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I C2nflOl beli~,~ that two yea" have . lmOS!
p;os.s.cd s i"",~ I """~mc Pn:~id"nl and this will
he: my , i, th and fina l p", . j<!ent mc" age.
1""""I'CClive orre........ny ~u<>d intentio"s yuu
may""Y~ about .. hat you hop" k>brinil mto
a rok or to achie>e durinil your timc: in that

ro!e. OIher a''''''"'ls of y''''' ljfe plu. r....1ors

beyond your cnnt rol . h'-'Y' 5Otttl1OIlampcr
yourbesr int~nto

I )'tfWn ally do....,1 f~d tMI I I.."",, ...,hi~,,«1 a
gre.t dcal "' t h"'"~havC1l ' t heen any .igni fic'ml

changesj n the pasl r<'Wyt'ars,H owev"r. thjsi s
po5S ibl yjlLSt a ren~cl i on on what i s a gencra lly

very w.:11 run o'!lani"" tion "ihere Ih~1C does
001 aPl"'ar to be signi!icl nt fee<lback from our
mcmlx'r5.bou t th~ neN to change. Much of
!be time al a Nal ional Cooneil kv~l which is
repres<mted by t"' " Councillnr<fromeac hState
i••pcnl doaljngw ith mnrc adm; ni!ill'alion_lype
i,slll.~.ndallucat ins ",lalivelYlimall. butoot

insisn ifocanl funds for ....VUSlic plUJKI:SC's. It
i. "'a llyal lhcSwek>~I ...hen:agml idcal
more act ion happen ..

A. a resull of lhe member ~U1'Yey, the N. tional
C'A.lUneil is well aware that thi, primarily
rel.t es to lhe qualily of Acoustics Australia
and a1sol~numl>er and qu.lily o ftec hnieal

""min.... "" Id. Of eWLW, the ","CQ) ofbo lh
eeseaspect, i, primarily the w,llingnns
of membc... 10 cont ribute both in oncr inS
10 1''''''''" Of ,, 'rilc I"'l"""bul al""OIhcr
menlbcn tn ... ppon I""i r """rI and allen<!
.. hereevcrpossible.
I woold like 10 p" ' oo my lhanks particulul y
to Ma""'" Burge>.' Ind Joe Wol fe fOf lhe
\.Cllmless lransition of Arousti" Australia to a
n~w editorial t. am, Joe has ,~mindc:d me lhal
the t~c h" i,," 1 forum , e<,:t ion is availahle for
m<:mt>ers to p", vide very short piece•• wbich
do not u~uall y undergo fuo lUl p.:er ,""vicw
On . ",,, he, nllk . Joe a lso £omme~ t.d Ihal
for al lea~1 lhj ~ u d t"" p,~vjou, sf'"'Cial topic
editioo . of the joumal. inll.TC"wd "uslOmc,"
tnlly onJ.:T""I'i ".of AcooslicsA llsiraliavi . lh"
websit.... Unllil ",ad Ihc dratl of this ,pecial
c:dilion, I uoed to thin~ aeti, ·c ,. ,;"" coo trol

wa~ our c1im ts actually doins s"melbing
ahoUl noise control w~ =om",e "ded rath~r

th.n just a, kinS """,ultants to ,,'rit£ fCro'"
.ooutwhal lh~ op1 ionsare ! ! !

Regimal ion for llIe Contc", nee ","o i,e of
Progres," is now avail. hlc online ww",.
conference.oo.nda, ;oust ic. OI> and I helicve
lbe early !tim ~isuat;oo win almost be over
by the time this publi£atioo rcaches yw . I
ha,~ """ n fonuna", mwtth to "I~nd t"" Ia.<;l
fivcAAS .nn~le(lOf~",nces aod1hey""'mlo

just k", p gffii ng btfl c.. and beo I think !be

OOI'IC(;pl of.joinl oonf~,"""e in " lalan<!
is ·an ~.ttlJent ilka and an oppnnu nity 10

sba",idoa, wilh our elnsem neighbours. lf lhi.
co"f~retl<:~ is a WU.'£" (whi<;hrd ies on your
support) I am """, ,,·e will"" k<"'C1l to ooid
other joinl conr,...,nc.".,j n the f..lure

JuS! make sure you, "" ' 'P,rt isn'l out of
d.te . (A v. ln. hle pi"ce ofa d"itt _ 1 recently
am \'oo in England and realised my Hrili,h
p.",.,po rt ha<!e_pire<!4daysea, licr.1

.v"UG ross

Ed itoria l, s pe cia l issu e on active
nolse cnntrnr
Activ e norse co ntro l (ANC) has been

suggc'lllc'ti a s R viable a lternative for lh ~

cont rol of low fr"'l uency no ise for m. ny
~a~ Wh~n it IU S (ITSI . ogge-;IOO, the
e l ~ctron it I~e h nology, co nt rol theo ry
and s ignal processi ng know ledge need ed

10 imple"' .'1lt pr". :tica l systems were all
inadc:quarc. O vCTlhe pa.st 20 OI":IO) ears the

Ic"Chnn logy req uired to realise adive no i""
cor nrcl sysre ms hu prog ressed to a poi,"

where the imp lemenla lioo of a pr3e li". 1
•ys tem is fca. ible and there are man y
currenlexomplet ofsueh imp1cmentation.
Neve rtheless , th" indus1ri. 1 use of th~

te<:hnolo gy is stillnntwidcspread. ll sccms
Ihat th"re iss tillsome w. y to go t<ltransform

Ihc ts",hno losy a"d d""ol opmcnts from thc
laborJtory to ind u<trialenvironmc'lltswher e
the re are many things such as transducer

fa ilures. po wer fail ures a nd tra n.i ent noi s~

eve nta lhate ana,hersely a lJe<:tt he oper ation

and perf orma nce of an ANC sY"tcm

In thi. issue o fAcou sticsAustra lia, I ..... JIl'hot
is prov id.:d of som e of \be aeliv; l;elI bei nll
underta k"" in lhe aeti,·~ noise con tro l.,..,.
in thn:e Auslralian Univ=ili ~s. Th is worlt
is CC'ru. inly not rcpresemanv e o f tbc enure
range o f act i, 'itie-;bejng uooena ken in ltC'tive

no i.' e conlTol in those lhrec un ive"'li". . lct

a lo ne th~ .. ho k of Aust",lia. Ho,, ·e...er, il

is hoped thai Ihe papen wi ll provide som"
insightreg. roling the i..tl'"" associated with
thc practica li mp le me ntat io nof acti, ·enoise

contro l syslcm s.

The fiN f'llpcr by Mike Kidner from
th~ Unive r.;ity o f Adc la ide u'"". a " ovel
"c tlheof di flk " lty" to c lass ify a.1i ve noise
COOlrol proh lems and hesho .. s that tbose

awlicaliooain ihe easY <:on1<lr of thc c" he
hlye fwndl heir .. ·ay inio indllsuy . Ho"..ev~"
th"reare notll'\3 ny ....-tual probl~ms that fit
inlo th.c e[a", ific<llioo . R= n:h is still be ing
ceeducted in the more d iffICult problems •

Ilul there are many prob lerm for ....hich
solution . exiOl but for which ind""t ria l

implementa tion s ha ve not been rca li""d
d ue to com plexity and unrelia bility. Th~re
il huge scOfle for ....ml< to be un dcnak~n to

s implify rheimpkmc'1ltati on of act ive noise
conlro lsysl£ms for ma" y app licalions. but
unf"rtun atd y this work is not he ing done
d ue to l8\:k of availabl" fund, fo r thi s1 yl'"
o f",orl< ;i t is 100 appl icdto attrac t research
funding aoo \ll<l risky to attr"'-1 ind um y
timdi ng

The sec ond paper by Jie Pan and
Ros hun Pau rob.ally ou tlines SO~ of th~

. pplica tiom tbal have bee n implemen rcd
on ea c xpen mentafbasis by tbe UnivcTliity

o f Western Auslralia. Th ei, work slto""

thal cont inUOOl open ll ion o f systern. in.n

ind usU'ial K ttin" can hercalis.ed and that
thc re is a brighl future for oomm crc i. l activ e

noi"" cont rol l ysl"m s for some panicu lar
noise problems

Th e third paper by Colin Hanse n

discusses transducers Ih. 1 can be used in
pl1lctieal.ctive no ise control applieations
Transduce.. are often the ....cak link in an

industria\ a",plieatio n as speeia l p rc", . ution.

ha\·" to be taken to avo id contamina ti" n

from liquids. dust and ' ariolls chemicals
Th" tnnsdllCt'rs Ollsoneedto bevery ro!llL, t
all,J ClIp" blcofoontinuoos operation ever

many y~ars

T1tcfou rth paper by Nicole K<""iSSOj!lou
d ,ocusscs lhe eOlllrolofthev;bration of

and ..."", d radia uon from bas ic structures

.""h as heams, 1'1.1"" and she ll• . Mean s

of opnmising the con troller petformanc~

arcdiscu.."d f....achapplic. lion .n d

,o me inli g hls into the phys ical contro l

mccaamsms are provided

I wou ld like to Iha nk the . uthors for th£ir

excellent contribuuo ns nndf am hope fu l

thal a future iss ue o f Acous tics Austr ali.
will be ahle to ;~el ude papers on otller

bpeCU of ac1 i, ·" no i..: cont rol .that ....ere
ont,n«l here.

Colin H HallS ~q
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i cannot believe that two years Iiave nlmost 
passed since T became Prcsidentaoo this will 
be my sixth and fmal President message. 
Irrc"(lectiveofhowmanygoodinlcntionsyou 
may have aboutwbat you hope to bring into 
a role or to achieve duringyourtimc in that 
role,other aspects of your life plusfaaors 
bqond your control al""'Yil seem to hamper 
yourbeslinterrts. 
I personally do not feel that I bave achicvcd a 
greatdealastherehaven'tbeennnysigniliCllnt 
changes inthepastfcwyears. Howcver, this is 
possiblyjustarefiectiononwhatisagenernlly 
very wcll run organisation whe", therodocs 
notappeartobesignifican!feedbackfromour 
mcmbern aboulthe need to change. Much of 
the time at a National Council level whwh is 
representcdbytwoCouncillors[romeachStalc 
is SpeDt dealing Wit11 more administration_type 
issucs and allocating relatively small,but not 
insiguifiCllnt funds lru acoustic purposes. II 
is reanyalthc State level whcre a g=t dcal 
mOre nction happens. 

Editorial, special issue on active 
noise control 
Active noise control (ANC) has been 
suggestcd as a viable alternalive for the 
control of low frequency noise for many 
years. When it waS first suggested, the 
electronic technology, control theory 
and signal processing knowledge needed 
to implement practical systems were all 
inad.equate. Over the past 20 or so years the 
toohnology required to realise active noise 
cootrolsystems has progressed to a point 
where the implementation of a practical 
system is feasible and there are many 
currcntexamplesofsuchimplementations. 
Nevertheless, the industrial uSe of the 
technology is still notwid.espread. It seems 
thatthereis~tillsomewaytogototransforrn 

thetechnoiogyandd.evelopments fromthc 
laboratory to industrial environmcntswhere 
there are many things such as transdueer 
failures, power failures and transient noise 
cventsthatcanadvcrselya1Tecttheoperation 
and performance ofanANC system 

Inthis;ssueofAcousticsAustralia,asnapshol 
isprovidcdofsomeoftheactivitiesbeing 
undertaken in the activenoi.e control area 
in three Austmlim Universities. This work 
is certainly notrepresenllltive of the eotire 
rangeofactivitiesbeingund.ertakeninactive 
ooise control iothose three universities, let 

Asa re.nlt of the member survey, the National 
Council is w.n aware that this primarily 
relates to the quality of Acoustics Australia 
and also the numbcrand quality oftechuical 
seminars held. Of course, the SllO\lC& of both 
these aspccts is primarily the willingness 
of members to contribute both in offering 
to but also other 

peers aod a1lend 

mayonlercopiesofAcousticsAustraliavinthc 
website. Uotilirea<ithedrafiofthisspecial 
edition,JusedtothinkaCliveooisecon!rol 

alone the whole of Australia. However, it 
is hoped that the papers will provide snme 
insight regarding the issues associated with 
the practical implementation of active noisc 
eontrolsystcm!l. 

The first paper by Mike Kidner from 
the University of Adelaide uses a novel 
"cubeofdifficulty" to classify active noise 
control problems and he shows that those 
applications in the easy corne[ofthc cube 
have found their way into industry. However, 
there are not many actWll problems that fit 
intothatclassification.Researehissllllbeing 
conducted in the more difficuitproblems, 
but there are many problems for which 
solutions exist but for which industrial 
implementations have not been realised 
due to complexity and unreliability. There 
is huge scope for work to be undertaken to 
simplify the implementation of active onise 
control systems for manyapplicatioll8, but 
unfontlnalely this work is nol being done 
dge 10 lack of available funds for this type 
of work: it is too npplied to attract research 
funding and too risky to attract industry 
funding 

Thc second paper by lic Pan and 
Roshun Paurobally oullines some of the 
applicatious that have been implemented 
on an experimental bas;s by the University 
of Western Australia. Their work shows 

was our clients actually doing something 
about noise control we recommended ralher 
IhanjustiiSkingcoosultanlStowrilereport, 
about what the option. arelil 
Registralioo for thc Conference "Noi,. of 
Progress~ is now availahle online www. 
conference.oo.ndtICoustics06 and I bolieve 
the early bird registmtion will almost he over 
bytbc time this publication reaches you. I 
havebe.ufortllnateen(lllghtoattendtbcl~t 

liveAASanDualcoofer.ncesandtheyse.mlo 
just keep gettiug better and better. I think the 
conccpl o[ajoint conference in New Zealand 
is·anexeelleut 

,uppon) iam sure we 
other joiut conference~ in the future. 
Just mal.. surc your paMport isn't out of 
date. (A valuable piece of advice-I =""tly 
arrived in bngland and realised my British 
passporthadexpired4daysearl,er.j 

NeilGrws 

that continuOllS operation of systems in an 
industrial setting can be realised and that 
there is a hright future tor commercial active 
noise control systems [or some particular 
noise problems. 

Thc third papcr by Colin Hansen 
discusses transdu<;ers that can be used in 
practical active noise contIol applications. 
Transducers arc often the weak llnk man 
industrial application as special precaulions 
havc to be taken to avoid contamination 
from liquid" dust and various chemicals. 
Thc transducers aisoneed lobe very robust 
and capable of continuous operation over 
many years. 

The fourth paper by Nicole Kcssissoglou 
discusscs the control of the vibration of 
and sound radiation Hum basic structures 
such as hearns, plates and shells. Means 
of optimismg thc cantIoHer performance 
are discussed for each application and 
some insights into the physical control 
mechanisms are provided. 

1 would Hketo thank the authors·for their 
excellent contributions and -J am hopeful 
that a future issue of Acoustics Au..tralia 
will be able to include papers on other 
a,p""ts of active noise control.that were 
omitledhere 
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ACTIVE NOISE CONT ROL: A REVIEW IN THE
CONTEXT OF TH F.'C Ulm OF J)JFFICULTY'.
~I . R. F. Kldner
A~.11n \ l hr .... & C••IN G....p
Do.1'I- M«b"lnl h ctll«ri"C
Ca i..~t,.rAftlaldor
Ad.... ;do, S" SUM"-.lralia

I~TRODucno~

Act i..tCOfllrolofnPi"CmnoJongeranesolcricrewardlk'PK:.
it bu beenimJ>kmml ai many limn in the rraI ..._1d ( IJand
t-1Jealme one of l~ ~hau.ibblc 10 the noi-e eontroI
engineer. ~n. its l imi~ and ... btletin an otill

mi-*"tood by many. The simplet~of~'"

an ...,i_ rtd field hal kft 1Mll) ptopk disill~ 1O'hnI
f-etd wi th lhedi fficullinofimpkmengrioo. Tbc:~

of.~and~impk K1i...ecoolrol systmIsulUbk f(ll"" ido:
applQlion haa ilIuded "",,, y oomranics (2J.

The ~.ful imr ltmtntalion of K1ivt eoee <:unIrol is
effected by Ihm: ph)'J-k:a1~,; , pat ial e..1cnl, frtq umcy
band .. idth and oom: l~l i"'n (II" rohm:nce of $ignals.

Spa lla l [.1..,,1; Thi , dncribts Ihc eum plt .. ily o f the
oonuol probkm in kTIn, of splItia l ... riablt$.. Th ic e...uld

be the phY!'ial ci~ of the requimi 7on.: of quiet oc the
dimm!. ioNlily o fl he co ntrol problem . Globa l ron!n,1of plallt

w... cs in.duct.()Jrould btconsido:rtd lO ~..e. b~sral ial

extent .. il isJ'O'\i l>le to t"llfll%l a lJthe ooond downst~ of

the o:rmr.c n_ by rdlectmg all the sound mngy t.k aloong

l~ duct. UO......\-eflheproblo:mi,only I-D.nd~tl.ll bt

rortlIido"n;d of fairt, low 'f"ltial rom ple..ily rom pamllO the
c.,.;:ahoVt lhteul-on fl'a.lutrlC)'ofthc duct(4).

1''""1''''''''''' Band.. ld lh : Co nlrol of sound o..er a large
band ...idlh i ~ more com r lu thon co ntrol of a . inglt tone for
a numbe r of reaw n., The time interval ove r whieb co ntrol
action s need to be calcula ted is sma ller at high fn.:qucneics,
the Il:sponllC nf th.. plant is more co mplex and the ' patia l
variatinn is higher. Huc to the linear relation'hip ",",tween
fl"CtlUCll<;y llnd wavelength. ban dwidth and ~ potial extent are

intrinsie. lI), linked ( ~l .

Co hcrc nce : To control a ~lIlnd field Ille co ntroller mu~t

have inr ub lIlal lin: .·ollcn:nl with the rr imary neld. This
cc rrcleuo n can be limilcd for severa l rtlIsoo s. suo:hu thc
!IOUnd ftc:ld has ........ "I"' lial com: lation. as in a dlllu se field
at I ~ i nglc \'m;jueTlC)'[6). Note. that in ibIS case lilt field is
com: la.ai lemp on lly. U onl)' I sin)l:lt f q~lll.")' is f'l"C"'CnL
The input and error K11loOfS may be i vhnent due to the
sound field bc:ing unrelatcd in timc . Th;s ;, tIltCll Cl:fnl f1lndorn

disturbaocnwhen the dela y between inflllt .md crror signa l.

is long er tIwt the co rrelatioo delay . Some:<:unIro1pmbkms. ;orr

d ifficult bcca usc: bothtyp.'of inoohc n:no......~~asis
tllcca.cwilb Ullbu1cntboundarylaycrnoise(7l·

"""-thrre paramcltOi l re relatcd in figun: I by thcCllbe
of diffindl)t8J. In the nr'u WC1ioo of the papn . e8Ch fllC("
and\, o:rt.c"ofthccubtof di lflC\l lt';5di~ in tum ...itb
rnpcct to the likntw1:. Some .pproachtl kl CUfft'lll probkms
ill active noise oontroI .~ deombed i" oca. ... lhnx . Can lrol
algorilhms artdi5CllS5ed i.. lhcpo:rlUhi..-clCCtion.

1.1 THE:CU BE:01 : UII:I: ICUl T Y
Tbc cu be: of difficulty C3n be: u'itd 10 w~ise thc ph)~

Iimilatioos ohctiVl: ctlI1lro1"skm., bu l It n on ly a mtUphor
for the m ativnship bd .. lX1I the pamntteB. The u.~orthe

cubt are splIl ialtxlml. fl\."l.!ucncy bRnd.. idlh andincoberl:'oox:.
At one cum er is control o/aw'KI~~ at OM poi.., ill
5put:e al the Olhtraprl< iSKloh.JJronlmlofJwt>odhcmd5pu1ial~l·

incoht-rentnoist'. "",,-oonK11Icanalso ttc:rt fcrrcdlO as thc
c-ucya nd '''''Y di/fi04/( types o f contro l probl em .

Figun: I:Tbc cubc .. r d'fficul.'for ...'i.... ""IJCCIDIluul
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ACTIVE NOISE CONTROL: A REVIEW IN THE 
CONTEXT OF THE 'CUBE OF DIFFICULTY'. 
M. R. F. Kidner 
ACOU~tiC8 Vibration & Control Group 
Dept. Me<:hllnical Engineering 
Univel'llityofAdelaide 
Adel.llideSASOO6Australi" 

Over the past twenty years active control of noise has developed into a mature research field a~d into a product for some technical companies. 
'0,;. paper revIews the current state of the art on bo;>th the .-rch and development fields nslng the context O)f a cuhe of difficult}!_ The 
cube illustrates how the three physical quantities: frequency bandwidth, "P"tial extent and signal coherence, contribute to the diftkuUy of 
achieving conlrol performance. 'Ole litefllture is reviewed ;md placed wiibin the cube to reveal patterns in research and areas of further 
_k 

INTRODUCTION 
Active control ofnoisc is no longer an esoteric research topic, 
it has been implemented many times in the real world [I J and 
has become one of the tools available to the noise control 
engineer. However, its limitations and subtleties are still 
misunderstood by many. The simple explanation of creating 
an anti-sound field has left many people disi!lusinned when 
f"ced with the difficulties ofimplementation. The development 
ofa robust and simple active control system suitable for wide 
application has illuded many companies [2]. 

The successful implementation of active noise control is 
effected by three physical concepts; spatial extent, frequency 
bandwidth and correlation or coherence of signals 

Spatial Extent: This describes the complexity of the 
control problem in tenns of spatial variables. This could 
be the physical size of the required zone of quiet or the 
dimensionality of the control problem. Global control of plane 
waves in a dncl, [3] could be considered to have a large spatial 
extent as it is pOSSIble to cancel an the sound downstream of 
the error sensor by refle<:ting all the sound energy back along 
the duel. However the problem is only 1-0 and so can be 
considered of fairly low spatial complexity compared to the 
case above the cut-on frequency of the dw.,i [4]. 

Frequency Bandwidth: Control of sound over a large 
bandwidth is more complex than control of a single tone for 
a nnmbcr of reasons. The lime interval over which control 
actions need to be calculated is smaller al high frequencies, 
the response of the plant is more complex and the spatial 
variation is higher. Duc to the linear relationship betwecn 
frequency and wavelength, bandwidth and spatial extent arc 
intrinsically linked [5]. 

Coherence: To control a sound field the controller must 
have inputs that arc coherent with the primal)' field. This 
correlation can be limited for several reusons, such as the 
sound field has low sp>!±ial correlation, as in a diffuse field 
at a single frequency[6]. Note, that in Ihis case the field is 
correlated temporally, as only a single frequency is present. 
The input and error sellSOl'S may be incoherent due to the 
sound field bcing unrelated in time. This is the case for random 
disturbances when the delay between input and error signals 

Acoustics Austratia 

is longer than the correlation delay. Some control problems are 
difficnlt because both types of incoherence are present, as is 
the case with turbulent boundary layer noise [7]. 

These three parameters are related in figure 1 by the cube 
of d!fficulty[8]' In the next section of the paper, each fitce 
and vertex of the cube of difficulty is discussed in tum with 
respect to the literature. Some approaches to CnITent problems 
in active noise control are described in section three. Control 
algorithms are discussed in the penultimate section. 

1.1 THE CUBE OF DTFFICULTY 
The cube of difficulty can be used to visnalise the physical 
limitations of active control systems, but it is only a metaphor 
for the relationship between the parameter.~. The axis or the 
cube arc spalial extent, frequency bandwidth and incoherence. 
At one corner is control ofa single frequency at one point in 
.Ipace at the other apex isglahal control ofbmadhandspalially 
mcoherentfl{)ise. Thesecorncrs can also be referred to as the 
easy and very difficult types of control problem. 

Figure I: The cube of difficulty for active noiseoonlroi 
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Fil!"", } ,I'<.,..jbk: "'1i~ «>ntroI ')"'I<.'1II hicrarch)' ''''' ..,,j oo

di ~i.ioo of~

Tbr 'k-d~' fan : l oul C" lIl rol: The front face (t.I-c­

J--e) represetllS local comrol. The IT>U"I ~ucox,,-,ful commL...cial

application ofa cth e noise co ntrol, (noise cancelin!:h ead<;ets),
lie on this face .

Recent \\-on by Jones [9] has shown that Jcc al ;mnes
of quiet can be created at a scet location, and that the
neighbouring Sl'at can al<;.<, maintain its "wn mneofquiet or
dL'Siroo stlund lidd

Th... ' u- b--Jiffi cull -f fae f: Coloha l Co nlro l: Global
control is often :;urt after, amJ rarely achieved II_ it req uires

a significantly morc comple~ control approach, especially at
highcrrrequcncies.Th cdevcloprnent ofm ulti-channeicomrnl
systems and associated high performa nce DSP chips has
helped solve some of the control problems thai lie close to this
face. To appreciate the complexity of the problem it should
be noted that mult ichannel control of random sound is not
discussed unultbe final chapter of Nelson and Ellions "'ct;,·..
Ctmtrolof SounJ(5)
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Figurc 4, P""" hle aetiye COfllrol . Y""Ml ....... t oodi~i.ion of

firq uency.

Tbe ' ,,---IJ..--c.-e"_'y' rue: lI u monk Con lrDI: Feedforward
control of single frequency noise "'as the focU!l of lhe
L:ugs p;tk"Tlt[ IO), ...-hich is c",~i<kml 10 be the finot acti.-e
noise control system. lIann ook control is abo o f grea tC'Sl

applicalioo to indu.~try as the majori ty of noi..... loOUTCa are
rotatingmac hinC!<

The 'Difficu/~ bee: Bro.ad band Coa t",l: These

arees ct ecu ve noise conrrol hlI"e bel:n in' CSlip t.:d (11, 12]
and bave seen a huge increase in the number o f :;u\,"\''e>Sfu l

J.pplicatiorls due lOtbe increasein computing po....er,
'Soi~ sources thal f3I1 intothi~ eategOf)' are jetllo"' 1lO~,

tyreIrnKlnoi""'J.nd imr--t n.. ;...., . All of ...hich aredifficuh
targets for acti. e control sy!ilClm . RC\lU(1iM'l of up to 6dB in
aulomoti"e into:rloBha.e been achieu:d by Pari<etol_ (13).

Thc spllt la l ~e of broadband lields hasbeen

in\'estip ted by ChWlel al (14) and Rafael)115]
l -he 'lJ--tI--f~' fac,,; Contro l of COh R nl signa ls:

Problems 011 this face are J.pplic.ablc:10 fcedf ard ~....urol
Tbe sound field is coberent and so a refeeeece is eas ily found.
Fecdferwerd contro l is more robust J.nd can haVl: a widt,.,.
con trol baAd than fe..-dbuk control, ho.''' e~er digital hlIrdwan:
isusually n:quim:l. Control offa n or pn~l1er noi se or any

sound field ....here a coo.:r.:nt re fe rence signa l such as 3

ladK)metCT output i s a~ai lablefa lls OlltO th ill fac<;

The ' I>----c---d-Diffic lI/t' face; Con lro l of incoherent
si;::nal\: If the sound field ;s i ncoh~n:nt over spa~elrimc,

fe..-dback control can he u,...-d, The crTOfsi\:nal is used es the
input to the controller. if thc delays in the co ntroller are small
enough. the oontm l output wi1lbe coherent ....ith, and hence
able to control the sound field . Fc:ed"ad. ~'\"ltml ofa large
an;a is complex becau,~ muhi ple channel, ma~ be required.
It is bene r suited to local control pTtlhlcm' , "ch IIli (;l.llIlrol of
sound in headsets.

The lise of multiple reference signals can help improve
the control achieved. Often the sound field is due to man~

different sources; p"pcrs by Tu and Fuller discuss this issue
[16, 111-Theproblemof findingappropriatcn:ren:nce,ignals
sli1l exi5ts, The use ur multiple rerer...nee signals can cause
instahilities if they are cnrrelated with cach mber. This might
be the case if they are structura l nraL'\lU,tie measurements.
The method proposed by Tu pre- processe s the refe rence
signals to fonn a set of ortho gon al signats which arc thcn input
to Utecoutrcljer

Fi~ur"2,1'f()blm,,,inacliv"co"lrul 

~ball 

)r~li~L::g'i~:r~~~ion I 
zo~el~~ 

=::l~~ 
Figure 3,Po,,,hlcacl'VCConlrol sySlcmhiora,chyi"-.!.on 
diY,"lo"oj 'Ilace 

The '(/-<'-Il-e' face; I_ocal ClIotrol; The front f~ce (fl----c-

di,,,u",,,J unllllh" linal ~hapl"r ()rl\~b()n and Elhml, liU;ve 

66 - Vol. 34 August (2006) No.2 

M< I I<M<5 M > 5 

i'igUl'c4' P"",hlc "Oli\'c cnm,,,1 "y,lcm I-.....do"diyision of 
tiequency 

The ·u-h'-Rusy' face; HlIrmonic Control: Feedlilmanl 
control of frequeney IIl)ise was the focus of !h~ 

whi.;;h is ,;;ol1Sid~ft'u ltl be the r,r~l adiv~ 

liarmonic control i, ~Iso of greatest 
~, the majority of nois .. sources nr~ 

j'ccdfor..-al'd control is more robust and c~n have a widcr 

soundlllllcadsC!S 
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T h.. . ... ~~.• t or n..r : T1'It' [ower left come r of the cube has
beencomple ted. E.ll.1mp le~ of 1.",,~ 1 or l _n co ntrol of single
frequcncy noise can oow be found in industria l insta llations
and oonsumer prod lM.15. It sht,uld be n,,'oo t.... t .'" thelefl face
of tbe cubc. i. ~. the si n gle fr..'lIlC~yf....-c. thcoohcn:ncca~is

refers TO spa tilllcohcrencc. Any si ngle frcquc ncy is ICmporall y
coherent. !>owe\"Crin a ITuc dlffwc ~Id a harmonicsipul ....il1
bei~lover~.

