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Filtered-X-LMS [23]

ANC

PNC

[34]-[38]

ANC

ANC
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source)

(secondary source
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ANC

ANC 1 1

1

ANC Active Acoustic

Treatment:AAT) AAT

[39],[40]
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[41]-[43]
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[44]-[48] PNC
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ANC

PNC

ANC

ANC

ANC

Active Acoustic Shielding AAS

AAS



1 4

1.2 (AAS)

Active Acoustic Shielding:AAS)

1.2.1

Fig.1.1 AAS

Fig. 1.1 : Concept of active acoustic shielding

Fig.1.1

Fig.1.1

colocation w
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λ

AAS

Filtered-X-LMS Filtered-

X-LMS

method of steepest descent) LMS least mean square

ANC ANC

[15]

A

Multiple-Filtered-X-LMS

J K

L J-K-L Filtered-X-LMS [49]

J K

K L 4(1-1)-4

M [(1-1)-L′] Filtered-X-LMS

4(1-1)-4 4-4-4

(1-1)

4(1-1) 4 M [(1-1)-L’]

M [ ] M

(1-1)-L’ J −K −L Filtered-X-LMS

1-1-L (1-1)

L’

L ’

1-1-L
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1.3

1. AAS)

AAS .

2.

3.

1

AAS 1

2 AAS

AAS

0

2 3

AAS

50[mm] AAS

48[kHz]

AAS 4(1-1)-4

Filtered-X-LMS 4

3 AAS

4 AAS

AAS AAS

2 AAS

2 2 AAS
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Fig. 1.2 : Flow of paper
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2

AAS

2.1

1 AAS Acticve Acoustic Shielding

Active Noise Control :ANC

AAS

AAS

AAS

2.2

[50]

(sound pressure) p 3 c

∂2p

∂t2
− c2

(
∂2p

∂x2
+ ∂2p∂y2 + ∂2p∂z2

)
= 0 (2.1)

p (t, x, y, z) = p+e
i(ωt−kxx−kyy−kzz+φ+) (2.2)
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k =
√
kx

2 + ky
2 + kz

2 =
ω

c
(2.3)

p+ φ+ (gain) (phase) ω

(angular frequency) k = ω/c (wave number),kx ky kz x, y, z

2.2.1

. r

[50]

∂2(rp)

∂t2
− c2

∂2(rp)

∂r2
= 0 (2.4)

p (t, r) =
p+
r
ei(ωt−kr+φ+) (2.5)

2.2.2

O

dV

dt
= Qse

iωt (2.6)

O

a 4πa2 · u (t, a)

u (t, a)

p (t, r) = i
ρckQs

4πr
ei(ωt−kr) (2.7)

(point source) Qs

(strength of the point source) ρ ( )

Qs [50]

Qs =
4π

ikρc
p+e

iφ+ (2.8)
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2.3

Fig.2.1 xy

Fig. 2.1 : Simulation model of AAS

AAS

AAS w

λ AAS d

θ z

(x y z) Eq.(2.2)

pp (ω; x y z)

pp (ω; x y z) = Pp0 (ω) e
−i(kxx+kyy) (2.9)

kx = k cos θ ky = k sin θ (2.10)

Pp0 (ω) i AAS

(0 mw lw)

pp (ω; 0 mw lw) = Pp0 (ω) e
−imwk sin θ (l m : · · · − 2 − 1 0 1 2 · · ·) (2.11)
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Qslm (ω) AAS

H (ω)

Qslm (ω) = pp (ω; 0 mw lw)H (ω) = Qs0 (ω) e
−imwk sin θ (2.12)

Qs0 (ω) = Pp0 (ω)H (ω) (2.13)

(0 mw lw) (x y z)

pslm (ω; x y z) = i
ρckQslm

4πrlm
e−ikrlm (2.14)

rlm =
√
x2 + (y −mw)2 + (z − lw)2 (2.15)

rlm AAS lm (ω; x y z)

AAS (2M + 1)(2L+ 1) AAS

Eq.(2.12) (2.14)

ps (ω; x y z) = i
ρckQs0 (ω)

4π

L∑
l=−L

M∑
m=−M

1

rlm
e−ik(rlm+mw sin θ) (2.16)

(x y z) Eq.(2.9) Eq.(2.13) Eq.(2.16)

p (ω; x y z) = pp (ω; x y z) + ps (ω; x y z)

= Pp0 (ω)

⎛
⎝e−i(kxx+kyy) + i

ρckH (ω)

4π

L∑
l=−L

M∑
m=−M

1

rlm
e−ik(rlm+mw sin θ)

⎞
⎠ (2.17)

(d y z) H (ω)

H (ω) = i
4πe−ik(x cos θ+y sin θ)

ρck
L∑

l=−L

M∑
m=−M

1

relme−ik(relm+mw sin θ)

(2.18)

relm =
√
d2 + (mw)2 + (lw)2 (2.19)

(d 0 0) θ = 0 Eq.(2.18)

H (ω) = i
4πe−ikd

ρck
L∑

l=−L

M∑
m=−M

1
relm

e−ikrelm

(2.20)
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relm AAS (0 mw lw) (d mw lw)

AAT (ω; x y z)

AAT (ω; x y z) = −20 log
|pp (ω; x y z) + ps (ω; x y z)|

|pp (ω; x y z)|

= −20 log

∣∣∣∣∣∣∣∣∣
1−

e−ikd
L∑

l=−L

M∑
m=−M

1
rlm

e−ik(rlm+mw sin θ)

e−i(xk cos θ+yk sin θ)
L∑

l=−L

M∑
m=−M

1
relm

e−ikrelm

∣∣∣∣∣∣∣∣∣
(2.21)
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2.4

2.4.1

2.3 w =

0.125[m] L = 50 M = 50 AAS −6.25[m] ≤ y ≤ 6.25[m]

−6.25[m] ≤ z ≤ 6.25[m] x = 0 101 × 101 0.125[m]

θ ps pp

x:0 20[m] y:-10 10[m] z:-10 10[m] 0.2[m] z=0 x-y

x

(x y z)=(d 0 0)

Eq.(2.21)

AAT (ω; x y z) = −20 log

∣∣∣∣∣∣∣∣∣
1−

e−ikd
L∑

l=−L

M∑
m=−M

1
rlm

e−ik(rlm+mw sin θ)

e−i(xk cos θ+yk sin θ)
L∑

l=−L

M∑
m=−M

1
relm

e−ikrelm

∣∣∣∣∣∣∣∣∣
(2.22)

B.1 2

d 2 w d/w w 1 w/λ 1

θ

(a) Secondary source (b) Primary source

Fig. 2.2 : Sound pressure level contours for primary source and secondary source

(d/w = 1,w/λ)
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2.4.2

MATLAB ATT

−20 20 [dB]

d/w=1 5 10 15

w/λ=0.25 θ=0

(a) d/w = 1 (b) d/w = 5

(c) d/w =10 (d) d/w=15

Fig. 2.3 : Noise reduction contours for different values of d/w θ = 0 w/λ = 0.25
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Fig.2.4 w/λ=0.25 0.5 0.75

d/w=1 θ=0

(a) w/λ = 0.25 (b) w/λ = 0.5

(c) w/λ = 0.75

Fig. 2.4 : Noise reduction contours for different values of w/λ θ = 0 d/w = 1
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Fig.2.3 20[dB]

AAS

Fig.2.3 d/w ≥ 1

Fig. 2.5 : Enlarged viewe of scondary source (d/w = 1,w/λ)

Fig.2.4 w

.Fig.2.5 Fig 2.2(a)

d w

Fig.2.4 θ = 0 d/w = 1 w/λ ≤ 0.75

3/4

2.4.3

Fig.2.6 θ = 0◦ 30◦ 45◦ 60◦

d/w = 1,w/λ = 0.25 Fig.2.7 30◦ 60◦

d/w = 1 w/λ = 0.5 0 75 w/λ ≤ 0.5

θ = 60◦
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(a) θ = 0◦ (b) θ = 30◦

(c) θ = 45◦ (d) θ = 60◦

Fig. 2.6 : Noise reduction contours for different values of θ(d/w = 1 w/λ = 0.25)
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(a) w/λ = 0.5θ = 30◦ (b) w/λ = 0.75 θ = 30◦

(c) w/λ = 0.5 θ = 60◦ (d) w/λ = 0.75 θ = 60◦

Fig. 2.7 : Noise reduction contours for different values of θ(d/w = 1)
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2.5

AAS

AAS

AAS

( w ( λ

w/λ d w d/w θ

1.

w/λ ≤ 0.75

w/λ ≤ 0.5 θ ≤ 60◦

2. d d/w = 1

AAS
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3

AAS (Type1)

3.1

AAS Active Acoustic Shielding 2

AAS AAS Type1

AAS 1

.

