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Abstract 

The performances of single channel active noise control (ANC) using on- and off­

line secondary path identification techniques were studied. The control architecture is 

feedforward. The controllers are adaptive FIR filters using the FXLMS adaptation rule. The 

experimental apparatus contains four main parts: a duct set, a pair of loudspeakers with a 

stereo power amplifier, two microphones and a DSP processing unit. The results show that 

the ANC using the on-line secondary path identification technique is able to reduce the 

noise level better and faster than the off-line. Moreover, when the secondary path is 
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changed , the ANC with the on-line technique performs better than the off-line, especially 

when the order of the controller is low. 
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1. umh 

tli1!'l11lJi.l i~m~wihm~\..Hn~~'\.H11€IlJ '1 f)lJm1lJb1)~ i1! nl'm~lYl1-1~\W1Yl U1fYl1:Y\il{lla~ 
IYlf1lw h!1 f)l'Hl€l1:Y11~€I1f1151~tJ€llrrmf1~€I..J{j€l f)a'\J ..n~ 1m!! f)l51.111f1~ tJ-1 j)mmHnw1w 

15 -1 HW il \91 1:Yl'l1m 5lJ'l15 €lll~lll'l f)l5 Hu l'!.rl'l1'l1'W~ '[ 'WtI 1) ~ JJ'W Ml'Wlll'l fi€l 1,xbn~:l..mVim~ 1-1 b@U-1~'W 
i-1if'W ~~f)l5~'il~a~5~~lJl~U~~ltJllllllJlJ'Vi11:Y9hj (Passive) [1-2J li'W f)l'j'Hl1:Y<fJ~~ilJb~U~m'l.j 
"ru~J'W 1:Y1m'i' lJa \91'j' ~~lJ'U €I-1b~U~ l~~'l 'Wf) l'j' \1 m'Wv 1'Wf111lJ~ bJ ~lll'lih..h~iYYl1iJm1 f)l'j"11-1 1'W~1 

'lwh'Wm1lJ~~1 1'W'uru~~f)l'i' f11lJfllJlllJlJ!l€lf)~yj (Active) [3J H~1'Wl~~1wh'Wf1";l1lJ~~1 

'l 'W ~ 1'W 1,)uti' 'il ~ftf)1I1€l €I f1!llJlJ IW ~1:Yfl~illmlJfllJ bYl €Ia~'j' ~ ~1J !~U-1!llJ lJiJ~l~ tJl 'l 'W'Vl €I 

bblJlJi1€1'Wl'tJ~\;m~l (Feedfolward Control) 1~tJHillm1JfllJbblJlJ FIR 1~UHfll:l f)1'j'tJflJilll€l~ 

bllJlJ FXLMS 1~tJHlll On-Line Secondary Path lla~1.11NaE'Vii~1~1.11:l.Jlb'tJ5tJlJb~CJlJf)lJf)l'j' 

mlJfllJlllJlJ FXLMS 1~!'Jli'11l Off-Line Secondary Path 

... 
2. 'l;(V1f1 "J 'U fJtI& ~n'J 'i 'l'U fl "J l,! 

'l 'W f)l 'j' Yl~1:Y€llJNa f) l'i''Yl1-1 1'W ~lilul~li''ll~Yl~a€l.:J~€I€1 f1!blJlJ!la~1:Y11~ 1\91U 1:Y1HVlIilV fY~ 
~ ~ d' • I'" .ok • 1 " , ,I ". d'
f)'iltjl'j''j'ru lla~ t11<i'.1J'W fla1i'Wu'i'\911 [4-5) 'li~u'j'~f)€I1J\911CJ'll~Yl€l'oJ'W'U'Wl~b1:Y'WN1'WIJ''WUf)m.:J 20 'lilJ. 

ilmllJ(mtJ'j'~lJ11.11 5 !lJ\91'j' iil 1'Vi.:J'l1,j-1rl'Vi1€1lJ€ltJmtU'UtJ1Ur11E-1 llJ 1m h-l'W'Vi1€1lJ€ltJmtl!'UtJ1!'J 
~ , , 

~i1!i1!lru1:Y€I~'lt1ll !li:\~f1€1lJVllb\91€1{'I'lf€llJ DSP (Digital Signal Processor) '11'l1~1~1'Wf)Wfll'Wlru 