C ha n!:<."1 In ba nd .. kllh : 1lIc liM from t be ori~ ill to -PC~

laj. rcprcscms single fret.lucncy conlro l problm\S of "'ar)in~

spalial euenl. Ra.car\:h by bfaely (lR) has d>m>1\lhat by
"PCCiflCally "'!'8ct ing a zonc: ofquicl , 'gn ,ficant red uet ions Cin
bcachieved",,·,tbi nlhatronc. lUOthee~lcnlofthez<oncinctta!oCS

more conlrol c nOn and S<'COndary ......f\:Cf; are req uired.
~lo" ing from the oniin to po int c is C<;juiva lenl to

inrrrasinglythrdltTvs,tyofthesoundfic ld,Al pointr the
sound field on ly tw. • single tTequcnc-y romponcm and is the
n......1tof wmmation o f many ...... <."1 .. ·ith I'lIndomphases. as in
an idca ldin........ficld Tl>csratillll.'t>m:l~lionof dilTuscficidsis

di..cu..<ocd by Ra fac ly[U j
Tl>cconlm l bandwidth wi<kma-s ",,j..c eorurol prub lf"ITIS

areb."ak:dfunhcralonlthefl-.o. 'cr1e • . lnc~in lhc

control bandwidth ha..e h«1l obu.iocd _Iy by impro.. :d
DSP pcTfonnanoc, H~'~'ff some: "on oa multi rate filtering
....s alsoy>rlded sW' ,fJ<:anlrnuJU I J9 j.

Cbft2<."1 in 'fl.lIlbl nl... l : tbc move from local '" ttJobal
nnrol mjO-I'rnan IftCfftSoC in holh lhe numberof~
'IOlA'tt'Sandcrror~,~ slIC'tn$""shtt-nach.....edby
usinS virtual_... n. [20). H......,~-er " is I'R'fCTllbk to usc JOOd
dc-sign.suchlsror>trol o f eho>kcp:>inls [2 ljtoad>ieveloupo
~.O(ooisercduetion

C...II II:.... ln , 111:..1~.d..n : AI p:>intr the sound field

is coh m:nt and 'lO "lIh a YlitaH e rrlcren ce and adcq U.lllC
ao:haalOlS ~nd semon iklbal conlrol ClIn be Kh~'t'd. At
poinl J I colIcrcn l rcffn'occ no ioniC' niMs and so fe.:dhad
mU~1 be u..cd. Trn o;l alonl: thi, .m e,," i, cqui~alnll 10 the
progression from control ofpmpdler toncs[22) tojctnoiK 10

airc rafti nter iors[231
The Q h ~enu rcpre~nls the progressi on from global

co ntrol of II ha rmonlC/cohere nl ~ignal 10 glo bal conrrot o f a
h-armunic/ in.:ohe rent sill:nal. Point (I. represents tile global
co ntfol of lhoe)O...nd tield in an anec hoic cham ber, po int h
repr C'><::nts the ll:loN lcuntrol of lhc sound liddinarC\erbc ratiun
ehamt>..'T. As mos t L"tmtr" lsyslcms act ona limned ~ol\lmc. we
find lhese probklll" o lT'lct1I1''''ll the b-r vertex . An enmple of
co nllol nf lhc""und field ina l'\'vcrbcn nl.mc lo....re is ll:ivcn by
[241, It is sho wn thai rN IJ(,.1io.m ",f the ~lohal p >4cn tilll LTlCrilY
of the end"", urc and muim...m aLlenual ion (M" extent of 1On~

of quiel arc not the same 5011IIi'>I1 . Th is i ~ inherenl in ac tive
~"OOnol prub lclllS.

rol nl d in Ih.. Jijfirllfl r .. r n...r : Conl m l of ' pa lia lly and
!<·lnl ",rallyinc..ht'ft'n l n" i"",

The l·.mtro l ofturbuknt bounda ry laye r no ise wa, the focu s of
_ greal dClll of wod thn'\I ghout the l990s (7). The turb...lcnt
bnu lKlary layer problem ul:cu pics ' ....cc nc:ar tiM: vencx
(J- Diffit-·ulr). Tbe exchauon is inco herent in time and 5plI<.re.
aod the req ui n:d l<meofquicthasl<J e ll. tend"~er manysealsi n

the aircraft. Thi, is II very difficultproblem and il is Icrqlk-.J

that co ntro l pc rfunnan ce will decree.... wuh co herence. Globa l.
broadha nd cnn trol n:qui res lI comp1c. conl rol system and thc

performa nce is lim ited hy m.n y fa<:l"'"

2 CURRENT PROIU.I ·; I\1S

2. 1 Di.,id.... nd r nnq u...r

An ir".:Tnsingly conllnon Ippro;>ch is the subdi .... i, ion of
lho: contro ller into man y smaller uecou pled urau . Each unit
conIrol~ .I .ma llrl. simpkf problem. prcfCl1lbly one !hat is

onthct~)(~e.G.lIldonioh.l.sappl led thi§to.'br"I>OO

cootrolproblrm$ (25.26).nd Ml thllft'laJ(27) hnelpplicd
ill .. no isccootrolproblcrm.

U.I~pali.I~.noliun

FigUl'('3 \hmo's!>ow • «>r>trol$y~ could be 'fili i bued on
~ioM of control. The Iovonllnd in !he hicrwdly Osdivided
ba5CdOll~UCCTcouplinBtothelCOUslic"J'KC.

Thi s has bruI invntigl ted by rn<::an.--n.:n such as Rob
CIark128j ...-ho in..C'StigatedthceIT«toftr.>sducer location on
rnotbl obscnlbihty and the U5t' of SJ'IlialJydistri buted "-""""'
to reduce sp illo ~'T bd ...'cm modes.

The~ Ie el i$ baed on the sil... of lhe z:ono: of quiet
Ind this leve l is split bued on tiM:inleract ion bc:t......;n 10nn

ofquict(9).

tbc r'l"giO<llevel is di....id...-d lI!i • function o f~ spino
I rtlibulCS. such u dt..iding tiM:cootro l pmbIem .. ith in In
liftt1f1 into rqions for th.: n:ar, .....ing1cnginc and front
scctiomoftheabin.

The lOp ~'el ....ould be .I ..:hcdu ling and man.og-crno:nt

byer. This byn «>U1dKI .. cigh lings for ind i.'idual rq:ium or
ZOOi:SIOma-\imisem:luaiun in a:nain areas or ITlIIkedco;iv..m
basedonhard.. :arcfl.il ...re.

2.I .2 t 'nq"'''''''''YSt-p'rllion

figu re -l sbMos • divi~ion of the control prul'km ba..:d on

fT~IICI\CY, Paren~ t'1 aJ. [29) dcmnn<tralcd t hi~ I.l'J"'UKh
fOTSlTUCNl al pmh k'mS. Tl>cfreqlJClX'Y range i. <f1lil hascd 00
lhe mod.al O\·crIap, I -h fl."gioo a dilT...n."ft1 ctmtml..chcrnc
is app lied , lnth..-Io rrv.K1aluverl.prq:it"'.'f'\ iOlal fcedl>ack

eonlrollel'!i( Hz· U.•) crc used. ln the mKl fr<-qucncy ""rangc
where the moda l o erlap i§ bc"" cen I . nd 5.n f'X-U .1S
ICcdforv, ard contmll "r was ll-, ed ln lhc hiSh lr.:'l uency n nge
wh-creo nly §p:ltia lly limi ledcun troli 'I"',. ihlc a simp le .n alu8
fecdbaclc loopw.1§ implcmc ntcd .

The usc of mndal sensing or weighted mmsducer array~

is a fonn of §elec ti ~c ,c nsing of Irequcncy or ~plIt ia l paltems
l30Jl3IJ. nd ha§b..'Cn applied lOf<:<:..Jhack cuntrul uf §tructur-J lly
radtated sc ...n..J

2.2 To.. a rd s the up per r ight hand e.. r nt'f

AClive conno l of " Kmd now hi S two foci , implementat ion
of~tabli~hed algorithms in rra/M>rfJ.pplica tions and the
conlinued pursuit or ",Iulions 10 proble ma from thoe uppe!
righl hand comer o f the Clt~ ofd1fiotlry . A$ nplaino:d.bu.e
leach ing thi ~ COInL'T is cha lleng ing due to the: lUlU'" of !he
physicll l wor ld, The divide and oonqllCr .ppt'OKb may offer
....me soIutioo~ but these are likely to be highl y thcomical.nd
impract ical
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The 'easy' corner: The lower left comer of the cube has 
been completed. Examples of local or I-D control of single 
frequency noise can now be found in industrial installations 
and consumer products. It should be noted that on the lell Jace 
of the cube, i. e. the single frcqncney face, the coherence axis 
refers to spatial coherence. Any single freqnency is temporally 
coherent, however in a true diffuse field a harmonic signal will 
be incoherent over space 

Changes in bandwidth: The line from the origin to apcx 
(a), represents single frequency control problems of varying 
spatial extent. Research by Rafuely [18] has shown that by 
,pedJically targeting a zone of quiet significant reductions ~-dn 
be achieved within that zone, as the extent ofthe zone increases 
more control effort and secondwy sources are required. 

Moving frOllI the origin to point (" is equivalent to 
increasingly Ihe diffusity of the sound field. At point c the 
sound field only has a single frequency componenl and is the 
result of summation of many waves with random phases, as in 
an ideal diffuse field. The spatial correlation of diffuse fields is 
di!;Cussed by Rafaely [15]. 

The control bandwidth widens as noise control problems 
are located further along the O--e vertex. Increases in the 
control bandwidth have been obtained mostly by improved 
DSP performance. However some work on multi rate filtering 
has also yielded significant rcsults [19]. 

Changes in spatial eItent: The move from local to global 
control require~ an incr~ase in both th~ number of secondary 
sources and error sensors. Some SU(:CeS!l has h~~n achieved by 
using virtual scnsors [20J. However it is preferable to use good 
design, such as control of choke points [21] to achieve large 
areas of noise reduction 

Changes in signal correlation: At point e the sound lleld 
is coberent and so with a suitable reference and adequate 
acluator~ and sensors global control call be achieved. At 
point d a coherent refcrence no longer exis;ts and so feedback 
must be used. Travel along this vcrtex is equivalent to the 
progression from control of propeller tones[22] to jet noise in 
ain.:raftinteriors[23] 

The a·b vertex represents thc progrcssion from global 
control of a hannonidcoherent signal to global control of a 
hannonidincoherent signal. Point a, represenL~ the global 
control of the sound field in an anechoic chamber, point b 
represents the global control of the sound field in a reverberation 
chamber. As most control systems act on a limited volume, we 
find these problem~ offset along the b--c verte>.. An example of 
control of the sonnd field in a reverberant enclosure is givcn by 
[24]. It is shown that reduction of the global potential energy 
of th~ enclosure and maximum attenuation or extent of zones 
of quiet are not the same solution. This is inherent in active 
control problems. 

PoInt d to the difJicult corner: Control of spatially and 
temporally incoherent noise 

The control ofrurbulent boundary layer nOlse was the fo~us of 
a great deal of work throughout the 1990s [7]. Th~ turbulent 
boundary layer problem occupies space near thc vertex 
(d--Difficult). The excitation is iucoherent iu time and space, 
and the required zone of quiet has to extend nver many seilts in 
the aireraft. This is a very difficult problem and il is a(X:cptcd 

that control performance will decrease with coherence. Global, 
broadband control requires a comple~ control system and the 
performance IS limited by many facton;. 

2 CURRENT PROBLEMS 

2.l Divide and conquer 

An increasingly common approach is the subdivision of 
the controller into many smaller uncoupled units. Each unit 
controls a smaller, simpler problem, preferably one that is 
on the (O-c-d-e) face. Gardnnio has applied this 10 vibratiou 
control problems [25, 26] and Mathur et al [27] have applied. 
it tn nnise control problems 

2.1.1 Spatial Separation 

Figure 3 shows how a control sy~tem could be split bused on 
regions of control. The lowest level in the hierarchy is divided 
based. on transducer coupling to the acoustic space. 

This has been investigated by researchen; such as Rob 
Clark[28] who investigated the effect of transducer location on 
modal observability and the use of spatially distributed sensors 
toreducespilloverbetweenmorles. 

The zone level is based on the size of the zone of quiet 
and this lev~1 is split based ou the interaction between zones 
ofquiet[9]. 

The region level is divided as a functiou of gross system 
attributes, such as dividing the control problem within an 
aircraft into regions for the rear, wing/engiue and front 
sections of the cabiu. 

The top level would be a scheduling and management 
layer. Thi~ layer could set weightings fur iudividual regions or 
zones tQ maximise reductiou in certain areas or make decisions 
based on harrlware failure. 

2.1.2 t'requcncy Separation 

Figure 4 sho"s a divi;ion of the control problem based on 
frequency. Papenfuss et af. [29] demonstrated this approach 
for structural problems. The frequency range i~ ~plit based on 
the modal overlap. In each region a diJlerent control scheme 
is applied. In the low modal overlap region optimal feedback 
controllers (H2' H.,,) were used. In the mid Irequcncy 00 range 
where the modal overlap is between I and 5 an FX-LMS 
feedforward conlmller was used. In the high lrequency range 
where only spatially limited control is possible a simple analog 
feedback loop was implemented 

The use of modal 5C1lSing or weighted transducer arrays 
is a fonn ofselectivo sensing of lrequency or spatial pattems 
[30] [31] and has boon applied to leedhack control of structurally 
radiated sound 

2.2 Towards the upper right hand corner 

Active control or sound now has two foci, implementation 
of established algenthms in real world applicatiens and the· 
continued pursuit of solutions to problems from the upper 
right hand comer of tho cube of di/fo;ulty. As explained ahove 
reaching this comer is challenging due to the nature of the 
physical world. Thc divide and conquer approach may offer 
some solutions but these are likely to be highly theoretical and 
impractical. 
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3 IM PI.F,I\I ENT ATION

3.1 FX·LMS Fe ed forw a rd

After its first proposal by Mmgan[32] and in<JepI,,,,..Jt;,n tly
by Widrow [33 ] 11Jcf iltered-x LMS algorithm has bee n the
rnainstay for ma ny act ive noise co ntrol systems. T he reasons
for this are: the algor ithms ability to track cha nges on the same
limcsc ale as thedday in the errorpath, robust ness tn erro r<irl
the es timate of the error path , si mplicity of impl emen tation

Reduci ng the compu tationall oado ffeed forward algor ithms
has been the foc us of much rcscerch.for cxam plc Bouchard er
al [34]

3.2 Feedback

Tsen g etal. [351 hav e shown that by using optimal control
tech niques such as H2 or H", better contro l over the zones
of quiet can be obtai ned , The H2 approac h w ill attem pt to
minimi~ Ihe energy in the sys tem and >0 is likely 10 be
more rob ust than Ihc minimisa tion of pressu re at a number
of discrete points. The energy density method s [36, 37) show
similar results

3_' Ne ura l Networks, }"ua y Logic & ]'lion-linea r
cont ro ller s

In an ane mpl to broa den the number of pro blcm s to which
act ive co ntrol can be ap plied. linea r contro llers have been
su!lstituwd by neural networks and fun y logic con tro llers. The
neural networks have bee n used for system idcntitieation and
the creation ofthe co ntro l outputs [38]. (39)

4 SPILLOVER
The technolog ics o.levclOJled for active cont rol of soun d have
been applied to several prob lems that are not nni,e eon trol
problems at first glance . Virtua l acoustics [40J (4 1) is one
example. The virtua l acou stics problem can be wri tten in terms
o f the min imisatiorlo f an error funeti on by combi nalion of
prima ry and seco ndary fields. Act ive noise con lro l researcher!\
arc now ap plying thei r knowledge to th is field [42](43)[44]

5 UI\ IITS OF TIIE C UIH:::A~ALOGY

The cuhe of ditlic ulty is only one way of desc ribing the way
physical propertie s of sys tems effec t act ive no ise con lml. A,
such it cannot encompass the full range of phe nomena that
influence ANVC design , Non-linear and lime varyi ng plants
are an eXample of factors that are not well described by the
cube analogy .

6 CO ;oo;CLUSIO N
The upper right hand com er of the cube is unobtai nable,
howevcr the divis ion of the co mplex problems nea r th is co mer
into many simp le pro hlems is yielding some advance. It shou ld
be borne in mind Ihal much ofthe cube has bee n successfully
tack led , (at least in the labo ratory), However fhc fulltra nsirion

of active no ise control technology to the market place is still
yet to happen. fkvelOJlment isthekey to ~uccessfu lly crossing

from laboratories to genera l U' C, Only d ose colla boratio n
between research groups in indust ry and academia will ach ieve
this. More important, is the identification of'a killf1~appli(;(lI;''''

in wliicliadive noise contro l ca n fulfill its potential.
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ACOUSTICS ENGINEERS
NDYSound
o Challenging new opportunilies
1:1 Great career prospec ts with exce llent advancem en t proscectsm a firm wh ich recog nises the va lue

Acoustics Enginoorscan contri bute 10 ee organisation
U Anracnve remuoeranon packages and wo rking env iron men t
o Positions ava ilable in London, Sydney . Melbourne , Brisbane, Canbe rra, Perth and Auckla nd

Norm an Disney & Young is Australia 's larg est Building Services Consu ltancy . wi th a macr prese nce in New
lealandandtheUK. Ourst ralegicplan forongo ingexpa nsion indudesestablishinga major presence ifI
Acous tic Eng ineering. NDY Sound is a group of experien ced and COllabora tive Acous tic Engineers com mitted
to Sharing knowledge and ideas to enh ance the service we offer to our clients as well as prov iding profess ional
oeveio pment wnm me corr ceny.

NDYSoli nd is seek ing Aco ustic Engineers at a variety of levels in our estab lished pract ices in Sy dooy and
Auc kland , and is looking for staff to assis t in est ab lishing and growin g NDYSouoo with in Norma n Disne y &
Young's offices in London, Melbourne, Br isbane , Canberr a and Perth

The comp any has an enviable recor d 01profess iona lism and innovat ion and has ccosrsteonvbee n able to
deliver a ran ge of highly specia lised serviceswh ich have found strong acoeptanceby our cneors. These abilities
wi ll resu lt in NDY Sou nd becoming a major presence as an Aco ustics Co nsultant, and will prov ide significant
opportunit ies for talented staff who are able tocootribute to that success

We are c urren tly seeking the follow ing staff:

Q Man agers: Acoustic consu ltants with prove n abilities to market Acousti c Consu l1ing Serv ices, manag e a
team of acous tic engineers and provide competent advice to our clien ts.

Q Senior Aco ustic co nsonants : Acous tic Consu ltants who have esta blished track records and a min imum of
five years expe rience

Q Acou stic Con sultants : Acou stic Consul tants who have established track records and a minimum of three
yearsexpeneoce

scccessns app licants wi ll need to demons tra te the fo llowing :

Educat ion al Qu alifications

A degree in Mechanica l Engineer ing acceptllble for CPEng sta jus with the Institut ion of Eng ineers Aus tra lia ,
together With experience as an Acous tic Con sunant and/or post grad -.ate education in Acous tics

Allema l ive quali fications wi ll be co nside red,

Field s of S pe c ia lisation
Posit ions are availab le for spec ialis ts in the foltowing fields :
Q Archit ectura l
Q Me chani cal
Q Environmental
Q Industrial

Excelien t remune rationpackagesapplysubjectto nego li ation ,

Wrill en applica tions can be subm itted in the strictest 01confidence , including a cover lelle r and resume deta iling
qualifica tions and expe rience to

Dennis O'Br ien -Director
Norma n Disney & Young
Level 1 160 Miller Street
North Sydney NSW 2060
Tel (02) 9928 6822
Emai l: d.ob rien @ndy.com
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Successful applicants will need 10 demonstrate the following 

Educational Qualifications 

Alternative qualifications will be considered 

Fields of Specialisation 

Excellenlremuneration packages apply subject to negotiOltion 

Written applications can be submitted In the strictest of confidence, il1cluding a cover letter and resume detailing 
quallficatiol1s and experience io 
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ACTIVE NOISE CONTROL AT UWA
- A Brief Review of the Acoustical Understanding and
Practical Application of ANC System s
Jle Pan an d Roshu n Pauroba jly
e tn .... lor Acou", irs. ~·D.mln and H b r. ll....
S( hool or ~l ("C huio:.1 Eneln"ri nK.

The lTIII,'.n il~' of """ I A• •It . li. ,
J~ Sli rling lligh...y. C lcy. WA 6OCW ,\ " >I..li.

n.., de,i gn, alIaly. ;s and ",.I i/ation or ACli~. Noise Cootrol (ANq .ySle""" have bn:n challenges to acoustical and cuntn,1~munil;'"

OVCl lhc l. sttw" dc'Cadc• . 11i. laT¥d y due 10 lhe . ffon in the aco ust ica l OOm munilya nd lOa<haoc", in di g ital , ig "" l ProcCl<.inll le<:hnok 'Il;e.
tha\ ,illni flca n(progrc" ~ """, ....w. M'l lh.. r.dd _,, . p.on o{ thn lnlnnooliow l quat in ""_il1KA'<C ll-.;hn<.>lOU,ICK« ,1leroa l
I"" Univer;i ty of Wc-,;tcm A", 111.lia (UWAj have focused on (I ) applying an undel'$tandlng of acousrical system, to Ihe ,Jc.i~n of AN C
"Y'lcms and (2) the <k,-cl""mcnl of practic. 1ANC system. for the WcSlcm "">lralia" ",inin", ,hipbuilding a"d bui ldi,,~ jud' '' lri"", Thi.
pap"'rpre,em. 8 briefr evie'" "f lho o""lri"", i"" 10 Ihese two area. hy ,he U WA '<'lim including Ihe re, ults o!>win,'" from ,,,,,'eral pruelioal
applioalions.

Figure I (a) Schcmatie and (b) block diagram of a feedback
"" i>e\'OfIlrol u r <lefonder.

where H<. H~ and Il , an: the frequency responses of the
cornJl\'Ilsat•..-, microphone, and loudspcaker respectively.

(1)

response function of' the sound pn.'SSure in the cavity wilh
respecr m uie sound pressure gene ratc'" hy Ihe spca k\..
diaphragm and includes absorption and leakage, "The tota l
,,'<md pn:ss ure is measure d by a micmp hone ( M' and actively
all\'Iluatoo bytheIOlldspeaker (L)sui tablyc.\citedbyan
el.,.,..tfUl1ic eo mJl\."sator (C) Which .al o the output nf the
microl'l""1ellS its inptJL As a resuh " f tllc feedback con trol,
the rat io of " <and uuccnrrelled ",,, und pressu re p. can be
e~pJc~d as

I:\TRODuc nON
Ac tive noise con trol is a lield " f re"SCan:h and application
concerned ....ith anenuslillg unw..anted noise using acnve
devices and arrangomc nK The ~yslem that impl cmcnt~

the active noise control u,u ally consi...s o f an >'>COustical
system, a co ntrollcr, senso1"!i and ael ual",.. with a.s.sociated
in!crfaccelcClrunics thalprnvide interactionbetwccnlhc
acousti cal system and ,:ontrollcr. The design , analysis
and realizatio n or AN C syste ms have been challenges 10

acoustica l and eonlrol cnmm unitiesover lhc !asl lwo d""a dcs
because of the complicaled nature of acouslica l syslems
(dis1ribuled parameters, effectof boundary, , 'ihrn-aeou ' lica l
coupling, broadness of the fm.jueney and dynamic ranges
of the acoustical signa l to be allcnualed) a nd lad of general
controltheory feas ible for ,arions requireme nts in practical
noise control. II is largd y due to the effon in lhe a.:oustiea l
community, ,, heregood undc1"!ilandingof the physica l sy. tom
....as hmught into the d,....ign of ANC syste ms, and to ad "anc~

in d igita l signlll proces>ing t\'Chnologie, that significant
progrc"!>~ has been made in this field

In this brief pare r, we usc several practica l example s.
which have bee n studied at UWA, to illustra te two i"ucs
( utilil atinnofthe l,lnder,tandi ugofacol,lst iesli..- effe<;live
ANC, and devclopmem of practical ANC systems) in Ihl;
recent develo prtlCnt of ANC. The impo rtallCe of these two
issues is abo discusse d by outlin ing s ome relevant key
achic~'cmentsin an intemat ional colltext.

I. U:\ Dt:RSTANUI :'IiG ACOUSTICS FOR
EFn :C I"IVl : A:'Iie

1.1 t 'ft"dbackcar dd ondtr (FFI ))

The 300llstie sy~tem within a FED ( Figu~ I ) is the sound
I'rcssllre P<inthe ear-eul'wh leh isdueto thc tran>m is.~ion of

extcma lit<,undf'. andr.>diation from thcv ibralingdiaphragm
ofl he loudspe akerin stalled in the ear-cup. Jl. is the freq uency

It becomes clear that an effective reduction of the ratio
canbe achic\"ed bydesigninllal.argegainoft hecompeTlS;)too
open.loopfrequcncyresponsc func;liortH.. - H! ' .I' ji. and a
small gain (IH.. I« I ) al the phase cross over freqaency wllere
the phase of Jl", is equal to zero ( I )' Although a compensalOr
w ith bi quadraticli l lcr eharac.eri~tics llndanoptim aldesign in

selecting the liItcrparam\1enl [2·3j is capable of increasing
the gain near one li"c'lu",ncy whi le red ucing il at "the rs, the
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ACTIVE NOISE CONTROL AT UWA 
- A Brief Review of the Acoustical Understanding and 
Practical Application of ANC Systems 
Jie Pan and Roshun Paurobally 
Center ror AroDSli","" Dynamic. Iud Vibratittn 
SchooJuf Mechanica l l: n:,:ine.riog, 
The IJn ivers ilyofW.'tern i\unraUll, 
J5 S tirling Hij(hway, Crowle}', \VA Ml09 Au . tralia 

Th~ design, analysis "Dd ",al i7alion of Act ive No ; .. Control (AKe) system.' have been chal1~llg.< to ocou<tical and control communiti., 
ovcr the lasl two decades. It is largely duc to lh~ effon in the acoustical commu ni ty and to "d, 'aoc es in digital signal proc~"ing Technologie, 
thal sig:ni (i~anl prugrc"SS II» b«n IN<k in this f,dd . As f'lrI <'If Ih,s intcrTll.liooal qual in ach"",mg ANC tccmolot!Y, .o:$C3lchcn. al 
the UnivcN;ly of WcslC'm Au,lralia (UWA) ha .. ~ foc~d nn ( 1) applying an understanding of ac"u,li ~al system, '0 the d.:sigI1 or ANC 
sy<tem, "od (2) (be development of practical ANC 'y'tem, for tbo Western Austral ian mi nin g, sh ipbuildi ng and hui lding indllmie<. Thi< 
p"pcr pr~'.nts" brief",yiew of lbc coutribution to tbe ... two areas by 1he UWA team iocluJing tbe reslllts obtained from several pmctieal 
appl ieation,. 

INTRODUCTION 
Active noise control is a fi eld ofrcscarch and 
concerned with unwa nted noisc 
dn i cc~ and Thc system that 
th~ active noiw contro l u,"ally c"n~is(s of an acoustical 
~y,t~m , " controller, s~nso rs and aduatoTS with as."",iated 

1. UNDERSTANDING ACOUSTICS F'OR 
EFFECTIVE ANC 

1.1 F~edb"ck ~or dcfender(FF:D) 

The acoustic system \~ithin a FED (Fignre \ ) is the sound 
pre~wn: P, in the ear-cup whi~h is du~ to the trJnsrnis~ i on of 
external sound P, and radiation Ii-om the vibrating diaphragm 
of the loudspeaker instaiJ et[ intheear-cup. lfoisthe freque~cy 

Acoustics Australia 

where H" H~ and H, are the frequency responses of the 
~oml"'n'""tor, mkmphone, and lou,L'peaker re~pe~ti v~ \ y 

~. '" " . . . , 
11_ II, 

Figure I (0) Schematic and (b) block diag,"rnof a feed back 
T10isc control car,ictO;Tl,jer. 

