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The invention arose during continuing development efforts relating to the subject matter shown
and described in U.S. Pat. Nos. 4,677,676, 5,206,911, 5,390,255, 5,502,869, 5,553,153, 5,621,803
15 and 5,940,519, incorporated herein by reference.

2. Background and Summary

Active noise control systems have recently been applied to reduce noise produced by an air
20  conditioner, an engine, a motor and traffics or the like. An active noise control system involves
injecting a canceling signal having the same amplitude as that of the noise and a phase opposite to
the noise so as to destructively interfere with and thus cancel an input noise. In a known active
noise control system an output signal is sensed by an error transducer such as a microphone
which supplies an error signal to a control model which in turn supplies a secondary signal to an
25  output transducer such as a loudspeaker which injects a canceling signal to destructively interfere
with and cancel an input noise. A digital signal processor (DSP), being a conventional noise
controller, uses an adaptive filter of the finite impulse response (FIR) type which forms a signal
for canceling noise upon receiving a reference signal from an input transducer such as a
microphone, detects said error signal created by said error transducer such as a microphone. Said

30  error signal is called residual noise and it is the result of cancellation. In other words: Said error



signal has two functions: on the one hand it serves as a control signal

for controlling the whole active noise control system by beg?% bﬁ?
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described. Wth respect to this function it is called "error signal”. On
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of the whole active noise control 5 system Wth respect to this function
it is called "residual noise". So, whenever in this specification and in
t he appended clains either the expression "error signal” or the expression
"residual noise" are used, they stand for one and the same signal. Said
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secondary paths. The auxiliary noise source is random and uncorrelated to an input noise. The
operation of an adaptive filter of an active noise controller affects the on-line path modeling
because both the input noise and the canceling signal are the disturbances for the modeling.
20  Furthermore, the auxiliary noise source increases the residual noise in two aspects. Firstly the
auxiliary noise contributes to the residual noise through the output transducer. Secondly the
auxiliary noise is a perturbation to the operation of the controller adaptive filter, thus the residual

noise increases due to degraded performance of the controller.

25 U.S. Pat No. 5,553,153 by G.P. Eatwell uses a fixed auxiliary signal for on-line secondary path
modeling, which requires less computation and reduces coefficient jitter in the adaptive filter.
Again, the operation of the active noise controller still affects the on-line path modeling and the
auxiliary noise source still increases the residual noise due to addition of the auxiliary noise itself
to the residual noise.

30



2 21 CCT 2004 U.S. Pat No. 5,940,519 by S.M Kuo describes a feedf rd
active noise control systemwhich perforns on-line feedback path Oﬁj%ﬂ%g
and on-line secondary path nodeling. Al though the disturbances from both
t he i nput noi se and the canceling signal for the on-line nodeling are
reduced, the auxiliary noise source still increases the residual noise in
both two aspects as stated 5 above. SUMVARY OF THE INVENTION It is an

obj ect of the present invention to i nprove known active noi se control
systens with on- 10 line secondary path nodeling in a way to further
reduce said residual noise. This object is solved by providing a known
active noise control systemof the on-line secondary path nodeling type
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active noise control systens. In contrast to active noise control systens
of prior art the active noise control systemof the present invention

t akes advantage of said addiduMRWAREOFaHE INVENTIORe function of each of
said additional circuitries is, in short words, described as foll ows:
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In particular, an active noise control system according to an embodiment of the invention
comprises the features of a signal distinguishing circuitry, of a secondary path changing detection

circuitry and of an auxiliary noise control circuitry.

20  The active noise control system according to the present invention operates more efficiently and
accurately than known active noise control systems. In contrast to active noise control systems of
prior art the active noise control system of the present invention takes advantage of said
additional circuitries. The function of each of said additional circuitries is, in short words,
described as follows: Said signal distinguishing circuitry greatly reduces interactions between the

25 operation of said active noise controller and said on-line secondary path modeling. These
interactions include an influence from the operation of said active noise controller to said on-line
secondary path modeling and a perturbation to the operation of said active noise controller due to
said auxiliary noise. Said secondary path change detection circuitry detects whether said
secondary path has a variation and how big it is and then generates a secondary path change

30  signal to said auxiliary noise control circuitry. Said auxiliary noise control circuitry controls the

volume of said auxiliary noise by said secondary path change signal.



vol ume of said auxiliary noise by said secondary path change Zﬂr@{] [ﬁ]‘l
OCT 2004 Said secondary path change detection circuitry and sei 2 ary
noi se control circuitry operate as follows: At the beginning, said
auxiliary noise source allows an auxiliary noise with a quite |arge
anplitude to nodel said secondary path until said secondary path nodeling
adaptive filter converges. After said secondary path nodeling adaptive
filter converges, said two circuitries 5 operate differently in three
different cases, i.e.: 1) Said auxiliary noise is turned off when there is
no change of said secondary path; 2) Said auxiliary noise is attenuated
much when there is a mnor change of said secondary path; and 3) Said
auxi | i ar ysaiPieséhdasy padPéhaHECasass! cmﬂg 43%hR dufilidry ot ichhtFdd Rirc SRR BiskRat O f
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presem ipathention. FI G 5 |Ilustrat es a secondary path change detection
circuitry which is also used in performng on-line secondary path
nodeling in the present invention.

Applying said three circuitries brings about some advantages, such as

1) Said residual noise is reduced further after said secondary path modeling converges; and
2) The system becomes more computational efficient due to no updating of said modeling
15  secondary path adaptive filer and due to no operation of said signal distinguishing circuitry in the

case of no change of said secondary path.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 illustrates an active noise control system with on-line secondary path modeling known
in the prior art.
FIG. 2 illustrates the block diagram structure of the system of Figure 1.
FIG. 3 illustrates the block diagram structure of an active noise control system with on-line
secondary path modeling in accordance with the present invention.
25 FIG. 4 illustrates a signal distinguishing circuitry which is used in performing on-line
secondary path modeling in the present invention.
FIG. 5 illustrates a secondary path change detection circuitry which is also used in performing
on-line secondary path modeling in the present invention.
FIG. 6 illustrates an auxiliary noise control circuitry which is still used in performing on-line

30 secondary path modeling in the present invention.