[52]

Multiple Filtered-X-LMS

AAS 4(1-1)-4Filtered-X-LMS *1

3.2

AAS Type1

4

1

4(1-1)-4Filtered-X-LMS

H (ω)

*1 4( ) (1-1)-4

(1-1)
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3.3 AAS AAS (Type1)

3.3.1 AAS

(Active Acoustic Sielding:AAS)

AAS AAS

1

[15] Fig 3.1

NCFR PROTRO

Fig. 3.1 : Flat speaker
Fig. 3.2 : AAS cell

AAS

91[mm] 55[mm] 61[mm]

4[mm]

Fig 3.2



3 AAS (TYPE1) 24

3.3.2 AAS

AAS

50[mm]

125[mm] *2 500[Hz]

2[kHz] c = 331 + 0.6t

t [ ] t 50 [15]

c[m/s] f [Hz] λ[m] λ = c/f

15 c 340[m/s] f=500

2000[Hz] λ=0.17 0.68[m] w[m] λ[m]

w/λ∼=0.184 0.735 2

w[m] λ[m] w/λ=0.25 0.5 0.75

w=125[mm] AAS

AAS Fig.3.3

4 250[mm]

Fig. 3.3 : AAS unit Type 1

*2 2KHz

AAS
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3.4

4(1-1)-4 Filterd-x-LMS

Fig.3.4

4(1-1)-4 Filterd-x-LMS 4-4-4 Multiple-Filterd-x-LMS

0

1 1

48[kHz]

Fig. 3.4 : 4(1-1)-4 Filtered-x-LMS

20[kHz] H :220 :0.00001

C 120 :0.0001

ANC
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3.5

3.5.1

Fig.3.5(a)

(b) AAS

AAS

1160[mm]

(a) outside view

(b) plane view

Fig. 3.5 : AAS Window
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Fig 3.6 Fig.3.7

(a) outside view (b) plane view

Fig. 3.6 : Test setup

1 WS-A-10-K Panasonic

500[mm]

1 LPF HPF

500[Hz] 2[kHz]

4 100[mm](

ANC EX-Tool(Redec )

Filterd-x-LMS 3.4 4(1-1)-4Filterd-x-LMS

3.5.2

4 FFT

ANC OFF ON [dB]

H11 H44

1

Fig.3.6(b) (xy )

(xz ) 1[m] 100[mm] 11 11 [dB]

NA28 RION 1/3 20

ANC OFF
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Fig. 3.7 : System arrangements to determine the control filter

ON

SPVM6K100UA 2
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3.6 Case 1 (

3.6.1 H11 H44

Fig.3.8(a) Fig.3.8(c) GAIN

PHASE

-0.06

-0.04

-0.02

0

0.02 ImpulseResponse 
Average

ImpulseResponse 
H11

ImpulseResponse 
H22

ImpulseResponse
-0.08

0 1 2 3 4 5 

msec [ms]

ImpulseResponse 
H33

ImpulseResponse 
H44

(a) Inpulse Response

(b) Gain (c) Phase

Fig. 3.8 : Converged filters in Case 1

H11 H44 GAIN PHASE

H(Ave)
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3.6.2

H(Ave)

Fig.3.9(a) Fig 3.9(d)

Fig.3.11(a) Fig 3.11(d) Fig.3.10(a) Fig 3.10(d)

Fig 3.9 500[Hz] 2[kHz] 10

15[dB] Fig.3.10

1

Fig.3.11

(a) Error point 1 (b) Error point 2

(c) Error point 3 (d) Error point 4

Fig. 3.9 : Relative Sound pressure spectra at the error points under the condition of ANC

ON and OFF in Case 1
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(a) reference 1 to error 1 (b) reference 2 to error 2

(c) reference 3 to error 3 (d) reference 4 to error 4

Fig. 3.10 : Coherencis from a reference poit to an error point under the condition of ANC

ON and OFF
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(a) fixed point a (b) fixed point b

(c) fixed point c (d) fixed point d

Fig. 3.11 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 1

3.6.3 500[mm]

Fig.3.6 1/3

630[Hz] 800[Hz] 1[kHz] 1.25[kHz] 1.6[kHz] 2[kHz]

Fig.3.12 4(1-1)-4 ANC Fig.3.13 Fig.3.14

Fig.3.15 Fig 3.16 Fig.3.17

ANC
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(a) 630Hz (b) 800Hz

(c) 1000Hz (d) 1250Hz

(e) 1600Hz (f) 2000Hz

Fig. 3.12 : Typical 1/3-octave-band sound attenuation level contours in Case 1 using the

fixed filter H (ω)
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(a) OFF 630Hz (b) ON 630Hz

(c) OFF 800Hz (d) ON 800Hz

(e) OFF 1000Hz (f) ON 1000Hz

Fig. 3.13 : Typical 1/3-octave-band sound pressure level contours in Case 1 using the the

fixed filter H (ω)
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(a) OFF 1250Hz (b) ON 1250Hz

(c) OFF 1600Hz (d) ON 1600Hz

(e) OFF 2000Hz (f) ON 2000Hz

Fig. 3.14 : Typical 1/3-octave-band sound pressure level contours in Case 1 using the

same fixed filter H (ω)
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(a) 630Hz (b) 800Hz

(c) 1000Hz (d) 1250Hz

(e) 1600Hz (f) 2000Hz

Fig. 3.15 : Typical 1/3-octave-band sound attenuation level contours in Case 1 using the

same fixed filter HAve (ω)
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(a) OFF 630Hz (b) ON 630Hz

(c) OFF 800Hz (d) ON 800Hz

(e) OFF 1000Hz (f) ON 1000Hz

Fig. 3.16 : Typical 1/3-octave-band sound pressure level contours in Case 1 using the

same fixed filter HAve (ω)
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(a) OFF 1250Hz (b) ON 1250Hz

(c) OFF 1600Hz (d) ON 1600Hz

(e) OFF 2000Hz (f) ON 2000Hz

Fig. 3.17 : Typical 1/3-octave-band sound pressure level contours in Case 1 using the

same fixed filter HAve (ω)
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4(1-1)-4

3.7 Case 2 (

1 Fig 3.18 500 mm 30[deg]

1 4

3.6.1 HAve (ω)

(a) outside view (b) plane view

Fig. 3.18 : Test setup in Case 2

Fig.3.19(a) Fig 3.19(d) Fig.3.20

Fig.3.21(a) Fig 3.21(d)

Fig.3.22 Fig 3.23

θ = 30[deg]

1500[Hz
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AAS

(a) error point 1 (b) error point 2

(c) error point 3 (d) error point 4

Fig. 3.19 : Relative Sound pressure spectra at the error points under the condition of

ANC ON and OFF in Case 2

Fig 3.19

1500[Hz] w/λ ≤ 0.5
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(a) reference 1 to error 1 (b) reference 2 to error 2

(c) reference 3 to error 3 (d) reference 4 to error 4

Fig. 3.20 : Coherencis from a reference poit to an error point under the condition of ANC

ON and OFF in Case 2

Fig.3.20

1 Fig.3.21

2kHz

ANC ON
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(a) fixed point a
(b) fixed point b

(c) fixed point c (d) fixed point d

Fig. 3.21 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 2

AAS

30[deg] 500[mm]

Fig.3.18 1/3

630[Hz] 800[Hz] 1[kHz] 1.25[kHz] 1.6[kHz] 2[kHz]

Fig.3.22 Fig.3.23 Fig.3.24

.
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(a) 630Hz (b) 800Hz

(c) 1000Hz (d) 1250Hz

(e) 1600Hz (f) 2000Hz

Fig. 3.22 : Typical 1/3-octave-band sound attenuation level contours in Case 2 using the

same fixed filter HAve (ω)
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(a) OFF 630Hz (b) ON 630Hz

(c) OFF 800Hz (d) ON 800Hz

(e) OFF 1000Hz (f) ON 1000Hz

Fig. 3.23 : Typical 1/3-octave-band sound pressure level in Case 2 using the same fixed

filter HAve (ω)
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(a) OFF 1250Hz (b) ON 1250Hz

(c) OFF 1600Hz (d) ON 1600Hz

(e) OFF 2000Hz (f) ON 2000Hz

Fig. 3.24 : Typical 1/3-octave-band sound pressure level contours in Case 2 using the

same fixed filter HAve (ω)
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3.8 Case 3 (

500[Hz] 2[kHz]

Fig.3.25 1 500 mm

2 30 deg 3.6.1

(a) outside view
(b) plane view

Fig. 3.25 : Test setup in Case 3

3.8.1

Fig 3.26 Fig.3.27

Fig.3.28 Fig.3.29
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(a) error 1 in case 1 (b) error 2 in case 1

(c) error 1 in case 2 (d) error 2 in case 2

(e) error 1 in case 3 (f) error 2 in case 3

(g) error 1 in all cases (h) error 2 in the all cases

Fig. 3.26 : Relative Sound pressure spectra at the error points under the condition of

ANC ON and OFF in Case 3
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(a) error 3 in case 1 (b) error 4 in case 1)

(c) error 3 in case 2 (d) error 4 in case 2

(e) error 3 in case 3 (f) error 4 in case 3

(g) error 3 in all cases (h) error 4 in all cases

Fig. 3.27 : Relative Sound pressure spectra at the error points under the condition of

ANC ON and OFF in Case 3
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(a) fixed point b in case 1 (b) fixed point b in case 1

(c) fixed point a in case 2 (d) fixed point b in case 2

(e) fixed point a in case 3 (f) fixed point b in case 3

(g) fixed point a (h) fixed point b

Fig. 3.28 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 3
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(a) fixed point c in case 1 (b) fixed point d in case 1

