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ABSTRACT

Magnetic Resonance Imaging (MRI) is an important modality in medical care
systems. However, MRI conducts the noise over 100dB while acquiring the imaging,
especially for Echo-Planar Imaging (EPI). Subjects or Patients will feel
uncomfortable after half of an hour under this noisy environment. Such that, reducing
the noise level and providing the comfortable environment is a big issue for MRI
scanning.

The traditional methods to reduce the noise is limited, such as providing the
passive material (ex. Ear plug) is failed to reduce the low frequency noise, or
improving the MRI system (ex. change MRI scanning sequence and implement the
vacuum layer in the MRI system) is hard to implement on the current system.

To solve the noise problem, the headset with active noise cancellation was
established. Active noise cancellation was using a headset to produce an inverse
waveform in order to cancel the noise waveform conducted from the system,
especially the low-frequency noise. A novel algorithm required the EPI noise as the
prior information was used in generate the inverse waveform, in which the periodic
properties of EPI noise was considered, so called Prior information Based Algorithm.
The pre-required prior information was considered as a template in order to predict
the following EPI noise. Our approach was combined the active noise cancellation
and passive material, not only provided the low frequency noise reduction in a cost
effective way but also compatible to the current systems. In this study, we also
compare FXLMS algorithm with Prior information based algorithm in simulation and
realistic results.

Besides providing the novel idea of algorithm and computer simulation, a real
noise cancellation system has been demonstrated in 3T MRI system. The noise
cancellation system revealed 26dB noise reduction totally, whereas the passive
reduction was 16dB and active reduction was 10dB.

In the future, the noise cancellation system will be applied for the MRI scanning
to provide a more comfortable environment, especially in the fMRI study with
auditory task.

Keywords: active noise cancellation, magnetic resonance imaging
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Gradient eoil

Vacuum
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Independent

support.
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for the gradient
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B2-3 &% ¢ 8y Bukz MRI & se@[11]

Gradient Acoustic Noise Levels on Three Scanner
Platforms for Conventional EPI and SENSE EPI

EPI acoustic noise level [dB(A)]

Readout Rate-2 Rate-3

MRI platform Conventional off SENSE SENSE
1.5 T GE Signa LX 89.1 71.7 75.1 70.2
3.0 T GE Signa LX 87.7 72.6 75.7 72.9
1.5 T Siemens Sonata 91.3 74.5 83.5 75.6

Note. “Readout off” is the acoustic noise level measured in conven-
tional EPI when readout gradients were turned off.
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FIG. 3. Soft gradient waveforms (S, slice salection; R, read; P, phase
encoding) for silent gradient-echo (a), spin-echo (b). and multiple
apin-acho or RARE (&) imaging. The amplitudes of phase-ancoding
pulses for RARE vary from one echo to another.
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hiplend b RIS A gd T A REE
3. o fR L P TR

4. WHHEE AR L L dekik § e RECK BRI B R
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How Noise Cancellation Works:

1:
Incoming Ambient Sound 4;
{Plane-, train- or bus engine) IF"'.I"J,I.':I'] ambient sound and newty added

Hoise|cancellation circuitry inverts wave
2: and sends it back to headphone speaker

Sound is picked up by microphone
and sent to noise cancellation cirouitry

B 2-7 18 Fiske B 57 R RI[16]

MoKt HHFE E R * Y MRI P S 1989 # Goldman %2 § » 54 4 #e 50 e

B R e e kG Pl D] 142 A B vEeR[17] 0 mect E BRHEE B 4 B
FRENBEEE R B2 R E TR Fedl LB R prle ey

500Hz 12T 1 MRI w5 5 1997 & > Melury F f & * i #5894 dr 413 % MRI
WEd o % % i iR B 2 5 FULMS(Filtered-U-LMS)[18] » % % & 7+ % 500Hz
MU TR A Gl R o I g 6 RIRER AR XA K g lamrcsk o 2
FEE 240 F - oy A o BRzZ R3O £ 7 IlFiek g s ;1999
# > Casper K. Chen & * #f#4 SRpIFE 2 R &5 wk 3 #r4I[19] > % 3 B
loh— Bl sRF R - B F R R B HG BURERD b5 fugk ko
4 gradient echo *% 5 7| 18 & B enfickisc %k om 2§ % % ehy 5 2 § £ 212007