FIG 6 illustrates an auxiliary noise control circuitry which is stil

used in performng on-line 30 secondary path modeling in th® p0Jepdlh
invention. 4 2 1 OCT 2004 DETAI LED DESCRI PTI ON'OF A PREFERRED EMBODI MENT
OF THE INVENTION FIG 1 shows an active noise control systemof the prior
art with on-line secondary path nodeling. This active noise control
systemof FIG 1 has an input transducer 1 for receiving an 5 anal og i nput
noi se which is converted to a digital input signal x(n) by an AAD
converter neans. Said anal og input noi se propagates along a primary path
2 such as a duct or plant to generate an analog prinmary noise. Said
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converter means and then the analog signal drives said output transducer 6 to generate an analog

canceling signal for canceling said analog primary noise. A first adaptive algorithm unit 41
receives a filtered input noise x’(n) and said error signal e(n) and updates said adaptive filter 4 by
20 minimizing the mean square value of said error signal e(n). A secondary path (labeled with the
reference symbol “5” in Fig. 2) denotes a path from said secondary signal y(n) via said output
transducer 6 to said error signal e(n) from said error transducer 11. A random noise source 12
produces an uncorrelated auxiliary noise u(n) for modeling said secondary path 5. Said
uncorrelated auxiliary noise u(n) goes through said output transducer 6 together with said
25  secondary signal y(n). Said uncorrelated auxiliary noise u(n) is the only input to a secondary path
modeling adaptive filter 51 and thus ensures that said secondary path modeling adaptive filter 51
will correctly model said secondary path 5. A second adaptive algorithm unit 53 also receives
said auxiliary noise u(n) and updates said secondary path modeling adaptive filter 51 by
minimizing the mean square value of a modeling error signal es(n). Said secondary path modeling

30 adaptive filter 51 is operable to generate filter taps for performing said minimizing. Said



nodel i ng adaptive filter 51 and thus ensures that said secondary path
nodel i ng adaptive filter 51 wll correctly nodel said secondaZyi BEi[hZ[Iﬁl; A
second adaptive algorithmunit 53 also receives said auxiliary noise u(n)
and updates said secondary path nodeling adaptive filter 51 by mnim zing
t he nean square value of a nodeling error signal es(n). Said secondary
path nodeling 30 adaptive filter 51 is operable to generate filter taps
for performng said mnimzing. Said 5 2 1 OCT 2004 nodeling error signal
es(n) is an output signal of a first adder 32, which is fed, on the one
hand, by said error signal e(n) and, on the other hand, by a nodeling

out put signal v'(n), being outputted by said secondary path nodeling
adapt i ve rhodelisy erfot sigi[ﬂees@o)fsfa‘ni cm't;mﬂhgnabbf 8 &irstl a@ctéﬁandﬁﬁgh is [fief bn the@ae had,

adaptive filter 51 .ar a m)delln cqpy,, 22, t.0
gengrat e Waf b“egmfr ’f@@f@ﬁslaﬁ uf’nglb“l @‘ ‘t"g E’}éli %’r“gp"é’mubg}ﬂ‘ﬁpyg’;' being
Ij iltered dfugiﬂﬁéd besuid Saorias ;(aﬁxhwmghmmé fAner sﬁl The faeﬁn&nﬁ; otfiagd bdcofidary

I agram of 't he contrqgl, systemw th on-ljine s ndar

Todgl § o BB TR i AdE GG s T coriedi S atonian bote TORRB O B SPRHG
passi 159 Sidefbdiintatiboistod’ @Pused fot)perfSiaiing datifilterddQéaSEmedn thudds PRENE) Blgorh@Ng
said primary path 2 such as a duct or plant to 10 generate said prinmary
noi se d(n). Said canceling signal y'(n), generated by said output

transduceG. P skows thié Blocle diagramibrase ﬁ:tﬁ@ﬁél?éjco%ﬂﬂﬁigséﬁa wittlo finé stc6hdascmar y

path 5, is super osed wth said rimary noi se at sajd error -
t r ansduc &odgling of Figure) 1. Said ingyitrans e‘thisrlﬁe‘hﬁ’dé?cels’)“gtaédgéﬁ@ﬁéﬁ‘é%*§°1seerror

signal  e(x). 84idSmhue n@gggﬁgn):gprop%'éht@s GIRRS sk | primaiy path 12V ﬁlcfn'alstae&ucf' of ﬁa‘ﬁi S

said i nput noise x(n d&snerat es Sai d ‘'secondary signal y(n) drive
sai d Wut (sererate am%mmw ngis¢ dim).daid caneeling)sigeal yi{a), amatedlbsl sgifl oatpubtrwdwer

secondar y (B@F? 9 Showifisth %écgy andg N %dﬁg %ﬁ%&&nﬁﬁ?%l{ 3 4§LsJﬁ§ﬁ> LeY SR ald

filtered inpu noi se Xx' rror signa ates sai d
adapt i ve pfimaryaroiss dfny) ahsaid erroz tramsdudee 1 hfin Fig. gqhmzmeas\ﬂathmdaa@ﬁr K7 der@ratemald

st nal. et sighl o] 48 RAYX 4o ALtk IByBOLERE 41RO BB Bl gnd

uncorrel ate nol Se u sard secon
sai d sec (zmramchald s&:bndarSaugdal Moty dxé‘}'maielcbuamktrtrisénoyr hovhich ig (san;l seggmisaddhr ough

S O e NI 5 B 53 BABASE B0 Dl A O BBl

secondary signa sard secon auxi |
is the aoisyxi(mpmt stid esrar sigrmbe@)cad ypdatasisaidadaptive Gltercaipt mumnfzxdgttm méah and

h d h_nndel f
oo 5 o B G S B B 1 i

uncorrelated auxiliary noise u(n) for modeling said secondary path 5 via said second adder 31.