!li:\~tJ'j'~maNa ~tJ~ 1 U1:Y\91~m'VirilU'l/IllYl~i:\€I'11J 5.:J '\J€I..J5~1JlJ ~tJ~ 2 U1:Y\91.:Jb!N'Wm'Vi'll~'1\91i:\€I~ 

'U €I.:J'j' ~lJlJ ~tJ~ 3 !!1:Y~~Na\91€1lJ1:Y'W €I ~L~~m llJ ~'U€I'I'l/\91 Yl~a€l-1~ l~lJ 1'illf)f)l5'1~1:Y€llJ 1)1-1 ['WV 1'W 

m1lJil 50-500 Hz rl1~i1!i1!lru input b!i:\~ output 'U€I-1 Ni:\Iil€llJ1:Y'W €I-1 l~lJ1 'ill f) llJ1m hl'W 1Illb@U.:J 

'j'lJf11'W x (n) lba~llJ1m h~'W11ll!@tJ.:J d (n) \911lJiil~lJ !Lf)'Wi'l'U€I-1m1~~rlJ'Willb!Yl'W'U€I'I 

~ .ok ~ " 1 x(n)0

€I\91'i'1'UU1U'li.:jf11'Wlru !~'il1f) 20 og-­
den) 
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-ff':)!fwl':ilfilmllJ~vjDfhE\ilJl'U~lm~'W~eJ~HYilJT."\Jlru (peak) ~'WJJlfieJ~hm'l1.:) poles 'lJeJ,:j:J~'lJ'lJ cJi~ 
fll:Jm'lJf)lJ !~(J~~iimllJ~ \il'l ~ poles 'lJeJ.:j'l~'lJ'lJ'il~ 'hi mlJl'lilfl':j~Yh 'M 1'W~l'W ill~1f'lil~m llJ~ ~I5~ 

fll'l'l'1l~l'W\lf)fhl'f'W<fIl'll~ frequency response 'lJeJ~ih1'\AI.:) ,i~~Jl'WmllJ~lh:ll'W 20 - 400 Hz 

3. 11l1f1 'Uf.)lJU1J'U Active 

fllJm'IJf)lJU'lJ'IJ Active lhHlf)fll'l'l'1l~ l'W '\AIDrr~tJhwcieJl'1.:)ii 1Jlf)~tJ~ 2 U'I1ft.:)nll'W<fl!~~~ 
J'IJ f)1'W (1'W~ii!tJ'W ~ II '\AI.:)) CJfl~:iJeJ'il ~ l"l'l1,yl~ rr~Hi'I~'W -ffT."\JT."\Jlru!~~.:)'l'lJ f)1'W 111n'lJJ~'IJ'lJ 

d(Ji 
-~- - ---------­ - -­ - -­ - - --­ - -­ - --­ - - - ­-. 
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Frequency Ht -spon s@t 
1o0,--------------------------------------, 

~~Q---' 00 , 5~ OO 25~ 3~~-3 ~~00 4 5~--~~~~ 0--~2~~~0--~00 ~OO 4~~-~0 500 
F "JQue-nc y (Hz) 

lW'IJIll ~ '~ till '\'l-ll'l11lnJ ~l-lvhY!.wl~~fl_lri't1Jt1JllllliY 1mn1JrJlJ y (n) I~BH'l1fHl1J n1JfI~'WliYU_1 

'.i 1J fn'W ri l'IJB_1f1~'Wli1 U-1f1J1JrJ lJci'O~\1 f1 (,llYn.J ~l'IllJ f1Qfll'.i flJ1JrJlJ ~_lf1l'Wltllll 1 1JI'lTU 'j ~:l.nrll'lrl 
DSP l~u'l~.uBl,jrl'Olf1ri't1Jt1Jltll!i11J-l'j1Jf1J'WDl-1V-1 X (n) fiil'Wfll'.irlm~I'l1J!i1tJ_li1l~lJl'Olf1 

I,lJ 1m ly.j'Wl'll~lUlJil !!rl~ri't1Jt1Jllll!i1U-l'j1Jf1J'W e(n) 'l-Hl-l'Olf1fll'.i'l1f1rl1J!i11J_l III \9ll1!l1'11_l~ 