(c) fixed point c in case 2 (d) fixed point d in case 2

(e) fixed point c in case 3 (f) fixed point d in case 3

(g) fixed point c (h) fixed point d

Fig. 3.29 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 3
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Fig.3.30

Fig. 3.30 : Sound pressure spectra at the fixed points a under the condition of ANC ON

and OFF in Case 3 (close up)

3.8.2 500[mm] 30[deg]

Fig.3.31 Fig 3.33

AAS
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(a) 630Hz in Case 1 (b) 800Hz in Case 1

(c) 630Hz in Case 2 (d) 800Hz in Case 2

(e) 630Hz in Case 3 (f) 800Hz in Case 3

Fig. 3.31 : Typical 1/3-octave-band sound attenuation level contours in Case 3 using the

same fixed filter HAve (ω)
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(a) 1000Hz in Case 1 (b) 1250Hz in Case 1

(c) 1000Hz in Case 2 (d) 1250Hz in Case 2

(e) 1000Hz in Case 3 (f) 1250Hz in Case 3

Fig. 3.32 : Typical 1/3-octave-band sound attenuation level contours in Case 3 using the

same fixed filter HAve (ω)
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(a) 1600Hz in Case 1 (b) 2000Hz in Case 1

(c) 1600Hz in Case 2 (d) 2000Hz in Case 2

(e) 1600Hz in Case 3 (f) 2000Hz in Case 3

Fig. 3.33 : Typical 1/3-octave-band sound attenuation level contours in Case 3 using the

same fixed filter HAve (ω)
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3.9 Case 4 (

3.9.1

3.6.1 HAve (ω)

500[Hz] 2[kHz] Fig.3.34

1

NA28(RION ) 1/3

(a) outside view
(b) plane view

Fig. 3.34 : Test setup in Case 4

3.9.2

Fig.3.35 Fig.3.36 1 0.9[m/s] 1.8[m/s] a 1/3

Fig.3.35 Fig.3.36 10[dB]

AAS

2kHz

w/λ

0.5
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(a) 2kHz(0.9m/s) (b) 2kHz(1.8m/s)

(c) 1.6kHz(0.9m/s) (d) 1.6kHz(1.8m/s)

(e) 1.25kHz(0.9m/s) (f) 1.25kHz(1.8m/s)

Fig. 3.35 : Typical 1/3-octave-band sound pressure level by real time anlysis under the

condition of ANC ON and OFF in Case 4
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(a) 1kHz(0.9m/s) (b) 1kHz(1.8m/s)

(c) 800Hz(0.9m/s) (d) 800Hz(1.8m/s)

(e) 630kHz(0.9m/s) (f) 630Hz(1.8m/s)

Fig. 3.36 : Typical 1/3-octave-band sound pressure level by real time anlysis under the

condition of ANC ON and OFF in Case 4
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3.10

3.10.1

3.6.1 HAve (ω)

3.6.1

Fig.3.37 6

(1800[mm] 900[mm] 12[mm])

(a) outside view

(b) plane view

Fig. 3.37 : Test setup in Case 5

3.10.2

a d Fig.3.38 Fig.3.39
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(e) Fixed point a in case 5
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(g) Fixed point a in case 1 and 5
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(h) Fixed point b case 1 and 5

Fig. 3.38 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 5
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(b) Fixed point d (ANC OFF in case 1 and 5)
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(c) Fixed point c in case 1
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(d) Fixed point d in case 1
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(e) Fixed point c in case 5
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(f) Fixed point d in case 5
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(g) Fixed point c in case 1 and 5
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(h) Fixed point d in case 1 and 5

Fig. 3.39 : Sound pressure spectra at the fixed points under the condition of ANC ON

and OFF in Case 5
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1 4 Fig.3.39
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(b) Error point 2
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(c) Error point 3
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(d) Error point 4

Fig. 3.40 : Relative Sound pressure spectra at the error points under the condition of

ANC ON and OFF in Case 5

Fig.3.38 Fig.3.40

2 5[dB]

. 5 10[dB]

3.10.3

Fig.3.41 Fig.3.42

Fig 3.43
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(a) 630Hz (b) 800Hz

(c) 1000Hz (d) 1250Hz

(e) 1600Hz (f) 2000Hz

Fig. 3.41 : Typical 1/3-octave-band sound attenuation level contours in Case 5 using the

same fixed filter HAve (ω)
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(a) OFF 630Hz (b) ON 630Hz

(c) OFF 800Hz (d) ON 800Hz

(e) OFF 1000Hz (f) ON 1000Hz

Fig. 3.42 : Typical 1/3-octave-band sound pressure level contours in Case 5 using the

same fixed filter HAve (ω)
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(a) OFF 1250Hz (b) ON 1250Hz

(c) OFF 1600Hz (d) ON 1600Hz

(e) OFF 2000Hz (f) ON 2000Hz

Fig. 3.43 : Typical 1/3-octave-band sound attenuation level contours in Case 5 using the

same fixed filter HAve (ω)
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3.11

(Active Acoustic Shielding:AAS)

AAS

500[Hz] 2[kHz]

1.5[kHz]

w/λ 0.5

3 5[dB]

AAS
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4

AAS

4.1

AAS

PNC

ANC AAS 3

3 AAS(Type 1) 500[Hz] 2000[Hz]

A 4000[Hz]

8000[Hz] 500[Hz] 125[Hz]

3 16[dB] 1000[Hz]

2 3

AAS w 2 1 4 1

2 4 AAS

AAS w

5

AAS 2

AAS 2

AAS

AAS Fig.4.1(a) AAS
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Fig.4.1(b)

AAS

1 2 AAS

AAS AAS 2

AAS AAS

AAS

AAS Fig.4.1(c)

(a) AAS window Type 1

(b) AAS window Type 1’ (c) AAS window Type 2

Fig. 4.1 : Type of AAS

AAS AAS

AAS

AAS



4 AAS 68

4.2 AAS(Type1’)
AAS Type1 AAS Type 1’

4.3

200[Hz] 2[kHz] 1 200[Hz] 2[kHz]

3.5

4.3.1

Fig 4.2(a) AAS-Type2 Fig.4.2(b)

(a) Total congfigration (b) AAS-Cell

Fig. 4.2 : Fabricated AAS-Window Type1

AAS Type1)

( ) (Tang Band Speaker W2-852SE)

500[Hz]

200[Hz]

58[mm] 56[mm]

1.5[mm])

60[mm] Type1

125[mm] 4
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4.3.2

3.4 4(1-1)-4 Filterd-x-LMS *1

4.3.3

Fig 4.3

(a) Plane view

(b) Outside view (c) Inside view

Fig. 4.3 : Test setup of AAS-Window Type

*1 4( ) (1-1)-4

(1-1)
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( 1 4

3.6.3

4.4

Fig.4.4

300[Hz] 2[kHz] 10 20[dB]

4.5

300[Hz]

500[Hz] AAS-Type1
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(a) Error point 1 (b) Error point1 (Expanding)

(c) Error point 2 (d) Error point 2 (Expanding)

(e) Error point 3 (f) Error point 3 (Expanding)

(g) Error point 4 (h) Errorp point 4 (Expanding)

Fig. 4.4 : The sound pressure spectrum error points under the condition of ANC ON and

OFF
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4.6 AAS(Type2)

AAS(Type2) 1

2 AAS

Fig4.5 AAS Type2

Fig. 4.5 : System arrangements of AAS-Window Type2

4(1-1)-4

Filtered-X-LMS 3.4

100[Hz] 2[kHz]

4.6.1 AAS (Type H)

AAS AAS(Type1) . Type1

4(1-1)-4 Filtered-X-LMS

500[Hz] 2[kHz]
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4.6.2 AAS (Type L)

AAS 100[Hz]

4(1-1)-4 Filtered-X-LMS

100[Hz] 500[Hz]

4.7 AAS TypeL

AAS Type2)

AAS

AAS

4.7.1 AAS

AAS Fig.4.6

(a) conbined view

(b) View of 1 Cell (c) View of 4 Cells

Fig. 4.6 : Fabricated AAS-Unit for low frequency

100[mm] 100[Hz]

250[mm]
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L 100[mm] 60[mm]

4 1

334[mm] 100[Hz] 500[Hz]

w/λ=0.0982 0.491 w/λ<0.75

4.7.2

3.4 4(1-1)-4Filtered-X-LMS

Filtered-X-LMS

H

[51]

48[kHz]

12[kHz]

5[kHz] H :1800 :0.00001

C 300 :0.0001

F

4.7.3

Fig.4.7 AAS(TypeL)

760[mm] 4.7.2

12[kHz]

colocate

FPGA(Field-Programmable Gate

array)

) 340[mm]

ANC OFF ANC-ON
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(a) View of 1 Cell (b) Inside view

(c) Plane view

Fig. 4.7 : Test setup AAS-Unit for low frequency (Type L)

4.7.4

Fig.4.8(d) Fig.4.9 a

Fig.4.8(b) Fig.4.9 a

100[Hz] 500[Hz] 10 20[dB] 3.6.3

AAS 500[Hz]
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4.8 AAS Type2

4.6 AAS

AAS 4

Type2 Type H Type Type L

4.9

4.9.1 AAS Type 2

Fig.4.10

Fig. 4.10 : Fabricated AAS-Window(Type2)

450[mm] AAS

250[mm] AAS (Tpye 1)