Said uncorrelated auxiliary noise u(n) goes through said secondary path 5 and is (by subtraction)
20 in addition to said secondary signal y(n) at said second adder 31. Said auxiliary noise u(n) is the
only input to said secondary path modeling adaptive filter 51 and thus ensures that said secondary
path modeling adaptive filter 51 will correctly model said secondary path 5. Said second adaptive
algorithm unit 53 receives said uncorrelated auxiliary noise u(n) and said modeling error signal
es(n), and updates said secondary path modeling adaptive filter 51 by minimizing the mean
25  square value of said modeling error signal es(n). The coefficients of said secondary path modeling
adaptive filter 51 are copied to a secondary path modeling copy 52 to generate said filtered input
noise x’(n) for performing said filtered least mean square (FXLMS) algorithm by means of said

first adaptive algorithm unit 41.



algorithmunit 53 receives said uncorrelated auxiliary noise u(n) and said
nmodel i ng error signal es(n), and updates said secondary path 2md@CT P
adaptive filter 51 by mnimzing the nmean 25 square val ue of said no I ng
error signal es(n). The coefficients of said secondary path nodeling
adaptive filter 51 are copied to a secondary path nodeling copy 52 to
generate said filtered input noise x'(n) for performng said filtered

| east mean square (FxLMS) al gorithm by nmeans of said first adaptive
algorithmunit 41. 6 2 1 OCT 2004 FIG -3 shows an active noise control
systemw th on-line secondary path nodeling according to a preferred
enbodi nent of the present invention. In the preferred enbodi nent of the
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equivalent to that component in the error signal e(n) of the system of said prior art, which is only
due to said input noise x(n) (not including any signal due to said auxiliary noise u(n)). Said signal
distinguishing circuitry 7 is illustrated more fully in FIG. 4 and is described in more detail in
subsequent paragraphs.
20
The function of said secondary path change detection circuitry 6 is to detect whether a change
occurs on said secondary path 5 and how big such a change is. Said secondary path change
detection circuitry 6 receives said input noise x(n) and said error signal e(n), and outputs said
secondary path change signal k(n) to said auxiliary noise control circuitry 8. Said secondary path
25  change signal k(n) can be defined by many values. For example it can be defined by three values,
ie.
by the value of said secondary path change signal k(n) being 0, if a detection shows that
there is no change of said secondary path 5,
by the value of said secondary path change signal k(n) being 1, if said detection shows a

30 small change of said secondary path 5, and



occurs on said secondary path 5 and how big such a change is. Said
secondary path change detection circuitry 6 receives said i?pthppug
x(n) and said error signal e(n), and outputs said secondary®path c ﬁbe
signal k(n) to said auxiliary noise control circuitry 8. Said secondary
path 25 change signal k(n) can be defined by many val ues. For exanple it
can be defined by three values, i.e.: - by the value of said secondary
pat h change signal k(n) being 0, if a detection shows that there is no
change of said secondary path 5, by the value of said secondary path
change signal k(n) being 1, if said detection shows a 30 small change of
sai d secondary path 5, and 7 2 1 OCT 2004 - by the value of said secondary
pat h change - sibyrthd vahferdf shid sevgndry pdth elmange sigriablo(h) being 2, iftaiddetection finds out a

si gni ficant CQ@n%e qf sai d sgﬁond%é$ th 5. Said noise control circuitry
8 controls a ViR shangs;ofsaid seeen J’E‘) se u(n) according to said 5

val ues of said secondary path change signal k(n), i.e., u (n)=m=* u(n)

where mis. ar anet er. i ch depends, on sai d val.ues of said secondary
bt cangi® SRSk BFERf Freutth, & SoRFS §ivoimaie al el AL noits R\ oS pe e g
sa: d vai) uealeh oﬁf_a?id smwyll@am dh?ﬁé% sighd ; K@), Sieq Wn)~nt n)ueg;wﬂe% ﬁ)isml%aiar&_ i tezal |
k() o1 WHGh dspepds o spd VEupR R A FEoBn e STy at b change si gnal
k(n)=2. In the preferred enbodi mrent of the present invention, the volune
of said iliary noise u(n) is large in order to get faster convergence
and h!ghgﬁﬁéegﬂﬁéﬁﬁmﬂﬁwl§é?éﬂ@%fondary path modeling 15 during the
updati ng gfmaﬁiﬁaaamqaep{awsawnbmﬂﬁhhﬁgeﬁgmk(nﬁ;fIlter 51. After said

c

secondary_path nmpdeling adaptive filter 5 onve;ges, said auxiliary

noi se 1¢( nd) ity spall value (hrmstl), dfsaidivalup obsaidseeandary path change signal T or kept
at the orjigisnak1VietdiPalue0T8aill ScBRBE path dHdn G ;%QQ. residual noise (or:
error signal 5]e( n l) due L’Eeo szgi d caUX| II? ary né()e%g% ﬂ%(n . Sai d secondary path
change detection <circuitry 6 and said auxiliary noise control circuitry 8
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large in order to get faster convergence and higher accuracy for said secondary path modeling

15 during the updating of said secondary path modeling adaptive filter 51. After said secondary path
modeling adaptive filter 51 converges, said auxiliary noise u(n) may be turned off or attenuated to

a much lower volume or kept at the original volume. The purpose is to reduce the residual noise

(or: error signal e(n)) due to said auxiliary noise u(n). Said secondary path change detection

circuitry 6 and said auxiliary noise control circuitry 8 are illustrated more completely in FIG. 4

20 and FIG. 5, respectively, and are described in more detail below.

FIG. 4 illustrates said signal distinguishing circuitry 7. It uses a signal distinguishing adaptive
filter 701 excited by said input noise x(n) to generate an output signal g(n), which is fully
correlated with said input noise x(n). Two further input signals for said signal distinguishing
25  circuitry 7 are said modeling output signal v’(n) from said secondary path modeling adaptive
filter 51 and said error signal e(n). Said modeling output signal v’(n) is subtracted from said error
signal e(n) at a fourth adder 704 to generate said modified error signal e’(n) for said first adaptive
algorithm 41, and meanwhile said modified error signal e’(n) also subtracts said output signal
g(n) at a fifth adder 702 to get a signal ed(n). Said signal ed(n) acts as an error signal for a third
30 adaptive algorithm unit 703. On the other hand, said output signal g(n) of said signal