Ili'B_lfllH ~ rlm~<A1J li11J_l ~ _l ll'll ~Ul,lJ1m hl'Wl'll'UlllJtl 11G1f1fmvll-ll'Wci!~ 1JW,ilfm flJ1JrJlJH1J1J 

feed forward !!I'l'WN_lfll'jvll;jl'W~tl'1t1H'l'Wttl~ 4 ri't1Jt1Jltll d (n) luttl f)ilri't1Jt1Jltll!i1U-l'j1Jf11'W 

, '''''' d,,,, ()III I'Ill!l1'W_1'1I'lil;jfllH~m1JrJlJ 'l1_1f1il X n 

'\HH!i1U;j~_1l!'1'W1l1uYI;jflim)lUle:rw P (z) 

Acoustic Domain 

Electrical Domain 

Acoustic 
Duct 
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4. j).Qfl1'jtJ~'Ujlhll'U 'U FXLMS 

flld 1'ldllfl:U fllJ" fl'PI d :::1'1111@(J1llll1l1h:)'W'1,lJ<lh111Ul H1l11f111lfllJl11l1l FXLMS IW'PI111'1'1l11 

'ltJ~ 5 i'PI(J 'l ~JJfmH S(z) l"i{),v11flld'li'PII'li(JNfl~I, n'PI'illfl Secondary Path 

~1.Hi 5 llNl!N'IfllJ"Y1Nl1-J'UEl1 Feedforward FXLMS 

filfi III f( l (1' 'i'l 1'lll'~-:l'U 
~ 

L -) 

y(n)= I., w,(n)x(n-l) (I) 
1=0 

hw~ n fiEl ~'liilnm L fiEl fh ih~lI (Order) w, (n) +it) 'l"ml:lJ!I'H15Il1TYi I 'UEl1¥l-Jfli'1-J 
, , 

ri l Y'l l dl:lJ I~ 1'J 5'U81flldfldEl1r1l)Jl)Jltu ril1-J X (n) llfl::: Y (n) fi8 r1~~l)J1Ul~h~11!.ull, !i'l::;r1l)Jl)Jlru. ~1 

m 8 i')fl 'II El~ Y1 1rli'1-Jllll:uth~1I 

fl~ fll n HlI ~1llllll FXLMS ~'PI!ltJfl1lJl'illflfl~ flldl.H1I1l11' LMS i'PI (JlJ fllJ 'li'PI!'li(JNfl'\JEl~ 

Secondary Path ~ Li.l ::: fl tljlllrYl(1'1ll5'\JEl~fllJ"'tHlIIl11mlJl'illflfll;; Minimize ~(n) =E[i (n) ] ~1(J11j 

S le~pe s t-descent Method vhh\"Mfl~fllJ"tJfllIl11!!1I11 FXLMS ItJ1-I~~ {r 

w (n + 1) = w (n) + ,ux' (n) e(n) (2) 

_I "' 0 ?:1 . ~ '1 ' = = d0lJ ,:t lJlUI'WI'PI1(JfllJ" 'Yll!lllll'illfl El~'\J8~'1 1 tl 'li'W m (J El1-J (1'TW'YlIII (JJJ:U (Secondary-Path Modeling) 'Ii ~ 

s (z) 
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X' ( n) =s ( n)* X ( n ) (3) 

1l1tl~Nl'\.IlJl d l'W'lHH Secondary Path S (z ) J1Ji~tl~1~1f11'l1.h~lJlfU~lEJ S(z ) 1 1~ tn1 1 

f11 'l[l~'l ~ 1'1'IJ Lti1J~ 1~ EJ~ S ( Z ) ~~ 1 f11'J1.l'J :::lJlW tfwihilf1 ~~ Il>'i lw -ll'W U N'ln4Vl d'1 U1J f) 'J 

Secondary Path ij f115 !1.l~t:J'WII1.l[l~il(h~>'i tl111 tl~I9I[ltJ~W.lm I'vitl1'11 f11J m'IJi1:lJ~hl'J ::; if 11 ~ml'l ~ .:]J1l:l ~ 

iJf11'.i'l.h ~ mwdl'W'\Jtl~ Secondary Path ilcil,:wiilliit)~ (On-Line Secondary Path) 1~HJ'n "f)hl W~~-J 

tLJ~ 6 

d in) 

l'lHi 6 111'l'W~~f11'.i~l-:jl 'W'\Itl -:j Feedforward FXLMS ll'IJU On-Line Secondary Path 