* FXLMS # bruker 3T &7 x v b £ 2 8 i w2 %k - @ * EPl ey 5 7))

B4 BT 037 M it 9.4 A B % kot :[20] -
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0 5 0 15 W 24
Frequency (kHz)

Bl 2-8 & 5% 8 L% EPI#FH & 72 ' wrc % [20]

@ Mingfeng Li ** 2007 & ¢ * FxLMS (Filter-X-LMS)i# & i% » ¥ v* % & 2
FIHTT A WA SRR RSB (2 2:2) 0 2 I RS A g
W AT MRI 8 plE > 7 iE 109 & B 2 T 354ng[21] » % {6 » Mingfeng Li § "%
#-FXLMS & * = 4T-INOVAMRI + > % 7 ek s Sienff 2 0 il B SR r
(Radio Frequency Pulse)si35F » & (Ffume £ p] > 24 F)pt @2 = oo pb ki
EPL w3 § 13 A B et vk o if7 4 3 430 2011 & > & e i 4L s 58 = 230 MRI

el dra 20 & ax[22] o

List of typical values of simulation results

Overall Owverall Maximum Max. reduction
SPL reduction reduction frequency
(dB) (dB) (dB) (Hz)
Uncontrolled 117.8
Feedback 112.6 5.2 15.7 1312
Feedforward 110.2 7.6 19.3 1148
Hybrid 106.9 10.9 19.6 1148

4 2-2 Mingfeng Li v fieah 45 %) ~ w4k 2] ~ 0 & 4 = f60F & 0% 2 2 % BI[21]
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100

90

P
I

SPL (dBA)

50 | i _

e

n
o ' ]

40 . . M \ .
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (Hz)

B 2-9 Mingfeng Li >+ 4§ % % %uz_ EPI "% W & % [22]

BT R et kA A BT A 4 ot eSS0 T £ EPL AR R
Sl ARG MIMARE T R kAL e Fp o AF SRR p A2 A% T 3 (Prior

information Based Algorithm):f & 4% & /2 - 4% EPI i&

AL R Gk St 4 BB A @endiok o b i FXLMS fr A % TR E 2 ag

EHRL R 2 BT o
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23 MRI w3 &4 5or it (1

A{? Poip2 ¥ - B REESDEE > < Har i PR B Ry e o B
HER E AT )% MRI kLR A BAIE Rl B o ALY 5 & b
AR BESD w RTEE R OA G EARITR AL A Kl
T 44 R A A R IR e A e A S R A TR & ek
o BT BRI R L R E AL TR o@ A 1990 & blood oxygenation

label depend (BOLD) 3@ 3448 4% 4! > Kk f2§# fMRI } a5 it [23] -

B 2-10 % 82§ (a)fcl ¥ % # (b)%3% MRI # 23]
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1. Base state:

~
3

AMGRAET R B ERIF R T I A A IR R B L E D

f

WHE T cH Y A Fn 2 LEEEa T L SR L FEME T AR ER
AR 72 5 AT € @R ¥ sl > fiL 5 Base state o
2. Active state:

FOR P S P o A QR BT A R R F B 0 i

P FF o R AR 2 R K d AL A BRI AT L
M ORREM . R BEZRPAEFDLIERC BERORIDT c G AR
i3 T2 2 T2 HE > PTIAE T BB B 4 0 LR AL S Active state ©

3. Recover base state:

B hlEcf A pF > £ E2 MRI BEx w31 ¥ K& 0 #72 BOLD ek v 1Y
Bd FEBREI R T L GeniE it BB 5 Recover base state ° i2 BOLD 7730 5L %
it FERIFENACBERORE > m R EFMEE I P b A gL A
17 g E o

Flot o g A RERS BT A PR R R T R
B4 I S L B LR AR TR R B
LM et A T R B SRR TR A St B L
FE 2wty cd M MRIvES 7 FE 120 4 L 0 > g2 3 -5 #E%
5 kR o fggﬁi;é-‘ﬁ PRI Reanded o oa B DTS g TR