FIG 4 illustrates said signal distinguishing circuitry 7. It uses a
signal distinguishing adaptive filter 701 excited by said ingut] G6Ts2004
x(n) to generate an output signal g(n), which is fully correlated with
said input noise x(n). Two further input signals for said signal

di stinguishing 25 circuitry 7 are said nodeling output signal v'(n) from
sai d secondary path nodeling adaptive filter 51 and said error signa
e(n). Said nodeling output signal v'(n) is subtracted fromsaid error
signal e(n) at a fourth adder 704 to generate said nodified error signa
e' (n) for said first adaptive algorithm4l, and neanwhile said nodified
error signal e' (n) also subtracts said output signal g(n) at a fifth

adder 702istinggstingadaptietiltee d¢Njs.subtticRd Fotvald epdf Eigna etny aﬁ§ sifdh 2A8ra05 % gnal
for a third 30 adaptive ajg rlthnlunlt 703. ., On the ot hand, sai d out put

si gnal g (BTTerEp suGmy ‘g’inéﬁea'?‘ signal hing-to mests Sa&*%??‘?“ﬁ@ﬂlpéﬁl ng adaptive filter
701 is subtracted fromsaid error signal e(n) at a sixth adder 705 to

generatelﬁgg ggdel i ng desired signal h(n) t.o nodel said secondary path 5.
FIG 5 i H0s? ilsteatessaif gecondasy mth shangs detecHomejecuitan b Kindwdes thres pircyits, se 3t

i ncl udes rbdidAP néike Ghings detbetﬁm cifduit %1 I &% i hoiSo! bﬁﬁg@ ReRaRnA&i6e 62
circuit 61, an |§.€ut noi se change detection circui 62 and a secon ary

path c harfgeondesy. pah shange decision airguit %Seldrr@sduelmlse ihange detpetien sirenit @cdetests,
circuit Glhefhef @bleSs a cdrgl BEthe B@Exeof' Nobfse Qbr: EH& é(ﬁgn and fibW blgSal q

residual noise (or: errer sig e(n ow big suc els
i nput noisach a-ehanggeis. o%!@@pliltmqwe pha@m: detmomemntt@ demm wheﬂletrlﬂw mneof safd sai d

t I
error of e *‘“%Qn’ﬁ‘ﬁm’%g%%%% 3 3hgl 80 U etk BRGS0 o' 45 (1
deci dés \ﬁmlm pethechabgendpsision cituit |53 vdsrides whethet the sbinge adf ttmpe,wer(a:frsalder ror

signal e

change et dist: kiR e b Shah Ut sl tghPudibdldp i e 4 ol
change def sid secondarypethiSs 61 i s described as follows: Said error 15 signal
e(n) is inputted to a first power calculator 601 to generate a first power
signal al(n). Said first power signal al(n) is sent to a first averager

602 to gdhevpdration of baidtesiduat magecmgeedeteeﬁ@nﬁdcmt b1 (srd)escnSed ab follovast Said efierge

|, bl.(n) i t. t t.h 03 .t
Domertas e 80 A 5 0 e llars B SRS T R LAY s,
conput i n@irst pbwérsdignat AI(BERGEAL tata first dvefagert 60266 lpehethte alfst| avérage FiWer Alpdlala

second t d_at a second threshald
tt]) F ? Pgold first average power stignal bl(n) is sent to a first long-term power smoother 603 to

generate a first smoothed power signal cl(n), which is a component for computing a first
threshold at a first threshold calculator 604 and a second threshold at a second threshold
20  calculator 606. Besides this, said first average power signal bl(n) is also inputted to a first
comparer 605 to generate a first result signal q1(n) and to a second comparer 607 to generate a
second result signal q2(n). Said first threshold calculator 604 provides a first, lower threshold
signal tl(n) for said first comparer 605 and said second threshold calculator 606 provides a
second, higher threshold signal t2(n) for said second comparer 607. So if said first result signal
25 ql(n)=0, i.e., there is no change of said residual noise (or: error signal e(n)), then said second
result signal q2(n) is certainly zero. However, if said first result signal ql(n) is not zero, said
second result signal q2(n) may be zero or nonzero. Said first result signal q1(n) controls, in said
input noise change detection circuit 62, a control switch 608 to control, whether said input noise

change detection circuit 62 works or does not work. If said first result signal q1(n) is not zero,



20 cal cul ator 606. Besides this, said first average power signal bl(n) is
also inputted to a first conmparer 605 to generate a first re@ultOCh Q084
gl (n) and to a second conparer 607 to generate a second result signal
g2(n). Said first threshold cal culator 604 provides a first, |ower
threshold signal tl(n) for said first conparer 605 and said second
threshol d cal cul ator 606 provides a second, higher threshold signal t2(n)
for said second conparer 607. So if said first result signal 25 gl (n)=0,
i.e., there is no change of said residual noise (or: error signal e(n)),
then said second result signal g2(n) is certainly zero. However, if said
first result signal gl(n) is not zero, said second result signal q2(n)

may be zexreo, tﬁére OH 2dnge oBadidl ré‘sidﬁﬁtnois@gﬁ%r @k: Rk sigAdl n)s; Adn' @l Sinpithofel d
I nput noi c ange detectlon circuit 62, a control switch 608 to control,

whet her s frEHon fifewip62 8ﬁ3ﬁ§@md%tectlon circuit 62 works or does not
work. |If sald flrst result signal gl (n) is not zero 9 21 OCT 2004 i.e.
there is change of sajid residual noise power (o0 error signal e(n)),
then said o phseid igputgise gbange detertioncireuls 62 Gzie@nm a5 followyws Srid inpve

oper atg oMo x¢ifl sdnf P&dta Wokg 1%@&9%1@% AR 1R s&cohd vper lecﬁlﬁto{:i BEF thid

follows: Said. input noi se x(n) iIs sent asawor I ndl cat or si naI
z(n)) to sAidswitely am%u&rr@éé 49 eenceptern segorsl nowven signpl 84Nl agwaeémmomt signal 608

to gener a&zﬁneas REF LAPoRANEInd SvE R 6?@(0%:1&&99 s&Rhd ave! RS géwa%\r&m tg,ﬂ(:gnédld

a2(n) is thén sent to a second averager to gener a second aver age
power si ¢paeandgygrage posgr gignab bA(ohis Semétr ag@oprblmg-tesmgnmr somEtier 65l togenerate a

i nal o aholHoBRUE bo R, dhifis3SR0H Bhipyl s BRI ALAF AT
%g a thi radhmﬂreqsh@ﬂ tdalelelatgmlé: &nd mend @atade mmd\baﬁnagalqoonwtteétognmlrd

n) is i
t hl( rzj t hr g‘"ﬁ&fﬂl @gﬁo ﬁd %’%ta%d P‘rﬂg%“sla | r?ﬁ'gs%p; s%@\?éi% caﬁl V\%‘F Wﬁ‘g
gener ?t e mlcull:tor 6132 esgdnbr:? zggnrld rqé:%trs)gnalSqﬂ(n) Shid irst, segmgi;glgf]thmd tdsul;tshﬁn?srs] ; Int .
dectai on Db s BB ditale Hif OBt JetePs SR L nhnge

