT.DNUTIAU  WIAAIT)

% a [

AAUAVUNAINGA

2



FoInentinus manvadyausunuludyaradiaesnildaimssndyaa

MEITMIUNTFURYINUY FPGA

Y A v A 4
il WI0AIFITE AIIUNA
VI e lnils
Umsanm 2553
w \l
UNAAEd

4

a a o ) < a a
'J‘V]ﬂ’luwuﬁﬁu'llﬁu@ﬁﬂWﬂﬂﬂﬂﬁﬁNlLﬂU%u’luﬂl@qﬂig‘]J'Juﬂ']iLHJ“]fG]f\HW‘]fgﬂ

v
o

(Matching pursuit) SnsuMdadyanusunuludygiudiaesnioasinssndyaiadiuu
S a a o o o
FPGA (Field Programmable gate array) NIgUIUNITUUFFAUNFYNNINITUINAYY D10
[~ A o o o o o & [
paniiluozaonimuizanTasiins lusntudyyiudiass lldieznonseogniolu

[

- . y ¢ P . | R <
andunisua Iddyaruenlsznounindsnugs daudyanaiindenudignii 114l u
(% o 3‘ @ dy o % o o
wanalunszuaumsihigsoudall nszuumsiiaunsongaiiaulalaesmuasuou
@ S a A v o Y
soulums Tsndu mseenuvunszurumsudsFunsgn lugduuvvuunui 1d Taons
o 1 I~ 1 [ 1A @ °
a$ezaouiIuIu 1600 pzaoutazuLvezaouepnlUnguEsnFonIIANFUUITIIUIU 40
! Y o v o o [ A a o ~ 1 A 1
ngu uaiims ldsnsudynrudiass lidiezaeuieganduniinnanquiiemisinaga
< ' . o a a4 <
mely  nniuragumelundazngquazgmimulSeumeuieriinagunielugaga &9
g a a A o o A o Y ! o
nszuIUMsENFFaRsgniaueuynuiuiaunsomauidsinimsiaulunuy
) A 1< A a 9 o A £ [
'l iesninidlumsaanamsnimagunielunnn@udesifiazvilsezaonuuiumsn
9 o Yy 9 [ o AN © Y Y
naganielundonaiu 40 ezaey lumsnaden laad wdyausiassilianyvuzadiony
9
dooaudoaialaswiudyanasuniudles TdsunsuMATLAB IR Ui N suendayaial
S a A { o s
AENTZUIUMIUTBTURFYNN TNV DYDY FPGA 1105 Xilinx Virtex5 XC5VSX95T
WUNENITDINNTEVIUMIUINTYYIUTUNIUBONNINTYYIUTI1ADTAINITIUTOUTIUIUY

= =] A A o = o 9
10 ifJ‘UﬂWGI,‘L!L’Jiﬂ 3.386 ms LazdAMNS Y 338 L‘VIWLEJ’E]WIfJ‘Uﬂ‘Uﬂ'i%‘]J’Juﬂﬁ!ﬂEJ’JﬂuIﬂﬂalclf

a OR] { < ' o
T1/5un31 MATLAB UUABNWINDS A IUYAAANTANMTIFNY 3.0 GHz azH1IeANNE1 4 GB

MdAny LUBFUNSYN FPGA

4)



Thesis Title Denoising in Low Sampling Rate Simulated Signals based on

the Matching Pursuit Method on an FPGA

Author Mr.Natthaweera Sa-nguanwong
Major Program Electrical Engineering
Academic Year 2010