!tbccorncsclearthatanctICclivercductionor thDratio 
can be aehieved by designing a Jargegain of thceompensatcd 
open-loop Ii"eqoency re>pon~e fundion H,,'" H!I . .Jffl. and a 
small gain (jll,J «1) at the phase cross ovcr frequency where 
the phase of If," is equal to zero [1]. Almougb a eompcnsator 
with biquadratic li l t~r characteri stics and au optimal design in 
);eltlcting thc fiUcr pararnctw< 12-3] is cilpabl<l of increa>ing 
the gain ncar one frequency wbilc reducing it at others, the 
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ul1ol:ompenwul.'d..pen- I"op fn:quc:llCy n."'fK>rJ...., (H~ " H. HII)
of lhe s)'slc m c. n signific..nl l)' I fT'"l.1 tho:perfUmlanl'''l; uf lhe
•'toM t..,,] SyslL'tTl, Fur e~ amplc:. an 11. ....ilh broad and unifonn
n"'ll.nituUc:lndphasc:~ponW: llk""'ill highooi !oC rnluct ion

jevet within . broader fll:l.lucTIC )' Nnd .. Ilen opl iTl1iill f~bal: k

is inltOducnl . ll o" c\lcr noiw:rcdoction can on ly bc:.ehinnl
in . limih:d fn:quency nlOlle by op(ima l fcnl back if the
lICOUsticl l system has . fa...t rluL-.: lkcay rate ....ilh freq.....ocy_
The refor\" il is 1lI.'ttl;. ,u y to ..c1a.1 H__ H. and H, so lhal th.:

magn itOOciIInd JIha.-"'"of 11. are ~itabfc: for lhe effective noise:
oonlrol.ltcanbc: sho....n (l )thal

"~......." ""'''..', _Control

~ :: ._ ... ' . ,.......•.
"

f igurc 2 Magnitudc . "d pha", pit>!ur lhc ul1<'Ull1l"'np lrd
orcn·I,~,p r,.",ume)' rc' pon", rundi"n H. when the mas, of
lhe 'f'C"al er d iaph ra~m is u-e,l~ I ~ll)'in~ par. melcr

1.2 F~dblc" ("ntrol "f n "l ,cln ln "mrr

Feedback control was used 10 allcn U~IC: the OIo..M ropunw
oflo,, ' frc:qucocy noi:ocinan o ffireduc:lu randulll cxd lat iolt)
[4)' In this applica tion. llle di, ta,....1.' r bcl""c-c:n the cu nlrol

....jere 2., l .... l~ and l . arc:~ti.ely~

impc:darocn oflhc: front and bad. ca"itics oflhc: CM-cup.
acoustica l impedanu- due: 10 .i r k:u.age: and c:lectrica l
impedanc e: of tbc: Ioodspea kc:r. ~ is a ~11",ne:tc:r as~lnI

....ilh tbc: ma1!"c:lic: foeM strmgth.roil length and effective
diaphnogm area of the IoulhpcaIo;.cr, Equation (2) indial lC>
that the c haract<.Tistia of H. an;: dc('-ndcnt on mlll Y S)'!>lan
~f1IfIlI.'1<.-n. Fig:un: 2 """ ..... the chanJr:' of tho:mapl in.odeand
phase: Cl,lf\ C$ of 11. for .1)'ptca1.a1W car defc:ndC'r.. hen
the mass of lhc: speAc:t diaphn~ is used IS a \~'ing

paramc1c:r PJ. Obviously. the:opm -Ioop ~ponse: with iimiIlkr
10udspo:aler mas.s .. iIl ghe:ris.e lo lbruadc:rfreqUC1ll.')'~

ofno isc rcd.....1iunthanlhal .. ith . b rgc:rloudspc:akCf mISS. It
is therc:fore: nC'«SSllf)'10 carefully desi gn lhe uncomf'C'lN'te:d
open-loop fC'!i'Onw:of<lll acu...e car d.:f.'Ildt:r bcfoKdcsigning
anoptimal CODlrollcrfor bcst po.'1funna llL'\:.

<al

~ ::t;8../ ~:~.: .,'
I " ' ..,-' 'I4s.

" 2S sa te

r"' '' ·CHI!

IutJch;p:ak.:rand em ... micTtlJlht1llCwa~ . cnMu l ~mc:lCf in
rrOOu-1ng a global TIOISC mluetMlll in the:olli cc . 'Thc conlrol
"as iml'l..-mcntcd in . 4 ·2 .9 · l . ' olfoccand thc unconlrol kd
sound fiCld in the: ,,!rICe:"~ ICfl\:nuc:d by I .. hile: noi..:
socrce . 'The cont rollcT design i. ba-ed OII thc: « >m1raincd
opIiminuion o f lhe: .,.pc:nytur coc:rrlC;ent~. the mc:thnd
similar tn tilr Compc:n loT dc-si,., for ...1, ~c: Ir '" dcflL'ftllc:n
[ I ). Fipfl: J sho>o.-stbc:upcTlfTIC'T1t.111 tnU ll5 ( for . nc:arfoe k!
mieropllonc placement ;ll r-'"' IX M from lheconlrol ilJUI\,-C: ) of
thc uncont rollcd(duu c<icurvnlland col1llOlInl iIOUnd pn.'MUIl:
k \lcls l'CSflCdi...clyla)at lilr c:rn... ""'n.......k'Cll ion . nd (b) b)'
spatial n Cl3gc: of wu nd prcs_urc lhrou llhuul the """m . FOf"
this c:xporrimc:nt. a large am"" nl o f no i!ll:ry,Joction i ~ achieved
at theC' lTor scn'lOl" localioll. hul hlllc:m:l uclion isaehic.........
globally. Uuthc othcr hand if lhc Sl,.'1I..... i.plll<:cd fa r fru m
lhe cont rol l"ud ,pc~kc:r ( r '"' 170<-"' 1. lhe fmt ucllC)' fllngc for
gl,,""-I nuiM: reduction beex-mcs nerrewer aud an iocn.'a'IC in
s ound pressure iii obse rved oUb ide of ille range ...s ocpic..ed
in fip,urc:4. This is b«a""," of lhc: incrc:asc in phase dccay by
the ]lJI\~er tr.\'d distal....'C o f thc: radialed 1i<>\lnd.I't''ll lling in
lhc phasc:cros.'itwer fl't''l uefll.")'bcing brouithl ..-ahintbe raege.
Finall)' when the error microphone i~ located adequately far
away from lhe ocar field (r - 21lcw1). sill:nifoc. nl local and
global noisc:rnl '...1 ion "'~1"C ltCh ic\'n1 wilhi n .n ad\:(jua le broad

frequell<")'r.nge(Figure S).

(b)
Fi"," 3 l,;fIC'OIllI'OIlcd (~I .a4 C<Jft1rD1kd h..bd lllOUnd
~~(a).tW .....~b:. ... andlb ) by
~1~lt" wkn r " lh.

(2 )
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uncompensated open-loop frequency response (Ho = HmH,H) 
of the system can significantly affect the performance of the 
control system. For example, an fl, with broad and uniform 
magnitude and phase respon.e allows a high noise reduction 
level within a broader frequency band when optimal feedback 
is introduced. However noise reduction can only be achieved 
in a limited frequency range by optimal feedback if the 
acoustical system has a fast phase decay rale with frequency 
Therefore it is ne~ to select H", H,. and H) so that the 
magnitude and phase of H" are suitable for the effective noise 
control. It can be shown [IJ that 

(2) 

where ZmI' Z"", ZL and Z, are respectively acoustical 
impedances of the front and back cavitics of the car-cup, 
acoustical impedance due to air leakage and electrical 
impedanC<l of the loudspeaker . .p. is a parameter associated 
with the magnetic field strength, coil length and e11ective 
diaphragm area of the loudspeaker. Equation (2) indicates 
that the characteristics of No are dependent on many system 
parameters. Figure 2 shows the change of the magnitude and 
phase curves of I( for a typical active ear defender when 
the mass of the speaker diaphragm is used as a varying 
parameter [3]. Ohviously, the open-loop response with smaller 
loudspeaker mass will give rise to a broader frequency range 
of noise reduction thllntbatwith a larger loudspeaker mass. It 
is therefore necessary to carefully design the uncompensated 
open-loop response of an activc ear defcnder before designing 
an optimal controller for best performance 

1.2 Feedback cuntrol of noise in an office 

Feedback control was used to attenuate the modal rcsponse 
oflow frequency noise in an office due to random excitations 
[4]. In this application, thc distancc r belween the control 
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iDS!i .' .. _Controt 
:2. i: 
'5!i ,_ _ •. r .-.. _ 
1 ... ..... . J 4!i ' 

" 
Freq.IHII 

(b) 

loudspeaker and error microphone was a crucial parameter in 
producing a global noise reduction in the office. The control 
wa.<; implemented in a 4x2.9x3m' ollice and the uncontrolled 

sound field in the office was generated by a white noise 
source. The controller design is based on the constrained 

of the compensator coefficients, the melllod 
to the compensator design for lIdive ear defenders 

[IJ. Figure 3 shows the experimental results (for a near field 
microphone placement at r = 13cm from the control source) of 
the uncontrolled (dotted curved) and controlled sound pressure 
levels respectively (a) at the error sensor location and (b) by 
spatial average oj" sound pressure throughout the room. For 
this experiment, a large amount ofnoi~c reduction is achieved 
at the error sensor location, but little reduction is achieved 
globally. On the other hand if the sensor is plac~d far fn:lm 
the control loudspeaker (r = 1700n), the frequency range for 
global noise reduction becomes narrower and an increase in 
sonnd pressure is obsClVcd outside of the range as depicted 
in Figure 4. This is because of the increase in phase decay by 
the longer travel distance of the radiated sound, resulting in 
the phase crossnver frequency being brought within the range 
Finally when the error microphone is located adequately far 
away from the ncar field (r = Z8cm), significant local and 
global noise redudion were achieved within an ~dequate broad 
frequency range (Figure 5). 
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f rtq. (Htl

(a)

Frltq . (H11

(b)

Figure 4 Unconlrolleo.l(d"ne dl and cOIlln>lk'd t..Jlidl sound
~surek,'c1 (a)at th" " rror mi<JOphon,, I,>ca(ionand(b)by

. patial average whcn . - 17Ocm

The above experimental results ind icate tha t there exists
annpljmal dista~ bcl"'ccnlhccllnlrol l "udspeakcr and crror

microphone. lfltw::"dual distance is I",. 'than this optimal
distance. a dircc t fiejd dominat,,. th" ccnuol Iield. and only
loca l astcnuano n at the ClTOf sensor locatio n is possible
Further than the oplimal distance. a large pha sc dtla y in the
open·loopfrequcncyresponse cauS<.'l; lhcphasc cl'O'>soser
f" ..qu<:ncylobe loocl~IO lhc frcqucncy ra ngc ofimeresland

thcre(ore poor (;(Ifltro l pe r(ormam;c is achien 'tl

I .J Aclh -c cont rot of wund t ra " \ minlon lh ro ul!.hdou bko
pa nel pa r titions

The aCOIl, til'al system fur active control of sound tram;mis, ion
through a do uble panel partition inclu des the sound fields
io the receivin g room end air e:lVity betwee n two panels,
and vibrati" o io lhe two rmnels ( Figu re 6). As the acoustica l
system has an increase d numh..:rl,f , ub-sys tems , the op tion
fer the placement of a linite number of ac tuators increases
even for the same aim of the control: minlmizetion of the total
acoo, tica l potential energy in the room. Three llrrange ments
"I' con trol act uator were cons idcrcd [5. 6) and tney are
respectiv ely (I) to dircc tly alle nlUltc the sou nd pressure field
in the room using OPe: poinl acous tic control sou rce in the
room;(2)to contmlthe suo nd ratlialion intothc ....um using
II vibra tion contro l source e n plate 2; and (3 ) to block the
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Figure S Unoontmtl.....(dolled) and conuo llOO (",tid ) wu nd
f1re..u", Ic:vel( a) al thenrnrmicropoo..c Iocatioo and (b) by

' p' liala vc"'lte whenr - 2k'"

noi, e tran , mis, inlll"'lh by insen ing one po intaco ustic co ntllll
source be lw<.:<.: nlhe double " ·al1,. The cond ition for effective
reduc tio n o rt he su und energ y in the roo m is that the primary
and sccoudery prcsso rc modal coefficientvectors in theroom
areproponiona l. f'nrca'C( l) , thiseond itionisdc'erib..-das

;r: :ry l ~:~ ;e:~: rcm:~~eC~~::i ~~it~<': ~~~e o~h~~

~~lO~'(~N~il(i;~~iii al: d therdJ.I(~rf;rSll;: i ~h;h e ~:;~
coe fficient vecto r c r rhe point sourc e G reen funct ion in lhe
room (which gives rise to t~ sound pres,""",, in the room
p~' ) = ((J:I I</l IlG;;,I(ry 1nV.;' »).Tosaus fy lij ualion ( l ) requires
SImIlar excitation tlf~ll modes from the pnm ary and con tro l
sourc es. Successful attenuation of low-frequency potential
energy in a room by placing ~ point control source near the
primary point source is an e~ample where Equation (3) i~

approx i"'al<:l ysati ~rled , In lhc cnntml of sound ua nsmission. tbe
clements in [G~)(rl( '))l depcnd on tl>ccomrolsource location

~i:~nw:~~e r'::,: ~ ::d[~r~~) n~~d~~le~:~ ~YSi~:lec~:::~~
o;ourcc is di tlieull in simultane. lusly adjusting scvcral modes. As
a re!IUltEquation (3) can only be sat i~ lied at those rrcq ucllCie'
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The above experimental results indicate that there exists 
an optimal distance betw~~n the control loudspeaker and error 
microphone. If the actual distance i, less 'than this optimal 
distance, a direct field dominates the control ficld, and only 
local attenuation at the error senOOf location is possible. 
Further than the optimal distance, a large phase delay in the 
open-loop frequency response causes the phase crossover 
frequency to be too close to the frequency range of interest and 
therefore poor control perfonmmce is achieved 

l.3Active control of sound transmission through double 
paneipartitions 

The rn.:oustical system for active control ofsouod tran8mission 
through a double panel partition includes the sound fields 
in the receiving room and air cavity between two panels, 
and vibmtiOIl in the two panels (Figure 6). As the acoustical 
system has an increased nwnber of sub-systems, the option 
for the placement of a finite number of actuators increases 
even for the same aim of the control: minimization of the total 
acoustical potential energy in the TOllm. Three arrangements 
of control actuator were considered [5, 6J and they are 
respectively (1) to directly attenuate the sound pressure field 
in the room using one point acoustic control source in the 
room; (2) to control the sound radiation inlo the roon1 using 
a vibration control >OUIW on plate 2; and (3) to block thc 
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noise transmission path by inserting one point aco\l£tic control 
~ource between the double walls. The condition for effective 
redllctioll ofthc sound energy in the room is that the primary 
and secondary pressure modal coefficient vectors in the room 
are proportional. For cm;e (I), this condition is described as 

~~~~~ry [~~:]d ~re~~~re m~d~~eC~::::i~:titJ~e~:~e o:h~:~ 

~1~lO~'[~N~~[~¥'~~s) a~d the[~~(~iR)rssu~: i~~he ~~~~ 
coefficient vector of the point source Green functioll in the 
room (which gives rise to the sound pres~ure in the room 

~,t:l;}!~'ft!\~!;~':':(~~~ ~:l~~~ ~~~:n~~r:~~~~ 
,OU"'''S. Sl,lccessful attenuation of low-frequency potential 
energy in a room by placing a point control source near the 
primary p(>int source is an example where Equation (3) is 
approximately satisfied. In the control of sound tronsmissioll, die 
elements in [G,;;)(r2(<))] dependmlthecomrolsourcelocation 
(rt)) while tho'sc in [Ptl are determined by.the coupling 
between the room and plate modes. Use of a smgle control 
source is diftjeult in simultaneously adjusling several modes. A, 
a result Equation (3) can only be satisfied at those frequencies 
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where lhe primal)' sound field i.dominated by a single room

mudc llnd 11K: lTIIldalOV<:rlllp in l"" room i. low. For this case,
if the contro l source is located 50 as to excil~ tile dominating
mode on ly. I::qUld ioo (3) will be approximal ely satisfied and
large reduclion Ofl"'lC nlialcll<."'l!Y al this frequency is possible

For ca",, (2), lhe conditionfor sulTlCienl global noise rro uction
int Mroomis

~~~:I~~;,J~~ ~h1ucm;~~c::::~~~~:~O~':fc~~~:~~:
tl><:primary .o;<>undfll"fi,urelilroullhthemooala<;ousl;c transfer
impedance malrix [Z~l ) 1 from panel 2 10 the roo m
( [ P',P) J ; -[ 7.~l l l [v::" )) . [(Jl~) (<7nl is I~e modal
coeffic'ent vectorof lhe pomt torce Green's function of' pencl
2. Tug.'1her wilh Ihe pre.. ure generated by the cuntrol point

::~c~:nl{Tr:C I~): ~~e t~n:~c~~~:rygi:~b;~:~onlO i~h~a:e~da~
([V':::l =[G.\;~(O"~" )l /~; ) . The cundilion in Equatinn (4)

