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ABSTRACT

This study is to describe the effects of the duct termination conditions ﬁpon the active noise
attenuation system. The adaptive filtering algorithm using FIR filter is implemented for duct noise
attenuation. To avoid the instability caused by the acoustic feedback, two methods are considered. One
is to use a compensating FIR filter. The other is to utilize uni-directional detecting microphone and
uni-directional control speaker. Experimental results show that the reflections of sound from duct
terminations greatly reduce the performance of ANC system. The directionality of detecting micro-
phone and control speaker is a major factor to decide ANC performance. When there are some
reflections from both duct terminations, the noise attenuation using finite FIR filter is not enough to
model the duct plant. Especially, the reflection from the upstream termination reduces the noise
attenuation in the frequencies related to the distance between control speaker and upstream termina-
tion. The performance of the noise attenuation is found to be largely enhanced by using uni-directional
coupler, both on detecting microphone and control speaker, even if the duct system has an arbitrary
termination conditions.

AHgste] g Hale Ao dubdolu &g
Lo B Z1stebel FAdelv F5Ae) BAoR Qs A
7Fed T o] AdEE 5 TEH A

71E FAY 2ES A 9% HE 2 v o] QlF =3 dwrdoz QAFH3 9l Ao}
A 2&3ae A3 FHFRAE BE AL S 53] B 25U Fug EAo] W A=
TA R HEE flsld 1 F8Ae HE Q4 TEFH ASAA Hhye] Yo aelElEe)
o] FHHL &S FAY ApAoct, Fr)x3} A ol A UL Tl gl ol F A &
zILH—J 719l 23t AgF o A7, % =89 HAfelw 254 WHE = $53q 9
ol AAE w7 £ & Fo] 2 HEAHY Hell Al gl Wizt AT QY 5 Us udy
dla} & 4 9l 2z o] s P2 AP HEo|w o7
B e 282 FAF 287 (silencer) v} FLAE & olf7t FELEAY] AT AE5HA wHE
Eadtta B 5 ddh 53] 243 ﬂlﬂ*l*ﬁ.ﬂ
) 92 A F 4] 3] A} o] EAJo] wale] Aojdste] DA Aol g
A9, e 7)AF s 3 W2 5 e A543 A e (adaptive signal

BHEASXNEBYSK A 4A A 25, 19943 /187



2 A o g

processing) W& A 434 =AM FF LA x=0 x=a x=b x=c =l
Fob FA3 wAsA AN l | ' l )

' pri stream |, downstream :

Bl SELLACY AT Be AT WA Ry ok T ' Rd
Q AFSFl A Bloll TASHE wAbsbe] ek b  loe  m SORENE m ’
Soht, AAE dehde A4e A8 thels 1
ke o] Apdolrh, A @A A5 §3e ol —1_.]
i

2 Qs BerelA whAbh dojubi, FEASAA \ J Ve
o] vpelte LarslAe]l HARE ulale] of k% 5] 8 detecting secondary error
Zelng Wiz AAAH] ndE B 1 AFE microphone source microphone

AE3E, Jeites 48 758 Fede] vk
&4k, e #Meto 4] Swinbanks®y whAbgle] <
g2 7T TELIA A" FAY FeAdE
S A QAAslm A FAHE Zhe vle]aRE B A
oS A& Algketul gl o] W] 284S
g3 slA 713 BF ok

B AT SwinbanksWe] AFE FHFHow
Al 1 e AAAede] ARH 55 F4
FAAReg FHslr]) 9ste] F34 E (infinite duct)
9] A$E 71Fo 7 uhF-3 Y & (semi-infinite duct)
9} &34 E (finite duct) ol 48] AgAe] A}E ¥
oz FTELISA Azwe HEA] depd
UE vhALe] Q&S AA A< "a]fﬂ 2.2 sy
Aole Fode) Pzt £5E ez 3
A-&de] 7S A 83k ’Q*VWE T3k

HNAe o RsPurskz} uidvbske] Lo 3l w}
o)z R E) 7}E (sensitivity) 9} A o]2m]HY X FE
A] (directional characteristics) <A FTEA22A4
A|A8le] MHeg AR FLALE B 7 o=
2O AREHS AL vo|ARED} AHAE FAHO
su A¥e Falol 1 AHE AT,

zoz 4eHY FWe 8] Al Bel e
o Bel ASE WAOR AL sl FA =

4 7be S AT R

;m,u»

2. 4ERY i ¥ XA RE

dubdel e FEAS AMojAe Fig 1(a)Xd
el = 9lnk R R 9E Anta side] b
AHA| 4= (reflection coefficient) 2 =3k}, Ve 23}
29 AE FEsh7] 9% Ar1-Q si¥Alsela, Vi
o} V.= 7}z wkx] upolmg FE3 93} vlo]| AR FE|
A AEEE A7He FH¥ildeld, HERd=2Y
B AAAagle FA sk S3ehE AR Aladel
g olfE A s 4 AERE EEEld &
2 Ax2 A8 Fig. 1(b) ¥ ebd 5 sich

188 /312 A SXSZEE X A 47 235, 19944

(a) Schematic diagram of the ANC model

primary path for duct plant

acoustic feedback
path
(b) Block diagram of the ANC model
Fig. 1 Ilustration of a duct ANC system
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Fig. 15 ANC result of 316 Hz band noise (center fre-
quency : 450 Hz) using uni-directional detecting
microphone in an open-open finite duct
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Fig. 20 ANC result of 316 Hz band noise (center fre-
quency : 450 Hz) using acoustic feedback
compensating filter in a speaker-anchoic duct
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quency : 450 Hz) using uni-directional detecting
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