~ , ~ "'" ~ () 0 ~ , ~ ..'Y![lnf11 'J '\Jtl~ LMS 1'lJ''WI~lJUf\I :' ll?l' -J'W'\Jil.:] Secondary Path S Z \J ::; Vl '1f115 'LbtJl'l lVn51:lJtl9l i'lJ 

S(z) I9IllJ'Y!t1nf11'.i'\JD~ L\I1S I~Wt~EJln'W ll[l:::f1Wlill'l'l(Y\9I{'\Jil-l f1lnl1'u \lll'Yll:!J1 'illfl f11'J 

Minimize c;(n) =E[f (n)] IPllLJ11l Stc:epest-descent Method ~l'l'l1"lIPl'fiwml iJ!\9IfJ '('U O ~ ~l 

m'IJfllJ~~II'Vl'W~lEJVl-:jni'W~lEJ ltl'W W (z) H't1~f)flW\Jil~ FXLMS algorithm 11l'W~-:trl' 

w (n+ l)= w(n)+/Lcx/(n)e(n) (4) 

Sl 
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ril'W'U€l~f1l'ltJ5UfiTv~1'lliJllll€l{'U€l~riTW'U€l-1 Secondary Path ~-1H'Vl'WlPi'llTW-1ni'WrilUl€l'W S(z) 

li',H1f1fll':J'lJ €l-1 LMS llPi'~-1d' 

s(n + 1) = s(n ) + fisY (n )f (n) (5) 

hw~ fie fi€l OIll'llfll'ltJ :i'Ul'll (Step Size) I'riVtJfm'mliJ!Ill€l{'U€l-1'W-1niw:ilul€l'W W (z) 

1Ii:1 ~ fis fi€l OIll'llfll'ltJfDl'll (Step Size) l-vtvtJf1JVmllJllll€l{'U€l~'W~ni'Wrilu lv'W S(z) 

5. flll fl -;)Ut:l~ 

1'\.J.~1'Wi~ud'l1 v 'W 1'lJ'U€l-1 r1l'l llP1~illilll T,1Hvi€l n1 'ltJ 'l ~:lJli:1 Ni:1Hi:1~f1l1Jf1 :lJiJrllf1l1:lJt1 n¢l€l-1 
U U <I '\I 

'lJ€l-1fll'llltJi:1~ ADIDA lli:1~tlm lf1lJ~:U (Sampling rate) Ivlln\J 16 bits !li:1~ 5512 Hz m:uilwlli 

'ltJ ~ 7 ItJ~ U1J1 Vi U1Jf1l1:lJ i:1'1:lJl'lt11 'W fll'li:11P1 'l ~1'l1J IfrU ~ 'l 1J f1l'W 'lJ €l ~ f1l'l f1l1Jfl:lJ 1\91 u i~ 

FXLMS 111JD Off-Li ne lli:1~ On-Line Secondary Path 1~€lril'W'U€l~ Secondary Path lJfll'l 

tJ'J~:lJltl! 10 i'W1Yl l\91m'jv'Wrll~i1Ji1Jlru Input !1:\'W'W-1ni''W Sine iJII€l'lJ'V'lil~1P1 (Amplitude) 'lJ'WllP1 0.3 

Volt ~ filf1l1:lJ~ 300 Hz 'illf1';jtJ'U~!l1'W '.hfll'lf1lDf1'lJt!DD On-Line Secondary Path i:1'l'lJl'ltli:11P1 
~ . 