~; ~n~~t~~a~:c:;conr~:~eal~~[~:(C;1, lj ~I~p;. f':~~
the optimal control force is used to ~i rnpl) """"~Ithe total
modal amplitudes in fllale 2. A, a rc!>lJlI , lhc ,, 'uree .. f s.. und
radiation into the room issignilica ntly red"" .-d, and lhcrcfore lhe
resuIUlnt toUll soondprcssure, lnlhe 'ICCondplacC.lhcc..ndition
can be setisfled by adjusu ng the loIal ~eJ'lC ity \e.:1Or of panel

~~~'i~i~r.<j l (~~~~:"u:~:;:a~;:~~n::
the do minating pn-s,,,,,, ....mp..nenls in the lOlal wund pn.~,ure

\ector (p. , I ). For tbis ca"" II><: 100ai plate . 'elocity IS not
"",:""","ly attenuated . The maj;nitudi; and ph~ of eac h mooe
in panc12arc rearranged such thaI thc:superimposed cOl1tribution

~:ea~ ~~7;~;';:nlliru~~~;~ sound pressure cumpoltCots in

y

x
F it<uft' 6 1'l:pical~ica l ''fSIem for «ti"" conu"l "f ''''''nd

lr:Io"""mion inlo ...rt>om~ .doobltplU'l:l paniliun

For ca.se(3J, the .-ondilion for suffici.-lt1g1ob<il nuisc rro oclioo
inl he ruomis
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where [y; l l j and [y; llj are the mudal transfer mobilily
mal.ricesrespecli\'d yrrom the sound field in the cavity to rne

;~~~;:i~l:i~~:I~,i~~~JHJi:~;~ea~t~;;~~:~~:;~~~
matnx li"om panel I tn the ca~ ily, and [G'':'(,t ' ] is the
motLtl coclroc ient v.......tor or thepo int souree G r«tI fu rw,;tion

in the cavity.
Equa tion (5) indicak"Sthree possible mecha nisms involved

in th is conuot arr..egemcnr. unc of which is suppression of the

ca ~i ty motLtl r.",po usc ~ [l~" 1 y~" J r.,: IJoc [a:, l( 'i" ' )
). The othe r IWO mec hanisms are (I) too direc t rearra ngement
of tb<: cav ity sou nd pressure com ponents to min imize the
amp1it ud~ oftbe dom inat ing rud iat ing mode s in jX1neI 2; (2)
theind;rect rcarran gement of lhe modal ,;omp" ncnt s in jX1 nel
2 by adju sting the cavi ty pressure components; such that the
su perimposed sou nd radiation Intothe ro om is reduced.These
two moda l rearra ngement mechanisms may he "ccnmpanied
by an increase of so lind prcss lIre iu lhc eavity amJ vibrmion

inpanc1 2.

One oflhe important roles acous licians have been playing
in Ihe development of active noise control systems is to
use the acous tica l leat urcs of sbe systems to improv e the
control pe rform ance. Ma ny examples in relanon lO this
can be found in lhe boob by Nel"'" and Elliol1 Fl, and
Hansen and Sn yd.". [81. A large num ber " r rapers Oft how the
phys icalllndcrsUlnd ing is used 10 impnl\"c the df.'<.,tivenes s
of ANC systems C"<ln al so he fou nd in tht: seve ral Proceed ings
of Active Noise and Vibr..tion Con ference since 1991. In
particu lar, thc reader is referred to the work by Fuller [9J and
Clark (lOJ on how the physicalllnde""l"nd ing " fsound and
struc tllT31interdClinn can a.'\.~is.t (he des ign of AN C sys tems for
ancnualingslruc lural s.<ltmdr.ulia liun;byr.llion [11Jon how
the understanding of the open loop featur es of loca l comrcl
systems i' rclatedto the etfecuve decen trahz cd control o f the
dyna mic respo nse in dis tnbute d systems, and by Nelson [12)
on how the basic ph ysics of the sound field actually dictate the
designof virt ual ac" ustie imaging sys tems

2. IHW ELOPllEN T OF PRA CT IC AI.AN C
SYSTEMS

Apart from co ntributing to (he under-;tandi nll of acous t ical
sys tems in order to improve the des ign and perfo""anee
of ANC systems, rese arch at UWA also focu sed on lhe
development of practical A~C .y slems. This .....'Ctinn briefly
present. the tesu hs obtained from real ar l'li""tiuns such as
ventilatiun ducls . heavy mining vehicles and high-speed boats
Whcn arefercncesil1nal lhal ishighlyoohcremwilh thco;:m>r
signa l is availa ble oreal! be deri ved , feedf orw ardcontro l can
he employed. The ~xamplcs pl\.'SCnted be low mak e usc of a
rnulti-cbannel adapti ve feedforward contro ller wilh on line
sys tem idcmiflcatio n based on a novel algoti thm de veloped at
UWA [13J 10 red uce tonal no ise.

2, 1 Aclh 'e control of fan noise

The noi'lt as~ia led with axial no w fans used in vent ilalion
is t>'Picatly charac terise d by tonal frequency co mpo nen ts

where the primary sound field is dominated by a single room 
mode and the modal overlap in the room is low. For this case, 
if the control source is located so as to excite the dominating 
mode only, Equation (3) will be approximately satisfied and 
large reduction of potential energy at Ihis frequency is possible 

Forcase(2),theconditiOllforsufficientgiobalnoisereduction 
in the room is 

of panel 
2. Together with the pressure generated by tm, cuntrol point 
force at ayl of the panel, iliey give rise tu the modal 
coefficient vector of the secondary vibration in panel 2 
([V:~C;]=.rG~:(ai'l)lp~:l): Thc con~ilion in Equatiun (4) 

~~ ~~n:r:a~:e~~ni~:~~e~[~')1 ~{~fl:d 
the optimal control force is used to simpty ~ die total 
modal amplitude, in plate 2. As a result, the souree of sOWld 
radiation into the room is significantly roouced, and therefore the 
resul1llnt to1ll1 sound pressure. In the second pla~e, the ~ondition 
can be satisfied by adjusting the total velocity vector ofpand 

~e~L':.s\('i! ~~Hjl ~?r;1 ~h:e b~w°':;!~~o;;:u~~;O: 
the dominating prcssure components in the total sound pressure 
vector [PN,l). For this case, the total plate velocity is not 
necessarily attenuated. The magnitude and phase of each mode 
in panel 2 are rearranged snch that the superimposed contribution 

~:ea~~h; ~~e~;~~:n~Mie~:e~e sound pressure components in 

x 
FIgure 6 Typic.l aoou,tiCllisystem for active control ofsoond 
transmil;sion iato a room through a doubie paflO] partition. 

For case (3), the condition for sufficient global noise reduction 
in the room is 

where [y;21] and [y;ll] are the modal transfer mobility 
matrices respectively from the sound field in the cavity to the 
vibration velocity in panel 2 and from the external sound field to 
the velo~ity in panel!, [Z~)] is the modal trllllilfer impedallce 
matrix from panel I to the cavity, and [G~\)(ri')] is the 
modal coefllcient vector of thc point source Green funetion 

in the ~avity. 
Equation (5) indicates three possible me~hani'ms involved 

in this control arrangement, onc of which is suppression ofthc 
cavity modal response ( [Z~I)I y~I)I J1::l]oe[G.V;l(l{cl l 
). The other two mechanisms are (1) the direct rearrangement 
of the cavity sound pre~sure components to minimize the 
amplitude of the dominating radiating modes in panel 2; (2) 
the indire~t rearrangement of the modal components in panel 
2 by adjusting the cavity pressure components; ~uch that the 
superimposed sound radiation into the room is reduced. Thesc 
two modal rearrangement mechanisms may be accompanied 
by an increase of sound pressure in the cavity and vibration 

inpancl2 

1,4 Discussion 

One of the important roles acousticians have ooen playing 
in the development or active noise control systems is to 
usc the acoustical features of the systems to improve the 
~ontrol perfOilllance. Many examples in relation to this 
can be found in the books by Nelson and Elliott [7], and 
Hansen and Snyder [8]. A large number of papcrs on how the 
physical understanding is used to improve the effectiveness 
or ANC systems can also be round in the several Proceedings 
of Active Noise and Vibration Conference since 1991. In 
particular, the reader is referred to the work by Fuller [9] and 
Clark [10] on how !he physical understanding or sound and 
structural interaction ~an assist the design of ANC systcms for 
attenuating strudural sound radiation; by Elliott [11] on how 
the understanding of the open loop f""tures or local control 
systems is rclated to the effective decentralized control of the 
dynamic response in distributed systems, and by Nelson [12] 
on how the basic physics orilie ,ound field actually dictate the 
design ofvinual acousti~ imaging systems 

2. DEVELOPMENT OF PRACTICAL ANC 
SYSTEMS 

Apart from contributing to the understanding of acoustical 
systems in order to improve the design and performance 
of ANC systems, research at UWA also rocused on the 
development of practi~al ANC systems. This section briefly 
presents the results obtained from real applieations such as 
ventilation ducts, heavy mining vehicles and high·speed hoats. 
When a reference signal that is highly coherent with the ~ITOr 
signal is available or can be derived, feedforward control can 
be employed. The examples presented below make usc of a 
multi-channel adaptive feedforward controller with online 
system identification based on a novel algnrithm developed at 
UWA [13 J to rodu~c tonal noise. 

2.1 Activc eontroI of fan noise 
[Z~2JI y?JI Z~'JI Y;'JI p~:Jlo< [Z~211 y?lI G~l(/"{'l) (5) The noise associated with axial flow fans used in ventilation 

is typically characterised by tonal frequency components 
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~upcri mpo.l","-d on brOO<lband rando m noiM". The tonal
cempoe..."' tsareil-«socia led ...ith the bladc pass;ng fmju enc y
(BPf) uf !he fan and ils Ilanoon iC$ dO:f".'1lding on the fan
~'l>Il iunal",..."Cd . Tho:nllloom lM,iw: isllSl>3l1yasS(>(:ialed...- ilh
nowlM';M:a no.l turt>u1eocc: .l n mOSl l·ll,;,:s, lhe l"nalpeaha~

si)WifllOanlly high..'f than lho: random noi l<:.A pan fn ,m being
lhe main o:onlribul" rs 10 the ovenll lluisc level, Ih..")'are a
..>tJn:e of an no yance . H", llCC . it is impona nl to have lI<kquale
no ise allmu.t lion of fans "pecially inside buildi ngs.

On the ground fIoot oflhe civil.n11 ma:hanial CD¥inec.T1n¥
building at the Uni,-en;ily of Wn k m AuWal ia is a wnall
wmpull:r room that housa the mainframe: Wll1poutcr ndvoon..
...hidt oonsistsof5C'Vmll rad. (nrt.. -orl.hub!;.nd oompoIIlCR
(141.Tbese equipmenlsa~ kft permanen lly.nd an nhaust
f.. is rnourM<:d inside the room discharg.: lhe hocair into
thc curridor. "Thc:di5Charge(an is a bach...-el't_ 5--bl;w,kd. ~

pllle. JOOmm diamcler a\ial flo... fan deliveri ng an air flow
or 0.35 m' /5. P......er spect ral ma.~"''1lI~ o f Ihc fan ""'''<'
$ho.w.-tha.liICOlluimkow IOTlt>ro.dNndnoi5eaodhighJeveI

di5creto:lOrU.lnoi"",~depoctnl in f igure 8. T'beunconlr"llai
spa:trum cbrty depicb the tonal wrnponenfS aUlOCialC'd
...ith the bIadc JlU"i nl frequency 0(82 HI and it~ fIN thra:
harmooicsaroon:l l 6-4Ht. 246 H, aGdJ2 XH, fOfa S-bJade fan
rotatingaI 16.4raolU!lon5p:rw:oond-Sincethe tooalpeah
an: atlastb..-t»·C'COUkl,lOdUah....elhe badground ....oc
Ie.el they m: clearly aWlbk and a]"o cuntri bule sign ,fiaonll)'

10 lhc O\-erall llOil;c !<'ve1oflbl: f Thcooise ca ntml solutIO!>
consiS!ooo(acomb,nallonof pa iveand act ive ntHse can trol
lO anenuatebuth lhell«,.Jl>anllandd,.;cn\e cum ponen fS of
lhc Ian noise r..-..p:ctively

f Of the pa.~~i ~ o: nui~ conlfol of lho: higher freq umcy
~lxmJ noi~ {r> RooH1).a . ....., "'l ....~duclo(dimm~it_
OASm \ O.4:'im It O.9m "' as OOIUUUc.1ed o r 2mm t!lier.
gahan iso:d~llndpIaccdO\'" lhe""'lk:tsideor lhef;an

(F igure 7 (a». The: ,n.~ide w.lI , of ee duC'I are lined ... illl
I.Xm thid wool blanket 10 prmidc sound allcnua lion. The
duel prm"ided a sou nd atkn llation of al'pnnima lcly l tldA for
broadband fr~U<.'nCIl..~ahove IkI) 1 whiletho:1eYe! ofI Ill: RPF
and lIarmon ie5 remaine d unchanged. IIo....ever, lhe A-...eight<.-d
overall sound pre~~ure lew l measure menn taken at IIlC"lC

positions indicaled a decrea.wllf ahout 2d ll{A) only. I h c ' ma ll
redudion can be allribuh:d to 11M: Iact that the ove ral1.11und
presSIJre level i, pro:dominanllydclcrmined by lhe ht~h· IC\e1

di~te fn:q uc lM.")' noiK of the 1II' t' and harmon ICS, wh ich are
hardly reduced (>\-'cn a fler lheinstall . lion ll f the ducr. ll ence

activ e cool rol was app lied to reduce these lon.1 com p..." "n ls
A schcmalicuf lhe L..",trol sy>;I<'IIlu-'ICdfor lhe fan ooiM"is

shown in F igu~ 7(b). In the ran AJ\C .y~1 em the:mur sensor
is a mimam re elecuct mic....ph"n e.lho: n;fl'fl."IM.'C' ''' '1l'lll"i s an
optical swuc h tachome ter and ine "1,11....1 aL1 ualut is a 150
mm diam eter closed -box mo~'i ng..eo il In",l ' f".·,k er 'y,I<'fTl
Th<: co nunller i. a digital ada ptive ",nlrolle r impkm <'nled
on a Digital Signa l I'roce-ssor (!) SI' ) hardware platform . It

inCOrp" rdlC5an onl ine sy>;tcm i&..'1ltiflCllilln ...·heme: u.ing lhe
addi live r.andom noise t«hniquc tu mode l lhe sy",cm . This
a11o....·sanychan~ in the!\CCOndarypalh lra""f<... functiondue
10 aging ofCtMllf'O"C"I5. changes in fil ...· challlCtCli~icIand

l.:mpcrahn lObo: traekedin lCllltil1lC. thuo nptimisin ll no ise

(. )

'=~~-- .• .;.
C*' _ - - -c._"""",-­t ·~ ....

(b)

" ,d ...1ion at all timn. The mcasumI rpm of the fan bIaf;b is

po.:iIprocessed dn:tror>lCally10In-e ri..: 10 sioe voltage ~ph

cnm:IaredWlthe:blade pas~inl frequmcy and ifSharmonoa.Th:
;dv;mta~of usinilanin f,.....n:duplical~-ilehl> a n'rerence

"<'IISOl" isthatilproducesltWJi~lIy ho.'lkf conlrul rornpm.-d

....ithl micmphono:n'f~_.... MOfro\er, long tron
~tabil ity is gual3n l«<! a5 lhe: plKSibility of aeumti~ fo:edN .:k

bet...een the reti:n:oce and <' T...rw: n'it... is ctim il\lll~-d 1 14 1·

The co ntro l M}n....arc is programmed inlo an FPRO \l tha t

runs the entire ANC ~y.. em . If an erro r aceUN al any lime

an automatic hard ....u e re~l is init ial<-dand lho:ANC 5y~lCm

restarted, ll>c electro",ks used Ii... the fan noise includ c

st:nwrsinterfac e. I>SPand po....era mplir>erto dri,·e lhec..nlrol

luud5peakcr.Thc-sc:an:huu5ed in5idc a ~Qdardpolycarb.",.le

....all-mou nted box .

Th e no ise ~pectrll' mcu ured al the ern ... microp hone

befo re and after co ntrol are ~hclwn in ~i gure M. Till: ctlnlml1ed

~peClrum show~ lhat the di"<:rete freq uencie s ha, 'c been

red uced to background noise leve l. R~x1u ~t ion , " I' mure than

30 dBa I82 11l ,2 5d Tlal lM IIz, 15 dBa t2 4b H/.a nd I 5 ,llla l

328 Hz havebccnaehieved .Suehrcsultswuuld bcpraCli cally

\'cry diffICuh , bulky and c\ l"'n sive to ootainbyu sin g pa"ivc

noise cont rol rnetl>od~ alone. Am>lh..... bene fil of A:-;C apat1

from i~ effectiv eness to coe rrolIow freque ncy no ise is il~

corn paetnessand mm"r moo ifiClltk"'l'Cqui"..d 10 !hc:nisting

fan ~up
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superimposed on broadband random noise. The tonal 
components are associ med with the blade passing frequency 
(RPF) of the fan and its hannon ics depending on the fa n 
ro tational speed. The r,mdom !loise is usually associated with 
Il ow "ni,e and turbulence. In mo,t cases, the tonal peaks are 
signilican tl y highcr thall ther,muom noise. Apart ti-om being 
the mai n contrib utoJ'; to the over~1l noiw le"d, they are a 
souree of annoyance . Hence, it is important to have adequate 
noise attenuation of lans cspc<:ially in, ide buildi ngs 

On the ground fl oor of the civil and mechanical engine~ring 
building at the Universi ty ofWestc rn Australia is a small 
compmcr room that houses the mainframe computer netv.:ork, 
which consists of several racks of network hubs and compute rs 
[14). 'J bese equ ipmentsare left on permancntlyand an exhaust 
fan is mou nted inside the room 10 discharge the hot air into 
the corridor. The di scharge fan is a 6-
J'K)I~, 300mm diameter axial flow 
of0.35rn'/s. Pow",," 

consisted ofa combination ofpaS$iv" and active noi", c<.>ntrol 
to attenuate both the broadband and discrete componen t.'; " I' 

frequcney 

and harmonics remained unchanged. However, thc A-weighted 
overall sound pressnre level measurements taken at these 

p"'itions indicated a decrea.'" ofabout 2dl3(A) only. The small 
reduction ~an n., att ributed to [he fact tha i the overall sound 

active control was appliooto rcducc thcsc tonal eompol\ClllS. 
A schematic of the control system used for the fan noise is 

shown in figure 7(b). In the fan ANe system the error sensor 
is a miniature electret microphone, the reference sensor is an 
optical switch tachometer and the contro l actuator is a 150 
mm diamet~r dosed-box IOlJ(18peaker system 
n.~ contmller is a digit.al cuntmller implem,,"ted 
0/1 a Digital Signal Processor hardware plat fon!l . It 
incorpora tcs an on line system scheme u.,ing the 
additive rando m noise technique to model the syswn. This 
allows any challges in thesccondary path transfcr funetion due 
to aging of components, changes ill flow characteristics and 
temperature to he tracked in real timc, thus optimising noise 
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(b) 

redw.;t ion at all tim~s, n.., mcasu",d rpm of the fan blades is 

poSI proce»~d electronical ly to give rise 10 sine voltage signals 

correlated to the blade passing frequency and its harmonics. Tbc 

an infra-rcd optical switch as a rcfcrencc 

marginally bcltercoillroleomparoo 

refcrerore senOOL Moreover, lun g term 

stability is guamnt=l a.~ the po,~ihi lity of aeou,t ic feedbaek 

hetwl."<:n the rete",nce and ermr sensor is dinlinate\l [14]. 

The control software is prograllllllcd into all EPROM that 

runs the entire ANC system. If an error occurs at any time 

~~n~"'"1\ interface, DSP and pow"r ampl ifier to drive the control 

loudspeaker. These are housed inside a standardpolycarbonate 

wall-moumedbox. 

T he noise spectra measured at the error microphon<l 

bctore and after control arc slll)wn in Figure 8. The controlled 

spectrum shows that tllle disn ete frequenc ies have been 
red",;ed to b~ckgrOUl1d noise level. Kedudions of more than 

30 dfl at 82Hz.25 dll at 164 Hz, 15 dB at 246 liz and 15 dB at 

328 Hz have bcenachievcd. Such results would bcpractieally 

very ditTic ult, bulky and expensive 10 obt.ain b~' u,ing pa,sive 

r]()is~ control mdhods alone. Another ht:netil of ANC apart 

Ii-om its enedivene~s to control low frequency noisc is its 

compaclne,s and minor modification required to thc existing 

fan setup. 
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FiJlII'Cll'"oi>c~Mmu~borl<uaDd.l\a

"""'"
Tbe cum bincd p...~i\'e!acli\e spICm prod uced lIn

O"eo n noiw a"~n",,1ion or abl'oul 4 10 ~R(A). Sma: ~
imrlcmcnulion in June 2001 lhe contro l I)'llcm lID been
opt:nling conli nuoo sly ...idooul any prob lem ...hile maintlllnin~

opti ll\lll noi...: n:duclion . Thc USProntnolkt;,..k....ignc:d ...ilh
an aUIOffi,Ilic rntan including loCallldary pa lh ioknlinClllion

arwi contro l in cue o f tc:rnpor.&ry po...er r. ihrre . Sullki.:nl
lioarC(y factor h.lo~ bee n used in the ....k cuoe o r lhe dy namic
T1Ingc~ u r the co ntro l loudspeaker and ck:ctr llnic okvice~ 10
handle any urn:~p'•.'cl\'tl high le. 'd lransienl ~illnal, in the
contr ol loop . Whilst providing a ~Iu l ion 10 the nU;K problem
in, iok thc bui lding, lhis sy...een al.o ....n."'" a' a leachi nll:1•• 11
for 'ItUlknls arwi a <kmon>lr.olM>R o f llO.1i,c nnioe oonl,\1110

indusft)' .

2.2 .\ cllvt eont rel of noioc ln :ah lll:h" ptC'Clbo:a1

Hlgl\.${lft'd boob are olkn made o f li" hlWcip l alum inium
and as a resulr low fn-q....ncy noise.rwi vibnllMlftCilnhe
1nn.~lned to occupa ets. Act ive noi~ co ntrol has bern
appl~ to reduce the low fmllI'mC)' lon...l no iw InSide 11l.4 "'
....ideby2.sm dc:q>by2 m high ...,~lhumo:inan IRmlong

boat filled ....ilh 1\0'0 dic:s..-I engines. Ahlloogh ItIe A!';C syslcm

uscd in thisc:u: ...·usimilarlOrhalfor thef.nnrnwil ho....e\ot'f"

coosUMtof2 ••xdcrometenlUreferrnceso:m.onlocaledon
the. rt .... ll of thc ...hedbousc. 4erTOl"mierophonnpositJOlleo!
ncarthr~sea~ loachie\'elocaloonuol.rwi4k>udlpeOlk""

filted arrn>pnately (lS I- Th is mulli.....hanncl A NC system is
~rylO8Chicveno~'<e reductionarourwip:a-.....g\-rbcads

iMide the largemclosuTc
f igure 9 sho ...s the A-....eighted nuisc "('C'Clrurn .. 'henlho:

IWO nearly ~)nchronizal engines arc running al 2 135 rpm
during crui§i ng con dilion. The lon al componenls ...rwoo
48. 7 1. 94 . nd 141 Hz are dut 10lhe gt ......nllor. impo:ll0:0.
blade paui ng freqUl'ncies and meir harmo nics. In §ucll an
app licat ion ro!l§ idcl1Ible effort wn required 10 ensure lha l
the cv hen:rH.'I:bcw een the rd.:n:ncc §iglla l~ and the error
~ignals "'a. high over the freq uel1C)' I1Inge of intel\"SI. Thi s
wa<iOOncbycare ful1yselecting lhelnc.lionsof lherefcrencc
..xelerumc lCT<o 'lOCh Ihalllte)· lIi."( a good ll.l'",....ntlliion of
lhe (';lu"l.' oflhe noisc ill5idc lhe ",'~lholl-oc. Figun: 9 .ho

d>ov.s lbc noi..espectrum .fterANC.nd i", 'icll1l.'Slhal good
nom- reduction C2ll be obIai ned fUl" tho:Ionill ClWl1lfl'1fM:nls.
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Rcduct ion~ of 6dB aI4 1l 1 1.z . 11 dB at 7 11 11. 7 d ll.19 4 1b
.nd 12 dB at 141 li z have bee n fl>C;l §ured. AI • I"(SIJ II the
overall eoise reducliO<lthai could be lKhicv ed ....IL~ bc l....~..,n
2 10 3 dB(A) . Th is Iype of result ...auld have bee n dinkull
and ooo;lly 10 ach ieve by using pesslvemc;UlSIII" .........itho.lIlt
a oonsi tkrable in.:n."3..... in ....eighl_ Th.c cum·1l1 A NC Iyst em
c...n be ~Jllclllkd 10 dea l "'il h higher fretlu.:T1c y l:Unlpo.lrlCnb
(.bovc2oo HT).ool lomainuin anltbllUtesiTcofthe·qulo:!
zones ', it will be Il((;essary 10 increase the number of tmlr
mi<:Tophono:$ and contro l Iowbpeakers. fo,l\Ife\)\ C1'. tho: USP

empl o)-ed will also ha ' e 10 be mon: po ...erfu l

-~-::, ---I(~:::. ,:; :. :::. . . -
~ . :
i I

• I '

• .. 'III '.. ... "'

Fil ,,,,,9 A,"' ei jthh..dooi>e.pectrunlal"'ipper,,,, ;Kbdon:
andllflerA~C.

2.3 Ac l ln "c .. nl ro l ofnniw ln :al llld' u bln

Low freq uency nn i""isrn:ognised"" . m...inC.l.useofanllO)·.occ
arwi faligue among driven of beavy mining vchicks (16) ,

Active noi""conltol can bc used 10 reduce the "'" l're<IUC'IIt'Y
tona l llOiseinsidc $UCh ..-c:hick s and illCT"l.'3Se .....\"Upanlu'mfol'l
...hile red......ing lhe01lcrallllQis.: J.....o:\...h.:n pa!>Siveconlr,, 1
i. ineffec live. A mu lli<hannd ')SICm compri.ing of 2 <:mil'

seRMIO.2contro lloudspo:akers.ndlreftn:nc e:-en."<In.s
..tto...n in Figurc: 10 ....... u...:d to achic'oe kc ...1~(lftlTUI ...ro"nd
thedri"erhcadul.105tonsmininglruck. Thc thrcere(eren.;e
!iell-'i(lf\ ...re~s:.II)'toCTlSW\' a higb~ncebet...em
the refe,,:nce .ignals and error microphollcs under DOl'lNII

O(lCTlllingeond'lioM..
\\o1tm thc lruc ki s )!al iorwy Ul"cru ising ' l oonstan l "flCC'd lhe

1lOI>l.'!opCdI\lm isd\lI11inaledb)' IOnalrompono.:nbll--:i.led
...i lh the engine.rwi oeboerd ......il' ilJ)' eq uipmen l liS dl.1'M.1~"d

in Figllre I I . Tlte ANC l'e§.Ull oota incd for . stalioRllf}'vehick
iii sbc....n in Fig ure lila). RedlKlion~ of24 dB .1 33 ti1. IS
dB at % Hl~ 25 dR.l 191 Hz and 12 d B 111228tiz ha"e been
meas ured, For thi ~ ca'iC lhe~ing reduo.1ion ; n 01ler.1I

noisc leye lisahoo I 4 dIl(A ) ....h ich;. c1earlys;gnif~.nl. Wh~"ll

the l roc k ; ~ cru ising ..t around 50 kmt'h the result sho"' n in
f igu rc l l( b) is obt.a ined. Aga in Ional compoeents are presen t
and ANC is clf\....live al n:d ocing IID.-se. Reduc tions of I l
dR . l 28 111. I II dH . 1 58 ne , 10dll al 10 1 Hz and 15 dn.l
1611 li z lIa" e heo:n mca. red . 'These sipt ifK:llnl lOna l .... isc
attenuaho"" co mbin.:d ilh some passive tre...tmcnt undo.-r
the ~.bin lh" (IS] re h\'tl lo lin o"eoll nni~ reduo.1 kWlof
between l 10 4 dlJ(A). Tbe results alo;osho.... lhal ...hen lhe
IllI£k ~ movi ng tonlIl compoocnli al higbcr freq uenc oes arc

figure8Noi8espectl11materrormlcrophonebetlJreandafter 
control. 

The combined passive/active system produced an 
overall noise attenuation of about 4 to 5dB(A). Since its 
implementation in June 2001 the control fiystem has been 
operating continuously v,'ithout any problem while maintaining 
optimal noise reduction. The DSP controll~r is designed with 
an automatic restart induding secondary path id~ntilicalion 

and control in case of temporary power failure. Sufficient 
safety factor has been used in the selection of the dynamic 
rauges of the control loudspeaker and electronic devices to 
handle any unexpected high level transient signals in the 
control loop. Whilst providing a solution to the noise problem 
insidc thc bnilding, this system also serves as a teaching tool 
for students and a demonstration of active noise control to 
industry. 

2,2 Active control of noise in a 'high-speed bnat 

High-speed boats arc often made of lightweight aluminium 
and all a result low frequency noise and vibration can be 
lransmilled to occupants. Activc ooise control has been 
applied to reduce the low frequency tonal noi~e in,ide a 3.4 m 
wide by 2.5 m d~ep by 2 m high wheelhons~ m an 18 m long 
boat fitted with two diesel engines. Although th~ ANC syskm 
us~d in this case was similar to that for the fan noise it however 
consisted of2 accelerometers as reference sensors located on 
the aft wall of the wheelhouse, 4 error microphones positioned 
near three seats to achieve local control and 4 loudspeakers 
fitted appropriately [15]. This multi-channel ANC system is 
necessary to achieve noise reduction around passenger beads 
insidcthe large enc1osure. 

FlguTC 9 shows the A-weighted noise spectrum when the 
(wo nearly synchronized engines are running ut 2135 rpm 

cruising condition. The (onal components around 
48, 94 and 141 Hz are due to the generator, impellers 
blade passing frequencies and their halllionics. In such an 
application considerable effort was required to ensure that 
the coherence bellitoftn the reference signals and the error 
signals was high over the freqnency range of interest. This 
was done by carefully selecting the locations of the referencc 
accelerometers such illat illey give a good representation of 
the cause of th~ noise inside the wheelhouse. Figure 9 also 
shows the noise spectrum after ANC and indicates that good 
noise reduction C!Ill be obtained for the tonal components. 
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Reductions of6 dB at 48 lIz, II dB at 71 Hz, 7 dB at 94 Hz 
and 12 dB at 141 Hz have bcen mcasured. As a result the 
overall noise reduction that could be achieved was between 
2 to 3 dB(A). This type of result would huve been difficult 
and co~l1y to achieve hy using passive meanS alone without 
a considerable incrcase in wcight Thc current ANC system 
can be extended to deal with higher frequency components 
(above 200 Hz). but to maintain an adequate si7.e oflhe 'quiet 
zones', it will be necessary to increase the number of error 
micropbones and control loudspeaker~. Moreover, the DSP 
employed will also have to be more powerfuL 

Figure 9 A-weighted noise spemuID.t skipper >eat before 
andaft.rANC. 

2.3 Active control of noise In 1\ truck cabin 

Low frequency noise is recognised as amain cause of annoyance 
and fatigue alOong drivets of heavy mining vehicles [16]. 
Active noi,e control can be used to reduce the low frequency 
tonal noise inside such vchiclo, and increase occupant comfort 
while reducing the overall noise level when passive control 
is ineffective, A multi-channel system comprising of 2 error 
sensors. 2 control loudspeakers and 3 reference sensors as 
~hown iu Fignro JO was used tll achieve local control aroiJnd 
the driver hcad in a 105 tons mining truck. The three reference 
scnsors are neceHllf)' to CnsUTC a high coherence between 
the reference signals and error microphones undeI normal 
operating conditi,mfi 

When the truck is stationary or cruising at constant ,peed the 
noise spectrum is dominated by tonal components as,ociated 
with the enginc and onboard auxiliary equipment as depicted 
in Fignre II. The ANC result obtained for a stationary vehicle 
is shown in Figure 11(a). RedU<.;tions of 24 dB at 33 Hz, 15 
dB at% Hz. 25 dB at 191 Hz and 12 dB at 228 H.l bave been 
measuTl;ld. For tbis case the corresponding rcduction in overall 
noi~e level is about 4 dB(A) which is clearly significant When 
the truck is cruising at around 50 kmlh the result shown in 
figure1l(b) is obtained. Againlonal components are present 
and ANC is effective at reducing these. Reductions of 13 
dB at 28 Hz, 18 dB at 58 H.l, 10 dB at 101 Hz and 15 dB at 
168 Hz have been measured. These signilkant tonal noise 
attenuations combined with some pqsive treatment under 