ATk G o FIER REE T Y IMRI 9T § 3 2 B E e s



¥ % RS2

i

31 Ak ril
R S EEIERE TR SICHESY ERETE FA Ty
Ao T hb-PFRE- RSN BB AMERERY A EE P anEL ¢

FAPFFLNR - GRRFFLEG Y L HET T2 RP AR RERE G LR
B 3-1 53 A& 100 Bhendpt » BRI A EFodl cnpF P28 388 fp
fefs R G IS AR etk o A B 32 FFRAEER G 3B KA B 2SR

Bl3-13=8 > A& T=r2 - » Fe2chk 540 o

0.5 -

magnitude
o

-0.5- 1

. W 1 L ], 1 « - 1 1 S, { ]
0 20 40 60 80 100 120 140 160 180 200
points; 1cycle=100point;delay=3points

B 3-10 3 4254 BIGLE £) > delay 5 3/100 B » % v 15 A F

1 I T T T
0.5 AN\
» / ‘\\ ! / \'-._ ,."/ \\
k=] A A f y
5 \ \ d ;
£ 0O / s / \ / \ i
% A / \ / Y
=] \\‘ i
4 \ ’f \ S Y
0.5/ LA X &
A L L . |
0 20 40 60 80 100

points: 1 cycle=33 points:delay=3 points

B 3-20 A kA dp s Bk & 1®) > delay & 3/33 B> vk 54 R
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Hied gt A Bk El BRI A B 5N Pk k) MO ek

LR A Y SRR SRS o P ¥ ST S
Pk SAeB 33 0 B F A B b o - BAteon HH G ok e ¥
- PIRIR A AR B2 Bk e

" Silence Zone

O O
Reference W Cancelin Microphone

Microphone I Loudspeaker

e

xii} et

> ANC

A

W 3-3 7 623 B0 5 pusk b 2[19]
A A B R ) ke T B 34 o R AR AL N 5w A Y

- B F LRk BT E oo

A d ST F RO R W AR A F N fuk ke R FIEY T -

(SRS ST
R e

— O
7 Canceling
Error Loudspeaker
Microphone
< Feedback | ¥

ANC

13-4 w4303 65 5 el & 4[19]
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\\\Xr

TRB-SEFERB S FHR 27 ok dRUELX(n) 2 d B
PASLEE R S Ny bkl o £ BT (n) o BRGERL S LR e(n)fe
Pleu gL | > A BRI hEF » € %] Flot v et L § b UELE |

R RER S R

/ / Headset .
% Tympanic

membrance

Auditory
canal

. O——

DSP

W3-5 24827 LW -
— — — .3 {53 0 S sy(n)

4§ 5 b HTLEX(n)

flm

AREA § SR 91 5e(n)
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3.2 £ % 7 3 F & i (Prior information)

MRI & 2 chm 3 5 4B 4B 2 $55% 1 > o 3% EPI £ P ¥ B8 fp — 2R 1eh
Ha® B F AR TR O R REE - E EAF o d NTRI3-6F Mk g
o EPL w3 L2t R o o - dffdy ek f L E 24 s 00 RSB d
B R 30 A B 24t ek g (] 3-6) 0 Tt o AAT S FR4EiE B 4 124 EPI e
F B EtF R R A AR 2 AR S L AT E 2 (Prior
Infomation Based Algorithm) °

TEARY R - BRYNE > 25w BRI 0 FF 33 4L %%

Vﬁgﬁ’{% o

7/

reduced 33.2dE;
06 v :

Sound Pressure Amplitude

1 1 1 1 1
U. 0.2 03 0.4 0.5 06 07 08 09
Time(second)

BI3-6 EPI% = 3 % #p &2 5% — B 3 2P 30 540 i B

e B d WEEE S U B TR 2B PTG SR
R A GEY o @R s > EREBIYPHNEF L) - BEHRBPLE o

Mo R - BREDOE L frB T B B eanbuRA > LY 2
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PTR R R RAL o 0T A J A & a0 BLE] 3-7

Unknown ] MR Noise d{n)

Plant P(n) |
X(n) Saved Yin) _ [ T ?Tn}ff'w e(n)
Output Y(n) ) S(n) f=( >
DSP
calculate
—F’ statement