Fig.4.11

50[mm] 500[mm]

( 200[mm]

340[mm] 1 2000[mm]
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(a) Plane View

(b) Outside vie (c) Inside view

Fig. 4.11 : Test setup Type2

4.9.2

AAS 4(1-1)-4 Filtered-X-LMS

AAS

AAS

48[kHz] 24[kHz] H
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:220 :0.00001 C 120

:0.0001 AAS 24[kHz]

10[kHz] H :700

:0.00001 C 300 :0.0001

F

1 100[Hz] 2[kHz]

AAS 4(1-1)-4 Filtered-X-LMS

2

4.9.3

Fig.4.12 8

Fig. 4.12 : Plane view of mesuring point

3 1060[mm] a

2060[mm] b b 700[mm] c

60[mm] (xy )1[m] 100[mm] 11 11 1/3
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4.10

4.10.1

Fig.4.13 AAS H GAIN PHASE

Fig.4.14 AAS H GAIN

PHASE GAIN PHASE

4.10.2

Fig.4.15 Fig.4.16 AAS AAS

Fig.4.17

4.10.3

Fig.4.18 4.20 1/3 Fig.4.21 4.25

ANC-OFF ON Fig.4.26 4.28

Fig.4.29 4.33 ANC-OFF ON

Fig.4.15 4.16 AAS 300[Hz] 2[kHz]

AAS 200[Hz] 2[kHz] 5 20[dB]

Fig.4.17 a b c Fig.4.18

4.20 Fig.4.26 4.28 160[Hz] 2[kHz]

5 18[dB]

3 5[dB]
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Fig. 4.15 : The sound pressure spectrum at the error points of AAS Type H under the

condition of ANC ON and OFF
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Fig. 4.16 : The sound pressure spectrum at the error points of AAS Type L under the

condition of ANC ON and OFF
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Fig. 4.17 : The sound pressure spectrum at the fixed points under the condition of ANC

ON and OFF
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(a) 100Hz (b) 125Hz

(c) 160Hz (d) 200Hz

(e) 250Hz (f) 315Hz

Fig. 4.18 : Sound attenuation level contours under Normal filter (100 315Hz)
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(a) 400Hz (b) 500Hz

(c) 630Hz (d) 800Hz

(e) 1000Hz (f) 1250Hz

Fig. 4.19 : Sound attenuation level contours under Normal filter (400 1250Hz)
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(a) 1600Hz (b) 2000Hz

Fig. 4.20 : Sound attenuation level contours under Normal filter (1600 2000Hz)

(a) ANC OFF 100Hz (b) ANC ON 100Hz

(c) ANC OFF 125Hz (d) ANC ON 125Hz

Fig. 4.21 : Sound pressure level contours under Normal filter (100 125Hz)
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(a) ANC OFF 160Hz (b) ANC ON 160Hz

(c) ANC OFF 200Hz (d) ANC ON 200Hz

(e) ANC OFF 250Hz (f) ANC ON 250Hz

Fig. 4.22 : Sound pressure level contours under Normal filter (160 200 250Hz)
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(a) ANC OFF 315Hz (b) ANC ON 315Hz

(c) ANC OFF 400Hz (d) ANC ON 40Hz

(e) ANC OFF 500Hz (f) ANC ON 500Hz

Fig. 4.23 : Sound pressure level contours under Normal filter (315 400 500Hz)
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(a) ANC OFF 630Hz (b) ANC ON 630Hz

(c) ANC OFF 800Hz (d) ANC ON 800Hz

(e) ANC OFF 1000Hz (f) ANC ON 1000Hz

Fig. 4.24 : Sound pressure level contours under Normal filter (630 800.1000Hz)
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(a) ANC OFF 1250Hz (b) ANC ON 1250Hz

(c) ANC OFF 1600Hz (d) ANC ON 1600Hz

(e) ANC OFF 2000Hz (f) ANC ON 2000Hz

Fig. 4.25 : Sound pressure level contours under Normal filter (1250 1600 2000Hz)
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(a) 100Hz (b) 125Hz

(c) 160Hz (d) 200Hz

(e) 250Hz (f) 315Hz

Fig. 4.26 : Sound attenuation level contours under same filter (100 315Hz)
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(a) 400Hz (b) 500Hz

(c) 630Hz (d) 800Hz

(e) 1000Hz (f) 1250Hz

Fig. 4.27 : Sound attenuation level contours under same filter (400 1250Hz)
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(a) 1600Hz (b) 2000Hz

Fig. 4.28 : Sound attenuation level contours under Same filter (1600 2000Hz)

(a) ANC OFF 100Hz (b) ANC ON 100Hz

(c) ANC OFF 125Hz (d) ANC ON 125Hz

Fig. 4.29 : Sound pressure level contours under Same filter (100 125Hz)
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(a) ANC OFF 160Hz (b) ANC ON 160Hz

(c) ANC OFF 200Hz (d) ANC ON 200Hz

(e) ANC OFF 250Hz (f) ANC ON 250Hz

Fig. 4.30 : Sound pressure level contours under Same filter (125 200 250Hz)



4 AAS 97

(a) ANC OFF 315Hz (b) ANC ON 315Hz

(c) ANC OFF 400Hz (d) ANC ON 400Hz

(e) ANC OFF 500Hz (f) ANC ON 500Hz

Fig. 4.31 : Sound pressure level contours under Same filter (315 400 500Hz)
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(a) ANC OFF 630Hz (b) ANC ON 630Hz

(c) ANC OFF 800Hz (d) ANC ON 800Hz

(e) ANC OFF 1000Hz (f) ANC ON 1000Hz

Fig. 4.32 : Sound pressure level contours under Same filter (630 800.1000Hz)
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(a) ANC OFF 1250Hz (b) ANC ON 1250Hz

(c) ANC OFF 1600Hz (d) ANC ON 1600Hz

(e) ANC OFF 2000Hz (f) ANC ON 2000Hz

Fig. 4.33 : Sound pressure level contours under Same filter (1250 1600 2000Hz)
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4.11

AAS Type2 300[Hz] 2[kHz] 5 18[dB]

500[Hz]

4.7 AAS 3.6 AAS AAS

Type 2 150 500[Hz] 1.6 2[kHz]

5[dB] 2

w/λ ≤ 0.75 TypeH

2040[Hz] TypeL 763[Hz]

TypeL

120[Hz] TypeH 300[Hz]

Fig.4.13 500[Hz]

500[Hz]

Fig.4.18 4.19 Type H

Type H

Type L

Type L

Type H Type L

Filtered-X-LMS Fig.4.14

300[Hz] 500[Hz] AAS

AAS

Type1’

AAS Type2 AAS 2

3 w
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4.12

(Active Acoustic Shielding:AAS)

AAS Type 2 AAS

AAS AAS Type1’ 300[Hz] 2[kHz]

10 20[dB] AAS

AAS Type 2

AAS (Type L) 150[Hz] 500[Hz]

10 20[dB] AAS 100[Hz]

AAS Type 2 300[Hz]

2[kHz] 5 20[dB] 160[Hz]

2[kHz] 5 18[dB]

AAS

AAS Type 2
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5

AAS

5.1

AAS

M [(1-1)-L’] Filtered-X-LMS

1 AAS AAS

AAS

3

250[mm] 4(1-1)-4Filtered-X-LMS

AAS w AAS

3 AAS

H (ω) M

H (ω) AAS M Ĉ (ω)

M

M [(1-1)-L ] FX-LMS

1

H (ω)

AAS

M L’

1-1-L’Filtered-X-LMS

1-1 (

M [(1-1)-L′] Filtered-X-LMS 6
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AAS

5.2 ANC (M [(1-1)-L′] Filtered-

X-LMS )

M [(1-1)-L′] Filtered-X-LMS

Multiple filtered-X-LMS

Fig5.1

Ckl (ω) k l

H1 (ω)

HM (ω)

m

em(n)

hjk(n+1) = hjk(n) + μ ·
m+P∑

l=m−P

rjkl(n) · el (n)

(
j = k = m,P =

L′ − 1

2
, 0 < l < M

)
(5.1)

hjk(n) =
[
h
(0)
jk h

(1)
jk · · ·h

(hl)
jk

]
(hl : Number of tap) (5.2)

rjkl(n) = [rjkl(n) rjkl(n− 1) · · · rjkl(n− hl + 1)]T (5.3)

rjkl(n) = xj(n) ∗ ĉkl =
ĉl−1∑
a=0

xj(n− a) · ĉ
(a)
jk � x(n)T ĉkl (ĉl : NumberofTAP ) (5.4)
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xj(n) = [xj(n) xj(n− 1) · · ·xj(n− ĉl)]T (5.5)

ĉjk =
[
ĉ
(0)
kl ĉ

(1)
kl · · · ĉ

(ĉl−1)
kl

]T
(5.6)

(1-1) AAS 1 1 AAS

1 L′

(

H (ω) L′

M

1-1-L′Filtered-X-LMS

H (ω)

1-1

Fig. 5.1 : M[(1-1)-L ] Filtered-X-LMS algorithm
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5.3 (6[(1-1)-3’] Filtered-X-LMS