decision circuit 63 is described as foIIovvs If said first result signal
al ( )lé) no .,change . of |d resi du rror naI

t h
a5 i Soisaioh Wcls ey T SRR Sl AP TP PN Tofda; o
secondar Yirftadshlt eignal Ge(n#e0; i.6.) here iChd &Hdhge (ﬁ’3a1& edshlusl ndise (‘Ui‘leﬁ'ai $igr@l e(hj)athenO

change hasB Qesggo(rjxdgr? psa | Smarslg%(: 82& rkYn)pa%ttge oﬁtput o saa}ddse]::énrdgxty pa S%atnge decision
circuit 63 equals 0 indicating, that no change happened to said secondary path 5. If said first result
signal ql(n) is not zero, i.e., there is a change of said residual noise (or: error signal e(n)), then
20  said secondary path change decision circuit 63 checks, whether said second result signal q2(n)
and said third result signal q3(n) are zero. If further both of said signals, said second result signal
q2(n) and said third result signal q3(n) are zero, said secondary path change signal k(n)=1, which
means, that there is a minor change of said secondary path 5. If said second result signal q2(n) =0
but said third result signal q3(n) is not zero, said secondary path change signal k(n)=0, which
25  means, that there is no change of said secondary path 5 (the change of the residual noise (or: error
signal e(n)) is due to a change of said input noise x(n)). If said second result signal g2(n) is not
zero (whenever said third result signal q3(n) is zero or nonzero), said secondary path change
signal k(n)=2, which means, that a significant change happened to said secondary path 5. Said
secondary path change signal k(n) is inputted to said auxiliary noise control circuitry 8.
30
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signal gl(n) is not zero, i.e., there is a change of said residual noise
(or: error signal e(n)), then 20 said secondary path change d&di 8CPn2004
circuit 63 checks, whether said second result signal g2(n) and said third
result signal q3(n) are zero. If further both of said signals, said second
result signal g2(n) and said third result signal gq3(n) are zero, said
secondary path change signal k(n)=1, which neans, that there is a m nor
change of said secondary path 5. |If said second result signal g2(n) =0
but said third result signal g3(n) is not zero, said secondary path change
signal k(n)=0, which 25 neans, that there is no change of said secondary
path 5 (the change of the residual noise (or: error signal e(n)) is due
to a change. 6fxllwsa'htds saicpaixiliey ﬁﬁs@ém)rm citchitry @, Said @ailigly hoRel bénti amitrﬂs?( ng
is not zero neve sa ird r S is zero nonzer o
sai d secdfitary 5y Pﬂmﬂéﬁﬁﬁﬂg E?ﬁﬁéﬁmﬁ?#? §mégﬁpgﬁgﬂ&@%9mn9h§9“$ @) @sthen cant
change happasée i volame domﬂambarw géh%ia& said parinféter Hf2 S8id Paraihepintis GRRDUEI
S|gnal k(,n) is | sai iary n0|se control circuitry 8 _ 30 10

ut
2 oA g@ q°rsw§§raaf ggﬂt@ﬁfroﬁoaa% Pytpuf spid meadified agxiliary nojse Mm The 8.

Sal d ayxn}duaﬂey ccﬂft’xloﬁQs AeNREB&A ad dIoWs 1Y saltl sécswsathscmgessigmdﬂ#o P&id
change signal k(n). Said secondary path, change signal

i nput t ed ReEmetey FOnE S@@rﬂeF?ﬂdFréfrPa@()"Pa‘@H? sigAlirard, g ear@aﬁtqnaﬂ%a smﬂl valyg d
par anet erokfi<p. Mikaid pécb fhry Bath Shhrfbe ibhbd k@522, @auﬁﬁrau{e&} n%tl Raliinbdiftd €'

802 to output said nodif auxi li-s#y noise u vol unme control is

descri be@uézélawmss%s(n) 41?"6% sAidjoutpus @n@sdmfr ééwhclma mtgmblpclk@agrm of Bigi d
t t
par ame ersﬁsﬁﬁeelaﬁaelﬁ@s@coﬁes@&g@rM}d%gégﬂgﬁyg&gﬁfb%ahsﬁae%angaéf@ags par amet er

inis a small value O<nx<l1 ary pat na
k(n) =0 said paraneter m=1l. Said nodified auxiliary noise u' (n) drives

sai d out gis P&%secon (lj@ hés‘éﬂk'ex? grdvﬁie I~lﬂ%‘coﬁ- I:eh\%xtﬂ hﬁcpgqs)gﬁtaigl}e%ﬂgxg an ac@vcf 3

by the elene secon
secondar yopatchntidl sgsten withsonapieaseenntary Ipath md»tbhng thatsreldmsl ther advensleeﬁ‘ectsmn

it o 1ol bl SpcPlBR Eled B beon b Ebngd B n PRIACoO R Sl

overal | ssyndtsecnndmz rpath mndelmgshael td))yaxé qmmagenmsujmdythpaméraamdof said mimlmllgmg
ﬁg.d Sy}e q! 2@ fh8\’lpho g?g?f%re qaro(#qegf ixas boen edescngecfj dettagl Sltaéh%uﬁrﬁenar y
understood that various changes, substitutions, and alterations can be made herein without
departing from the scope of the present invention. It should also be understood that the present
invention may be implemented to reduce any noise source including, but not limited to,
vibrations, acoustical signals, electrical signals, and the like.
20
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15 adaptive filter. Although the preferred enbodi nent has been descri bed
in detail, it should be wunderstood that various changes, subs? i t OCTo2004
and alterations can be nade herein without departing fromthe scope of
the present invention. It should also be understood that the present

I nvention may be inplenented to reduce any noi se source including, but not
limted to, vibrations, acoustical signals, electrical signals, and the
like. 20 11 2 1 OCT 2004 CLAIMS What is clained is: 1. An active noise
control systemw th on-line secondary path nodeling conprising: 5 - an