@37 ;‘%EAJ (ﬁ—n/z‘ iﬂ«.@

¥R 3-5 B 87 f#'ﬂ&gj XMm)s 4 Fnh 2 @J)‘%’%’i Y(n),—,\——%}ﬁ%

MaEL s dn) bt Ak ce(n)E A S R TR Il o 5 F LR

B X(n)ii;?] BB B RIE B2 {8 57 [8r58 > HETI AT 5 - B
BB s o B R AER T T e sk bk 0 2 AR EFEF oA Sn)

Bop S i ¢ 7 LA 2 il I B (frequency response)fr R 4t 3
(time delay) » 2 & € 4& 3] o Flgt > T A [ & € 1 5 LA H0 D) T o sk

Ao 24cie B Aol FrenpE R
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3.2.1  k 3uz #& 4 S #c(Secondary Path - S(n))
AFEEZTRAELS R 2 R P bk AT SR Ak

FiEBEET R R ERIWEN yn) F Rk ,T!‘ul?ti'l y(n) °

I Bgsgr g s h 2 7 0 30— B & - B RER & PR i
20 W MIUBEASTZ A hAT M A A FAEF AT ARk o s f
IR ME e A B L E ik TR gl e B BREIL
s & i@ o
Flt o SRR B AR B F LR B P2 ym)HMELR F y'(n)
@d y(n)i y(n) #&# S #cfi 5 " secondary path jo o 3tigat 2Lsm R g am s L L
% (time invariant) > ¥ ¥ L KEFEH S8 S(n)» § 24302 S g B2 BT o
IR 4o T
L O34 % s
BB AT B(DSP)2U L S d D/A #3 ® > L @B P2 gcs B4 > 2 d
BR824 Pk B L F b P2 B aig A i
IL &5 h kit:

WAL P AR feF M MBS Bk o LA ADHEERK
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headset [ \ Error mic

Power Power 5(n)
Amplifier Amplifier
T 1!
D/A D/A
A
__________________________  SS————
y'(n) P
y(n}, |——p S(n) 3
‘White noise ,.e"ll DSP
1 e(n) System
DSP
calculate
RLS

B 3-8 Secondary path #7& 7 2_ B /& 2 jF & ;2 > B

Yol 3-8 47 cd(n) A FFA F U b F TR Y (n) A E LA R AR EL

FH oD BMEARRITANAF > FE P BB AP R B RT3 ik o
e(n)=d(n)=Y(n)" S'(n) (3.1)

i e(n)d% | 4%4F o

iz# i * RLS(Recursive least squares)e~ ;= &k F18 S(n) - i 4 %] % » RLS
SR SN A cA ki ) U] SUBERIE SIS R E S el de gl S S A
AT R e W dedkT k2 {8 0 £ 2% MATLAB 2z pa2f i8-8 419 F ehgg #

S #Sn) > FIUAFETEGEY o MNP E RN B

a4

RLS & ¥ g 22 & & it Benfg #c(Order) & T = &t > 95§18 € % 3

2. LMS(Least Mean Square)sh-+ & » i % if & £ kg e i 38 Y -
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RLS & #* 2.2 2 4c7™

e(n)=d(n)-y’(n) (3.2)
y’(n)=y(n)*s(n) (3.3)
s(n) = s(n— 1) + KH(n)e(n) (3.4)

A~1P(n-1)u(n)
142~ 1uHP(n-1)u(n)

k(n) = (3.5)

P(n) =A"'P(n — 1) — A *k(n)u'P(n — 1) (3.6)

B F R R BBl dn)iR 2 K AR € TRl AT EL v (n)
R RARREDE e F A SRanEL By B eI R { ATk
Fentides(n) ) Ffd 3 EHE Rl 2R ARG B Gl & s iR
Sk Fuendid 45 S o

HeY SPn)idigasm>i | atdsed o) 5 f X S ¥c(forgetting factor) »
E - BRI A L hr e - KR E AT 0955 1 ¢ B Sl
B PR AT R ARE L R PR AT L RIF
20 B TR R LR o F LA S HE LRI OFHRE F AR D