M [(1-1)-L′] Filtered-X-LMS

AAS 6 6

M [(1-1)-L′] Filtered-X-LMS

3 AAS 6(1-1)-6 Filtered-X-LMS

6-6-6 Multiple filtered-X-LMS

5.3.1

Fig.5.2 AAS Type 3 AAS

(a) Outside view (b) Close up view (c) Plane view

Fig. 5.2 : Test setup AAS Type 3 for 6ch system)

3 AAS Type1 6 6 AAS y

w = 125 x, y, z=0 AAS

125 mm] × 750[mm]

50 mm 1 700 mm

5.3.2

6[(1-1)-3’] filtered-X-LMS

Hm(ω) Hm(ω)



5 AAS 106

Fig.5.2(b) 200[mm]

Hm(ω)

2 3 L′=3

48[kHz] 20[kHz]

Hm(ω) :200 :0.00001

Ckl(ω) 200 :0.0001

ANC

5.3.3

H11 H66

Fig.5.3 GAIN PHASE

Fig.5.3(a) Fig.5.3(c)

3

3

Fig.5.4 Fig.5.5

Fig.5.4 5.5 6[(1-1)-3’]Filtered-X-LMS

3

500[Hz] 2[kHz] 10 20[dB]

500[mm]

Fig.3.6 1/3

630[Hz] 800[Hz] 1[kHz] 1.25 kHz 1.6[kHz] 2[kHz]

Fig.3.6 3 1/3
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(a) Inpulse Response

(b) Gain
(c) Phase

Fig. 5.3 : Converged filters in AAS Type 3
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(a) Fixed point a

(b) Fixed point b

(c) Fixed point c

Fig. 5.4 : The sound pressure spectrum at the fixed points under the condition of ANC

ON and OFF
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(a) Error point 1 (b) Error point 2

(c) Error point 3 (d) Error point 4

(e) Error point 5 (f) Error point 6

Fig. 5.5 : The Relative sound pressure spectrum at the error points under the condition

of ANC ON and OFF
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(a) 630Hz (b) 800Hz

(c) 1000Hz (d) 1250Hz

(e) 1600Hz (f) 2000Hz

Fig. 5.6 : Typical 1/3-octave-band sound attenuation level contours in Case 1
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5.4

M [(1-1)-L′]FX-LMS

M[(1-1)-M] FX-LMS

M-M-M FX-LMS

H Ĉ TAP

TAP TAP

5.4.1 Multiple Filtered-X LMS

M Multiple filtered-X-LMS

MATLAB Fig.5.7

Table5.1 TAP J K L

Fig. 5.7 : Multiple filtered-X-LMS model

Table 5.1 : Size of identified filters
J = K = L = 6 P M F C

Number of tap 600 600 600 500

Size of matrix L× PTAP J× MTAP K · FTAP × J K · CTAP × L

M P C 6ch

FFT FIR

6[(1-1)-3’] Filtered-X-LMS
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5.4.2

Table5.2 Fig5.8 5.10

( 3 6

Table5.3

Case0 5.3.3 Case1 12

Fig.5.8

Ĉ H 200 600 1200[TAP] Fig5.9

Ĉ Fig.5.10 Fig5.11 H Ĉ TAP

Table 5.2 : Conditions and size of filters
Condition Number H[TAP] Ĉ [TAP] algorithm

Experiment case 0 200 200 6[(1-1)-3’] ch

case 1 200

case 2 600 200 6[(1-1)-3’] ch

case 3 1200

case 4 200

case 5 600 500 6[(1-1)-3’] ch

Simulation case 6 1200

case 7 200 200

case 8 600 6(1-1)-6 ch

case 9 500

case 10 200 200

case 11 600 6-6-6 ch

case 12 500

Table 5.3 : Conditions and size of filters
Figure Fig.5.8 Fig.5.9 Fig.5.10 Fig.5.11

Cases 0,1,2,3,4 0,2,5 0,1,7,10 0,5,9,12

Fixed parameter Algorithm, Ĉ Algorithm,H H:200,Ĉ:200 H:600,Ĉ:500

Variable parameter H Ĉ Algorithm Algorithm

Fig 5.8 H Fig 5.9 Ĉ TAP
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Fig. 5.8 : The relative sound pressure spectrum at the error point and sound pressure

spectrum at the fixed point under the condition of ANC ON and OFF in Case 0 1 2

and 3

Fig. 5.9 : The relative sound pressure spectrum at the error point and sound pressure

spectrum at the fixed point under the condition of ANC ON and OFF in Case 0 2 and

5
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Fig. 5.10 : The relative sound pressure spectrum at the error point and sound pressure

spectrum at the fixed point under the condition of ANC ON and OFF in Case 0 1 7

and 10

Fig. 5.11 : The relative sound pressure spectrum at the error point and sound pressure

spectrum at the fixed point under the condition of ANC ON and OFF in Case 0 5 9

and 12
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Fig 5.8

H TAP

2[kHz] 5[dB]

TAP

Fig.5.9 Ĉ TAP

Fig 5.8 Fig 5.9

TAP

Fig 5.10 Fig 5.11

Ĉ

6-6-6 2[kHz]

5.5

AAS

M [(1-1)-L′] Filtered-X-LMS M

AAS

1 L 1-1-L

FX-LMS

L′ M

1 1

(1-1

6 125[mm] 750[mm]

6 AAS

6[(1-1)-3’] FX-LMS 500[Hz] 2[kHz] 10

20[dB]

6[(1-1)-3’] FX-LMS

6[(1-1)-3’]FX-LMS TAP

200TAP 1200TAP

2[kHz] 5 10[dB]

6[(1-1)-3’]FX-LMS Ĉ TAP
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6[(1-1)-3’] FX-LMS

6(1-1)-6 FX-LMS 6-6-6FX-LMS

6[(1-1)-3’]FX-LMS 6-6-6FX-LMS 1.5[kHz]

2[kHz] 5 10[dB]

M [(1-1)-L′] Filtered-X-LMS 2000Hz(w/λ

=0.75 5 10dB

. Fig.5.12

Fig. 5.12 : AAS window by decentralized system
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6

Active Noise Control :ANC)

(Active Acoustic

Shielding:AAS) AAS

AAS

M [(1-1)-L′]Filtered-X-LMS

1 AAS

2

3 ( λ m

xy w m d m

0 λ d w

θ

w/λ ≤ 0.5 d/w=1

θ ≤60[deg]

3 2 AAS

AAS
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4

300[Hz] 2[kHz] 5 18[dB]

500[Hz]

AAS 2

5 AAS M [(1-1)-L′]

Filtered-X-LMS 6 AAS

1-1-L′ Filtered-X-LMS

f 2

AAS

FPGA

[52]

FPGA

[51] FPGA

2
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AAS 5 Fig.5.12

M [(1-1)-L′]Filtered-X-LMS L′ L′
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A

ANC

A.1

Finite

Impulse Response FIR Nh FIR

Nh

FIR [15]

LMS

Fig.A.1(a) d(n) y(n)

y(n)

d(n) Fig.A.1(b) e (n)

e (n) = d (n)− y (n) (A.1)

Fig.A.2

hk FIR y (n)

y (n) =
N−1∑
k=0

hkx (n− k) (A.2)

Eq.(A.2) x (n)

y (n) Eq.(A.1)

e (n) e (n) = 0 hk

e (n) e2 (n)
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Fig. A.1 : Presumption of the Signal Using Adaptive Filter

Fig. A.2 : FIR Adaptive Filter
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e2 (n) = {d (n)− y (n)}2 = d2 (n)− 2d (n) y (n) + y2 (n) (A.3)

Eq.(A.3) Eq.(A.2) y (n)

e2 (n) = d2 (n)− 2d (n)

{
N−1∑
k=0

hkx (n− k)

}
+

N−1∑
k=0

N−1∑
m=0

hkx (n− k)hmx (n−m) (A.4)

N=2 h0 h1 Eq

(A.4)

e2 (n) = d2 (n)− 2d (n) {h0x (n) + h1x (n− 1)}

+ x2 (n) h2
0 + x2 (n− 1) h2

1 + 2h0h1x (n) x (n− 1) (A.5)

h0 h1 e2 (n)

Fig.A.3

e2min (n) e2min (n)

hopt
0 hopt

1 n

Eq.(A.3) Eq.(A.3)

E [e2 (n)] [15]

E
[
e2 (n)

]
=

n∑
k=0

e2 =
n∑

k=0

{d (k)− y (k)}2 (A.6)

Fig. A.3 : The Amount of Evaluations of Square Error
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A.2

A.1 Fig.A.1

Eq.(A.6) E [e2 (n)]

Fig.A.2 FIR

FIR N 2 Fig.A.3 e2 (n)

N 2 Eq.(A.4)

e2 (n)

x (n) d (n) N E [e2 (n)]

J (n) = E
[
e2 (n)

]
(A.7)

N=2 J (n) Fig.A.4(a) e (n)

Fig.A.4(b) Fig.A.4(b) J (n)

Jmin hopt
0 hopt

1

h (n) = (h0 (n) h1 (n)) Jmin

(Fig.A.4(b)) Jmin

J (n) ∇J (n)

−∇J (n)

J (n)

h (n+ 1) = h (n)− 0.5μ∇J (n) (A.8)



A 132

h (n) =

⎡
⎢⎢⎢⎢⎢⎢⎣

h0 (n)

h1 (n)
...

hN−1(n)

⎤
⎥⎥⎥⎥⎥⎥⎦

t

,∇J (n) =

⎡
⎢⎢⎢⎢⎢⎢⎣

∂J (n) /∂h0 (n)

∂J (n) /∂h1 (n)
...