I nput transducer (1) operable to output an input noise (x(n)) received;, a
primary path (2) and first nmeans (4, 6, 12, 32, 41, 51, 52, 53) for
on-line nodeling said input noise (x(OLAIMSaid first means (4, 6, 12, 32,
41, 51, 52, 53) receiving said input noise (x(n)) and outputting a
canceling signal (y'(n)); said primary path (2) outputting a primary noise
(d(n)), and Whkhatis cim&tisor transducer (11) receiving said primary noise
(d(n)) and sai d cancel.i ng signal y'(n)) and outputting an error signal
(e(n); - sdi d‘g‘é?ﬁ"b’F “%‘F"g‘%&'fml( éitﬂj‘)‘”%é’f‘ﬁ’g‘e gerandapsrath madeling comprisigt i on of
sal d cancel i ng aiigeiraisiicer(l) opd oM oSaip MibBANS@dPrebaiNed)) . and - sai d
error signal (e(ngg servin% fg a contral signal for controlling said first
means (4, 6, -PoPrimary pah (2) gnd Best means (458) 13 3¢, 41n31, PRed )M oniling medelingspidi ng
as an out put siigguehoiSy (xi)f sA€ fitsy Mearl3 04, $S1% 82141051, S 53¢ Flceitig sAE Il doRd | N
that said active noise control systemfurther conprises a seécond neans (6,
7, 8) for on-|i¥®)apdeupyting aeaneeling signal @8(mk (4, 6, 12, 32, 41, 51, 52,

o s A QPSS Dy S B o1 297, (<)) ot
a nmodd?ing desiaR&Hos trgsdicer Rl yrycewing widprimary egise ((n))i and said sianceling; sigmal) t o
said first (y’(n)) and outputting an error signal (e(n));
- said error signal (e(n)) being the result of a subtraction of said canceling signal (y’(n))
from said primary noise (d(n)), and
- said error signal (e(n)) serving as a control signal for controlling said first means (4, 6,
15 12, 32, 41, 51, 52, 53) for on-line modeling and serving as an output signal of the active
noise control system;
characterized in that
said active noise control system further comprises a second means (6, 7, 8) for on-line
modeling said first means (4, 6, 12, 32, 41, 51, 52, 53), receiving said input noise (x(n)),
20 said error signal (e(n)) and an auxiliary noise (u(n)) and outputting a modified error signal
(e’(n)), a modeling desired signal (h(n)) and a modified auxiliary noise (u’(n)) to said first

means (4, 6, 12, 32, 41, 51, 52, 53).

2. The active noise control system of claim 1, characterized in that
25 said first means (4, 12, 32, 41, 51, 52, 53) comprises a controller adaptive filter (4), an
output transducer, a random noise source (12), a secondary path modeling adaptive filter
(51) for generating a modeling output signal (v'(n)), a first adder (32) for subtracting said
modeling output signal (v'(n)) from said modeling desired signal (h(n)), thereby
generating a modeling error signal (es(n)), a first adaptive algorithm unit (41) for

30 receiving a filtered input noise (x’(n)) and updating said controller adaptive filter (4), a

12



means (4, 6, 12, 32, 41, 51, 52, 53). 2. The active noise cont i dﬁf&@ﬂ
of claim1, characterized in that 25 said first neans (4, 12,

52, 53) conprises a controller adaptive filter (4), an output transducer,
a random noi se source (12), a secondary path nodeling adaptive filter

(51) for generating a nodeling output signal (v'(n)), a first adder (32)
for subtracting said nodeling output signal (v'(n)) fromsaid nodeling
desired signal (h(n)), thereby generating a nodeling error signal

(es(n)), a first adaptive algorithmunit (41) for 30 receiving a filtered
i nput noise (x'(n)) and updating said controller adaptive filter (4), a 12
2 1 OCT 2004 second adaptive algorithmunit (53) for receiving said

rrgdel i ng fer Ir or secp@adapt@\esa(lgb)-):hrmnﬁit (ﬂpﬂﬁtrf]damgdaﬂ A&l afor slg\ﬂ][‘(ed”(m'%d ng
adaptive filter econ model p or

recei ving sai d“?‘%‘ﬁﬁ% § S§8° Q’?’n? Jﬁ?ﬁpﬁ?ﬁ aﬁ*}P& 1“ﬁ’8 ég %‘df?lsf’"é’inéﬂy Haﬂ})ut
noi se (x'(n)) lmddmgdolf)y (58]; foadeqatvﬁngesaﬁll it inbRENGAY) and fbk providlings said Bltedéd | Ve
noi se contr ol stem Zﬁ‘gé): dﬁﬁsﬂ $1ar acterjzed in that said output
transducer conﬁ%ﬂ?@? i1ty adapivealeqrghm ugib¢hlhct i ng sai d nodifi ed
auxi |l isary noise (u"(n)) froma secondary signal (y(n)), which is provided

by said co _@_‘Ier ada tive fllter 4), thereby generating a sumsignal,
and a secondar y*5P4HHKe 1% e°°‘1t€P fyiten |2n§}‘a§a&YeBz°§dﬂfh§fgnal fromsaid

second adder (sad outflut tHhiRdwet cofiprived 8Ssebdhatddabr BYF ff&rr@uﬁfracﬁﬂg/ s&ift :ﬁéd’i‘ﬁ{{l‘s
to 3, characterized in that said error transduser (11) conprises a third

“adder (3) for ¥Hiapnapisequén) droanacerondary sgaph vy V‘(hllp}l) isf providedhibyl spidi mar y
noi se (d(n)). Jdoa f

precedi ng cl ai rrstrél?:eﬁ-aara%g? grrﬁ:ltglg(w?!}lé&gcéeﬂésr{gﬁg a?eﬁg{)ﬁ%]a?reagﬁg )éﬁ(‘%gd#ysﬁl (?)or

on-1i¥e nodel |ﬁ?gregamgﬁqlqlsttmwﬁrsahﬁomald@ecomtaddsxzalnl 51, 52, 53)

conpri ses a secondary path change detection circuitry (6), a signal

di stinguishing circuitry (7) and an auxiliary noise control circuitry
(8). 4. "The active noise control system of any of claims 1 to 3, characterized in that

said error transducer (11) comprises a third adder (3) for subtracting said canceling
signal (y’(n)) from said primary noise (d(n)).
15
5. The active noise control system of any of the preceding claims, characterized in that
said second means (6, 7, 8) for on-line modeling said first means (4, 6, 12, 32, 41, 51,
52, 53) comprises a secondary path change detection circuitry (6), a signal distinguishing
circuitry (7) and an auxiliary noise control circuitry (8).
20
6. The active noise control system of claim 5, characterized in that
said secondary path change detection circuitry (6) receives said input noise (x(n)) and
said error signal (e(n)) for generating a secondary path change signal (k(n)) being
outputted, wherein said secondary path change signal (k(n)) describes whether said

25 secondary path has a variation.