DSP 
.. 
'Vll'li:11 

I • I I I
• -- -- -- -- ~- - -- ' ----T- - - -r-- --

I , I I I
• -- -- -- - - ~- -- -'-- -- T----r- -- -

I I I I L 
- - 1­ - - - -I ­ - - - I - - - - T - - - - ! - - - ~ 

I I I I 
- - - 1­ - - - - 1 - - - - - . - - - - - - - - -;­ - - - -

I L I I I 
- .----­. -­ - -.- --­ 1 --­ - , - -­

I I .I I I 
- - - :~ '1';':"'.: : - - -I - - - - "I - - - - I - - - -

I 

~lH1 7 ItJ~U1J!YlU1JNi:1'l~'}rJl~ FXLMS !!1J1J Off-Line On-Line Secondary Path 
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J1.Hi 8 ItJ'1V'lJIYiV'IJ~l:j~~,.,d1'l FX LMS 1l'IJ'IJ Off- Line IW~ On-Line Secondary Path 

!rltJl~V'l5'IJ fn'hllth,!1!l't1Jt1J1w' fnl~ (Sweep) 

~ tJ~ 8 ItJ'1 V1J!Yi v'lJm 1:IJ 'i:'l'llJ l'H11'W fl15l:j ~ 1 ~~1J!fhj'l1'IJfll'W '\J tJ'lfl1 Hll'IJfllJ 1 ~ tJ l~ 

FXLMS 1l'IJ'IJ Off-Line !W~ On-Line Secondary Path !rliJ1:Yt1Jt1J1tUli\'tJ'l~'lJfll'WiJfl1'J!tJ~(J'WlltJl:j~ 

mllJ~1~V1'jiJ'Wfil1:Yt1Jt1J1ill Input !tI'WVi'ln%'W Sine lilltJlJY~i1~~ (Amplitude) 'IJ'W1~ 0.3 Volt ~ 

'fl1m1lJ~!tJ~(J'WlltJMll'IJ'lJn~'IJ'l~f1lr'IJlJl~~W:l1'l 285 - 300 Hz l~(Jli'fllm'IJnm'IJiJ'lfl1'l 

ItJ~(J'W !! lll:j'l bVh r~'IJ 50 l'WlYi 'iJ~!~'W-:l1fl1Hll'IJfl:IJ l~vl~ FXLMS ll'IJ'lJfl1~'I11Wn~mmrril 'W'lJiJ'l 

Secondary Path 1l'IJ'IJ On-Line J'HnlJ1~ t1l:j~'J ~1'11J!i\'vn'IJfn'W II'1~ n-:llll~ ~ !~ In-:l11~(J'i:'I'llJnt1~~ 
n; I'1'IJIi\'cm'IJfn'WIl'1tJ'l~lJlru 37 !~cJjl'IJ~ 

6. tqtl 
Q , 

'iJln~l:jfl1'J'~~l:jiJ'l'iJ~m'Wl1fl1Hll'IJfl:IJ!!'IJ'IJ FXLMS 1l'IJ'IJ On-Line Secondary Path 

'i:'l'llJl 'l t1l:j~'J ~ 1'1'IJ!i\'v ,n'IJ fll'W II'1~ n-:ll!!fI~ 1~ In-:l1fl1Hll'IJfllJ 1~ (J11l FXLMS 1l'IJ'IJ Off-Line 

Secondary Path ,f'l 1'W f1'jtlh£lD '1 ~ril'W'\JiJ'l Secondary Path lifl1~ !tJ~ (J'WlltJl:j'l!!fI~1 ~1:Yt1J t1J 1 ill Ii\' (J'l 

~ 'IJ nl'W il fl1 'lltJ~ V'WlltJl:j 'l I'1l1:IJ ~ 1~Vt tJ 1l'IJ'lJn1 'll'1l'IJfl:IJ~1~~~l:j iJ 'l 'i:'l'llJl~ t1l:j ~ ~ ~~'lJli\' V'l 'l'IJ nl 'W 

II'1~ 1'W1h'lmllJ~ 100-400 Hz II R~1'1tJ'l Il.i\01 5 .:j n'IJm1lJ~ 1i ~'J lJ'b'l ~ 'lJiJ'l ~ ~'IJ'IJ ril'W ~m1lJ~~ 1 n-:ll 

100 Hz J'W Il.i fl1lJl1 t1m'IJ I'llJ II'1!11 iJ..j 'il 1 n1:Yt1J t1J 1UH i\' f)'l ! t :IJ 1i 'i:'l'lJ D~! l.i!9! 'l Ii:o/'W 5'WIit iJ.:j lJl 'ill n 

fltJ mci''1J iJ.:j'lt~m'IJl'llJ 
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