B -
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322 % %z 4wkt (Secondary wave)

AETE R H T L SR 3-9 B g 2 Firkik o 2 ¢ Ideal output(n) & A &
R B F endii il o y(n) B B B enplR oy (n) 5 d % B2 &4 S0l s(n)
BRI AL F LR eI R o B R T P A B 8 B T B e BLAR R e(n)

ol e B y(n)ie 8T K 0§ E K Sk i v -

Ideal Output(n)

d(n)

Ideal Output \
(n+future) 1 Yi{n) -~ en)

Adaptive Y(n)
X(n) | Filter W(n) S(n) - F_#f__-"

_5[:‘ D5P calculate
I TI LMS |-

B 3-9 & * FxLMS B~1F & sipimk il 2. = HUH

ma o @IEFE yn)S F R GEMFE FFEY 2R E R TR
BT ER AT BRI E(DSP)E R o Fla AR RE

FXLMS(Filtered-x-Least Mean Square)i# & ;# o ig42i% # Ideal Output 3 5LE 4c
Ak B T ksl o B @Ak P 8 o FXLMS 7 2 -

- El
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323

2,

kL2 frde PERY

%

IR ECHEC DTS E SN E St R

e wmd 2 F b rEI S B
M(K)=[m(0) m(1) m(2)... m(L)] > &% f#ic A5 T B # o

218 F FOGUBLEE S $ LR RIS A L - EAT LS £
X(n)=[x(n) x(n-1) x(n-2)...x(n-L)] °

B e RARR] R L e B sum(X(n)-M(K))<e » e AL ¥

SRt k] i B ERPE AT T B eh e(K+1) 2 Fusk sk — B EPI ek 8 o

1

set marker M

=[m(0)m(1) m(2)... m(L)]

3. If  Sum(X(n)-M)=e
=> Headsets playreversed EPInoise.

Sound Pressure Amplitude

01 - - - - - - r -

Tympanic
membranc

Auditory

sarnlie
2. Reference mic receive EPInoise
X(n)=[=x(n) x(n-1)x(n-2).._x(n-L)]

0 1000 2000 30000 4000 5000 G000 7000 G000 9000 90000

points{sampling rabe=44100#z) D SP

Bl 3-10 & rrpFF P~19 2 51 X Bl
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3.3 FXLMS (Filtered -x- Least Mean Square)
L2 LMS F 52 » s L 4= S(n)4e » 1 F T L FXLMS iF & 2 :
W(n) i LMS #7& fejg B o LMS @& * MSE(mean square error) ™ j* :
Em) = e’(n)
S
ik E RS L R .
G2 S e B i
y(n) =W (n)" X(n)

e(n) =d(n)-y(n) =d(n)-W(n)" X(n)

dm)% x(n)% % ¢ Fefed g o Bk 40P @i E Wn) ! @ e(n)d ]

Bt T2 Fedbo) 2o e(m)iE o A Fdbo) EMm)E o T d W XS T

(3.7)

B B

(3.8)

(3.9)

»#z e(n)

- B2 Wh)i S8chdde m EmBPIE Wh) s S#canz o538 d 7 B 3-11

Gro - W) E(m)b] o R ER L L1 £ Wh)h % 5.

Em)=(w(n)+4)*+2 ; p=0.2

Bl 3-11 EmE W R X hE W) Y #E_£(n)

¥ i% i steepest descent w7 2 R Won) o $FH- A+ B E@m)eF > w
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FoRAgpe
W(n+1)=W(n) - (1/2)*\ & (n) (3.11)
VEME L EMtFR > @ (i & e ff e T jearehid & o Jeacd
BAL g3 FaNRTH IFI 4L R E3 kBl - R jac Bk 12
RIS g e
FEVEMm):
Em=e’(n) , V E=2(Vem))e(n)
e(n) =d(n)-W(n)" X(n) , Ve(n)=-X(n)
V £ (m)=-2X(n)e(n) >
PN - I
W(n+1)=W(n)+ ¢ *X(n)e(n) (3.12)
F A X(n)2 e(n)B~ @2 T FEM ) 11E y SL 2 EB o
de o S()fé > AN E AT FE o
y(n) =W (n)" X(n)
e(n) =d(n)-y'(n)=d(n)-s(n)*y(n)=d(n)-s(n)*W(n)" X(n)
V& =2(Ve(n)e(n) =-s(n) *x(n)
W(n+1)=W(n)+ ¢ *s(n)*x(n)*e(n) (3.13)
BT T R 2 y(n)iedT Ok B o eopE T H
i FXLMS /@5 2+ ¥ NEHRE KR F ik d frdl > & X()F * 574 ¢