ABSTRACT

This thesis presents a parallel architecture of the matching pursuit algorithm for
denoising in low sampling rate simulated signals on an FPGA (Field Programmable Gate Array).
The matching pursuit separates the signal into appropriate atoms by projecting it onto atoms in
dictionaries to obtain the high energy signal. The low energy signal will be the main signal in the
next round. The repeat process can be stopped by assigning the number of rounds. The parallel
matching pursuit is performed by dividing 1600 atoms into 40 groups called dictionaries and
finding inner product by projecting signal onto atoms in every group. After that, inner products
from every group are compared to find the maximum inner product again. This parallel process is
faster than sequential process because it reduces processing time by finding 40 inner products
simultaneously. In simulations, the signals were generated to have the feature like heart signals
mixed with a random noise. Then, the signals were separated by the designed parallel architecture
on an FPGA , Virtex5 XC5VSX95T. The results show that the designed parallel architecture of
matching pursuit can separate noise from simulated signal by repeating the process 10 rounds
within 3.386 ms which is 338 time faster than the processing by MATLAB on a personal

computer with 3.00 GHz and 4 GB RAM.

Keywords: Matching pursuit method , FPGA
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A
1o
x(t),hy(t) fo Inner product Y93 fi1lag g
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x(t) = R'x(2),h.(t) h(1) (2.10)
lim R’:)_co(t) =0

LAZAMNAITUUDIT YU AD
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2.2 myaadyanasunIUIaglFnszUINMsUTBTUNYEYN (noise reduction principle of the
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I as £ [ dy & ax dy
- threshold method : (JUITNMIHFIDYUUNUFIUVOY wavelet transform 935N
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TABLE I Contrast of optimality noise reduction and coherent ratio judging noise reduction

Noise Original Optimality noise reduction Coherent ratio judging noise reduction
Level O, (SNR) K1 SNR RMS K2 SNR RMS
0.0005 41.7311 75 42.7285 0.0071 52 41.8568 0.0079
0.0025 27.7517 35 29.4508 0.0328 32 29.2781 0.0335
0.005 21.7311 29 24.2214 0.0600 26 23.8896 0.0623
0.01 15.7105 20 19.2870 0.1060 20 19.2870 0.1060
0.02 9.6899 13 14.6079 0.1896 14 14.1960 0.1980
0.03 6.1681 10 10.8065 0.2900 9 10.1077 0.3171
0.04 3.6693 11 7.8131 0.4076 8 7.6118 0.4165
0.05 1.7311 6 6.4582 0.5112 7 6.1229 0.5047
0.06 0.1475 6 6.1085 0.5298 6 6.1085 0.5298
0.12 -5.8731 2 2.6815 0.7494 1 2.4027 0.7717

0.24 -11.8937 1 -2.7206 1.3520 0 / /

TABLE II The experiment results of Chirp signal

o 0.0005 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

SNR_OR 42.013 22.013 15.992 9.972 6.450 3.951 2.013 0.429 -0.910 -2.070

SNR_WA 40.982 20.403 14.617 11.728 7.149 5.450 4.065 2.016 1.416 1.133

SNR_MP 41.466 24.199 19.719 12.697 9.708 6.642 5.968 5.265 3.875 3.245

TABLE III The experiment result of Doppler signal

o 0.0005 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

SNR_OR 41.789 | 21.731 15.711 9.690 6.168 3.669 1.731 0.148 -1.191 -2.351

SNR_WA 43.030 24.363 18.915 11.575 10.363 7.107 6.378 5.068 4.606 3.357

SNR_MP 41.755 23.890 19.287 14.196 10.108 7.612 6.123 6.109 5.159 4.946

TABLE IV The experiment results of Blocks signal

o 0.0005 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

SNR_OR 40.251 20.251 14.230 8.210 4.688 2.189 0.251 -1.333 -2.672 -3.832

SNR_WA | 41.377 19.614 13.618 7.977 5.127 3.994 3.144 2.333 2.102 1.849

SNR_MP 37.079 | 20.416 14.110 9.593 6.865 4.816 4.118 2.938 1.726 1.347

{ J 1 A < a a
A1519% 1 Ld@aen SNR 581431\13%ﬂ1§LL3JG]5°]NLW5]f§JJ‘VI!,!ﬂ$!’JT\ILE‘WI[5]
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1ANTTVIUMTINNUVINTZIIUMsUsFuRagniiziuegiuvuiavesezaoui
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a o a o I ] Y
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4 1
= 4 =

a o [ o '
idovmezasuninagumelugegalugnaanduui  Tesluduaeuliumsfuiuaina
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Z o v o o3| o ;l 3 ! '
@,mmﬂ‘luuu 5’1ﬁmm1mﬁﬁnmu N a1 ﬁlzé’fmmu’smgﬂumum N 933 uaﬂumumuﬁmm
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Device utilization swmnary:

Gelected Device @ Swsx95tffll3ie-2

Zlice Logic Ttilization:

Number of 3lice Registers: 5929 out of 53530 10%
MNurmber of 3lice LUTs: 2627 out of 53330 14%
Nunber used as Logic: g627 out of 53530 14%

3lice Logic Distribution:

Nuwber of LUT Flip Flop pairs used: 9936
Number with an unused Flip Flop: 4007 out of 9936 40%
Number with an unused LUT: 1309 out of 99368 13%
Number of fully used LUT-FF pairs: 4520 out of 9936 46%
Number of unigque control s=ets: 153

IO Utilization:
Nuwber of Ios: 34
Nuwber of bonded IOEs: 34 out of &40 5%

Gpecific Feature Utilization:

Number of EBElock RAM/FIFO: 42 out of 244 17%
Nuwber using Block RAM only: 4z

Numbher of BUFG/EBEUFGCTRL=: 1 out of 32 3%

MNurber of D3P45Es: 41 out of G40 6%

Alsznou 4-16 uaaanswensvodszuun 141l
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LAaZI|IuUeN iyﬂ]u'lmu'lWﬂ'W]hl,@ﬂ']ﬂﬂ']iﬁ\uﬂﬁ'lgﬂ']\ﬁ]ﬁhl@uﬁ@\jhl')ﬂ\?ﬂ’]Wlligﬂ@‘U‘ﬂ 4-
&£ < Y1 o A Ao oA Y A A A a
17 GlNilzmuulﬂm ﬁiyiy’]ﬂ!u'lWﬂ'Wlﬁuﬂ’q@iuﬂ’l'ii"]f\ﬂuﬂ’ﬂ 9.030 ns HIDNAIUD 110.747

MHz

Timing Suntmsry:

Gpeed Grade: -2

Minimun period: 2.030ns (Maximun Frecquency: 110.747HMHz)
Minimwwn input arrival time hefore clock: No path found
Maximun output required time after clock: 2.535ns
Maximun combinational path delay: No path found
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WWINEAELZIAVATUNT

natthaweera@hotmail.com

L 1
UNARER
nszuaunsudrTuATgmiunssuaukendaygnlieg lugtlves
, g A ;
linear  expansion TiTJuNILLIUAIIN 1TLIAININNIIZAZHABIN
o U
azpanndnaguniglulnenisinantunassda viuadeidiuaue
an1agn?INNIPN NIUULLIUINLY FPGA [agrian1suinang o
13 o g 3 v d’d
melunfaniuyng ngu wazqaieazlaesneniidnagnniely
gugn AINNITNNIUNARBLLY Xilinx Virtex 2 Pro XC2VP30 WU31
Ao P o o o P
ausanesaNidans e IndiALAudy g iiiinmaasela

neluaan 0.329 ms

Abstract

Matching pursuit method is the process that separate signal in
to linear expansion. The process use too much time because it
must find atoms that has maximum inner product. In this paper,
we propose a paralleled architecture for this process on an
FPGA. The parallelization finds the atom in every groups and
leads to the maximum inner product atom. From the simulation
on Xilinx Virtex 2 Pro XC2VP30, this process can find atom that
similar the test signal within 0.329 ms.

AANATY

Matching pursuit, FPGA
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T AlaYyA (data compression), m%m‘iﬁgmmu (pattern

recognition) LAZN1TIATIZHRAUATZAR YU ULARIS

A%
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band noise)

Wiener filter, Kalman filter Wa Wavelet transform Wuqn
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FPGA (Field Programmable Gate Array) GRPRETRE)
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