∂J (n) /∂hN−1 (n)

⎤
⎥⎥⎥⎥⎥⎥⎦

t

(A.9)

μ h (n)

Eq.(A.8) J (n) Fig.A.4(b) Jmin

LMS

∇J (n)

∇J (n) = −2E
[
e (n) x (n)

]
(A.10)

x (n) = (x (n) x (n− 1) · · · x (n−N + 1))

Eq.(A.10)

∇J (n) = −2e (n)x (n) (A.11)

h (n + 1) = h (n) + μe (n)x (n) (A.12)

LMS

LMS

ĉ

filtered reference signal x (n)

Filtered-X-LMS
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Fig. A.4 : Steepest Descent Method
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A.3 ANC)

(Active Noise Control:ANC)

ANC

Fig.A.5 Primary Source

Reference Microphone

ANC ANC Controller

Secondary Source ANC Error

Microphone

ANC

Eq.(A.13)

f ≤
c

2a
(A.13)

a × b a c

1

ANC

AAT (ω; x y z) FigA.5 A.5

x (t) y (t) Δ T N

Xk = [xk, xk−1, xk−2, · · · , xk−N+1]
T (A.14)

Yk = [yk, yk−1, yk−2, · · · , yk−N+1]
T (A.15)

xk = x (kΔ T ) yk = y (kΔ T ) T

FigA.5 f



A 135

Fig. A.5 : Active Noise Control System

FigA.5

k

yk = hT
kX

′

k (A.16)

x′

k = xk − f̂Tk Yk (A.17)

x′

k f yk

hk f̂k k FIR h f̂

h = (a0(k), a1(k), a2(k), · · · , aN−1(k))
T (A.18)

f̂k = (b0(k), b1(k), b2(k), · · · , bN−1(k))
T (A.19)

h f̂ N

FIR h(

) ek = e (kΔT )

LMS

hk+1 = hk + μRkek (A.20)

μ
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Rk Filtered-X-LMS

rk = ĉTkX
′

k (A.21)

Rk = [rk, rk−1, rk−2, · · · , rk−N+1]
T (A.22)

ĉ = (c0, c1, c2, · · · , cN−1)
T (A.23)

ĉ N rk = r (kΔT )

yk c

c ĉ

Filtered-X-LMS

LMS
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B

MATLAB

B.1 AAS

2.4

B.1.1 simulation.m

1 clear all

2

3 % ANC

4

5 [x,y,z]=meshgrid(0:0.2:20,-10:0.2:10,-10:0.2:10); %x,y,z meshgrid

6

7 %

8 m=101; %y

9 l=m; %z

10

11 ro=1.2; %

12 Gs=1; %

13 ps=0;

14 t=0; % t

15

16 c=340; %

17 omega=2*pi*2720*0.75; %

18 k=omega./c; %

19

20 ramuda=2.*pi./k; %

21 w=0.125; %

22 w/ramuda %w/

23 f=c/ramuda %
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24 d=0.125;

25 dd=d/w

26 thita=pi/3; %

27

28 %2

29 for n=1:m;

30 for o=1:l;

31 fais=2.*pi.*w./ramuda.*sin(thita).*(n-(m+1)/2);

32 Q=4.*pi./(i.*k.*ro.*c).*Gs.*exp(-i.*fais); %

33 rn=sqrt(x.^2+(y-(n-(m+1)./2).*w).^2+(z-(o-(l+1)./2).*w).^2)+eps;

34 %

35 pn=i.*ro.*c.*k.*Q./(4.*pi.*rn).*exp(i.*(omega.*t-k.*rn));

36 % p(t,r)

37 ps=ps+pn; %

38 end

39 end

40 j=51; %

41 z2=(j-j).*0.125;

42 x2=x(:,:,j);

43 y2=y(:,:,j);

44 ps2=ps(:,:,j);

45 figure;[C,h]=contour(x2,y2,ps2,[-20:0.5:20]); %

46 axis square,colormap(jet);caxis([-20,20]);colorbar;

47

48 %1

49 xx=dd; yx=0; zx=0; % (xx,yx,zx)

50 I=find(x==xx & y==yx & z==zx); %

51 px=ps(I) %

52 Repx=real(px); Impx=imag(px);

53 [faix,Gx] = cart2pol(Repx,Impx); %x+yi G*exp(i )

54 Gp=Gx

55 faix

56 faip=-omega.*t+k.*xx.*cos(thita)+faix

57 % 1

58 pp=Gp.*exp(i.*(omega.*t-k.*(x.*cos(thita)+y.*sin(thita))+faip));

59 % p(t,x)
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60 z2=(j-j).*0.125;

61 x2=x(:,:,j);

62 y2=y(:,:,j);

63 pp2=pp(:,:,j);

64 figure;[C,h]=contour(x2,y2,pp2,[-20:0.5:20]); %

65 axis square,colormap(jet);caxis([-20,20]);colorbar;

66

67 %

68 p=pp-ps+eps; %

69 p(I) %

70 ATT=-20.*log10(abs(p)./abs(pp)); % ATT

71 z2=(j-j).*0.125;

72 x2=x(:,:,j);

73 y2=y(:,:,j);

74 p2=p(:,:,j);

75 pp2=pp(:,:,j);

76 ATT2=-20.*log10(abs(p2)./abs(pp2));

77 figure;[C,h]=contour(x2,y2,ATT2,[-20:0.5:20]); %

78 axis square,colormap(jet);colorbar;caxis([-20,20]);
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B.2 M [(1-1)-L′] Filtered-X-LMS

Fig.B.1 5

Fig. B.1 : simulation flow on M [(1-1)-L′] Filtered-X-LMS

B.2.1 hakoPP6ch.m

1 % %

2 leakage=0.999999;

3 fs=48000;

4

5 l=20;

6 nTtotal=192000;

7 nTtotalCC=96000;

8 % abcdefghijklmnopqrstuvwxyz=0;

9 % filterALL=xlsread(’dataT.xls’); %

10

11 hakoC=0;% %
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12 J=6;%reference %

13 K=6;%Speaker %

14 L=6;%error %

15 JKL=[J,K,L];

16 % [filter_all,filter_cha,filter_rev]=xlsread(’filterConfig.xls’);

17 filter_all=csvread(’filterConfig6ch.csv’);

18 HfilterONOFF=zeros(J,K);

19 CfilterONOFF=zeros(K,L);

20 FfilterONOFF=zeros(K,L);

21

22 for ccc=1:K

23 for cc=1:J

24 HfilterONOFF(cc,ccc)=filter_all(2+(cc-1)+J*(ccc-1),12);

25 end

26 end

27

28 for ccc=1:L

29 for cc=1:K

30 CfilterONOFF(cc,ccc)=filter_all(2+(cc-1)+J*(ccc-1),14);

31 end

32 end

33

34 for ccc=1:J

35 for cc=1:K

36 FfilterONOFF(cc,ccc)=filter_all(2+(cc-1)+J*(ccc-1),16);

37 end

38 end

39 Plength=600;

40 PP=zeros(Plength,L);

41 ppD=zeros(L,1);

42 PPD=zeros(nTtotal,L);

43 Mlength=600;

44 MM=zeros(Mlength,J);

45 Hlength=200;

46 HH=zeros(Hlength*J,K);

47 Clength=500;
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48 CC=zeros(Clength*K,L);

49 Flength=500;

50 FF=zeros(Flength*K,J);

51 Chatlength=200;

52 CChat=zeros(Chatlength*K,L);

53 cphat=zeros(L,J*K);% J x1%

54 Cphat=zeros(L,J*K*Hlength);% %

55 deltah=zeros(J*K*Hlength,1);

56 deltahNonDC=zeros(J*K*Hlength,1);

57 hDC=0;

58 %DeltaH=zeros(nTtotal,J*K*Hlength);

59 %DeltaH2=zeros(J*Hlength,K);%deltah2 %

60 cp=zeros(J,1);

61 Cp=zeros(nTtotal,J);

62 Fhatlength=200;

63 FFhat=zeros(Fhatlength*K,J);

64 fb=zeros(J,1);

65 Fb=zeros(nTtotal,J);

66 fbhat=zeros(J,1);

67 Fbhat=zeros(nTtotal,J);

68 x=zeros(nTtotal,1);

69 xc=zeros(nTtotal,1);

70 ref=zeros(J,1);

71 Ref=zeros(nTtotal,J);

72 Ref2=zeros(J*Hlength,1);

73 r=zeros(nTtotal,J);

74 rc=zeros(nTtotal,J);

75 eS=zeros(L,1);

76 ES=zeros(nTtotal,L);

77 ESS=zeros(nTtotal,L);

78 PPDD=zeros(nTtotal,L);

79 Ry=zeros(nTtotal,K);

80 Ry2=zeros(Clength*K,1);

81 Ryf=zeros(Flength*K,1);

82 Ryf2=zeros(Fhatlength*K,1);

83 yp=zeros(Flength*K,1);
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84 ry=zeros(K,1);

85 rhs=zeros(nTtotal,K);

86 rhsc=zeros(nTtotal,K);