the cabin floor [15] resulted to an ovcrall noise reduction of 
between 3 10 4 dB(A). The results also show that when the 
truck is moving tonal components at higher frequencies are 
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prtsCnl lnd eonlribut~mon:lOlhe: ovelll lldU(A) levdthanthc:

10.... frequency 10I1ll1COfT1!",'nenl5. II i~ !'O"ible 10 improve lhe:
frcquency rang eofllOi <oe l'<:duclion .....>Uoolhe:driverheld ...,lh
Idd itiona l ~rror and conlrol chionncball<l nlOO: ~ing

po....er.
Both Af"C systems dcsc nbed in .ub>«tinn~ 2.2 and 2.3

hI\e be...'1l prototypcd and tested thrtluglt field tria ls wllh
accepta ble no ise rcdud ion , The UWA team and its ind u.t ry
ro l1aool1llOB are ,«ling tJPJ->r1unitiI:I for the com mercia l
rnliz.;, tionoft heprolol)pt'

F~IO ~IIC <>ll«dr..... ard~ wnleJY '"

"""It .......

(a)

., ... , . >DO ... ... .. ..

'~IOUIHCV l"",h,
f igoR'll A· ..nll~'"d ..""n C. I '" I lionary. (b) crui. inll
USlft8 3 "' tel't1lCesi8... J~

Acous lics Au$lf al ill

"The ...orld lias wi~ n....rly I .. " deca des o f effort in
li bora lory research lAd ind ll!>lril l appl ication o f ANC
tecbeology, We an: 110 fleal wuh fl'nlumt qUC!tions like
"' ...hen and ...here C<ln e "'-.: AI"C ptuduets Ili pr....meal
in""'l laliont Ind«-<! $UCn ">.>ful eu mpln of:weh iMtallatioo
may play Ihc role of llallsh lp in C1lCoulll"ingthcarri\'. 1of lhe
" foun h .... ve" of ....idIIulili....lion of ANC in ind uStry. Ex.arnpl~
of suc h app licati(1T15 are limited mai nly 10 the con trol of sou nd
propagal ion in air hand ling ducb" gas lurbill<" exha usts or
dinelenginee~uslS. lhe: C(Inllu ! of _ nd pre5SU...,in a sma ll

<:;1\; 1y ins ide of ecuvc ~:tr muIT" . nd the mlUf;tion of """"I
noi~ in prope ller driven li l'l:l':lIltus ing acli~ ~nginc mou nt"
and vibralion a..1uaIors mount ed on too fuK btgc finlP [ 17J.
Some ~\.S produl:ftI prod llClS for mtucing box>rning noi-.:
by "~~andlo'A' "-I1IC'Iq'....-dnoioeby Honda"' ('l'l; aoo
report.:d (l 8l- It ~e~r«tcd th.t such rn<-1ical applicalioaof
ANC ...-ill ooolinue and bong III i.....TCtiing .......bee of ~.I

life and SI.lCCCSSful instal bttiom to ""t isfy the ~ c1' ~;ng

demandof modemnoi~ cootruI.

3. COl'iC LUS IO NS
In Ibis paper a brief rnic>o of the: ('OIltribt!tKlnof rnearch II
UWA in !be field ofllL1i~ noise control has lICrn prnenled
I n puticul;ar,, ~ """ \>em ll fOl:VS on llndcnt.and i"lI:the

f\lfllJ.lmo:nulproro:rliesor-euu...ical~~ inorUerlO

inJprt>\etheANCo.bip'~onthedl."",,\opmrntofpnctiClll

A~C sy>l.<.-m> 10 m1ua: 1o'A' fmjuenc)' ooi§c problems in
irodusby. In thr: fnl in>Unce thrT'e r:umpk§ w..... the
imfK"oIta1lCl." of I thon>ugh1UI&'noLUld"'1I: of .'OU~ic.a1 syu~

in Ik tenn inin{! the pc:rf'>nt\llllCe lind hml tationt. of ASC
methods. In lhe: seoond i" ' lance rr-Ilul A,,"C IIu b....."n
demolL~llJI. tcd by th ree ...,~ I appliClltion eumples . The InlIIIS
500... that Al'C i~ e ITt.'CI iH~ in reduc ing low freqllt:fK')'ecise
...he re pa..i\e control becr,mn imrnct;ea l. The 'lUC'ttSs or
lht."SC~nTls reliesOll llgutld undcr..la.nding ofthc8OOllitic"

pruper dcsig;nnf hllrd ",,,,,,,"ndloOn...'a~u ...c ll lSl good
kno .. k:dge ofc.~'IItnlllll<"lhodll
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present and contribute more to the overa1\ dB(A) level than the 
low frequency tonal components. It is possible to improve !he 
frequency range of noise reduction around the driver head with 
additional error and control ~hannels and morc processing 
power. 

Both ANC systems described in subsections 2.2 and 2.3 
have been prototyped and tested through field trials with 
acceptable noise reduction. The UWA team and its industry 
collaborators are seeking opportunities for the commercial 
realization of the prototypes. 

C?l""'"."'';;; ~""':,""';"" Error""1S0r> Error,,,,,,orS 
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Figure 10 ScheDllltic ofte.dforw~rdcontrolstrategyimide 
truck cabin 
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Figurell A·weightcdlevclwhen(a)statiorurry.(b)cruising 
using 3 refercncc signals 
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2.4Discussion 

The world has witnessed nearly two decades of effort in 
laboratory research and industrial application of ANC 
technology. We arc now faced with frequent questions like 
"when and where can we see ANC products as pnlctical 
installation?" Indeed sUcce!lSfui examples of such installation 
may play the role oftlagship in encouraging the anival oflhe 
"fourth wave" of wide utilization ofANC in industry. Examples 
of such applications are limited mainly to the control of sound 
propagation in air handling duels, gas turbine exhausts or 
dieK'l engine exhausts, the control of ~ound pressure in n small 
cavity inside of active ear muffs, and the rednction of tonal 
noise in propeller driveu aircraft using active engiue mounts 
and vibration actuators mounted on the fuselage rings [17]. 
Some mass produced products for reducing booming noise 
by Nissan and low freqnency road noise by Honda were also 
reported [18]. It is expected that such pra<..-tical applicatiou of 
ANC will continue and bring an increasing number of real 
life and successful installations to satisfy the evwinereasing 
demand of modern noise control. 

3. CONCLUSIONS 
In this paper a brief review of the contribution of research at 
UWA in the tiold of active noise control bas been presented 
In particular, there has been a focus on understanding the 
fundamental properties of acoustical systems in order to 
improve the ANC design and on the development ofpmetical 
ANC systems to reduce low frequency noise problems in 
industry. In tlie first instance three examples show the 
impmtance ofa thorough nnder~tanding of a~'Oustical systems 
in determining the performance and limitations of ANC 
methods. In the second instance practical ANC has been 
demonstrated by three real application examples. The results 
show that ANC is effective in rcdu9ing low frequency noise 
where plllllive control becomes impractical. The success of 
these systems relies on a good understanding of the acoustics, 
proper design of hardware and software as wen as a good 
knowledge of control methods 
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SENSORS AND ACTUATORS FOR ACTIVE
NOISE CONTROL SYSTEMS
Colin IIl1 ansen
Ato llorin , \, lt,r, l;onandContr"I ( ;.ou p
S<;h....I "f MKhan ;CIlI [nl: i ~"'r; ·lt

lIn l. u O'il)' ofA dr laidr S.-\SOO5

SU<:co;:<,ful irnpkmenta/ioo(lfanaetiveno'''' anJ v i b'31ion con tlOl ,y,Irn>''''lu i"".neffl"CliveconllOl.ys~m :md a g<:l<>donck"''''ndinJl,

of the phy'ic. of Ille probl em 10 be c nnlmllod, 1I",oie,-cr,!here C<Jn be nos~,fu l implemenlJo,i"" without appropriate lJansd'lCe'" fot

tnm,rnnni ngaoou,' ic.ignal,intovnllal1c.ro,theelecl,onicc(}n1rol.y st. m andfn'lransform;ng,olla!/.esoutpul from lhecnnlml . y, lem

into sound . AhIHlUgh a cnn, id"",hle amollnl or "" "arch has bttn devoted to ChOlf,,1 a1llorithm. and oplimal l'hysi ....1 ammgcme nl. rnr

. en...,r'l'anJ eunt'o l actu. 'uNi. li lil. ha~ I\c(,n w,illc o .l><.>u1 1l>o["'l ui,..""",. for lhe '" ""'''' anJa.;( ual......thc.",''''lvc•. II. ", " "u mhcr ol

pr.<ticalacluator andsenso,impl.m,·nl"li"n.~rc d iscus",d for bolhfullyact ivcand",miaetivcnoi .. conTrot systc,n,

INT ROn UCTlOi\
1111"r¢ar¢numcrouspl1lctica lal"l"hcal ions",hereac\i\'c nni",
comrolhasthepotential loprovidc significanlbencfits
Algorithms [ I - II ] arc a\'ailablc for many ty pes of noise
problem. ranging from multi-tonal lu broadband and a
considera ble amount nf wuri< lias been done by various
researc hers on e'tlerxling the controllable bandwidth from
I . ~ oc taves to three or more [12]. However. in many of these
C<l,,:s.lhei mplcmenlatinnof a sl.lccessfu l ael ivc noisecontru l
syste m is hin dered by lilt: tack ofa vaitabihty of'ro busrgcncric
ami low cost hardware. This hard ....are includes sensors and
ad ualOI1ias well as lhe control syslem itself. Requiremen ts
for a user In cndly "on lr"l syslem have been discussed
else ....here [l3 ) so here thc discussion ....ill be restricted to
conlrnl app roach"" ..nd lW"M;illl.,.] ""nsurs and aclualors, The
discussion will al"" i""lude vibral inl1 actuators and SCnsul'!l l S
rtcse are sometimes used10 cnntrol sourxlradialion.

There are two main cate gories o r acnv e noise control .
ful1y3L1ivcalld sem i-activc. Altbooghbothfullyactivcalld
semi-active systems may use the sa me kind of sensors . they
invariably di lTer in lhc kinds of adlla loro rcontrol source rh..t
lhey use. AIMl the sensu rsallll aellialors lhal arc must .u itable
for a particula r app licaliun depend on lhe control slrn1~gy

that is chosen , For exam ple if the noise to be controlled
i, genernlOOby a vibra ling Sllrtilw, it may be betler lo use
"i bralionaCl Ua1()~10C<lnlrolthe " i bration of l be surface rather

than usc loudspc akerx adjacenttothc surface.
A fully a~1ive syslem USt'S aclualor<>to dircclly genera te

a cance lling 01 sUl"I"res.,ing ooise or \'ibmlion signal. An
examplc of a fccdforward fully acnvc system to co mro l noise
propagal ing down a dU~1 would consist of a microphone
(re ferred 10 as a refe rence sensor) in the duct Iu measure the
noiselhali sIOt>c eonlroll ed. al oudspc akcr(referredIOa.Slhc
contro l source ]. mOllnl<'t! in Ihe ....all of a duct dow nstream of
the microptJollC, tu introduce the caocell ing noise and a second
microphone (n.:ferrcd to 1IS1heerror sensor ). mounled in the
wallofthcduct. tomeasuTelheresidual noisesufficicn llytitr
downstream from the luudspeaker. with the cnntrol syslem
using Ihe signals from the two micro phones Iv generate the

Acousti cs Australia

required s igna l 10 minimis<: lhe noise al tile se~'orxl (erro r)
microphone , Thcn';'luireddistan<,.~bct....eentbc con tr olsourcc
..udc rror scnso.-i s conlrulledbythcdc1ays inlhelnud, peake r
respon se and the cemrcl system itself a, well as possible
ne..r flClde lTe.:liintl>e vicinilyoftheloudspeaker.Alroom
tempe ralure, r"l'Khlsy ' lems ....-illcope .... ell ....ilh ll dislllnet o f
bel....-ecn I an" 2 m, A feedback system would not require the
referen ce microphone. and in this case the error microphone
...o" ld have to ec moved as close ly as poss illie 10 the
louds peaker wn(rol SOllTl.~ 10 minimise ins", !>ility prublems
Feedback and fcedforward contro l systems are discussed in
moredetail else....here [14)

A senu -active system uscs acruarors to modify the dyna mics
ofa syslem or 10 lun.. a pa"i"" "" ise_supl' ress ing device so
lhallhc systemproduccslessooisc, Usingour duclexamplt .
a Hclmhnltz resonator may be a good choice l'or suppress ing
tOl1al noise.How ever, ifr he fretjucn~'Y 0fthe toretnotse varies
(for cxample . il may be aswci alw ....ith a \'an able specd cngino:
alld ihe duei may be ane xhausl ptpel. lhc l lclmhoill resonator
....ould need to be adJusted lokccpin synchronisalil"' ....ilhlhe
"a rying engine speed The contro l system l<l aUlOmatieally
keep the lId mhultz resonator opl;miKd as the engin<: .peed
changes is re ferred 10 as a semi-activ e system. Il~ input
.....ould be a signal Ihat is proportion al 10 the acoustic power
pm pagating do" n the duc t 'lOd its output would drive a motor
lhal adj u'l ed either Ihe re, ,,nalor volume or n~'Ck length to
mio imisc lbe input signal.

1. ACT UATO RS ."O R ."ULLY ACTI"F.
SYSTE MS

Althoog h many people havc uicd . it is diffk ult 10 beat
Ioodspeakersasanacollsticconln,lsotl rcc in acl;"enoise
conlrol sys1ems. ClIlTemdc\ elol'm ent is aimed al maximi. ing
the lif",arxl maximising lhe physica I J'l"OIe<:lionof these dcvices
in dirty industrial cn\'ironmcnls , ln lhe paSl, loudspeakers havc
been manufactured .....ilh ,ta ;nl ess ~I ecl a nd p laslicdiaphragm s

hUI lhcse have bt:en very cxpc nsive options and not as e fficient
a' J"!vcr cone spcakers.
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SENSORS AND ACTUATORS FOR ACTIVE 
NOISE CONTROL SYSTEMS 
Colin H Hansen 
A .... ustlcs, Villrati .... and Control Group 
School ofMechQnicaJ Englneering 
Univel'!lity of Adelaide SA 5005 

INTRODUCTION 
There are numerous praclicalllpplicatiolls where active Doi"e 
control has the potential to provIde signillcnnl benefits. 
Algorithms [l-H] are available for many types of noise 
proble>u, ranging from multi-Ional to broadband and n 
considerable amounl of work has been done by various 
researchers on extending the controllable bandwidth from 
1.5 octaves to three or more [12]. However, in many of these 
cases, the implementation of a successful adive n0100 control 
system is hindered by the lack of availability nfrobust, generic 
and low cost hardware. This hardware includes sensors and 
actuators as well liS the COlllrOl system itseJr Requirements 
for a user friendly control system have been discussed 
elsewhere [13] so here the discussion will be restricted to 
control approaches and associated senSOTh and actualOTh. The 
discusslon will also include vibration actuator!; and sell80rs as 
these are sometimes used to coutrol sound rarnatiou. 

There are two main categories of aClive noise control· 
fully active and semi-active. Although both fully active and 
semi-active systems may use the same kind of sensors, they 
invariably diITer in the kinds ofacluatOT OT control source that 
they use. Also the sensors and actuators Ihat arc most suitahle 
for a particular application depend on the control strategy 
that is chosen. For example if the noise to be controlled 
is generated by a vibrating surface, it may he better to lL~e 

vibration actuators to control the vibration of the surface rather 
than use loudspeakers adjacent to the surface. 

A fully active syMem uses actuators to directly generate 
a cancelling or suppressing noise or vibration signaL An 
example of a feedlorward fully active system to control noise 
propagating down a dud would consist of a microphone 
(referred to as a reference sensor) in the duct to measure the 
noise that is to be controlled, a loudspeaker (referred to as the 
control source), mounted in the wall ofa duct downstream of 
the microphone, to introduce the cancelling noise and a second 
microphone (referred to as the error sensor), mounted in the 
wall of the duct, to measure the residual noise sufficiently far 
downstream lrom the loudspeaker, with the control system 
using the signals from the two microphones to generate the 

required signal to minimise the noise at the second (error) 
microphone. The required distanC<;l between the contral source 
and error sensor is controlled by the delays in the loudspeaker 
response and the control system itself as well as possible 
ncar field eHects in the vicinity of the louruspcaker. At room 
letl1pemture, most sy~tems will cllpe well with a Wstan\.."C of 
between I and 2 m. A feedback system would not require the 
referencc microphone, and in this case the error microphone 
would have to be moved as closely as possible to the 
loudspeaker control source to mmimise instability problems 
Feedback and feedforward control systems are discussed in 
mnredetail elsewhere [14]. 

Ascmi-active gyslem uses actuators to moditythe dynamics 
of a system or to tUlle a passive noise-suppre,sing device so 
that the system produces less noise. Usiug our duct example, 
a Helmholtz resonator may be a good choice for suppressing 
tonal noise. However, if the frequency of the tonal noise varies 
(for example, it may be associated with a variable speed engine 
and the duct may be an exhaust pipe), the Helmholb: resonator 
would need to be adjusted to keep in synchronisation with the 
varying engine speed. The control system to automatically 
keep the Helmholtz resonator optimised as the engine speed 
changes is refem:d to as a semi-active system. Its input 
would be a signal that is proportional to the acoustic power 
propagating down the duct and its output would drive a motor 
that adjusted either the resonator v()hune or neck length to 
millirnise the mput signaL 

L ACTUATORS FOR FULLY ACTIVE 
SYSTEMS 

Although many people have tried, it is difficult to beat 
loU{lspeakers as an acoustic control sourcc in active noise 
c()ntr()l systems. Current development is aimed at maximising 
the life and ma"imisingthephysical protection of these deviccs 
in dirty iudustrial environmeulli. In the past, loudspeakers have 
been manufactured with stainless steel and plastic diaphragms 
but these have been very expensive option~ and not a~ ellicient 
a~ paper cone speakers. 
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The ANVC group at The Univers ity of Adela ide has , ,,e nt
a considerable e ffort expe rimentinj!;with a numb er of methods
to prcvcntthc build up of comaminallls on the speakereone
in ins tances where they are mounted on industrial exha ust
stacks ranging from a cement plant [15] 10 a powdered milk
processing plant. The final des ign , which is effec tiv e for stack
temperat ures of up to 90°C, is illust rated below

The spea ker co il must be , oo k'd ei ther by com pres<;ed
a ir orbywmpping a cop~rpipearound thecoi l andpass i ng

cooling water through it. It is also important that if co mpressed
air is used. the air pressure is kept low to avoid damage to
the loudspeaker. Note that there is a pres sure equ alisatio n
passage betwee n the rear and fron t of the speaker co ne. Thi s
is es:;ential as it preve nts tempe rature di fTerentials betW«T1
thc two ,i J", of th" "on" from jamming Il,,, con " again~t

one of it, "sto ps" . lf thc tcmpcra turc in the ex haust stack is
higher than 90°C, it may be necessary to direc t some of the

air tlow over the front face of the loudspea ker by drilling
holes in appropr iate places in the space r-and ou ter casing. The
above speaker enclosure design ..ras amved at affer trying
numero us prote "t ive coatiogs (ind ud ing epoxy pa int as well as
autnmntivegasketspray coverc dwith silver paintspray)nnthe
speake r co ne itself Although the protective coat ings withstood
the normal operational env ironment in the m ilk powder
processin g exhaust stack , they were unable to withstand the
daily aggres vive steam cleaning witb a highly alkaline prod uct
To overcome this problem . a protective membrane as shown in
thc lillurc ,, ':uused, First a l .5 mm thick, rub bcr-like material
known as "vyo n" and used extensively in the dairy industry ,
was tried. Th is reduced the loud, peakt;:r output by 20dB at the
180 Hz frcq uenc y at wh ich control was needed and Ihis mea nt
that Ihe maximum availablcamplituJc uft hc co ntn.>l1ing sou llJ
in thc duc t was too small. Allhoug h the tra nsmissio n loss of
the vynn was small , its high damping properties loaded the
loudspea ker and suppressed its capac ity 10 generate noise
Second a 0.1 mm thick printed circuit board materia l was
tried and this resulted in a 10 dll reduct ion of spea ker outpu t
capability, which was still 100 muc h. Finally a 0. 1 mm thi ck
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sheetofmylar was used wi th a resulling 3 dBreJu ction in the
speak er output . which was acceptable. A picture ofthc mylar
installed ill a spray dl)'erexhaust stack is show n below.

Fl~ur~ 2. A speaker uni,. mount~'d in the exhaust stack (view
trom insidc the exhaust , tack). Notc the spout at the hotlom
to drain any rc>sidual liquid afrer d caning

Another type of act uator that is , ommonly used to cont ro l
toc vibratio n otsrructurcs that are radiati ng soun d is the piezo
elec tric crystal. When excited by an elec tric al signal , they
ex pand and contra ct proport ionally to the voltage acro ss the
lllio b ,&L",<t fa<,.'Cs. thus causing a cyc lic strain nn the slmcturc
to which they are allach ed. The se crystals co mmonly range
in thid""c"'s from 0,25 mm to 6 mm and are bo nded to the
struc ture whose vibrat ion is to be controll ed , Th e maxim um
excitation voltages range from 100 volts for the thin crys tals
to 2000 vo lts forthe6 mm thickcrys tals, Cle arly the latter
volcage is too da ngerous for mOSI apphcanous.

Perhapsthemostuscfulan d vcrsa tileac toalo rforco ntrollin g
struc tura lly radiated sound is the inert ial actuato r, This type of

actua tor essent ially consists of a coil su rrounding a perm anent
magnet. When the co il is energised with an altcrnati ng curren t.
the permanent magn et moves back and fort h. The perm anent
magne t is held in place in a structu re, the stiffness of
....1tich determ ines the resonance frequency of the shaker. The
ditfcrcnce betwee n an inertial ac tuatnrand an electrodynamic
shaker is that in the form~.,. case , the heavy ~nnanen t magnet
moves whi lc the co jls rem ains stationary. while in the laller
case the oppos ite is true. In practice . this means that an inertia l
shaker can be directly attac hed to thc structure it nee ds to
excite and in contras t 10 the elcctroJynamic shaker, it need s
00 other suppo rt , If tona l noise is tn be contro lled. maximu m
shaker oulput is ohtained if thcexcitationfrcquencyisclosc
to the reson ance frequ ency of the inertial shak er, which is
controlled hy the mass of the perma nent magnet and the
stirfbess of its suspens ion .. Thus it i~ sometimes desirable to
be able to easily adjust the resona nce freq uency of the shaker
by adjus ting the suspension stillness . T he A"IV C group at the

TIle ANVC gI'9up at The University orAddaide has ~pcnt 
:. (onsiderable etlort experimenting with H num ber ormethods 
to f"'.'vcn(thcblJild up of (nntaminanlsnn Ihespeakcrcone 
in in,taoces where they are mounted on indust rial exhaust 
stacks mnging from a cement planl [l5] 10 a powdered milk 
pl'I"'c~singplaJJI , The final design, whi~h is ctlC:i:live for st:l(k 
lcmperatun;,uruptn \IO'C, i~il1USlrated t>c lnw 

I'igun:: I,Schematkof thespe;lker unit 

The speaker coil mu.,t be cooled either by compressed 
air or hy wmpping u (oppcrpipe around the coil and passing 
~~mling waler Ihr"ugh it. II is al",) iml"'rtan\ Ihal ircnmf"'.'s.,~·d 
air is used, the air pressure is kept low to a~"id damage to 
the loudspeaker. Note that there is a pre.>surc c'IuuliS:ltion 
passage between the rcar and fronl ofth.;: spcakcrcone. This 
is e~~ntial "-' il prc~ents temperature differentials bctw~-cn 
tht; Iwo si<les of the cone from jamming the cone aga inst 
one ofil~··stops". lflhe temperature in the exhaust Slack is 
higher tha n <JO°C, it may be necessary 10 <li n:.:;l some oflhe 
air flow over the front face ortbe loudspeaker by drilli ng 
holes in appropriule plnces in Ute spaoXrand OUlcreasing. The 
abo~e speaker enclosure design was arrived at after tryi ng 
nUOlcrousprotoXtiv/;<:Qatings(including cpmypaint as wdlas 
aulollLotive gasket spraycovcn..--d with silvcr paint spray) on the 
spcakcrconc itsclf.Althou&IJthe protective coatings withstood 
the nannal operationa l en~irOfln>Cnt in the milk powder 
proccssingexhaust stack,lheywere uMble to wilhsland the 
daily aggress i,'c steam cleaning wilh a hi&IJ ly alkal ine product 
To overcome this problem, a protective mcmbrnne as shown in 
thefiIlUn.: ",·.s uscd.Firsta l .Smm thick,rubbcr-likematerial 
known as "vyon~ and used eXlensively in the dairy ind ustry, 
waslried_This reduced the loudspeaker output by 20dB at the 
180 Hz frequency at which eontrol was nceded and this meant 
that the maximum available amplitude of the eontroll ing sound 
illihe duct was 100 small. Althouglt the transmission loss of 
the vyonwas small, its high damping propenics loaded the 
loudspeaker and supprcsscd its capacity togenernte noise. 
Second a 0_ 1 mm Utick printed circuit board material was 
tried and Utisresulted in a 10dS redoctionofspcakcroutpul 
capability, which was sliLl too moch. Final!y a 0.1 mOl th ick 
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shcCI of mylar was used with a resulting 3 dR re<ludion in Ihe 
speaker output. wh icb was acuplablc. A piclure of Ihc mylar 
installcdin:lspray drycrcxhaust stack is shown bdow. 

I'iI:U,"" 2. A sp""kcr unil. mounted in lhe: ~x~ausl sta,k (_iew 
fwminsi<k lhcc.hau,1, Ia<;k)_N"oIc lhc<puulallhcooUom 
lodraiIl3tlyresiduat tiquidafter clc""ing. 

Another type ofnctualor that is commonly used to control 
the~ibrJtionn r SlrueturesthatareradialingsoundistlJ.ep icw 

electric crystal. When excited hy an c1ewical signal, they 
expand and oonlrntl proportionally to the ~ohag~ across Ih~ 

t .... o b~1 r:u:,,~, th,,, causing a cydi~ ,Iruin on the structure 
10 ",hich Ihey a", attached. These crysta ls commonly range 
in Ihickness fr1lHlO.25 mml06mm and arcoonded to the 
stru~l urc whose vibration is 10 be con trolled. The maximum 
cxcitatioll voltagcsrangc from 100 volts for the lhiu crySlals 
10 2000 ~olts for the 6 111m thi ck crystals. Clearly the laner 
voltage is too dangerous for most applieatiolls. 

Pemapsthcmostusefuland\"efSllli le aetu~lorforeontrolling 

strueturaHy radiated sound is Ute inertial actuator. This Iypeof 
aduatoressenliallyconsiSlsof acoil surrounding a pcnnanent 
magnet. When Ihc coil ;., energised with an al ternating enm:nr, 
the pem1an~n t magnet mo~cs rock and forth. The permanent 
magnet j , held in place in a stru<:lurc , Ihe ,ti ITnes.~ of 
which determines the res"nance fn''l:ucney of Ihe shahr. Th~ 
tlifl\:r<:n~e Itclwoxn an in~rlial actuator and all eleetrodynal11i~ 

shaker is lhal in the fOTTn~r case, the heavy pcrmanentmagnel 
mo\'~s while Ih ~ coils remains stalionary. while in Ihe lalter 
~asclheopposill: is true. In practice, th is means th31 au incni~ l 

shaker can be dircclly altaehe<l 10 thc strueturc it needs 10 

excileand in contrast to thc cleclrodynamie shaker. it nCC<.ls 
no other suppon . If tonal no ise is to be eontrol1ed,maximum 
shakcroulpul isobtaincdiflheexcitationfrequcncyisclosc 
to the resonance frequency of the incrtia l shnker, which is 
controlled by the mass of the permanent magnet and the 
stiffness of its suspension .. Thus it is sometimes desirnb le 10 

re ab1e to casi ly adjust the resonance frequency of the shaker 
by adjusting Ihe suspension slilfncss.TheAl\'VC groupal the 
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.' I ~II "" 4. A~cderal ion rc'!,,->n'C nf ~ hare cantilever b<:'Rl.'
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in fli l l y c"Ullpled ( ~II !\.lO) conlrol k:r
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ccmralizcd co nlrollcr and are then distri buted by local simpl e
rules to multiple co ntrol ecruarors.

Some recent resu lts co mparing the effectiveness of multiple
~i nglc clmnnel ~"t,nlml sys tems versus a single multi-c hanncl
conlrol system attac hed 10 the same sensors and actuators
arc shown in Figure 4 [IR] Acl ualor.; to achieve this result
consisted of tilly ( 10 mm diameler and 20 mm long) . low_
COSI inertial actua tors, which provide a spring stillness using
magnelic rcpuls;on fol'~~.lnthcligu reare shownrcsollsfor

v'ibralionconlm l of a eantilew retl bea m using a foa m darnper .
inertia l ac lualors (unoclivared) in lhe foa m, ectivat ..-d inert ial
actulllotS dri.-en by single cban nel coot rollers and aeti vatt."tl
inertia l actuators driven by a multi -<.'lmnnel controller. II can
be seen that for this simple example involv ing broadband
contro l. the multi-c hannel co ntroller achieves much better
rcsu1ts thanmult il' le sing le-chann el con tro llers,s uppo rtingl he
view that it may he wort h investin g in the develo pme nt of fast

muki-c bannc l cemrollers capa ble of handling many cha nnels
simultaneously using a multi-channel algurithm
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n ita" 3. !lIen ia l acloalor m".. nrrd 0 11 an imllola,
mcl O\llre

Harmonic dtsrorticn is the p...'ce ss whereby a transducer
ge nerales mec hanica l excitation al freque ncie s Ih" l are
mulliplesuf lheele<:lricaleJl cit:Jlions ign:Jlfrequency , ln acliv e
noi~colLlro l sy slcm s, lhisca n resu lti n a lona l noisesuund ing

w~ aflcr theapplical iol1 oraclivccomrol,because even

lhough lhe timdamenlal lon e may be coos idl'rably rl'du.:ed
in amplitude, the amplitud e ..fhigher orde r Imrmonics Ims