B2 #3~ o d(n)F 1F MRI s 83~ 0 y(n)— 1828 1 2 Fudid o e(n)ec 5 74

P-4

BB 2B TT o w4 ] FXLMS A5t Pk f e F1E 0 AT 6

bk kst ey 24 BPL A 24 2 FAER S o
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rAE BN R

% o S (R 4-1)

S RS

2
g

7 T P2 Ho g2 F(DSP)

M2 AR B B e d B AR o

kY
C’b

R o2 48 52
SRR D RUHL S

i

B T edd) &R

AR R 5

PofOR B T B4 B(PARA v ¥~ Bkl

B %

I

Foged BABEIT > BSEA $ R JTIEL 0 T H#
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1.8 (= 21 8 A2 E (DSP):

# * d Analog 2 @ % 2. ADSP-21469 B % ¥ » EJZ:# B 450MHz » _%

312 e ;‘);’31@?]:':%?,1‘1@ diFEr o A

5o S ARUEIE B o i ST Y o
F R AR A B U EURIL B OB R R 2 9 ST e st VisualDSP+

500 R HCFTANR LA ILEY > AL o

FRRAIET IR AL RS2 REAGILE f R BRI

& Anslog Devices VisualliSp.++ - [ Targel: ADSP-BF 533 ADSP-B 53w Singhe Proccssar Smilaton ] - [Project: dotpradc]

th G oo Y Dot Sty G oo Lk (4
|[DEHo@ Y [HBHS 0P8 e WL

2012.07.0

B 4-3 ADSP-21469 B % 4+ [25]
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2. A H 3 + B (power amplifier)

A R A Analog > P 978 & 2. 2c+ B Analog SSM2167[26] » X #71¥7
B2 %227 0 7 §F 15" Analog SSM2167 5 4 #2c < B B ek J framck o

f AR AT 5 B R (frequency response)-T 3~ BF R 4f Y& (time delay)f® 2. 3%

A=

TR M R 0 WIS p I B T S AR e

-E;‘\?'
"

THM o % IC 5 LM386 > 5B F F BRI A > 00 50 R %

I=4

v

da
jﬂ

e

N

LA

iﬁga\%i«kgo

o=

Bl 4-4 & * LMB386 #7# iv2 g+ B[27]
3¢5k

miz $ih 220K N THIBET R DB FHATE S micc A KT T
B4 A 2 AMB-O60G40-CWH2 (ROHS)T % 7 & b » R 4R 5-40£3 4

B Rt 0T E A S PRR 0 & 20000Hz 1T ARTIR S S

P N
_'-r‘ﬁ
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_30 Microphone Frequency Response

dB Ref. 1V/Pa

20

=1

FA B EE N B deT B 4-60 47 SrE 0 AATF ® P F R kIR B

STIER

R
¥

50 100

0 Deg

5% AR S

200 500 Tk

Bl 4-5 &5 h AR S

e W)

Bl 4-7 FZL &5 b 2

4
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4, B
¢ * 4 Resonance Technology 7%l e 4t - B R R P FAp 2 2 2 % >

Bl 4-8> ey & @ e i cnB g gF < 48 & SR R~ hg £ Kk EPI

rf’]\'—'évg o
5. %

rE e Byt DSPHF > PiEET RIERANL f’?ﬁ'}‘)‘ CARE S o E

\“‘1‘3

AFRLEHEF DSP Efp r 4250 TRFEE TGN 0 W RE
* ASUS 2 £323] %% » 3]3L 5 AS2IC[29] 0 AJZE & Intelis ©
6. MRI 3t