87 e=zeros(nTtotal,L);

88 ec=zeros(nTtotal,L*K);

89 dc=zeros(nTtotal,L*K);

90 RM=zeros(nTtotal,J);

91 rM=zeros(J,1);

B.2.2 CoefRead.m

1 %C %

2 c0=0;

3 for cc2=1:K;

4 for cc3=1:L;

5 for cc=1:Clength;

6 CC(cc+(cc2-1)*Clength,cc3)=filter_all(1+cc+(c0)*Clength,22);

7 end

8 c0=c0+1;

9 end

10 end

11

12 %F %

13 c0=0;

14 for cc2=1:K;

15 for cc3=1:J;

16 for cc=1:Flength;

17 FF(cc+(cc2-1)*Flength,cc3)=filter_all(1+cc+(c0)*Flength,23);

18 end

19 c0=c0+1;

20 end

21 end

22

23 %M %

24 c0=0;

25 for cc2=1:J;
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26 for cc=1:Mlength;

27 MM(cc,cc2)=filter_all(1+cc+(c0)*Mlength,20);

28 end

29 c0=c0+1;

30 end

31

32 %P %

33 c0=0;

34 cc=0;

35 cc2=0;

36 cc3=0;

37 for cc2=1:L;

38 for cc=1:Plength;

39 PP(cc,cc2)=filter_all(1+cc+(c0)*Plength,19);

40 end

41 c0=c0+1;

42 end

43
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B.2.3 CidentificationPPreC.m

1 %LMS-Normalized-Leak- C^)%

2 leakage=0.999999;

3 Pmin=(2/256)^2;% +-V%

4 myu=0.070;%Normalized ver.%;

5 alpha=1; %0<alpha<2%

6 myulength=Chatlength;

7 % nTtotalCC=10000;

8 nTt=[0:nTtotalCC-1];% %

9 ltap=[0:Clength-1];% %

10 ltap2=[0:Chatlength-1];

11 cc=1;

12 yy=zeros(nTtotalCC,1);

13 chat=zeros(Chatlength,1);

14 e=zeros(nTtotalCC,1);

15 % sc=0;

16 r=1;

17 for r=1:nTtotalCC

18 x(r,1)=whitenoise.signals.values(r,1);

19 end

20 cc=1;

21 X=zeros(Clength,1);

22 X2=zeros(Chatlength,1);

23 myuMoni=zeros(nTtotalCC,1);

24 cc=0;

25 nTcount=0;

26

27 %LMS %

28 for nTcount=1:nTtotalCC% %

29 % c^%

30 cc=1;

31 xc(1,1)=x(nTcount,1);% nTcount(s) xc( %

32

33 % normalizedMyu1; % Normalize%

34
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35 X=xc(1:Clength,1);

36 X2=xc(1:Chatlength,1);

37

38 for cc=1:K

39 D=CC(1+(cc-1)*Clength:cc*Clength,1:L)’*X;

40 Y=CChat(1+(cc-1)*Chatlength:cc*Chatlength,1:L)’*X2;

41 dc(nTcount,1+(cc-1)*L:L*cc)=D’;

42 Ec=D-Y;

43 ec(nTcount,1+(cc-1)*L:L*cc)=Ec’;

44 CChat(1+(cc-1)*Chatlength:cc*Chatlength,1:L)=...

45 leakage*CChat(1+(cc-1)*Chatlength:cc*Chatlength,1:L)...

46 +myu*(X2*Ec’);

47 end

48

49 xc(2:nTtotalCC,1)=xc(1:nTtotalCC-1,1); %x %

50 %sc=0;% %

51 xc(1,1)=0; % nTcount(s) xc( %

52 end

B.2.4 Chatremover.m

1 % C H 0 %

2 cck=1;

3 ccl=1;

4 for ccl=1:L

5 for cck=1:K;

6 if CfilterONOFF(cck,ccl)==0

7 CChat(1+(cck-1)*Chatlength:cck*Chatlength,ccl)=0;

8 else

9 end

10 end

11 end
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B.2.5 FigMonitorC2.m

1 % %

2 % [filter_all,filter_cha,filter_rev]=xlsread(’filterConfig.xls’);

3 % if Clength <Chatlength

4 % LtapC=[0:Chatlength-1];

5 % else

6 % LtapC=[0:Clength-1];

7 % end

8 tFontS=12;

9 xFontS=12;

10 yFontS=12;

11 gFontS=12;

12 ccK=1;

13 ccL=1;

14 cc=1;

15 xmin=0;

16 xmax=Clength;

17 for ccK=1:K;

18 for ccL=1:L;

19 FigG=figure(cc);

20 str0=[’C’ num2str(ccK) num2str(ccL)];

21 subplot(211)

22 stem(ltap,CC((ccK-1)*Clength+1:ccK*Clength,ccL)),

23 xlabel(’TAP length’, ’FontName’,’Times’,’FontSize’,xFontS),

24 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

25 title(str0,’FontName’,’Times’,’FontSize’,tFontS);

26 xlim([xmin xmax])

27 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

28 hold on

29 str=[str0 ’and C\^’ num2str(ccK) num2str(ccL)];

30 stem(ltap2,CChat((ccK-1)*Chatlength+1:ccK*Chatlength,ccL),’m’),

31 xlabel(’TAP length’, ’FontName’,’Times’,’FontSize’,xFontS),

32 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

33 title(str,’FontName’,’Times’,’FontSize’,tFontS)

34 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );
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35 hold off

36 subplot(212),plot(nTt/fs,dc(1:nTtotalCC,ccL+(ccK-1)*L)),

37 xlabel(’Time[sec]’, ’FontName’,’Times’,’FontSize’,xFontS),

38 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

39 title(’Error signal’)

40 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

41 hold on

42 plot(nTt/fs,ec(1:nTtotalCC,ccL+(ccK-1)*L),’m’),

43 xlabel(’Time[sec]’, ’FontName’,’Times’,’FontSize’,xFontS),

44 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

45 title(’Error signal’)

46 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

47 hold off

48 cc=cc+1;

49 SAVEandCloseCC

50 end

51 end
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B.2.6 dousakakuninES.m

1 %FXLMS %

2 leakage=0.999999;

3 Pmin=(2/256)^2;% +-V%

4 myu=0.0000003;%Normalized ver.%;

5 alpha=0.003; %0<alpha<2%

6 myulength=Hlength;

7 x=zeros(nTtotal,1);

8 xc=zeros(nTtotal,1);

9 ESS=zeros(nTtotal,L);

10 PPDD=zeros(nTtotal,L);

11 NTCOUNT=1;

12 x(1:nTtotal,1)=SourceE.signals.values(1:nTtotal,1);

13 % x(1:nTtotal,1)=SourceE.signals.values(961:nTtotal+960,1);

14 % %

15 %for nTcount=NTCOUNT:nTtotal

16 for nTcount=1:nTtotal% %

17 xc(1,1)=x(nTcount,1); % nTcount(s) xc( %

18 % normalizedMyu1; % Normalize%

19 %M_source(whitenoise) reference %

20 rM=MM(1:Mlength,1:J)’*xc(1:Mlength,1);%

21 RM(1,1:J)=rM’;%ref( %

22 % reference %

23

24 % %

25 fb=FF’*Ryf;% fb FF*yp%

26 Fb(1,1:J)=fb’;%fb %

27

28 % %

29 fbhat=FFhat’*Ryf2;% fbhat FF*yp%

30 Fbhat(1,1:J)=fbhat’;%fbhat %

31

32 %reference r(n) %

33 ref=rM+fb-fbhat;% ref Jx1 %

34 Ref(1,1:J)=ref’;%ref reference %
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35 for cc=1:J

36 Ref2((cc-1)*Hlength+1:cc*Hlength,1)=Ref(1:Hlength,cc);

37 end

38

39 %H %

40 ry=HH’*Ref2; % H ry HH ref%

41 Ry(1,1:K)=ry’;% %

42

43 for cc=1:K

44 Ry2((cc-1)*Clength+1:cc*Clength,1)=Ry(1:Clength,cc);

45 Ryf((cc-1)*Flength+1:cc*Flength,1)=Ry(1:Flength,cc);

46 Ryf2((cc-1)*Fhatlength+1:cc*Fhatlength,1)=Ry(1:Fhatlength,cc);

47 end

48

49 %c %

50 cp=CC’*Ry2;% c c CC ref%

51 Cp(1,1:L)=cp’;% %

52

53 %P_source(whitenoise) error %

54 ppD=PP’*xc(1:Plength,1);% *error PP d %

55 PPD(1,1:L)=ppD’;%ppD(d)( error %

56 PPDD(nTcount,1:L)=ppD’;%monitor( %

57

58 %error %

59 eS=ppD-cp;

60 ES(1,1:L)=eS’;

61 ESS(nTcount,1:L)=eS’;%monitor( %

62

63 %C^ %

64 for cc=1:K

65 cphat(1:L,(cc-1)*J+1:J*cc)=

66 CChat(1+(cc-1)*Chatlength:cc*Chatlength,1:L)’...

67 *Ref(1:Chatlength,1:J);

68 % c^ cphat CChat ref%

69 end

70
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71 %C^ %

72 for cc=1:K;

73 for ccc=1:J;

74 Cphat(1:L,1+Hlength*((ccc-1)+(cc-1)*J))=...

75 cphat(1:L,1+((ccc-1)+(cc-1)*J));% %

76 end

77 end

78 %deltah=>FXLMS %

79 deltah=Cphat’*eS;

80 %H J*K*Hlength 1 H11~HJ1,H12~HJ2...