bccnincrea sC'd and the abilityoflhe ear lo hea r the higher
hannoni~' s beUer, wmpounds the pmh lem (as mo, 1 r ro hk·ms
auac ked using active nuise control arc low frequ ency in
nature). One way to minimise harmonic dis tortio n i< to dri ve
thl' \rll n sdu~"t'r at power levels that arc less than 10% of the
ralro maximum and Ibis applies to lolldspca kers as well as
pjcze-electric crya al actuators. Keepin g the inr ut pow er
below 10% of the rated mllJ\imum has the added advan tage uf
l:J\lending ua n'idocer life so that in the case ofloud'jlCa hT.>.
Iivc yea rs of continuous ope ration would not be UnU!iWlI.

2, IIAIU IO :""IC I>ISTO RTI 0 1'i

Uni"ers ilyofAdc1aide is current ly wo rking 00 a dev ice thaI
does j u~t lhal and is ab le 10 be co nwllcd by an adapliv e filter
in such a way Ihallhe suspension suffuess is aUloma lically
and contm uou sly adjustable. ln practic e. the shaker reso nance
frequency must be slightly different tolhe freq uency of soun d
radiation be ing controlled or the ac tive noi se contro l sy~lem

may sulle r from stabili ty prob km s, A n inertial "dual"r
con tro lling sound Tadialioo from an irregular enclosure shell
is illmt ratcd in FigurcJ

3. DISTRIB UTE D AC I'UATORS
R~'t.'t:nt work {16J has repo rted on invest igations using large
numhel'i o facluatol1lon ~trucluresto controlsoundlransmi" i()n

throughstruClUres. Th el'l: is clll'Il'ntly spec ulation supported
by anecd ota l eviden ce Ihal if a suffici ently large numbe r of
control scarces are ucedin a f..xd forward active notserenrrol
syslem, it is nOi lou importan t lI'here lhey are placed in I~rms

of achieving a globa l reduction in some CUSI Iuncnon. That
is, it is ncr necessary 10 go through an cptimisenon process
10 optimally place the co ntrol sourc es and error scnsors. Jn
an all"mpl 10 further simplify lhe control process, Fuller
and Cameal [17J sull l;eslcd usin;!:hierarchical bin co ntrolin
which a small numhc r of sign als are scnt from an advanced ,

4. S[~II -ACT I V[ ACT UATORS
Given the dillic ulty in implemcnlinw;fully.ctive noise cOfltrol
syslems in industrial cnviro nmenls, lhcre has bccn considerabl..
inleresl in the d" ve lop mcnl of sem i·ac rive sysl ems lha t can
optimi se lhe chara eteris lies of a pa.ssivc lloisecontrn l system
Clear ly these syste ms are app rop riate lor controllin g s i n~le

or muut-t ore noise. .....here lhe wavelengt h associ aled with
Ille excitauon frequency is likely to vary Wilh lime . The

wa...ek ngrhc hange cOtlldbecaused by an excitalionfn:quenC)'
change as a result of changesin speed of the rotating machine
gene nuin g lhe noise or it co uld be caused by chan ges in the
tem perature of the en vironment through which the sound is

tra velli ng
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Figur. J. I"ertial actuator mountO<! on an irregular 
"nd(),ur~ 

2. HARMONIC DISTORTION 

3. DISTRIBUTED ACfUATORS 
Recem work [16] has reported on investigations using large 
number.;nr<lc tualon;onSlnlcturestoconlrolsound transmiss ion 

,yslem, it is not too important wht:re lh~y me pla~~<l in l~rm , 

oj" achieving a globa l reduction in some cost function. Thai 
is, it is not necessary to go through an optimisation process 
to optimally pla~e the w nlrol SOI.moe, and ~rrOT 8en,op;. In 
an allempt to furthcr simpli£}' Ihe conlrol process, Fuller 
and Carneal [17] suggested lIsing hierarchical bio control in 
which a small number of signal ~ are sent from an Hdvallc~d, 

centra lized controller and arc then distributed by local simple 
ruks to multiplc contro l actuators 

Some reccm resu lts comparing the effcctivcness ofmllllip1c 
single channel control systems vcrsus a single multi-channel 
control system attached to the same sensors And actuators 
are ~hown in Figure 4 [18]. Actuator~ to ach ieve this rc~\llt 
c[ln8isted (10 nun diamekr and 20 Inm 101lg), low_ 

100 150 200 250 300 350 400 450 500 

Frequency (Hz) 

4. SEMI-ACTIVE ACTUATORS 

thesc systems arc appropriate for controlling 
or noise. where the wavelcllgth as<;ocia lcd 
the excitation freqllcllcy is likely to vary with t ime. The 
wavelength challge could be c.~used by an excitation freqllcllcy 
chang~a8aresullofehanges inspe«lofthcrotatillgmachillc 

generating the lloi,e or it could be caused by changes in the 
temperalure of the environment through which tbe sound is 
tmvelling 
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5, ACO USTIC SENSORS FO R ACTI VE
NOI St: CO NTRO l.

mo\·"d up or down 10 Irack any chan ges in Ih~ loc~ tiun or
minimum acou slic pressure . 11own er, for a ~el1 ieal in<lllstr ial
cx hausl stac l it would be much moreprnc·tieal to adjus t the
lcwl nf water in the sump al the touom ofthe stack ~s sho wn
in Figure 6 (29]

It i ~ wellkno"nlhat u s in g acoust icpressure s.:ns"rs lopmvidc

the error signal fur an activ e noise co ntrol s~ slcTl1 has ....rnc
limitations, ind lld ing Ihc generation ofa vcry largc noise
re<luctioll within 1/ 10 of a wuvel~nKlh of lhe s" n....r hut "ut
much reduction at othe r loc~ l ion s (unless the aClive comro !
nn i SC 50lI rL'l,1i seloseen"u~h1l>thCl'rimary sourcclvph}s icall y

affect its suulld radi" tionahililyl . Wh"nmielt)ph"ncsarcust;:<.!

Fllture 5. [ xhau, t
stllek with an
a<ljllstable sh,,,,e h'
minimise ti,e nuise
radiat<:dfrom the tOIl'
,,[ the , la,'k

rlf:.~6.hhaust >lao:k

showing l means of
adjuSling lhc cffecli",
lrngth by pumping
w~ler ,nlo ~nd uut
of asUlnp. BJocb I
and 2 rcprcscDl "' 11,..

When a Helmho ltz rc....mator is used to control a frequenc y
vary ing tonal noise propagating along a d uct, the resonanc e
frequen cy or rj e reso natoe cee bc varied by varying lite

reson ato r volume. nec k length or nec k diame ter. In prac tice .
it is easiest to vary the resonator volu me and many ideas ha "e
been patcnted fnr dning this [19-22]. Although a num bcr of
sc heln('!;have~n Jl<lte n ted fo r varyingthe necklenglh [ 23 ]

or cross sed ional arca [24, 25]wooth [26], thesearegenerally
Invre <Iitli cult to implcmenl in practice. T he volume va riations
e'l.I1hca<;lticvc<l by con lmlli ngad,e.motororsleppermolor
which drives a lead screw atta ched 10 a plungcr or sim ilar
<Ieviec. Neck Ienglh variations can be ach ieved by using a
sleeve inside the neck and a motor to extend the sleeve intoth e
resonator volum e or into the existing neck [23]. As the sleeve

ex tend s into the resonato r volume. the effective neck length
beCOl1lCS longer and the resonator volume reduces slightly

Notc that for best resulls, the Hchnhnltz rcsona ror nccds
to be mounlcd ala locai ion in the duct wherethere is a sound
pressur-: maximum . Thi s implies thaI the range of spocd
variation or frequency varia lion in Ihe tone tv bc eontm llcd
should nol bc more lh'lIl aho ul20" lo on either si<lc oflhe ccntre
frc<jllem:y.'

I fascm i-acti " c l l e lmh lllll re~lllJtllr is lo bcconltllerc ia li s.ed,

it woulo.J bcdesirahlet< ,marketi s as 3 !>Clf cou ta ine,J unu.That
means that it may " 01 be desira ble to minimise the sig nal from

ap;lTt icu lar ""n"Jf. ll rnay"eTl<.'Ccssal)'toma , imi s~ thc: sig"a'

from a "'Il!;or inlh~ reson alor or even dri\ 'e the rntio of two
signa ls Of thc: pha-e boetwccn two sig na ls to a prc -delenn ined
va lue Ihal would corres pond to m inimum sound po wer
trausmi"itlll dow n t he duc t. Th is latter app roach is refe rred 10
as medelreference control j j t ].

Tonal ooiscrad iating from thc ope n end of' a duct cen be
~'OIl\tOllcd by "al} ing the dllCt length . It is well known that
when a 'lOUree loclltcd i n a duct , ~ncrntc' tona l wund lll the

reso nance Ircqucncy of thc duel, the sound radialoo from the
end of thc duct can vllry uthc duCllempera turechangcs.
This is because Ihc cllanges in temperat ure cause II change in
wa"c k ngth of tho:bOUU,J propag aling alung meduct and lhi,
caU'CS the di ffefeu~..., he twee'1 the cxc itatiun Ireqoency and
tho:closeSld uct'o llgitnd ina l resonance frc<juency to "' 1)', As
Ihc exeita tinn fre<jucocy approochn , 'un gilud inal res...neece
freq uency, the level vf r.....iakd .o und inc.o:a'CS. F{>ra Iyp-iea l
iooustrial exhaus1 .ta~k, lhe variat i...n in ,,>Und pm"':r rad iatcd
frum the end ofl he . I.:IC" Can b<:het"'ccn 10 altd 15 dB. Thu.'
it is pussiblelu minimi..et hc tonal so urtd rad iale<lfnHllt he end
of a duct b~ contro lling II>cduct leng th. This may be ach ie ~ed

by attaching an adjusteble slcev c to the oU15i<leuf lhe <Iuctand
moving it up and do wn wuh a stepper muter, Thi . h...s be-cn
de monstrated and proven tc bc effective on a lahu ralory sca le

test rig (see Figure S) I2HI.
The muto r used to dr ive the sleeve was driven by a PLC

under the control of a vel)' simple algorithm . Initially, the
slee~e i s dri ve n lO lhe hotl\lm of i l> t rd vt! , It is then ad vanced
slow ly upwards tot he other extcnrofns travt!and the location
of minimum nn s acouslic pressure is recu nk d In practic e. a
narrow band filler is used 10 ensure that onl y the IUlIal noise
is cons idered in the rms press ure signal. The sleeve is then
drive n 10 lhe minimum location. Per iodicall y the bk evc is
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can be achieved by controlling a d.c. motor or ste pper motor 
which drives a lead screw attached to a plunger or similar 
device. Neck length variat ions can be achieved by using a 
,leeve in,ide the neck and a motor to "xt~nd lh~ slt:eve into th~ 

end of the ~an vary a, duct temper~ture changes 
Thi~ i, hecaulle the changes in t~mperatufC' cause a change in 
wavelength oj" the ,ound pr<.>pagating alung lhe duct and lhi, 
causes the dincrcn~~ ktw~~" the cx~il:lti on and 
thc closest duct longitudinal 
thc cxcitntion freq uency npproachcs a 
ffC'qucncy. the level ofradiatcd sound inc1"C.1scs. Fora typica l 
industrial exhaust stack, the variation in sound pO""cr ractialcd 
fr<.>m the c~d of the stack can be between 10 and 15 dU. ThllS 

IIndcr the control of a very simple algorithm. 
sleeve is driven to the bottom of its travel. It is then advanced 
slowly upwards to the other extent ofils travel and the location 
ufminimum rms acoustic pressure is recorded. In practice. a 
narrow band fi lter is used to ensure that only the tona l noise 
is c<ln~itler~d in The sleev~ ;, th~n 
dri ven lO lhtlminimum 
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in figurc 6 [29]. 

5. ACOUSTIC SENSORS FOR ACnVE 
NOISE CONTROL 



as error sensors , the pressure gra.Jient in the v ie in i ty of1h~ l:rror

sensor in thecontrolled sound field can b<:quite large, which is

asubjcctiv"prob leDl - listl:ners just nl:~-d tomove thc i r h"ad a

small amount and the noise level wi ll vary by a large amo unt.

Th is prob lem is exace rbated i f the numbe r of error sensors is
equ al to or less than tlk: numbe r of contro l sourc cs.Td eally,
there !JIouldhc twice as many error sensors as con trol sources
Anuther way of redltCing tho:pressu re g..au icnt prohlcm is to
meas ure it and inclt><lcit in the obj....."1ive func tion that is be ing
minimiscd by the con trol system . Sensors that se nse both the
ltCul.r; tic pres surc and its gradient are referred to as ene rgy
den sity senso rs, One such comme rcially avai lable sensor is

iIIustl'3ted in Fig urc 7. A dcsc riptiOf\Qf its use as a J Dsound
intemity prolx may be found in [JO],

f~u~ 7. Optical, C1ICrgy denS Ity "c,,, ,,,. manufaetured try
I'hone-Or L,d (lMXI)

6. VIRTUALS ENSI:\G
.0\ significa nt disadva ntage of usi ng physic al sensors at the

locationofthc so und field minimum is that thc grcatC'Sloo isc
reduction is achievab le right attbe senso r. which makes il
difficul1 for the pe rson . at whom con tro l is aimed, to have their
...ar in the same location . Attemp ts to so lve this problem have
given rise to a woole ncw di'ICiplin..., Althuug h anumbel-of
variations have bel:n pubhshed, thereare thTffbasicmdhods
for impleme nting a virtual senso r. The lirst involves putting an
aClUalphysica l sen sor atthe virtual loca tion w hereit is desired

to min imise the sou nd field, prior to full implemen tation of
the contro l system . Transfer funct ions be twee n thc temporary
microphon c atthc virrua l location and Ihe pe rma nent physical
mieropho ncs at some distancc from the,'irtua l location are then
measUTed furbo lthth e primary sound flcld and the wntn:>l1ing
sound field . The ph ysical microphone is then removed from
the virtua l location and the control syste m started. During

controlle r op eration, the trans fer fun ction s measured during
initialisation arc used to adjus t the cnntrnl algorithm so it
can use error signals from the actua l physical m icruph onc:sto
minim ise lhe so und tiel,J at the virtual locat ion. O f co urse the
precedin g descript ion can hc extend ed to app ly to man y more

than one virtuallocation
The sec ond means of implementing a virtua l scnwr

consists of measuring the pressure gradient at the remote
p" nn unent micro pboncs undrhen extrapolating this gradie nt
quadra ticall y or linea rly to estimate th~ so und field at the
virtua l locat ion

Acous ties Australia

T he third l1>t'lhod again involves plac ing a temporary

physical micro phone at the virtual location and then uses an
adaptive algori thm to adj ust the con tributions from each ofa

numberofremotc microphon es so lh3t lheresultingcombincd
signal malch.:;; the sign al from the virtual loca tion when

ex pose d 10 the pr imary sound field

The abov e three methods and a number of variations
are descr ibed in more de tai l in [13J, [3 1] and [32] and the

thco rctical limilations to theaccuracyof virtua l sensingin a
rand om sound field is discu~'Cd byPetersen et a l [JJ].

7, VIBRATIO:"l SENSO RS
In many cases where it is necessary to devd up a CODlp:tl:t

active noise control syste m to reduce sound radiation from a
vibrating stTUcture, it is not pract ical tn insert aco ust ic SCOSOfS
in the su rrounding sound lid ,l ln these cases il is des irable

to he able to use vibra tion senso rs on the structere to contro l

the sound radiat iun.This is "u t as simple lis it may al liN

S<."Cm. because reducing the ove rall vibration level in a planar
stru cture may not reduce the sou nd mdiatiun. T his is because

although normal vibration mod es on a structu re are ortho gonal
in iermsof struc tura l vihration. thcy are not orthog ona l in tenn s

of sou nd radiation . This means that reducing lhe vibmuon
l"vel ofUrle or a numbl' r of modes ", ill not neccs""ri ly reduce
the ove rall sou nd radia tion. There arc two ways ofo vereoming

this pru blem. The fi~t (J 4J involves de veluping a sensing

sys tem that transforms the mode s IhJI are sensed so th" t they
are Qrthogo na l in term s of sound rad iatiQn but nOI in temt ,

of stTUetural vibmtio n,solhat reducin g any one uu tput uf the
sen,ing system w ill automatically reducethe rad i"t~-d sou nd ,

So:nsingsystcmswoulJ t>l'ically use lcce l,'ro me tersor pic;{o­
c1cctricpatcbe, as \"ibrationsensingclcmcnLs

The second w·ay of o. ·ereom ing the sen sinl! pmblem is

to use mod el n:ferc nccClI ntro l (27]. In thi, case, the sensing

sy~tcmisinitialiSl"dusinl: ph) sical micn'rhnlles loel tcdsuch
that whe n their signals lire minim ised , the radiated w und

field is minimiso.-d. This is achieved using a feedfo rward
adapli ' "eeon trol system , Theoutpu tsfn.m lheal'ceknllneICf"
moun ted on thc vibn ting stntclUre, COITe"fl'.ooing 10 the
mioimum 'illllndfie1d .are tbcn recordedand duringurcrJtiu n

of the con trol syst ffll, tbe p/lys ical microphol1("S are removed
and their inputs 10 the co nlrol sys tem are replaced with the
aceelerom~1er signals. A new co ntrol algnritbm is then u,,~d

that attemp ts to drive the accekn.mcte r signa ls to those lhat

were reoordcd du ring initialis..l tion WhC11 the microp hone
sign als were used to minimise the radiate d sound field .

8. CO:\C LUS)ONS
Scns\ll1ia noJl\f;tuatu~are i mP<.JrtanteQl'llponents Qfanyactive

no ise control system and tbe ir cos t often rnhjbhs co mmerci al

appli ea lionsofthc k'Chnology. lt has bo........ shown that there

arC I numbe r o fscns<lr and actuator choices and even the
po len l;al to develup wry low cost de vice s. HowevCf, il seems

thaI mass market applications of 3Clive no ise co ntrol will
have to be found before the low' cos t pllssibilities will be fully

deve loped .
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a, ClTI)r ,~n~ors.lh~ p",ssur~ gradient inlh ~ vic i n ityofth ~ error 
>~nsor in th~ con tr<)ll ~d sound field can be qui te large, which is 
a s ubj ~clive problem -listeners just need to move their head a 
small amount and the noise level will vary by a largc amount. 
This problem is cxacerbated iflhc number of error sensors is 
equa l to or less than the ou",lxr of contro l so u r~c~ . Ideally, 
thcre should be twicc as m~ny ~lTI)r wnsors a~ control SOllITeS 
Anoth~r way of reducing the pl'<:>sure gF .. dienl problem is III 
meaSllre it ~m! include it in the objective function that is be ing 
mi nimised by thc control systcm. Sensors that sense both the 
acoustic pressure and its gradient arc referred to as encrgy 
density sensors. Onc such commercially avai lable SeOSOr is 7. VIBRATION SENSORS 
illustrated in Figure 7. A de>cri pli<Jn o f il> UMl a, a 3D ,,,und 
imensily probc may be fOl.llld in [30] 

Fig"re 7. Opt;,",J, ~ncrg)' dc']],il)' "'tlSOf manufactured b)' 
l'honc-Or Ltd (Israel ) 

6. VIRTUAL SENSING 
A signiticant disadvantage of using physical sensors at the 
location of the sound field minimum is that the grcatestno isc 
red uction is achievable right al thc scnsor, which makes it 
difficu lt for the person, at whom controJ is aimed, to have their 
ear in the same location. Attempts to solve this problem havc 
given rise to a whole new t!i,~iplinc. Although a numkr o j 
variation> have !Jt,~TI publ i~ he<J, theft' ar~ lhree b~,ic method~ 

for impkm.:n ting a virtual ,ensor. The fil'i t involw!; pulling ~11 
actual phys ical seo>or at the virtual location where it is desired 
to min imisc the smmd implementation of 

measured l'or both lhu primary ,ound ficld and th~ <-,ontro lli nB 
~ound fi dd. Th~ phy ~ica l micnJphone is then removed ji-om 
the virt u~] location and tbe control system ,Inned. D\Lri ng 
COll1roUer operation. tbe transfer functio ns measured during 
initialisation are used to the control 

preceding description can be cxt<;ndcd to ~ppl)' to many m<>T~ 
than One virtual loc.ation 

The second m~an8 of impltmtnting a v inu~l sensor 
cOllsists of measuring the pre>s '!re gracl itot at the remOTe 
pennanent microphone> and then c' trapolating this gradient 
quadraticaJly or linearly to estimate the sound field at the 
I' irruallocation 

to hi: able \() u>e vibration sensors on the structure to control 

although nonn~l vibration modes on a structure are orthogonal 
in tenns ofs truetura l vibration. they arc 001 orthogonal in tern,s 
of sound radiation. 'Ibis means Ihal reduc ing the vibratioll 
levd or one or a numkr of modes will not nec~''''ri l y reduce 

~daplive control syskm. The outputs frum the accd eromelers 
mounted on the vibmting stmcmre. corresponding to Ihe 
minimum sounli field. are thell recorded aud during operation 

rn i ~wphoncs ar~ r~mo\'~t! 

and their inputs systc m are rep laced with Ihe 
acce lerometer signals. A n<lW control algorithm i, then u>cd 
that attempts to drive the aCCelefOmeter signals 10 those that 
werc recorded during in itialisation when the microphone 
signals WeTl: used to minimise Ihc radialcd sound tield 

8. CONCLUSIONS 

polential to de velop very low cost devices. Ho\\-'eyer. it seems 
that mass market applica tions of active noise cnntrvl will 
have to be found before the low COSl poss.i bilities will be fully 
developed. 
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A REV IEW OF ACTIVE CONT ROL APPLIED TO
PLATES AND CYLINDERS
Nicole KCll~ issu~luu

s.: h "" I "r Mr( h~ nlu l ..nd l\lan uraClu"nl: " "I:ln...,ring
T he l lni'·c....Uy "r "'ow S" Mlh W. leo, S~'d n(y. lO~2

This r.~r presents :>dapt;'·. t"" dli',",,'ard a, tin control applied to . imple structures com". ;.w uf ""a m, plalc and <-ylintlric" l elements
For each . y. tem "n<!er c,m , ide ral;un, by initially oolllinin;: a good un<lerstandi ll~ nrlh( phy,j"~ ,,rlhc .trucluml .oo '("">l ie ""pon.o;c.
tl>eacti...( cnnlrul application can bc tll"cd to impw vc lhe cOn1rol pc, fomlO"CC. 1n l"' rt icular,t hc """ ,,r acl;vc OIru<tunli acoo, \ic con trol to
allcnuJt. the,lru.:lurolly r.>diated ...,,,,..Jt ic ld. i. in...cstigate'd

IJ\TROl) UCT IOi\
Sour>d r.ooJial i'H1 room dislribt'lc'U ...ibrlll;"g suucturcs is II
conti n...... ' prob lem in lra nsportat iUl\ and other industri es
Allow frequencies . passive cenrrol jechniques provide a

poor redul1inn in st ruct ura l dynamic Tl'spon<;('~. promot ing
ecnve co ntrol as a mo re attrec nve Solulion, A no w ! approac h

tn octh 'e1y aUenuale tho:~lrtKtuf1dly radia ted sound fields is

to direc tly mod ify the SUUCtur~ 1 re'Sponsc . Th is is achi eved

by adding control inputs to the structure . Thc acou stic cos t
funct ion i~ lypically ba""d on II globa l mClIliUTCsuch as the

mdiat...d so und powe r. or the local sound pressure. Th is
co ntro l techniq ue i, known as acuve structu ral aco ustic

conlrol (AS AC).

Previous w"l k on acnv e ccn trclof sou nd radiating from
slmetlln:s h;,s mainly dealt wilh homog cneOlls slruC1ures such

as beams t fturdis so and Ful ler. 1992) and plates (Funer et al.•

1'19 1; Wang '>/<ll.. 199 1; I'an "/ <ll., 1992). Using actuator and
s<:nSflr medm nisms u ssocia t~>d wilh smart struc tures. ASAC
stmtcgies have bee n applied lIIilising piezoelectric mat~rial s

as both the structu ral actuator and error sensor (C lark and

Fulle r. 1992 ). This ASAC strategy. where the structure is

~'qui l'flCdwithasen<;(}f"bon"cd lo th e s u rface . ean be rractica l

inC8..cs whcn thc usc of 'K'Oustie S()urccs such as miem phoncs

orhydn>phoncs loca ted in thc surrounding fl uid may not bc
prao.:lical( fol example. in the case to aclively suppress tbe
c'lema lly ra<!iat~..r so und field from a submarin e). It is

imp" na nt lo no te howe ver lhal when using struc tural erro r

scn~inan ASAC applielit ion.il is n«essary to have an

efficient des ign proced ure and good a ~ivri knowk tl t:C vf
the ~l ruclure-acoust ic co upling, due to the inability of the

slrtKlUral sen'lOrs lo dire<.1 Iy measun>theacous lie ""ponsc
ASAC tt'Chn iques have also beenemployed to attenua te

the suu cturc-bomc so und fidds gcnlT~ted by subsonic ....ave
,..;altt:r ;ng at a suuctu ral diSCOfllinuity, wh ich may be: a
hOllndary (Gui gou and Fullcr.I 99 3), a lincdiscontinuity (Gu
and Fuller, 1'191 ) or II beam-stiffened plate (Kessissoglou
and Pan , 19'111). In these cases , it has bee n sho ....n Ihal wh;l' l
the influenc e of llexu ral near-ficld ....aves-generated due 10

Ihe preSCllcc vf a struClUral discontin uity can bc neglceted in

terms of the dy namic response . they sign ificant ly contrib ute
III thc far-tidd Mructurnlly radiated sound

WhikmostASAC system,are designcdu , in g feed foTward
con trol tl'Chniques. act ive control of the radiarc d oeund
press ur e fm m a sitnplysuppon e<l pla te has been inves tigated
usi ng feedbac k contro l (Meirovuc h and Thangjith am. 1990). A
good review of ASAC a p pl i~>d 10 plat....sys tems and cylindrical
strucnrresis given by f ulier t" ui. ( 19% ). This pepcr reviews
the usc of ac tivc vihration con trol (AVC ) and activ estruC1ural
acou stic con tro l (ASAC) based on II con ventio na l adaptiv e
fccdforwa rd lllgo rithm.toll.'Specli, cly atlen uate tbe stroc tural
and acousnc 1e!lp<1fl"':SI';.'\t>cilltcd with a beam-stiffe ned plate
and a cy linde r subm erged in a l1uid

U \, ERVIl::W Of' "U;\I" I' I\,[ FI-:Io:UF'ORWARD
ACTIVF.CONTROL
The objcet ivc offccd forwa rd contm l is to prod ucc:a se-condary
disrurbllnce lo a systcm that ellnce!s the d l",-1 ufa prim ary
distur bllncc at the k>cation o f an crror sensor, Ada ptive

fccdforward active co ntrol is ctfcctivc in siruatio ns of' tona l
noise and wfl<,n a reference signal w<n' laled III tbc primary
disturbance is ava ilable. Th is sign al is passed throu gh an
adapti ve filler. as sho wn in Fig. I . ....here the OtI1pUt of tbe
adapt ive filter is apl' hed 10 the physical sy" tem by seoon dary
S<lUrccs. Th..,fillcr coc l1ieients arc adllpted in sueh a way that
the erro r s i gn~ 1 er one Dr more critical pcims is minim ised.

l'i~'Il~ l. Block diall-nm of an adapli"" tew f" rwan! (" ntrol
J)'''em(WidrowandSteams,1 9H$)

l oca l control is ach ie~l>d a.~ there is no guara ntee thar
lhe: rcsponse is reduced al an ~ vtho:r localions oth"" than lhe
error sensor. Unless the respo nse is dom inated by a sing le
mod e. there are l" cations ...here the Iota!~<.c r nay be
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INTRODUCTION 
Sound radiation from distributed vibrating structures is a 
continuous problem in lransporlallon and other industries 
At low frequencies, control techniques provide a 
poor redudion in dynamic responses, promoting 
active control as a more attractive solution. A novel approach 
to actively attenuate the structurally radiated sound fields is 

10 directly modify the strucluml 

by adding control inputs to the 
funclion is typically based on a global measure such as ihe 

radiated sound power, or the local sound pressure. This 
control technique is known as active structural acoustic 
control (ASAC). 

Previous work on active control of sound radiating from 
struclures has mainly dealt with homogeneous structures such 
as beams (Burdisso and Fuller, 1992) and platcs (Fuller e/ al., 

1991; Wang etal., 1991; Panetal., 1992). Using actuator and 
sensor mechanisms associated wilh smarl structures, ASAC 
strategies have bccn applied utilising piezoelectric materials 

boih the structural actuator and ern" sensor (Clark and 
Fuller, 1992). This ASAC strategy, where thc structure i, 
equipped with a sensor bonded to the surface, can be practical 
in cases when the usc cfacoustic sources such as microphone, 
or hydrophones locatcd in the surrounding fluid may not be 
practical (for example, in the case to actively suppress the 
externally radiated sound field from a submarine). It is 
important to note however that when using structural error 
seminr, in an ASAC application, il is necessary to have an 
efficient design procednre and good a priori knowledge of 
the structure-aCOlUStic coupling, due to the inability of the 
structural sensors to directly mea.~ure lhe acoustic response 

ASAC techniques have also been employed to attenuate 
the struclure-bom~ sound fields generated by subsonic wave 
scattering at a structural discontinuity, which may be a 
boundary (Ouigou and Fuller, 1993), a line discontinuity (00 
and Fuller, 1991) or a beam-stilTimed plate (Kessissoglou 
and Pan, 1998). In thcse cases, it has been shown that whilst 
the intluence of flexural near-field waves genemted due to 

the presence of a stmctlUal discontinuity can be neglected in 
terms of the dynamic response, they significantly contribute 
to the far-field structum1iy radiated ~ound. 

Acoustics Australia 

WhilemostASACsystemsaredesignedusingfeedforward 
control techniques, active conlrol of the radiated sound 
pressure from a ,imply supported plate ha, been invcstigated 
using feedback control (Meirovitch and TIlat1gjitham, 1990). A 
good review of ASAC applied to plate systems and cylindrical 
structures is given by Fuller e/ al. (1996). This pap~r revie"vs 
the use of activc vibration control (AVC) and active structuml 
acoustic control (ASAC) based 01.1 a conventional adaptive 
feedforward algorithm, tu respectively attenuate the structural 
and acoustic responses associated with a hearn-stiffened plate 
and a cylinder submerged in a fluid. 

OVERVIEW OF ADAPTIVE FEEDFORWARD 
ACTIVE CONTROL 
The objective offeedforward control is to produce a secondary 