7. The active noise control system of claim 6, characterized in that
said auxiliary noise control circuitry (8) receives said auxiliary noise (u(n)) and said
secondary path change signal (k(n)) for generating said modified auxiliary noise (u’(n)).
30
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20 6. The active noise control systemof claim5, characterized in that
sai d secondary path change detection circuitry (6) receives s@i§ 0CT 2004
noi se (x(n)) and said error signal (e(n)) for generating a secondary path
change signal (k(n)) being outputted, wherein said secondary path change
signal (k(n)) describes whether said 25 secondary path has a variation.
7. The active noise control systemof claim@®6, characterized in that said
auxiliary noise control circuitry (8) receives said auxiliary noise (u(n))
and said secondary path change signal (k(n)) for generating said nodified
auxiliary noise (u'(n)). 30 13 2 1 OCT 2004 8. The active noise control
system of any of the clains 5 to 7, characterized in that said signal

di sti ngui shi 0 Thehétivelnbiée Eohkrol fSRINV ks d [ ¢ id error
signal (e(n)) and a npdeling %ﬁt ptﬁﬁgyisgrfgﬁél?@g?ﬁ‘g]?’cggrﬁéetﬁit%@%%asai d
first means (4,5aid signsl diginguishing cisepitrys(3) regeiyes said igpusingise (x(n)).staidregror sighalg
circuitry (7) raad | ' Iof o | e i

nodel i ng desi rggﬁgiagnglw%dﬁ% ?lsmg.?f%!ﬁlg(vgé %\%ﬁ%%c?gsggaé%ﬁ{sg g%gnssgg”?%%ab?z’any
of the clainms %l 8l.852, éhasaid tstanplzdistingnishihg cireuitind (7 i ggnrastingi seidi megdifishenmy

i i 7 b ' i 51 | S dapti filter 701), a
Third adaptive orads Epfa iRl Eelisad 2007 TP ih (02) and.
sixth (705) 10 adders, wherein said distinguishing adaptive filter (701)

d id thigd L Ve i ' 3).: ' noi se
() uhorsi g e P! dBhuPlly drfitHlaf 54 4 2nd Bl iob Rither 0 2
out put si gnal Is&if signaledistinguiskingi cifGuittyh(7) doreprised 8 2ignalvdistinguishisgadaptiteofilter h

704 d sixt . : i ' ' r ej aid
fourth  adder (An Wi AL BE5HE 4R a7 i lowth PO enf Rk md SR TID
sai d f0fth addeddes;O&berdh sadlididistinguishing adaptives didters 4701) nandi $aid dhied radaptive gnal
(e'(n)) and out

S gor 1§ hm uni ¢ “ertia e (304 ecBlve it ikt Sse e DR R R R pibgiishipe30afie
nmodel i ng desi r ditters(7QNadutflt{ B butput signal being fed to said fifth adder (702), wherein said
fourth (704) and sixth (705) adder receive said error signal (e(n)), wherein said fourth
adder (704) outputs said modified error signal (e’(n)), wherein said fifth adder (702)
15 additionally receives said modified error signal (e’(n)) and outputs a signal ed(n), which
is fed to said third adaptive algorithm unit (703), and wherein said sixth adder (705)

outputs said modeling desired signal (h(n)).

10. The active noise control system of any of the claims 5 to 9, characterized in that
20 said secondary path change detection circuitry (6) comprises a residual noise change
detection circuit (61), an input noise change detection circuit (62) and a secondary path
change decision circuit (63), wherein said residual noise change detection circuit (61)
receives said error signal (e(n)), wherein said input noise change detection circuit (62)
receives said input noise (x(n)) and wherein said secondary path change decision circuit

25 (63) outputs said secondary path change signal (k(n)).

11. The active noise control system of claim 10, characterized in that
said residual noise change detection circuit (61) comprises a first power calculator (601),
a first averager (602), a first long-term power smoother (603), a first (604) and a second
30 (606) threshold calculator and a first (605) and a second (607) comparer, wherein said

14



10. The active noise control systemof any of the clains 5 to 9,
characterized in that 20 said secondary path change detection 2cr|r©0TtZ{]0'|
(6) conprises a residual noise change detection circuit (61), an input
noi se change detection circuit (62) and a secondary path change deci sion
circuit (63), wherein said residual noise change detection circuit (61)
receives said error signal (e(n)), wherein said input noise change
detection circuit (62) receives said input noise (x(n)) and wherein said
secondary path change decision circuit 25 (63) outputs said secondary
pat h change signal (k(n)). 11. The active noise control systemof claim
10, characterized in that said residual noise change detection circuit
(61) conpri ses fisst poweart capralaesr (660)redeiried sald GRdy slgnaa (ef(n)) ahd swtputs Atirst(fohdy .
first |ong- terﬁl'gga?\gel Sr ot her é 03) |66r§1 é Gfd a second. 30 (606)
t hreshol d cal ¢ (P herein s ‘(58(9‘53'3?&5 02) ?‘!Yﬁ?o‘a’? 5§ PopsFHighad (al(w)
wher ei n sai d 14ndZonftp1ﬁIH fﬁéﬂaderiger;ﬁabvepﬁw (t%i)yw ﬁlcpﬁrsl( l@@é—ienﬁ%%z\/ﬁﬁ)oﬁﬁi d
error signal %& i qy puts a fléig) Si (al (n)), wherein
said first ave 3 ‘? Bomald fist epipparess il ’é?!n E?é‘@\%fs‘é?‘@rfﬁ‘lm payersmoothss, g
out putss a firs{603y QUGS a BestBmosthe Fowet biéﬁdlxalgggtogﬁidjﬁxfsﬂ (684) dn@Reoh& (dispoVer

snoot her (603}1“_ H& to said first conmp arer‘é wherein said first
| ong-t er m powers gpisplatorss grhssein said) firsg (60 .apétsecgn%é%&nﬁw}érca@@m