81 %H1K~HJK( Hlength %

82 DeltaH(1,1:J*K*Hlength)=deltah’;%H %

83 deltahNonDC=deltah;% %

84

85 %DC %

86 % for cc=1:K;

87 % for ccc=1:J;

88 % hDC=sum(deltah(1+((cc-1)*J+(ccc-1))*...

89 % Hlength:((cc-1)*J+ccc)*Hlength,1))/Hlength;

90 % % ( H11%

91 % deltahNonDC(1+((cc-1)*J+(ccc-1))*...

92 % Hlength:((cc-1)*J+ccc)*Hlength,1)=...

93 % deltahNonDC(1+((cc-1)*J+(ccc-1))...

94 % *Hlength:((cc-1)*J+ccc)*Hlength,1)-hDC;

95 % end

96 % end

97 for cc=1:K;% %

98 %cc H %

99 %DC %

100 % DeltaH2(1:J*Hlength,cc)=deltahNonDC(1+(cc-1)*...

101 % Hlength*J:cc*Hlength*J,1);

102 %DC %

103 %DeltaH2(1:J*Hlength,cc)=deltah(1+(cc-1)*...

104 %Hlength*J:cc*Hlength*J,1);

105 %for ccc=1:J;

106 %%ccc H %
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107 %FilterCheker=HfilterONOFF(ccc,cc);

108 %if FilterCheker==1

109 %DC %

110 %DeltaH2(1+(ccc-1)*Hlength:ccc*Hlength,cc)=...

111 %deltahNonDC(1+((cc-1)*J+(ccc-1))...

112 %*Hlength:((cc-1)*J+ccc)*Hlength,1);

113 %DC %

114 %DeltaH2(1+(ccc-1)*Hlength:ccc*Hlength,cc)=...

115 %=deltah(1+((cc-1)*J+(ccc-1))...

116 %*Hlength:((cc-1)*J+ccc)*Hlength,1);

117 %elseif FilterCheker==0

118 %DeltaH2(1+(ccc-1)*Hlength:ccc*Hlength,cc)=0;

119 else

120 %end

121 %end

122 end

123

124 HH=leakage*HH+2*myu*DeltaH2;

125 if nTcount<nTtotal

126 %x %

127 xc(2:nTtotal,1)=xc(1:nTtotal-1,1);

128 RM(2:nTtotal,1:J)=RM(1:nTtotal-1,1:J);

129 Fb(2:nTtotal,1:J)=Fb(1:nTtotal-1,1:J);

130 Fbhat(2:nTtotal,1:J)=Fbhat(1:nTtotal-1,1:J);

131 Ref(2:nTtotal,1:J)=Ref(1:nTtotal-1,1:J);

132 Cp(2:nTtotal,1:L)=Cp(1:nTtotal-1,1:L);

133 PPD(2:nTtotal,1:L)=PPD(1:nTtotal-1,1:L);

134 ES(2:nTtotal,1:L)=ES(1:nTtotal-1,1:L);

135 Ry(2:nTtotal,1:K)=Ry(1:nTtotal-1,1:K);%Ry %

136 %DeltaH(2:nTtotal,1:J*K*Hlength)=...

137 %DeltaH(1:nTtotal-1,1:J*K*Hlength);

138 %for cc=1:J

139 %Ref2((cc-1)*Hlength+1:(cc*Hlength),1)=Ref(1:Hlength,cc);

140 %end

141 %Ry(2:nTtotal,1:K)=Ry(1:nTtotal-1,1:K);

142
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143 %c^*x %

144 Cphat(1:L,2:J*K*Hlength)=Cphat(1:L,1:J*K*Hlength-1);

145

146 %cphat %

147 for cc=1:K;

148 for ccc=1:J;

149 Cphat(1:L,1+Hlength*((ccc-1)+(cc-1)*J))=0;% %

150 end

151 end

152

153 sc=0;% %

154 xc(1,1)=0; % nTcount(s) xc( %

155 RM(1,1:J)=0;

156 Fb(1,1:J)=0;

157 Fbhat(1,1:J)=0;

158 Ref(1,1:J)=0;

159 %for cc=1:J

160 %Ref2((cc-1)*Hlength+1,1)=0;

161 %end

162 Ry(1,1:K)=0;%0 %

163 Cp(1,1:L)=0;

164 PPD(1,1:L)=0;

165 ES(1,1:L)=0;

166 DeltaH(1,1:J*K*Hlength)=0;

167 hDC=0;

168 else

169 %Ry(1,1:K)=0;

170 end

171 %NTCOUNT=NTCOUNT+1;

172 end

173
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B.2.7 FigmonitorError.m

1 nTt=(0:nTtotal-1);% %

2 ltap=(0:Hlength-1);% %

3 xmin=0;

4 tFontS=12;

5 xFontS=12;

6 yFontS=12;

7 gFontS=12;

8 %xmax=nTtotal/fs;

9 xmax=4;

10 ccL=1;

11 cc=1;

12 for ccL=1:L;

13 FigG=figure(cc);

14 str0=[’Error signal ’ num2str(ccL)];

15 plot(nTt/fs,PPDD(1:nTtotal,ccL));

16 xlabel(’Time[sec]’, ’FontName’,’Times’,’FontSize’,xFontS),

17 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

18 title(str0,’FontName’,’Times’,’FontSize’,tFontS);

19 xlim([xmin xmax]);

20 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

21 hold on

22 plot(nTt/fs,ESS(1:nTtotal,ccL),’m’);

23 xlabel(’Time[sec]’, ’FontName’,’Times’,’FontSize’,xFontS),

24 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

25 title(str0,’FontName’,’Times’,’FontSize’,tFontS);

26 xlim([xmin xmax]);

27 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

28 cc=cc+1;

29 hold off

30 % SAVEandCloseError

31 end
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B.2.8 FigMonitorH.m

1 tFontS=12;

2 xFontS=12;

3 yFontS=12;

4 gFontS=12;

5 nTt=(0:nTtotal-1);% %

6 ltap=(0:Hlength-1);% %

7 xmin=0;

8 xmax=Hlength;

9 ccK=1;

10 ccJ=1;

11 cc=1;

12 for ccK=1:K;

13 for ccJ=1:J;

14 if HfilterONOFF(ccJ,ccK)==1;

15 FigG=figure(cc);

16 str0=[’H’ num2str(ccJ) num2str(ccK)];

17 %subplot(211)%

18 plot(ltap,HH((ccJ-1)*Hlength+1:ccJ*Hlength,ccK)),

19 xlabel(’TAP length’, ’FontName’,’Times’,’FontSize’,xFontS),

20 ylabel(’’, ’FontName’,’Times’,’FontSize’,yFontS),

21 title(str0,’FontName’,’Times’,’FontSize’,tFontS);

22 xlim([xmin xmax])

23 set( gca, ’FontName’,’Times’,’FontSize’,gFontS );

24 cc=cc+1;

25 SAVEandCloseHH

26 else

27 end

28 end

29 % hold off

30 % subplot(212),plot(nTt/fs,PPDD(1:nTtotal,1)),xlabel(’n’),title(’e’)

31 % hold on

32 % plot(nTt/fs,ESS(1:nTtotal,1),’m’),xlabel(’n’),title(’e’)

33 % hold off

34 end
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B.2.9 FastFTLch.m

1 tFontS=12;

2 xFontS=12;

3 yFontS=12;

4 gFontS=12;

5 grpscale=11;

6 grpXT1=’Frequency (Hz)’;

7 grpXT2=’Frequency (Hz)’;

8 grpYT1=’Sound Presure level [dB]’;

9 grpYT2=’PHASE [deg]’;

10 grpT1=’’;

11 grpT2=’’;

12 Fs =fs; % Sampling frequency

13 T = 1/Fs; % Sample time

14 Lsig=nTcount-1;

15 Ll=12000;

16 ccl=1;

17 overLap=1-0;

18 NumbFFT=16;

19 t = linspace(0,Lsig-1,Lsig)*T;

20

21 xmin=0;

22 xmax=3200;

23 ymin=-10;

24 ymax=50;

25

26 OverA=zeros(L,1);

27 if overLap==1

28 pa1=0;

29 else

30 pa1=1;

31 end

32

33

34 for ccl=1:L;
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35 fftData=PPDD;

36 YT=0;

37 thetaRad1=zeros(Ll,1);

38 thetaDeg1=zeros(Ll,1);

39 thetaRadT=zeros(Ll,1);

40 thetaDegT=zeros(Ll,1);

41 FTsmallPLch;

42 % figure(1);

43 FTfigureGP1

44 Ya1=Ya;

45 YT1=YT;

46 YT=0;

47 thetaDegT=zeros(Ll,1);

48 thetaRadT=zeros(Ll,1);

49 fftData=ESS;

50 FTsmallPLch;

51 FTfigureGP1;

52 set(FigG,’color’,[1 0 1]);

53 % set(FigP,’color’,[1 0 1]);

54 OVERALL1

55 % SAVEandClosePS

56 % close

57 end

58