disturbance to a ,ystem that cancels the elled of a primary 
disturbance at the location of an error sensor. Adaptive 
feedforward active control is effective in situations of tonal 
nni,~ and when a reference signal correlated to the primary 
disrurbance is available. This signal is passed through an 
adaptive filter, as shown in Fig. I, where the output of the 
adaptive Jiller is applied to the phy,ical system by secondary 
sources. The filter coefficicnts arc adapted in such a way that 
the error signal at one or more critieal points is minimised. 

Flgure I. Block diqram ofan adaptiVe feedfOlward control 
system (Widrow and S!enms, 1985). 

Local control is achieved as ther~ is no guarantee that 
thc rcsponse is reduced at any other locations other than the 
error sensor. Unless the response is dominated by a. single 
mode, there are locations where the total response may be 
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noInecnsarilycqlUl. lfthe ....."1'e1.'P!S0ftheincidenl ...l.e'lIl
lhc )"""Uisequalslbc naturalllnvra.t ....a,.: lengt!l of tbe hcoom
... shentonin Fig. J. then opcimallkl\un.1trace " I ve INIChing
oocun (fln\lf1l1 coincidence) Similarly. if A, rnatchn the
natlltl l torsional "' I velength or the beam l.l.,"'.l./sin,, - .l..,l.
the n optima l ......."0: "''''-C mal,·hing~ beeween lhe pl.ce
Ile xural ws ves and the beam lorsional "". " n (",",iona l
co incidence). II isatlhcloC coincidence condit i" ra; I....I ~
greates t coupling between lhc plale and beam m<>Iion occurs,
resulti ng in the "",,~ imum ua nsmissionof the flexura l .....ve
mot ion Ihmui;h Ihc f\"inr"rcin g beam. Since the plnle Dnd
bcam flexuralwevenumbcrs vary ....ilhfrcqncncy inlhe samc
way,lhe IIcu ral roi ncidcnceeondilioo bec omes frequency
independen t and occurs for . single angle " r ind ik nce

:~11~~i:~(%~2~n:e I:"::~~~::'::. ~'~~~ :~
....hich lhis euincilknc e e" nd ition OCCllrsincre. sn .. ilhlhc
corresp" ndingeoinci<k: m... rrequency (rp=i in 'l" / 4 II

Th.: ch.arackri,ti\"' ''flhc ltan~mil1ion of thepfalefle~ llral
W1II.·cs throughtho:~nfilfein~ beam are sho....nin Fill. 4 for
a ffCQ\ICrocy range up to 2000 Hz and for . relenntrange
or angles of the mcidmt ..... ves from 0" to 20". The be-..rn­
Miffcocd plale h» IN h,na l JlfOPCI1leS of a lwnlO1<lm. wilh a
strv<:tlP-llou rao.>tur orO .OOI. " late Itticknns or 1.6 nwn. and
beams or both wldlh and height o f 2Omm. The 1l1~ (If the
beams h.a.1beendlo!Ien 10 I rea11y elUlggtQloL' the coincldmce
c:oodi tions. F;~4..n.-'1 Ih.atthenel\uraleoincidrnce

condibonoccllrs ror. singleincidenlanglcCOff'L'SPOOdlflgto
".:OIl.S~ ror chi. beIorn.pl. le mode l. Allonional coincidence .
theanglcofincidenceincrea..;n ...·ithfrcqucncy

(3)

'"

amplified, Using thccon, emiooal ada[lli'e fecdforv.·ard lca~t

mea n M/IllI~ (LMSJ.lgori thm (Ful....'l'1 uI.• 1996 ), the opt imal
control force is obta ined io .. hat follo" l . LeI the prilJl<1ry
. tru<;lural response (such as the fln unl di"pl...:cmc."Tl1 ofa
beam or plate) be deeoeed by "'ril l. l his can a lkn.be ...ril....n
In tern" of lhe prodUL1.of the Systclll lra05f,... furu.1.1OIlGrand
lho:: prinl.ill')'di~lurbing force f "; lhal il . ~r( . r-fPrU). When
aCOl'l1ro1pomt fon:cofarr. rli tU<leF.apr h"odal I position 1, 00
the system.thcso:wndarystruclur:dn.:sfJOflXelUlben~

... W,11F F,G ,(1). .,.b..'l'C G. is the..econduy lransfa funclion­
llIClot.oll'C'SJ'Ollscatsomepoint .canbeohtainedbyadding
the ..uuetural rnponses induad by !he primary diswrt.1II%
and the ron trol fon:c '

A VaflCt)" of cOS! functions can be dC'o'el"p'd deJlcnd ,n!! on
the rnponloC: to be minimi~; 1he5e CO!>1 functions rnl)' be
lhe ""Iuared dl~ement or accemllOl'1. kim1ic nlCfgy.

tran,,"illedpo"'C'I", mo:an Sl.l lllre~nd~ure,OU1.(}f-plane

' -CklCi1y. <1C. U~ i ng the squared ernJf ~nsor output at I
l 'lC.l io:lIll, al lhc COSl fu no;t i<lIl lo be m i nimi~ a qu;adn.. ic
funclKIIl el pmsion in 1C1T1l1 of the complcl con trol force
.mp tiHldeis llhtainedas·

J -w"'("~.J .f:·AF. + J-;"R t F, H' t C (2)

....here thc asierisk. · dcnoleslllCe"rnpl cx conj ul,:ate. and

:~~'a~"L~~~r~(g:~t~~~~'~~~.6 'C(~tr:~cf::::P:~~
rDIlII.in lheminimisalion"f lheC(l!;l.runclioocan beobtamC'l1
try d,lTo=ntu.ling the ooo.t rUl...;t"1Il ....iltt respect Iu the f\"aland
imagm....y componcnts ofthecootrol fort'C(Fuller"aI",I9%~

Thc opumal con trol fOfl:Ccom:spon<k lO lhc force ul llC...'hen
both deriva li\.'fSare rt:rO, lhal IdJ'tf-.,.rO.and(i'J1i'F_'HJ
Thc"f'l ,m..l n>nlrol ~ CI", then be ohull ned as

.' \ 'C of ' '"' .va. t tra n•.,io.. iool•• ri ......l;rJtn fllpl .,t

lkam shlTenc:d p/a1C'1 arc cornnxonl)' found m ~IJ' hlilk.
.ireraftJlndma.chinecasinjl.. The transm issio:onur pl. lCflexwal
..... VL'$ throug,ba reinrorcing bC'JIm is related I"theeouplin~

bet...<...'1lthc plalet1e~ural ..... vnandthe flel\ura l.nd lo"lnional
.....vcs in the bL'am. hJf an infinite beam -lI iffmcd plalc, lhe
muimum fluur.1 ....ave transmissio n occurs oil the OflIimal
tla<.:e ....ave mal.:h inghet ....ccn lhe flexural ....aves in the pl.ate
and the flexural aod l<mi"nal ....av"'" in the beam , ThCM:are
described as llc l\uno.l and lursiona l ('<,inciJ.."ttN' n ", J ilimlS,
rcsrcc'ivcly. The coinc idence condit ioni.rc lkpo:ndclll on
lhc . ngle or incidence " of the llcl\llral plane ....ave II ~

propagating in thc ......,. planc in plale I and impinllinll on lhc

beam bounda ry, l1.ho...n in Fig. 2.
The relillionship between lhe "' . "\'1lumber " and the

....avelengt h .l. tk-2:tI.l.) al1o....s the e l\planat ion nf the
coillCllkn\-c ron dition.l. The ptcnc ....ave in plale I al a
rrCQlICDC)'... has ....avclength.l.". ....hilc ll'lc ...avelenll lhaf lhe
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~ " 
====;Lv~= 1L, 

plate 1 b~dffi pidte 2 

(l<".,lOn.ll 
comCldence). It IS althesc ooincidelK" c,'ndllioll' thm Ilh' 
greatest ooupling belwt:en the plate and b~.l·n m"tl()]] "C~·"'. 
resulting in the maximum transmlssi"'l 01 lht' Ik\Ul~1 ",l\, 
motion through the remiorcing bealtl the pLne ",ll 
beam flexural wavemunbcrs vary wit1 tre'lli.'nn )]] liw ,,"n~ 

tile flexural coincidence condith"> b~C()l"'Je' Iltqll~lICy 

and OC<'llr, 1m a ~lI1gle angle of incidence 
Th~ tur'lOnal coincidence condition is 

-), 

FJgure3 ()pllm"llLace"Wd~"mJtchlllglxtwccnlhcplalCan,1 

k"mll""",,]v,.,,_ 



~~"'-i '"
M'.~
OM

FreqllelKY(Hz)

Fi[CUre 4, f le' urn!'.'"'''I......... i5. i<>n inrlme 2 . h<woins
flu ur4I md l<!.,;ionalco incidc'''''''''

An array of point comrol forces are aJlfllied alnng lhc lengt h of
the beam 10 excite flexural motion. and an: equally diMrioo"..d
by a distance A (Kessi!>.'>Oglou & 1'3n. I997) . Similarl}'. l'oinl
wn1ro l momentscallbcappl icdIIl C)\citc ~iol\lll lTlOlioninlhc

beam, The error sensors an: located in the far fickl uf plate 2.
Undcr planc wa\'e propagal ioll. lhc conlro l ful\:~... ..rc "rTan~

10 have the N1ntC magnitudes and prefixed pha~. u f....kl.. ~

f :' =F.e" " , II _ _ N ,...,N (4 )

For allen uali(Jn of the flexura l wave transmission due 10
llexural cnincidcnce,th e phases ol' lhe poinl cont rol lilrces can
be arrange d I" ha~c the sum", sp;lhal phase variat ion In that
of the prima ry flexural waves in the beam . The phases ofthe
comro t forces become

(S,

.. hercA-(J.)).,. II should be noted ibm this arra ngement is
similar 10 the t>iolugieally inspired control strategy, where a
group of actuators an: ennn.:c led lOgo:t!k:r wilh certa in phase
and amplitude relationship, and oo ly (lne co ntrol signal is
needed to drive them (ClImea l and Fuller, 1995). Under
pl..intmomenl eonlrol , lhc l' ha,,-.,.o f thc coo trol m\lrIlenls an:
arranged 10 bc f.-t,nA whc~ A~O_5'-r Tho: displaeo:ment
at lhc error ""onsm lncal ion. in the far. r...ldof plate 2 is the
superpos ition of the primary lran.m iucd whes and seconda ry
flexural ", a ~cs gen~'rdlcd by lhe conlrol forces. lbe cost
function to be minimi,,--d is th"' ''''luarcd tocalplate l1exural
d; ~rla~m",nlallhc ermr'iCnSOl location ,,-." lO}>,and a\·eraged

at M di.....n:tcluealiunsalong1.hc"....Jin....1 ion
Figur", 5 , huws Ih", l1",xural "'a~e anc nuano n leve l at the

",rrur s",n,n r loealiuns(x.= IO}.•land fm 40 ldiscrelc.'localions
alunll lh",y-J in.'(;tinn correspo nding to tile range (- 2..., ,2;').
h llminatiunofareln antranllcforthe incidcn t anglefrom if
t,, 20° at cxcua tlon frequcncics of' Stkl Hz and 1000 Hz show.
that sil:1nilieallt attenuation of around 14 dB has been achieved
at the flexural coincidence angle ol"qo."'11.5°. The level of
attenuation at buth frequencies is the same. Due to the nature
of the arrengedcomrot force excitation, the radi ated secondary

"DO~ "
~. "] 10

8 •
g o
~ .
< ,

00 , 10 : , 20 n
", (degrees)

fil!"utl: S. Allcnuation levels nf lhefl",sural w. "c tmnsmission
al escillliion freq""nd es of 500 II, (solid line j a"d 1000 HI
(Mshcd hnc) using pointcontrol forccs

"CO~ "
... lOr

] .~

! :
,
0 0 ', 10 ; , 110 :IS

,, (degre es)

Figutl: 6. Norrn. lisc<lm. gnitudc of lhe oplillll l oontrul forcc
at 500 ll , (solid line) and 1000 HI (d.. h.,.Jhnc)

~:[]~I; i\:

\ ,i ~ . . " " "
¢ (degrees)

Fij!:ure 7. Altl;tlUa1i" n k....clsur lhe flu u,.l " .'·Clrdnsmi. ,itm
alncilillion f"..'l ..........ie."rSOO lb(.olidli .....j and 1000H z
(dash.,.Jlincj ... ingl"'inl,vnlrol nlumcnl.

flexura l wa ves ha ~e 1"-..... 5f"'lial phbC corre lation Wilh the
tran, milled primary waw s away from the l1exural coincidence
angle. which results in poor attenu. t i"n. 1I" " ·c,",,,r. away
f...'m tile ",,, incidence eo ndition. the beam it....lf acts as an
effecu ....e pa"'!ii"'" altcnuali"n dc" ic",. Cha n!;in!; lhe frequency
orc,c i lation h~ llOclr~'(;I "n lhc a1tcnualion lc"eIOl'"l he angle

at which allenu. li" n is achic\ o:d.a, the Oe>.urdl c" i......ide........
co ndilioni s indcrc ndcnlof fn:quellCx
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Frcqu~ncy(Hz) 

Figure 4. Flexural wavo lransmi"ion in plate 2 showing 
fl~xuml"ndtor,ionalcoincirl.n"es 

An array of point control forces are applied along the length of 
the beaJ1\wexcirc flexural motion. and are equallydiSlIiblltcd 
by a dismnce ~ (Kessissoglou & Pan, 1997) . Simi larly, point 
control moments can be applied 10 excite toC';ional molion in the 
beam. The elTOr scnsors are located i~ [he far fiel d of plate 2 
Un<kr plane wlIve propagation, th~ conlnll filT~~'" arc ~lTJlI1gcd 
to h~v~ [he sa"", m~gnitud~s and ]lTt'fix~d pha>es 3-< folIQ",,,, 

i'~' =F,,,,iio., n= - N , ... ,N (4) 

For atknwilion of the n<lxura l wave lran,miss ion due to 

¢. =k"m.... n = - N , ...• N (5) 

::[ll'- l_J ':[ 

o Q -', l~ ;1 " 2/) l~ 
'I' (degrees) 

¢ (degrees) 

at which attenuation is ~<.:hi~,'~d. as [he Ilexural c(liTl<;i(knc.: 

COllditionisimlqx:n(knlnf l;-eq l1eflcy 
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.~ 8."""'"'-IISC'd""gniIude$ o( ,,,,,.,,.omaI a>ntml

mommtsat500 "-'I"""' id h.el aad IOOOHt(cawdl"... j

Figu~ 6~ltMconnponding dJrIICn!I".. kunl.llO'itude

? f the oplim" l coo tm l force F... ..!rich"'",., r!l:u a brl'C' fon.-.:
I' ""l Ulm;! III ' lie I lcxural cOIm;,,kno; c ..n lll( . A.lhi: fn:q .......y

inc rn- <c" the beam i, ab le It) ~ il>rate mole Ir.:d y allJ hence a
. Iight ly !mall eTamphlUlk of the con trol ti,«:<:. i. rnt uircd in

o" k:, to geocra te "-'I:oodary vib rationa l !" els in the beam to
Illlllch lhc primarylluLlralcllI:flly k,clintlM.:bf:am

Under poim 1l1OI1K"fl1 control, alteRuatiun o rrh e Ilcxural
wavctransmi ssiunisachiC\'ed for lhe~ lno: fl Llmbcr o rdiscrele

locations along the y-dira: lion as fur the "" im co ntrol force
application, e.lfTc'J'l llld ing 10 Ihe no n~c (-2).,.2,1..). Figure 7
sho"'s thc atlcnuation k vcls o f the f]cxur. l ,..,'clransmi....i..,n
using poml <:<mlml ITKJflICnb al exc itation Ircqueecics of 500
HI- and 1000 III . The pcau of ihe anc nUoil llOOk,'c l~ occu r el

~oonnronding~lroincideDcc.lJl~bnfL5°.nd3°,

i"C'Jl'11i~dy. Unli l l' f",," control,., ee f~~ j llC mtSn.

Ibe map"l~ of Ibe conlrolll'lOmellls U\fll ircd for lk loI.mc

\e>el of .llI:'nwllion ecreases (Fig.. 8) . This ~ due: 10 !he fXl
th.ir.1.t hig...."l"fTnlurncil's.tbebumlo;JnlOO.ll!>liffnc..sreb li" l'
10 the pb ll' bend ing ~Ii tfness i""OC"-:,< K'ouydcT.nd Wh ilo;,
19l1O).

ti_-\C of l ri b-l li fJf'M'dpb t p

Usin, ASA( ', the:dynamic n..~ of the nbbN pIale can
be mod,r....t 10 lt1muate \he s\fllctUnllly I3Jl.ll'd !II,lUnd rlekl
In this ASAC app licalion.lhc oonlroi lOrcr:s.n: .pin "J'Plitd
10 the heam , .. hik thl' erro r lCm lng okvice> Me kxa tl'd in

the surrou n...ing nUKt An incilJ.:n l ".>0: pmpa S.otinll in the
low fr~ucnq' •• ngc corres pondmg 10 fil'<lucncies we ll bd o'"
cril;l'a l (w hen: the in VOCJlo phaso:sP"d uf the nnuTlil waves

in the pialI' '". 's less than !he speed of ~tlund in the n uid ,". ), is
l """,n as a ~ubMln ic wa~e and doClInul r.Mlialo:encTiYinlo the
far-field <lrl ho:sul11JUllding nu id.When lhe i ubsvn ic lk "lIf"al
wave is incidl'nl on lhe beam di!oCOI1linu ily, lhl' scauenng

of the ~trucl ura l wa>e fid d ge nerales bulh sUJ'll'l1;onic and
subw nic wave types in the struerura l res p onse. rnuhlnll in
siruc lunl lly radiate d so und. The srructu re is co nsi.....red to
bl: i n .irandhence lh"ll:$pon~ is nul a lTeclCd by l he tl ui d

k>adln' . FOl"pcriodk disui bution of !he sound pressurein the
y---ilifCll.'lion (alonS tbe Iengthoflhc beam), the sound prc<o'SUn:
rM:Idu. ......IUlIledin .t)l indricai roord i l\;lle s~etlI 6cfined by

~, :-nin6."'-O.ti~in Fil!_9
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f i...e '_ Snund~""'Id~~in.")-liadriaJ c...

onIinMc .y.lCtlliIldIC lf-:planc

Anc'<~forthe!lOUnd~ficld of"" nbbcd

p~le under pWIe wevei~ bas beendn'i, .n1 us,ns lbr
a,:ouSlic"'avecqualion.nd ~trul.1Ure-nuidcouplinscondilions

al dw surface of lbe plalO: (J unl.t.:r and Feil, 1 99~ )_ The
npreuion fortbeprimaryooundptcssure lid ... is desc ribed
inIL"flIlsorbol:h.non-intL-val oomponent andan;ntcgTlllion

of 1M SfNC1Ural "'.'rnumho... sJ'('Ctrum Each eom pone nl
i. J. fUIlI.1iono f the _ 11l..'1'Cod structura l "' ;lvn (tran sm,ncd
.nd n:nCL1L'd, propaga linS and ev art<.-.;cenl plate n~_uT:l. I

",a ves) , The wa\ 't'llumbo:!" , !"" trum of lbe integral \"(lftll"lIlL"Tlt

ca n be scpar-aled inlo supen-on ic and subso nic ....avenurnbe"l"
spccl mm:s The superson ic waven umber spec uu m directly
cnn tr ihules ttl the fur-fictd rad iat ing sound pressure. whereas
Ihe suh"...nic wavenem ber specrru m dOl!linatc s the ncar-field
.....,_ Iic n:"punsc . The su rcnon ic wawnu mbc. spectrum is
funlter res ln..1n! by . hmlt "'8 rang e to- In., inc idenl . ngle ,
.. 'hcrc lf'mUSl lx l~thanlhe cril ical incidL'IIl .ng le 9'... which
isd.:fincd bY9>.=s in 1( kJ I:,> . nd l:. isthe . co uSlic .. l\enumhc:t­
(k. - uw<).

Therrimaryradi.Il..'dsound po...cr rs ohta inni by inlevaling
theacouSlieinlell$ily o"L se-mi--L)'lindrica l surfacca'lllmiat
the beam discon tinuily Beretheaooustic inknslly is .....lated
kllhr h,.-an square pn:so.un:. A I \he Sll\llCtural co incidence
conditions. the far-field p"!1IlM)' wund pt\"'-'<UTek\"d is sligh lly
decn:ased.. This is due lU lbe fac1 !ha1 I I the C(lincidt'llcn.
lhen: is I lartc. mou nt of flnural "a'~ tnnsrni \s ion duough
rbe reinforcing ...... m. lheret» · resulting In • more bal.ancnl
di.uibul ion of the oIno.:lural ...no .donll the r -d lfl:ct lOQ
(num u l 10 the bea m). It has been pm,iousl)' show n that an
im~lance in lbe wuctural response .IooS the x-d irec lion

.. ill ~lC • IfC3ll.'1" numto:r of supersonic 'u \'cnumber
COlTIponer1ts. ",hieh ",-il1Ihen..'b)· resu lt in an mcrease in the
far-roeld radia lo:d KlUnd rressure_ The pha.sn of the con trol
fO~ ill"eprc.. li_edsuch thaltherorccsba~e.sp;ttialptw.c

variation w ilhl'..ch ulhe r lll lh.:t1<:"ural coi oci6c1lL"Ccondlli oo
A illtough the primary strucl ural response m~~ be: cnher
at coinc ide nce or off-c oincidence, lhc :;l;condary structu ral
response is a tway~ gene rated by forc~s wilh tho: pha", delay
in Ihe beam CUfTI:"III>nding to that of rh.. n e!<u r~ l coincidence
con dition . AI IlexlIrlil coincid ence, lhe M al-far ·fi eld sound
pressUn: dUClo lhe \ UPPfllOSition of lhe rr itna ry and scconda!y
sound field s is opti mised. AI any ofT-ooincid.:nce condllion.
the superpo silion of the primary and.se.:ondarysuond fields
will resu lt in the least mcreasein lhe supc Nl n;c .. avo;numbo:1"
com pone ms to be ancn uated,

lkmg t be conrrol force appnw.: h de-scrihed I'f\' , -iou.sly,
in ", hich fOf2..... 1 forcrsapplicd 10 lhe bcam , the oonlro1_....-

Figure 8. NOl1l1alised magnitude. of the optimal control 
moments at 500 H~ (.olid line) and lOoo Hz (dashed line). 

Figure 6 shows the corresponding dimensionless magnitude 
ofthe ~ptimal control force Fur': whicluhows Ihat.lllergc furce 
is reqUIred at the flexural coincidence angle. As the frequmty 
increases, the beam is ablc to vibrate more freely and hence a 
slightly smaller amplirnde of thc control forces is required m 
ordcr to generate secondary vibrational levels in tbe beam to 
match the primary tlexural energy level in the beam 

Under point moment control, attenuation of the flexural 
wave transmission is achieved for the same number of discrete 
locations along the y-direction as for the point control foree 
application, corresponding to the range (-2~2.:t,.). Figure 7 
shows !be attenuation levels of the flexural wave transmission 
using point control moments at excitation frequencies of 500 
Hz and 1000 Hz. The peaks of the attenuation levels occur at 
the corresponding torsional coincidence angles of 1.5° and 3°, 
respectively. Unlike foree control, as the frequency increases, 
the magnitudes of the control moments reqlJired for the same 
level of attenuation increases (Fig. 8). This is due to the fact 
that at higher frequencies, the bemn torsional stiffness relative 
to the plate bending stiffuess increases (Goyder and White, 
1980). 

ASAC of a rib-stiffened plate 

Using ASAC, the dYDamic response of the ribbed plate can 
be modified to attenuate the structurally radiated sound field. 
In this ASAC application, the control forees arc again applied 
to the beam, while the error sensing devices are located in 
the surronnding fluid. An incident wave propagGting in the 
low frequency range COJTeSponding 10 frequencies well below 
<.;ritieal (where the in. vacuopbase speed of the flexural waves 
in the plate cp is less than the speed of sound in tbefluid c), is 
known as a subsonic wave and does not radiate energy into thc 
far-field of the surrounding fluid. When the subsonic flexural 
wave is incident on the beam discontinUlty, the scattering 
of the structural wave field generates both 8UJl1;lr1lonic and 
subsonic wave type~ in the ~tnlClural response, resulting in 
structurally radiated sound. The structure is considered to 
be in air and hence the response is not affected by the fluid 
loading. For periodic distribution of the sound pressure in the 
y-direction (along thc length of the beam), the sound pressure 
field is evaluated in a cylindrical coordinate system delined by 
.t==rCDsII, z==rsinll, y9l, as shown in Fig. 9 
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Figure 9. Soond pressore field .valuated in a cylindricaJ co­
oroinate system in thex-zplane. 

An expression fbr the sound pressure field of the ribbed 
plate under plane wave incidence has been derived using the 
acoustic wave equation and structure-fluid eouj:J!ing conditions 
at the surface of the plate (Junger and Feit, 1985). The 
expression for the primary sound pressure field is described 
in \enns of both a non-integral component and an integration 
of the structural wavenumber spectrum. ElIch componenl 
is I fimction of lhe ,c.fl~ ~ WlWes (transmitted 
and reJlected, propagating and evanescent plate Ilexural 
waves). The wavenumber spectrum uf the integral component 
can be separated into supersonic and subsonic wavenlJmbcr 
spectrums. Thc supersonic wavenumber spectrum directly 
contributes to the far-field radiating sound pressure, whereas 
the subsonic wavenumber spectrum dominates the near-field 
acoustic response. The supersonic wavenumber spectrum is 
further restricted by a limiting nlnge for the incident angle, 
where <p must be less than the critical incident angle !P<' which 
is defined by 'P,~~in·'(k/k} and ko i~ the acou~tic wavenumber 
(k=mlc). 

" The primary radiated sound power is obtained byintegrating 
the acoustic intensity over a semi-cylindrical surface centred at 
the beam discontinuity. where the acoustic intensity is related 
to the mean square pressure. At the structural coincidence 
conditions, !be far-field primary sound pressure level is slightly 
decreased. This is due to the fact that at the coincidences, 
there i~ a large amount or Il~xural wave tran~mission through 
the reinlhrcing beam, thereby resulting in a more balanced 
distribution of the smlctural waves along the x--direction 
(nonnal to the beam). It has been previously shown that an 
imbalance in the structural response along the x-direction 
will generate a greater number of supersonic wavenumhcr 
components, which will thereby rcsnlt in an increase in thc 
far-field radiated 80und pressure. The phases of thc control 
forces aTe pre-fixed such that the forces havc a spatial phase 
variation with each other at the flexural coincidence condition. 
Althoagh the primary structural response may be either 
at coincidence or off-coincidence, the secondary structural 
response is always generdted by forces with the phase delay 
m the beam corresponding to that of the flexural coincidence 
condition. At flexural coincidence, the total-far-field sound 
pressure due to the superposition of the primary and secondary 
sound fields is optimised. At any off-coincidencc condition, 
thc superposition of the primary and secondary sound lields 
will result in the least increasc in the supersonic wavenumber 
components to be attenuated. 

Using the control force approach described previously, 
in which for 2N+1 forces applied to the beam, the control 
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forceshavcaprc· thcdphase rclal ionsh ip w il h each, only t~

com plex am plitude F, need s to he optim ised. For mi nimisa tion
urlhc a",,,ust ie responses, two CO",1 fund i"ns are examined
co rrespo nding to (i) the square " I' the tolal sound pressur e
W...(r ,Olll at a far-field erro r wusor Jccation (r,ll,l , and (ii)
lhe OIdiatcd sound po wer. An express ion for the tOlal sound
press ure is obtained by the superpositiun uf the primary and
seco ndary '<lund fields (Kcssissoglou and Pan, lQQ8), Both
c"sl lillwti(lnscanbec,pre»<.~ as a q u ad ral ic fu ncli "n in tcnns

oft heconlrol ful'I:camplilu,Jc, Usinll lh" ad"plive fced to rward
LMS algorilhrn, lhc uptimal conlrol fm ce is oblaincd

Using thesamc rnatcrial propc rtics alld dimcl1sions of lhc
ribbed piale and air to rcp rcsent lhc su rrllund ing aclll.lsliclic ld,
lhc llc ' lIral and lorsio nalcoincidenc eanglcsarcrespcd ivcly
q>. "' II.5 °aodq>r"' I ,5" (tilr ancxc itation frequency of Stxjliz ).

The critical incid ent angle de fined by q>,:sin '(kJApl is 14.5" .
S inccooth co incidence angles are lcss thlln crit ical, they
ootheontributc tu the radial iun uf sound inlo the far-fie ld.
Figure lO ,h ows Ihal only those incident wave s with ang les
less then lhccrilical incident anillecunlributeto thc radiated
sou nd power , as lhese ang les correspond to the superso nic
wavenumber specmrm (Kess issog lou and Pan , 1998) , At
incilk nl anl! lcsgreaterlhanerilieaL the re is ve ry litt le solloo
P'Jwerradiated inttlthe far-field as the sound pressure is
dominated by thc sub!;onic waven umbe r spec trum which on ly
contributes 10 the aco ustic ncar-field. An imeresting fea ture
in Fig,lO isthe e ffedoflhc structura lcoinc idcnccs on thc
far. tield mdjal~..t so und p" wer. At the struc lural coin cide nce
co nditioes corres po nding to q'"'- I.5 ~ and 11.5°, there is a

decre ase in the radiated sound pow er- Th is due to the fact that
ala SUlJCl\lraleo inc idencecoooil ion, thegrealesl plate flexural
wave trensmissiontbrough thc hca m occu rs. As a result, the
struct uralcncrgy ismorc unifo rmly dis trib uted in the plate
and 1<....,. cnergy is ntd ialed into t~ aco ustic fluid , As the
incidenl angle appeceches critic al, I~ far- f ield ~ound powe r
is a mu imum as lhis cond ition corresponds to the optima l
wuplinghelwccn the structure and the fluid.

"'2~ 120

~ us

i
] :::. ,

100 ~1_~

o S to IS 20

fP (degrees)

Figu,.. 10. Radialed souoo power a, a function nf rbean gles
oflhe incident W-" e

Th e radiate d primary SOIInd press ure a t a far_tield
dimens ionless rad i us of k/,~ 1 0 increases al d i rcct i,'ily angles

cJo>C to the su rfllce of lhe pl al c (0"S~5° andI 75°~H<.: I W")

Tf usis duc tothe factibat even ata Iar-fleld rad ras.jhrecnvhy

angle5 c1osc tolhe sllrface of lhe plalc corr espo ndtothe neal­
fie ld, Therefore , in orde r 10 accu rately represent the radiate.....
SOtJnd power, lhese °b'raTing ' angles were nee included in the
inlcgralion o f lhe soond intensitYolha l is,lh e sountlpowerwas
eva' Wltedo"ert~hemi,ph~'licalrangeof5":Stt:: 175 ° (centred

on the beam)

Figure I I pr~""""ts the altenualedSOtJnd flO"cr as a funct ion
of the erro r sensor location tJ. for m ineilk nt angle of 11.5°
(flexural coincidence ). The arrenuaied sound powe r resulting
from m inim isat ion of the sound power and from minimisat ion
of jhc far-field sou nd pres.sure at each 10cal erro r sensor
locat ion in the rang c of 5°~tJ ~ l 7.S° are compared. For the
presen t control arrangement, using the radiated sound pow er
a'l he cost fu ncti on re<ul t~ i n aUenWlt ion le. e1s of 23d B, 16d B
and 36d B tor in ~idcnl angles of 5° (offcoiocidcoce), 11.5°
(tkxura lcoincidence)and I4 .5Q(cri ticalangle),resfl'l"."1ively_
Similar levels of sound powe r arrenuanon ca n be achiev ed by
m inim i, ing the local sound press ure using a single erro r sen so r
locaK"d in the range of 45°::;:R,$ 50" or I30"::;:H,$ IJ 5°. Th e exacl
location for the optima l error scnsor differs slightly for each
incident angle of the incoming structu ral wa ve. Exam ination
of the controlled sound prClo~u rc levels sho w that optimis ing
the error sensor location results in a reductio n in l!le radiat ion
efficien cy, The ASAC system can now be des igned with an
app rvpriate cos t function and error sensor locat ion to achieve
the besr con trol per formance. Frn-a sing le, opt imally loca ted
error sensor , it has bccn s!Jown that g!oba l alt enuation of the
>quared.ull ndpressureis achieved at al1 di~t;" ityangl cs

away fWlOlhc gra/ ing anglcs (Knsi, sog lutJ and Pan , 1998)
Thi s redu ces the com plexity of' Ihc cu mru l app lica tion , ince
using the sound power as the cos t function would require an
array o fermr scnso,-,;hlCalcd in a hem isphel e centred 0fI lhc
ribbc d plerc.

'96~20 105 90 7560<P" 1I 50
&. 92 45

1 ~ ~
1 M ISs
~ 80 0
...:: 1\ (dr l'1r rl )

Figure II, AttcoUAlcd,,,,,ndp ,,wer n,a f,,ncli,,n uf thc k.:a l
error..,nsor location O., resullinl!.fmm minimi' alion " f thc
""'nd powc.(",lid line) "nd from minimi"" ion " fl hc fa,_
fiddooun d prn:surc atcac h lncalc rrut"" ns" r locali" " in the
",0&"of5 "::;//, ::175

,\ d h -C'C'ont ro l ofa fi nilC'cylindn

Active con trol of the structural and acoustic response s of
eyl i ndershas mainlyconcentratcdonactua l i ng a nd m j n im i~ i llg

me radia l monon nfthe cy tindrica l shell. A review of earlier
liter ature on ,",1 1\ 'C co mro t to minimiz e cylinder interio r
acoustic tields {in lhccasc of all airc raft interior ) and
c" tcrilJf aclltJslic tiekls (in Ihe case ufsound rad iatiun from a
subma rincur Iloi-e from pipingsyslem,) iS lliven by Fuller er
ul, ( 1996 ). Act ive cent rel of ...lUnd radia tion from cylind ers
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torces havc a pre-fixed phase relationship with each, only the 