(cl(n)) to sai guthitrafirst| RV u@é@qolae%ﬂmgug@?ﬁ%d, ﬁeeﬁ»%m Gkcbd, highé thfeshold

wherein said first (604) and secon ol d cal culat or s out put a

first, |ower tpigkafe{ny Wh@lsa@tfngtdﬁéﬂ awzjsecmsis(p%tcpmearyr tespestivall whaetegher
t hr eshol d :
resho si 0044 fifst %03 F5RB& (do ﬂrefrs'» 5\?@8 con d?%i%&?&@a

conparer, respective erern sal I rst
corrpa’roers out pﬁﬂcoﬂ(ﬂzglﬁtre%lhi(gnél) and, respectlvely, a 10 second (qg2(n))
result signal. 12. The active noise control systemof claim10 or 11,
characterized in that said i nput noi se change detection circuit (62)
conpri ses al3wlhedstivondisesionteq] syss@s8df claim lﬁecbhdhquized:'mltball ator (609), a

second aver age S 1

third threshol %u ﬁ'ﬂb@ °l%o§%ﬁg€gst&?%g cgrg‘%ﬂ*&g %?grsm%ﬁ% “"‘{(H% Eaé)s}‘i %ai d
switch control seeond( S cakolior (60D Gedong Wemgm- q610)x 4 rsgdond rlongstatntl pbwerst
resul 1t 5 S! gnal smoother (611), a third threshold calculator (613) and a third comparer (612), wherein

said switch controller (608) receives said input noise (x(n)) and said first result signal

(q1(n)) and outputs a working indicator signal (z(n)) to said second power calculator
(609), which in turn outputs a second power signal (a2(n)) to said second averager (610),
wherein said second averager (610) outputs a second average power signal (b2(n)) to

20 said second long-term power smoother (611) and to said third comparer (612), wherein
said second long-term power smoother (611) outputs a second smoothed power signal
(c2(n)) to said third threshold calculator (613), wherein said third threshold calculator
(613) outputs a third threshold signal (t3(n)) signal to said third comparer (612), wherein
said third comparer (612) outputs a third result signal (q3(n)).

25

13. The active noise control system of any of the claims 10 to 12, characterized in that

said secondary path change decision circuit (63) receives said first (q1(n)), said second
(q2(n)) and said third result signal (q3(n)) and outputs said secondary path change signal
k@)

30
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(gl(n)) and outputs a working indicator signal (z(n)) to said second power
cal culator (609), which in turn outputs a second power signal (a2(n)) to
sai d second averager (610), wherein said second averager (610% b O0Iues4a
second average power signal (b2(n)) to 20 said second | ong-term power
snoot her (611) and to said third conparer (612), wherein said second

| ong-term power snoother (611) outputs a second snoot hed power signal
(c2(n)) to said third threshold cal cul ator (613), wherein said third

t hreshol d cal culator (613) outputs a third threshold signal (t3(n))

signal to said third conparer (612), wherein said third conparer (612)
outputs a third result signal (g3(n)). 25 13. The active noise control
syst em of anid. dhe hétive nbiaé mnﬂaDsytstethanyCdfalﬁeaﬂéiﬂﬁiSl&FB 'blﬁbriotbilizecﬁﬁitﬁhtsecondary
pat h change deci. |on circuit receiyes said fi r gl )n)er sal d second
(92(n)) and said tallﬁ‘\hﬁryr‘é‘)s?fl to P REquityy, &) /pPIPHsFY aoYRb‘B? oRirg,

pat h change si @miﬁphe( k:{oa) )whe%!n Js9id 2volurtCeontioflé @61) redélvedClaid/ QecBﬁHaﬁﬁpath

contr ol system ime 5 to 13, characterized in that said
auxiliary noi s@gad‘g f’é%?(lf,‘fl)r)@ﬁﬁ?g rajes b PATGFASIET (s"é)swg‘ f)bﬁ QRtRutted tor said mltiplies 1)
and a smul tipl Km),(vaﬁ&)n saihR0ipler $802) rééeiveBaidarintetdr (18) ardR@il)aukifasindRe
sai d secondary change s and enerat es, a paranetér (m,

which is out pu!‘R a?%s?a‘ia s Ffmli %ngaﬁﬁéﬁuxﬁlamwae Mﬁemrfa@%hmnmsgm@b
(802) recei ves degehdenpan SHiEHAim e (n) WhiSiinBdiBet iRy ndl (8%n)) ﬁﬂﬁ,ﬂhhum&’

gerrerates said nodified auxiliary noise (u'(n)) fromsaid auxiliary noise

(u(n)) depend8 HPuttsd: sai d paraneter (m, which nodified auxiliary noise

(u"(n)) then, in turn is outputted. 10 15. The active noise control

system of agg pr.ecedi ng clai s, characterized |n that said f| rst
Ti

adapt {%e al ﬁ?ﬁ“ﬁﬁ?‘t‘s"("&%"°ltﬂiﬂ%{{* gbany of the prespding claim, characterized sy that

r1115 Ni M zing t hesaid BAD adBv Agdth nie (415 ap&hrd¥RaidfalisHive 'ﬁ[t&r (@5 bP Rdlimizfhg e ) -
mean square value of said modified error signal (e'(n)).
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20 25 30 16 ABSTRACT ACTIVE NO SE CONTROL SYSTEM W TH ON- LI NE SECONDARY

PATH MODELI NG An active noise control systemis provided to SgﬁgibﬁTaﬂm
i nput transducer, an error transducer, an output transducer allhv e
noi se controller for generating an anti-phase canceling acoustic signal
to attenuate an i nput noise and to output a reduced noise. The active
noi se control system also perforns on-line secondary path nodeling. For
this purpose the active noise control system conprises, in addition to
known systens, a secondary path change detection circuitry (6), a signal
di stinguishing circuitry (7) and an auxiliary noise control circuitry (8),
all of them being used to nodel said secondary path.

ABSTRACT

ACTIVE NOISE CONTROL SYSTEM WITH ON-LINE SECONDARY PATH MODELING

5  An active noise control system is provided to specify an input transducer, an error transducer, an
output transducer and an active noise controller for generating an anti-phase canceling acoustic
signal to attenuate an input noise and to output a reduced noise. The active noise control system
comprises, in addition to known systems, a secondary path change detection circuitry (6), a signal

10  distinguishing circuitry (7) and an auxiliary noise control circuitry (8), all of them being used to
model said secondary path.

Figure 3
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