TH 49 5 AF %% 5 3Tesla 1 Bruker MRI %k 5t o F % 4F 45 05 71 5 EPI
Fde Bl B3 2 BSOS 2 U e PR BRI B T 2 MR R M

i (] 4-10) o

%"'--

Wl 4-8 2L tE R 45 RI[28] B 4-9 &% % % 2 Bruker 3T MRI & %
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dTRT R R KA R BB A R A 0 EPL iR 2
~ B L B RAE Pk w - R bl o BB AR S R 5 128K AR i kv 64x2
Bk R RU128K A 10 12 128 B Bk 0 & 1000 # w0 A F kv 32x2 B 8

22000 # kg o

sampling rate=2500
-40 T T T T T T T T

Sound Pressure Level(dB)

-120

1 1 . 1 1 1 . 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
frequency(Hz) (
a)

sampling rate=5600
-a0 T T T

[—e1
FOF 4

got 4

a0t 4

Sound Pressure Level{dB)

o
=}
T

L

-100 - B

-110

! I I I L I 1 I !
1} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

frequency(Hz) (b)

B 4-10 B 247 B 5 64x64(a)sr 32x32(b)= EPI w3 47 Bl
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fei - R ABRTAFE 2 ABRE T %R T %o

Unknown ] MR Moise d{n)
Plant P(n) |

R

X(n) Saved Yin) _ [ 1 Y'(n) P e(n)
Output Y(n) e Sn) =i 2

DsSP
calculate

4>|’ statement

Bl4-11 22 FF 5 2 > B R

B A

1.

Ak n vk 0 F b fTe MEFGEL > A B3 T k2 d MATLAB
MW RLSEE » B8 & % sz #4550 S(n)

B EPI w3 » 8284 & 5 b 2 BB~ & Marker > K5 L K 2% &
SO b ATLELY o AR En B P (T IR R dhduk gt ] o

Bl A 2 d B ELAST BIFEY > € % FxLMS JHE 2B ks
32 18 it Output Y(n) ©

FuheEfe s 0 F 25 &k A5 che 8 27 Marker 2354 0] 3 e B B
o I e dkdF G2 8 fask g Output Y(n) © b PF— 828 4 & 5L b 5L

URTE T ST3" ST
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$1% AmE:

51 T 'af iR %
5.1.1 FxLLMS z_ e 8 %

BB TR L AR EF2 EPIwkd 2ELIT 5 Kk o B3R FXLMS s o
# EPI o 3USLEGRd X » > @ P53 54 $ b 24 F b BT D
EH S B dn)E A & suh a2 BPIwed 38 » Y (n) 5 34 & s b e D)2 furk
AELe(n) s A F b F 2 50(dMm)e b Y () o Y(n) & NS 2
e A EL W(n) & i S i 2 i etk B oS(n) & 7 E & Suehfg £ Sidic S (n)

BB T BHCEE 2k MLl A Sofice 0 FXLMS >t EPI w35 3 128 2 1 2

Unknown 1 MR Noise d{n)
Plant P{n) ‘

X

K§ V/ﬁg o

X(n) Adaptive | vin) [ 1Y = eln)
“T™ e win) [ Lo ™2™
DSP
5'(n) calculate

———%fms

B 5-1 FXLMS 2_ % 5L~ 5.8
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FxLMZ-EPI,dE=12.8
-55 T T T T T T T T T

-B0

65

-70

-4

-60

-84

Sound Pressure Level(dB)

-80

-95

-100

_105 | | 1 1 | | 1 1 1
o 200 400 8OO 800 1000 1200 1400 1600 1800 2000

frequency(Hz)

B 5-2 FXLMS 2 T "afi#tdnk 5 % Bl

512 A%FN AL Z2HREES

- BT R AH Y BT EPInR LR KR RIBARTFE
i o 21 WP 0 ¥ EPL g SUBLERRY X(E » 0 A P()E 23 R
B EEA S LR MR S Sl dn) L & b P2 EPIwEE 35 Y (n)
BPA LR TRl kB o e(n) 5 A B b F I 2 3 E(d(n)de
Y’(n)) > Y(n) 5 wplondasd 2 e B S(n) 5 7% c Seendg 4 Sl S’(n) 5 Bz
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