complex amplitude F. needs to be optimised. For minimisation 
ur th", acoustiC responses, two cost fW1cHons are examined 
corresponding to (i) the square of the total sound pressme 
[v,..,(r,o)l' at a far-field error sensor location (r"Oj, and (ii) 
!he ,.. .. diated sound power. An expression for the total sound 
pre,sure is obtained by the superposition of the primary and 
secondary sound fields (Kessissoglou and Pan, 1998). Both 
cost functions can be expreHitd as a qmuhatic function in terms 
of the control force amplitude. Using the adaptive feedforward 
LMS algorithm, the optimal control foree is obtained 

Using the same material propertics and dimensions of the 
ribbed plate and airto represent the surrounding acoustic field, 
the !1exuml and torsional coincidence angles are respectively 
rp"~11.5° and rpr~l.5Q (for an cxcitation frequency of 500Hz) 
The critical incident angle defined by !p,~sin·l(kJk) is 14.S". 
Since both coincidence angles are less than cfltical, they 
both contribute to tbe radiation of sound into the far-field. 
Figure 10 shows that only those incident waves with angles 
less than the critical incident angle contribute to the radiated 
sound power, as these angles correspond to the 
wavenumber spectrum (Kessissoglou and Pan, 
incident angles greater lhan eritica~ there is very little sound 
power radiated into the far-field as the sound pressure is 
dominated by the subsonic wavenumber spe<;trurn which only 
contributes to the acoustic near-Held. An interesting feature 
in Fig. 10 is the effect of the structural coincidences on the 
far-field radiated sound power. At the stru<.;uw .. 1 coincidence 
conditions corresponding to tp=1.5" and II.So, there is a 

decrease in the radiated sound power. This due to the fact that 
at a strU\..iural coincidence condition, the greaks! plate flexural 
wave transmission through the beam occurs. As a rerull, the 
structural energy is more unifnrmly distributed in the plate 
and less energy is radiated into the acoustic fluid. As the 
incident angle approaches critical, the far-Held sound power 
is a maximum as this condition corresponds to the optimal 
coupling between the structure and the fluid mE[ ~ t20 

iil liS 

~ 
~ 110· . 
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Figure 10. Ratlial.edsoundpowcrasafuoclionoftheang1es 
ofthc incident wave. 

The radiatcd primary sound pressure at a far-field 
dimensionless ,..o.rlius of kJ=1O increases at directivity angles 
elose to lhe surface of the plate (oo::::;6:";So and 175°::::;6:";180"). 
This is due to the fact that even at a far-field radius, directivity 

angles close to Ihe ,urface of !he plate corre;pond to the near­
field. Therefore, in order to accurately represent the radiated 
sound power, these 'grazing' angles were not included in the 
integration of the sound intensity, that is, the ~ound power was 
evaluated over the hemispherical range of 5°::::;/tS175° (centred 
on the beam). 

Figure 11 presents the attenuated sound power as a function 
of the error sen,or"location 8, for an incident angle of J 1.5" 
(flexural coincidence). The attenuated sound power resulting 
from minimisation of the sound power and from minimisation 
of the lar-field 50und pressure at each local error sensor 
location in the range of SO::::;O ::::;175 0 are compared. For !he 
present control arrangement, using the radiated sound power 
as the cost function results in attenuatiou levels of23dB, l6dB 
and 36dB for incident angles of 5° (off coincidence), 11.5" 
(flcxural coincidence) and 14.5° (critical angle), respectively. 
Similar levels of sound power attenuation can be achieved by 
minimising tbe local sound pressure using a single error sensor 
located in the range al' 4so:::;8,::::50° or 130":::;8,.::;13So. The exact 
location for the optimal error sensor differs slightly for each 
incident angle of the incoming structural wave. Examination 
al" the controlloo sound pRfiUre levels show !hat optimising 
the error sensor locatioo results in a reduction in tberadiation 
efficiency. The ASAC system can now be designed with an 
appropriate cost function and error semor location to achieve 
the best control perfannanee. For a single, aptimally locatoo 
error sensor, it has been shown that global attenuation of the 
squared sound pressure is achieved at all directivity angles 
away from the grazmg angles (Kessissaglau and Pan, 1998) 
This reduces the complexity of the control application ,ince 
using the sound power as the cost function would require an 
array of error sen~or.:; located in a hemisphere centred on (he 
ribbcdplatc. 

, 96rl20~ 105 9Q "60 .~I"· 8. 92 4S 
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Figure It. Attenuated <oundpower as a function oftbc local 
error sensor location 1l •• re5111tingli"omminimi.ation of the 
sound powcr (solid line) and from minimisation of the fur­
fleldsonnd pressurc at each local crror sensor location in the 
rnngeof5":>Il.:>175 

Active control or a finite l1'linder 

Active control of the structural and acoustic responses of 
cyIind.ers has mainly concentmted on actuating and minimising 
the radial motion of the cylindrical shell. A review of earlier 
literature on m..iive control to minimize cylinder interior 
acoustic fields (in the case of an aircraft interior) and 
cxtcrioracoustie fields (in the case of sound radiation from a 
submarine or noise from piping systems) is given by Fuller e/ 

al. (1996). Active control of sound radiation from cylinders 
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u~ing picloe le<;lric actUlllnr1isnd struct uralsensors has shown
10 yield s;mi l ~r perfnnnunces in ~ ltenusli ng the far-field
radiated pre's' ure as error mim 'ph lllles l" b illurd und Fuller.
Im), ln this S<'clion itislkmon,lralcdthalacti\c m,>dal
oontrolofbotht heuialandl1ldilllmotinns"fa finiICl')' lindcr
rsrcquircd lu gJoba llyanenuulctk slruct.urall YT1ldiatcd
sound prcs"llf"C'. An i.JealiJcd model of I subma rine hull is
considered. y,hieh is moddkd as • ring·.iITcnnI cy lindric al
sbell wilh finltc rig id l-nd c ..........I'I;1.. kfW1I led by bulkhea ds
inlo a numbc'rof C(lfJlpannk.'111S I nd undl.'r axial e"c itation
from the prorellcr·shaftin g sy) lcm (Too I!t ul.• 200 3; Dylejko
1'1 uJ•• 200S ). The fluid loadin g clT« Ls lire modelled .. an
iocf"Ca-<e in ;n,,:..,ia uf tbe she ll. Lumped n_ _ arc added al

each end 10~l on-boardeq uipmen l and lO main...in I
cond ition o f naaral buoyancy . A -.:hcrnalic of the submari no:
model il s.hovo'lt in fi g. 12. E1l.....IK>n of 11K- hun • • ial modes
c:lIUSC'S both I li a) motion of tbe end ck~ II . and radia l
moIiono( lhclhcll. .... n:suI1'ng tn l high ks'd of SlrUctural1y
nodil led l'Oi...:. Vnller nial U c,lalion, it is as) umOOthai on ly
lhof:, brnthing modeof the cyI indcf is excited ",h ieh gi~ risc
lOan u i.ymmo:tricc:a "C.AnclP'"'ion forthc rad iated suund
PfnIUl: oontn buted by uia l mmnncnl of lhc end plain and
radial mOIllOll o f the Jhcll ...... .Jbu ined toling 11K- Helmho ltz
intepl eq ua r.on V ....,..,. and FclI.. l 9lilS), and by COClsidcri ng
tho: ndi atlnl~$CJ*tItcly

I I I I I I

CE6)"" /
.- /' Srilfnoen......- "-

, I I I I I
n ......

I'iJurc l2 St.-ftemal ic ..f lhc huUu iale""..I ..

Asn:ondotryuialfon::ef:"I 'I u""d lue\ citc lhe(lm''Iun:
hullal ~ =-L.as """_n in fig. IJ . For act ive cootm l o ( lhc
a\ i.aI~ofthccnddusurn. anCITOl scnsor ...n Ioca...-d
alcachendofthc pre-.....~ hu ll. dcnotedbyd. For Ctllllrol

ofthcOldial rnpon'lC of lhc hull . one or mon:nn pol'.:rn>r
""'"SOI'S, N· . ...en:h .. . ted circumf cn:n lia lly.roundlhchull. lt
is;mf><lrIantlOllOfetrotduc lothcPoi""o effcd ...hich CiWC'S
cou phnlloc twccn thcnialandrlldia lmtllit>ll'lnfthc hu ll.lhc
use of. centra l force 10 generar e I St:condary nial n:, po n.se
will al'lO g.:nerak )(.:~md",ry radia l motion . Simi larly. ac tive
contro l ofthc radia l mulioo will also result in '1.:.:undary a\ ial
viholtion . Th is must be tal cn into uc~'Ounl in tile evalua tion
of l hClolal radialinll _ndprn!lu~ duClollleprimllryand

contro l forccs.Thcsqua~ t"tatuiarorradialdlsplacemc:nlS

duet" thc primary and con trul e"dlal;u n.s were mmirnised
et the erro r senso rs u'ling the adapt ive fccd fol'Vo'ard LMS
elgumh md cscribe d previou sly. When both the axial and radial
displace men ts were simultaneo usly comro ncd , two co ntrol
force... .. t:'feu>t.-d.oncfurea<;hoftht:d ispl;JCemen ...

Numerica l cakulaliOOliwen: performed on a ring stifti:ned
steclcylinder uf 6.S m d iamere r. 40 mm hull pll te thickne-ss.45

mlcng1h.and .. ilh """ .:\~IYl'f'lcedbulklK-ad'l"f lh iekllC5S

9O -VoI .34AuQu5112006)No. 2

Fig"", 13. u.:.rit_ of tho conrrol ron... ....l ..rrnr """"On
for ani"" ronlrol of lho a,i at and rad,. t mnl.n..t of tho f,nitc
Ioull.

40 mm. The C)'hndcT"''''Isu~ in Wltn"f demily 1000
kg ,lm'. A nt'Utnll y booy anl o.mdition .. '... ma inla;ncd b)' using
I diwibu ll'<l ma"" of 1000 kg/m '. and ,, 'ith lumped mI.'ISCS

of 200 tonncs I I eac h end. Imerna l slJ\lClu", 1 damping ""as
included ill the anal ys;' by usin¥ I SU"'~111",1 Io!.s faclor nf
0 .01 . A pri mary I\ial fllfCt' of I 1'\ is app lied 10 onc end o f

rhc hul l The fint thn:e uial~ "'cR' ob'l"",ed "' hc
:approximately :!U.S.· 12 and Mi ll., If,~n in figuI"C )4 . The
small pl:3k at awroxim.&ldy 9 II I it.~ by the~
Oflhc bul lht:a,k Atlhc fi rst and l!"nJ uiat~lhe

cndplalC"> ofllK-c)h ntJcrare vibrat Uli out ofphasewilll c:adl
other _At the secred axial mo.>de. .. hcn:1 1x: end platcs of llK­
cy liOOerare vibrating ioptuse.rhc ax ial respo nse of the end
pIalCS :accounufor~limalc1)' '''' u-lhinJl oflhc:primary

!3diated JlfnSVfC.

F"'luency (l lz)

FiR'" 14, AAiall'Cli""""' 0flhchullMlr-Ofwlid lillcl and
~Llda>bod lincl

Activ e vibration coneo t wu BPI"Ii~-d at the S<.'C.md u ;Bl
n:sonance uf4 2 t il. Fig ures 1 ~( a l and ( b) l"rC'lCnl l hc primary
and co ntrolled responses or lhe uialllnd radial mol inns,
re5pt."CIively . asa funclio nof axial!"'lSi l ioll alonll lhc hull
( fmlll.l -o tll L), Compa riStlfl of llll: primary a..ial and radia l
mcuoe s ,how~ tha i ....hC11 ttoe I~i al re'f><....se is • ma ximum
(II Ihe cy linde r ends and midw ay arung lhe hllll lcnj:lh for
the second axra l mode), the rad,a l ""' pun...... is I minimum.
and vice versa. Figure ISlb) also '1hows Ihe loc.li-ed cnecl of
the bulkheads. In Fig. 1.5(1 ), the sq uared UiB I di 'p laeeml'Ot
was '1imultaOl"OUsly mini mised at error sensors located at
cadt cnd ,, ( thc r ressurc hull. ln Fig. lS( b), lhe sq llart.-d radial

usingpiezoelectricactuatorsa~dstructuralsensorsbasshown 

to yield similar performances in attemruting the fur-field 
radiated pressure as crror microphones (Maillard and Fuller, 
1999). In this section it is demonstrated that active modal 
contrul ofboih the axial and mdial motions ofa finite cyli~der 
is required to globally attenuate the structurally radiated 
sound pressure. An idealized model of a snbmarine bull is 
co~s'dered, which is modelled as a ring-stiffened cylindrical 
shell with I1nite rigid end c1c"ures, separated by bulkheads 
into a number of compartmcnts and under axial excitation 
from the propeller-shafting system (Tso e/ al., 2003; Dylejko 
el al., 2005). The fluid loading effects are modelled as an 
increase in inertia of the shell. Lumped maslleS are added at 
each end to represent on-board equipment and to maintain a 
wndit;on of neutral buoyancy_ A schematic of the submarine 
model is shown in Fig, 12. Excitation ofthe hull aXlal mO<!es 
causes both axial motion of the end c1ostlfcs, n, and radial 
motion ofthe shell, w, resulting in a high level ofstructuralJy 
radiated noise, Under axial excitation, it i~ assumed that only 
tbc breathing modc of the cylinder is excited which gives rise 
to an axisymmetric case. An expression for the radiated sound 
pressure contributed by axial movement of the end plates and 
radial motion of the shc!! was obtained using thc Helmholtz 
integra! equation (Junger and Feit, 1985), and by considering 
the radiating 8urfaces 8eparately. 

~I011diog 

Figurc12 Schematic of the hull under axial excitation. 

A secondary axial force F, was U!;ed to excite the pressure 
hun at x=L, as shown in Fig. 13. For activc control of the 
axial response ofthe end closures, an error sensor was located 
at each end of the pressure hull, denoted by e.,', For control 
of the radial response of the hull, onc or morc rings of error 
sensors, es", were located circumferentially around the hull. It 
is important to note that due to the Poisson effect which causes 
coupling between the axial and radial motions of the hull, the 
use of a control force to generate a secondary axial response 
Wlll also generate secondary radial motion. Similarly, active 
control of the radial motion will also result in secondary axial 
vibration. This must be taken into ac.::ount in the cvaluation 
of the total radiating sound pressure due to the pIimary and 
control force8, The sqUllTed tolal axial or radial displacements 
due to the primary and control excitations were minimised 
at the error sensors using the adaptive feedforward LMS 
algorithm descrihed previously. When both the axial and radial 
displacements were simultaneously contmlled, Iwo control 
forces were used, one for each of the displacements 

Numerical calculations were perfonned on a ring stiffened 
st~el eylinderof6.5 m diameter, 40 mm huUplate thickness, 45 
m length, and with two cvenly spaced bulkheads of thickness 
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40 mm. The cylinder wa~ submerged in water of density 1000 
kg/m'. A neutrally buoyant condition was maintained by using 
a distributed mass of 1000 kglm', and with lumped masses 
of 200 tnnnes at eacb end. Internal structural damping was 
includcd in the analysis by osing a structural loss factor of 
0.02. A primary axial force of 1 N is applied to one end of 
the hull. The first three axial resonances were ob~eJVed to be 
approximately 20.5, 42 and 64 Hz, as shown in figure 14. The 
small peak at approxilnateiy 9 Hz is caused by the resonance 
of the bulkheads. At the first and third axial resonances. the 
end plate~ of the cylinder are vibrating outllfphase with each 
other. At the second axial mode, where the end plates of the 
cylinder are vibrating ill phase, the axial response of the end 
plates accounts for approximately two-thirds of the primary 
radiated pressure 

Frequency (Hz) 

Figure 14. Axialrespoaseofthehllllat.x=O(soHdline)and 
x=L (dashed line). 

Active vibration control was applied at the second axial 
resonance of 42 Hz. Figures IS{a) and (b) present the primary 
and controlled responses of the axial and radial mOlions, 
respectively, as a function of axial position along the hull 
(fi-om x=o to L). Comparison of the primary axial and radial 
motions shows that when the axial response is a maximum 
(at the cylinder ends and midway along the hull length for 
the second axial mode), the radial respon<;e is a minimum, 
and vice versa. Figure 15(b) also shows the localised etfect of 
the bulkheads. In Fig. 15(a), thc squared axial displacement 
was simultaneously minimised at error sensors located at 
each end ofthe pre8:;ure hull. Tn Fig. 15(b), the squared radial 
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h gure lS, Primary (soljd lin~) and oonlrollcd (da,hcdl ; ",, ) accc icraliondi slr ibulion'oflhc u, lal (a) and radial (b) ""pon,,-.. w; a fuoction
of axial position alonll lhe length of the hull.

displacemen t was simultan eously minimised at two rings of
error sensors located at anti-nodal axial positio ns along the
hull length. The corrcSp\>nding magnitudes of the conlrol
forces arc nearly unity, attrib uted 10 me axisymme tric rnolion
of the hull and symmetry ofl hc contro l appli cation .

Figure 16 shows the primary stroclurally rad iated sound
pressure at the second axial resonance. The radiated pressure
for control of the radial response only and forcontroJ of
boththeaxial andradialresponses isgivcninFigs. 16(a)
and (b), respectively. For conlrol of the radial resp<.mse, the
controlfll.'r formaoccisstrong lydepl.'11dentonlheerrorsensor
loca tions fora given axia l resonant frequency. Act ive control
of both the allial and radia l hull d i, pla<;cmcnts result, in
comple te cancellation of the radiated sound pressure.

Elicitation of the hull at one of its low frequency axial
rcso nant li-e'lu encies resu llS in an effic iently radiat ing
struct ural mode. Due to the coupling between the allial and
radial motions of the cyli nder, a contro l actuator for each
wavc type is requircd. However, due 10 active control at
a resonant trcqucncy, the use or a single acmator for each
wave type is sufficient. For active control at an oft-res onant
frequency, the modal dens ity is higher and an increase in the
number of control actuators iS I1e'lu ired to improve the conlrol

performa nce. n ,e number of error w nWr5 should eithe r
be e'lual or greater than the number of contr ol inputs used.
Increase thenumbl:r of elTOr sensors can ~enera llyimprove the

aucnuation achieved due to the cost functio n being closer to an
est imate ofa global property tsuch as kinetic energy or sound
power),andis therebymorerohusttochangesinlhcphysical
s~tem resp<.mse

COSCLUSIO~S

This paper presents a review of adaptive feedCorward active
con trol and its app licat ions to attenuate the st ructura l and
acoustic responses associated with beam -stiffened plate and
cyl indrica l struct urcs.In caeh easc, a pr iori knowledge of thc
dynamics of the phys ical system has enabl ed arrangement
of the contro l actuators and sensors to improve lhe conlml
perfn nnancc. For active co ntrol of the flexural wave
lrans missionlh rough thereinforcing bcamof a stiffcoed platc,
globa l attclluatioll <Ift he plate ~ ihmtion ea n he achieved using
an array of po int forces or mom ents to the beam . Mechanisms
of tbc global control are duc to the significant reduction in the
beam llexur"l ortunsional energy using an array of control
forces or momc r as, respect ive ly. The contro l arrangement is

(1' 1::: l' l)::~
,.'. ;i i. i.~.......•.".·.....(.·.~. '.'..·...ir- :(r~.>.·••..·...·.i.-..•....... : ' ._,'".tJfJ.. '" ··VM

24Il '1' "Ill :/00 , :Ill

m m

(a} (b'
Figure 16. Prima1)' (solid line) and controlled (da'hed line) radialed sound pre" ure foracti ve comroloftheradialrespon.seonIY{'l
andho lh thcaxia l.ndradialrcspon,cs(b)
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CONCLUSIO;,,\S 
Thh paper pr~,ent~ a review of 8d(lptive feedforward actiyc 
control ~nd its applications to attelluate the stmctural and 
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Figure 16 Prilllary (""lid lin~) >mJ wnlrolled (da,hed line) mdialed mUlId prc",",," for acti,'e control of the rddial re,,,,,", " only (' :1 
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dere ndenl "n H rre· fil\ed p hasc rcl al iunship ~tw<;, <;, n t hc: f"rces

or mmncn ts u_ing information on the flex ura l or torsi onal
coincidences. GI"tl;\ l auenumon of the stl'\lClUrally rad ia ted
soond lic ld~ ean ho: a.,;hieved by carefully selecting the
locatio!l of l single acou.,l ie em ,r Sl.'1I0;0r".l nth" cas.eof lfinitc
C)"hndcrwilb rigid end cape cxc ued It an axia l reso nancc.
act i_cconlrolof bo;.lhthcuil landradil lmoli"ns isrequired
10 glohall y a"",WOICi t5 acOOi.lie signaIUfC. lt is importan t w
I'IOte that 1M arranl:"II"ICM of the conuol "''1U;IIOB IIlIi ~'ITOf

~JfS in tltc cll<npm;c:nlcdlDthisl'I'r'C"and~

kvels (If ;a(\",uali<>n ...... ic~cd. ~ d...pendmt on eo incid.."'DCe
ocfl:'l;Onanc ecoOOi lioM, . twhid.thcangln of lltc incldcnt
sUUC1IIflIl w-a_cs 01 ffilldc.!I of vl l'nu i<>nl"Ollln buting 10 lhe

structu ral and acou..tie re<pOll'Cll an' d .... rly defined
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coincidenccs. Global attenuation of the structurally radiated 
~"und fields ~an Ix achieved by carefully s~lecting tbe 
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cylinder with rigid end caps excited at an axial resonance, 
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in globally all~nuate it:; aeou,tie 'ignatw-e. It is importan t 10 
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sensors in the cases presented in this p<lpcr and corresponding 
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Structllral waves or modes of vibration contributing to the 
,tructural and acoustic responses are clearly defined 
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01 dv:\ AS wiij ";ll""ly1Ac'~ ill their
t...,. "' lwdu lc .... IfXf'I'l ""'...I...... IOJi"C.

to lo ocimcc 'll....",ts '" IIln ' '''''a1'''' hool.
C"_ l<vd High <;,;hool ;1 I so".m",."t,
loCadcmic.lly..,1C\.1 i" cKhnnlon ThcCcn1r.ll
COIl't of NSW " ilh " <'I)' flrung 'sc,ence
cullore·. We hove round n.,., o r the mo>l
cffccli"c"ay) "re~1'".in8 UU<knl. 1o "" icncc
and cng;ncerin g inlhc ·,nl .. ",ld · i,'obring
p....,;li.ill3 ..,icn"'" and cngi.....~ ;nlt> lhe
School In ......k to studm u .

In May 2006 . c bd.- liN viailll'"l'lQ ki"1
from tIw A~l_ ""-ICI Socict)- . t..:m
Sanad.• b,,..I) npcnaoced AalUUics
~ c ........-wrtilItalb.llor
(II'\ltall li fly KTIOorI'trysicl IlUdcnts.
andllw~ s.:iftIc,ch~

Gmup ...hich l'nC1\Ibttsrl'Dlllyr1 ... yr l2-
K"" ·l mllN . ia>.mr", thc subjed llOdthc largc
oumbn or inlctnlTllj dcmonslra n.- hc uocd
IOI 1I lAl"lC bj.\.al" h..J~udcnuoo thc~

" r thei, ""a". Many lIf l"" """"", ,,,ration.
in"Ul.C'd .. lklcnt patl icip;olitlll and Ken " '"
in" ndoo'od ...ith q"" .. i.. ... frorn .vef)"cng.gcd
....J c>~ i\«j audi(f>l;e

Ilcnry Adam id. ~A k ache• • ,1«11 etern ily.
hc lll:..., l """· ho:n: h i. ;nn""~ end•.~ 1

"'''f'''CI K",, '. dMYl "isillO N ' "'...... may
...dl haw <lflC"lCd . rcw cya lo llllll.her
applic:ali""l>ffICicnocandlO.""""""kewccr
tha i II.om.. may hi >'c IlC'W1" prnioua.Iy
__idnrdOlr bchalfofthc&...... I _ 1d

l,k e lo lhan"Km ,,"bistimc and ltrc~1CS
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SlIcicly f", ."pp.lI1in; lhi. inmaliw. Wc
look r."...,.. rd 11IClIIl" " uo"ll lhi, initiBlivc and
ha>ill3 an . nnual l. ll oo IoCllbllICl U pen llf
lIUf",.-booltcrcncc~

llr MM'ktiullcr. llcad re",,,",, Science.
GooJon:IHl,hScIlooI

Llsten li eu !
T... [ l'OIle mk Impact . u ClKl or
H"...ri " C 1_. III ,\ • .t 'lllio
MMty of ... _ .w,", of rcbmn '"~

. lIhh.,.nng .... \,andthcaill"llfK:UIl~
tlla' lhish.. ""lbc".biJitylllelJlllrnOnK:ak
and .... p;on icip;il<' insoc;ety, l>ul f........ lIf llll
wouldbc . warc th'" bcaring lo"s "'fI'C'<Cnl.
arcal lillancial e.. " 10 Au, llllli" "r SII ,75
billi"npc'lIItnu ",,,, 1.4%o r(1J W "cc..rdilll/
I.. " ,,,,....rnc.",h .. udybyAcn:'!o' I'.conomic.
Thc rcpon. I>ffida lly d. I>", 1"C'd .1 lhe
opcning of"lbcAudio""y "",,,r1 lia :'Ilal;".... 1
OWOf....-nceinPcnh,idmlif 1haIl inlr
A...u.I~ is .rr...Yd Irr _ II>d

lhi.llIUInht:ria~I0 0nrtn0... lnl ..
C\a'y 4 Au.ml;- b) 2OSO. Hca'Wts ba ts
arNclatl'd, .IT«tr"l J in """')· 4~arcd

o·..er 10 re....

TllcI.~~ R<pOII.romrniWuncdloy

thcCoop:Tlliw Rc..:an:hCenlTCfi.-Ct>cll1ear
I.... and ll can n, Aid 1........liolI (CRe
HCARl llI l'lrtn .'nhlp ....ilitV"'o.:ar.idcnlif"'"
t1wpruducti"ity ...... mauddirectJyto "" . ri"ll:
""P" 'rmcnlll<XO\Ubb . ell ....erhalfl'1%1
or 'he1<lUI linaJK:ia!eosu -OI'somc$t!o,1
bill""" • year CRe HEAR CEQ. A.......ialC
Prof......... H..>b Cow .... sa Y' the SllIdy i. lhe
firol of III kind III qU:lJllify lhe ~"'"UlIUOIif;

OO"!t• • nd impacl on Au,""lia 'Ul>Ci. I,-d
wilh de. r"... •••nd " ill be irnpo>rUnl ru,
,nfonn'lI gp.>l" 'Y"""' lllg lUlddirect"" bca llh
"'~"'_~ tolbcJ"""......iwond ·
lbcn rculle tMn<...... 1OIlIthal ' rc Monl I:'<>!ol
c lToctl\C

Milcar- fl ns from ..... . UP"'""" and ib
ruU""l'l IKDOlirnmcdiaclynlwiuut..
, ....net. thlllqlOf'l.11ows the cumm'''"ty 10
bcncr~thcC05landraounot: __

...JCiaIcd. dthcariac.t.-. lW lIUdy...".,ns

..... ........ .........-.dl.lhma,.Jtabrta

...t_..-k>olNt:al ditaoc •• _oi
burdm of dhabhry. and I!1<luklbe CIDG~
'" I l'IIlIunal hcaltb priority, tinri"l"'­
red........ lhe eapac1ly 10 commun..·. I•. and
Ih.. inlumimp;o<;.. oo apo:,,,,,,, ·.lik cllallCCll
thn"' gnl hc rcdueedoppono nity lO C'<!uilably
r articir oTe in cducati'm. 10 ga in oolnJIClitivc
. lcilli, .r.d employmcnt and IU p.rticipale
in rc latlll,,, hlpl . Wh, lc in' ........ nlian••Uf,· h
.. beanng.id!. and cochkar Implants c. n
cnhaocc • .......,..'lj abilily 10 oommwticatc.
thcmajontyofpcoplc .itbbcll'lnlW
1M"') do DOl"'"~ dMccs ­

u-"C_lICia .... . Oflpb<candaocial

cn, ·ironmen.. il n" l cond ueiw to aund
hearin l rd ....ion. .....i1h J6%O(hcannl ......
~lOcocnoi\Cooiscc~poIU lI
o r ...hictliaf""C'UNe,.l'f'I'03Ch<slnh<ao:f
managcmmt:o'''''''lCf''n"ClltIlJll_lICftlod.
""Nuvolh.lll hcll<lC"""'""knovon.i1·.'irnc
"'a<1Io';gIIili<antly red..ce liti.impactnn
Au.u.h.·. «unomy ,- Auociatc Pro fcuo.lf
c.:_.. Iad.MIl~inIo.....,harri......
1lld~"PP"*"bntl'OJ1~
....... _ prcocmiua. iOlJW"'emenu in

.......~..... """"cfflciCfll...) .
II> undnule c\in ;C.1 haring~
and( ... ltu.biltwion~icularlyin",..land
mJICJl. an:u 11<,.11 ""'luircd if"c.., ...
add", ... thc p<.,jcocIcod i.......,..sc in bcarinll k...
in llU' ~ommun ilyM

Rc pon i. avail. hl.I'u mw ww.aud;" lugy.•,n
. 1l.!pdf/li .. ~nH~" ,Fin.l.pd f

Wilkins on )Iurra~,' C han~C'~

Wilki_M"""Y"JlC"Cdanolfi""il>H"" M
K""f III "'" mel of April. &rry M"""y
"'"' .......aICd ... I....I K""fIO~1fld
~thcolfQBarrynpc<U"'"ill_

..h..'tIylO ......, ........ oftlw~_
of.f _II'dc<riopmc1lto.:narri'"
in thcA particut.lyII'IaIcd10
t......I..., Of1r.s.Harryt:XIbecoma.:vdll
t-T)-mg ,ll,,-.nm IllTl~.com. hl.

To 1:'<... 1.. ..., the Ik>-dnpmm: of the S)dOC')'
off",e. J""" W_~t-"'IC . dl~__ on

IJ ..Jy.,laha;.k«n tq ........'n W n •• lIcnt
""",talion in ........ .... and ~ I.., pronlul~ hi.
,,1il l. in air q..-Iily __menl. In linc

....Ilh I"",, chKn e ba~e updated 011'
COfj'OIlII<'logo.dll,nll"'d '''''rnIolIil lllklrc_~

. r.dKllIO""PI"" lCd Wilk;n"", Muna y (_ 'w
....illin >Ol1morn y.com.•u) and SoundScicn«
(.· . ..'.IlIUlI<l"'~,onm.. u l

Un idson J't'lon l io n
Tho l'S W ll ... i ..........lnoff"'"and ICUn

h"" II'I_in, tq thelJioIab otr~i" Narlit

Rydc, Contao:tdnaik: Unit S, 1'1 Khan<lum
Rd. North R)1k !'I~W 110. Id : I· J tJO.
SeoSOR I1J6. 167), f.... : l-JOO-1J6. 7SS.
i.un@da"id-.com...

Academ~· c r Sele ne e ( ; n nt'i
n.cAadc<ny ofS<;inlCC.. . ha callt", ro.
uprn>ionsofmllCnlf", ... ppnnfi.-ua>cll...g
fc'llu.'W1" and for rc-an:h c<.. r~rc"K..n lDhe
1lc1din AUSll'llli•. llor e ""'i nldal~ ia rlll'"tI>cw

is JO S<opl. mbcr

Inru,malion· www.....icncc .ar i .• u.r. .....rd.1
T'I'i~a.-ch ,hltn

----------
~ __ I 
Acoustics to the Schools 
TbeAASisacognatesocielyoftheAustrnlian 
instiMc ofl'hysics (AlP) and ala reC\:nt 
meetingtheopportunitytopromoteacareerm 
aCQusticsaspartoftheAlPeducationprogram 
_rttOgnized. DrMarkButlerleadslheAIP 
education program and is the Head Science 
Teacher at Go",wd High School. NSW. He 
considered tlmt the opportunities presented 
by a Career in acoustics were litile !rnm.n 
and was eothusiastic to arrange aralk by an 
acoustic consultant. Ken Scarmel agreed to 
undertake this task on ~halfofthe NSW 
DivoflbeAAS. Folluwing isa short report 
from Mark Butler on Ken'. talks. Mark '" 
clearly pleased with the presentation and the 
interest it sparked in the students to see real 
applicalionofwhalthcyarelcarninginichool 
,eience. His likely that this will l:>ecomea 
regular activity for Gosford High School 1IIld 
wehopc ilial,building upon thi8 succcss, the 
m~w;nbcpa..sedaroondthescience 

tetchcn; andtheAAS will be a,kedto provide 
lllQI'I;tllks iumore ",hool •. We hope that 
nO'Jll"lbe: Ni.ll has beeD sci rollifigthalmcmbm 
(}t'dleAAS will willingly take a break in their 
blR)'d.edule and accept invitations to give a 
taJlc.fDsaences\udcntsiuthcirlocaiscnools 

Henry Adams said, "Ateacner alfect~ eternity, 
he fiever knows where his influence ends." I 
suspect Ken's short visit to OUI school may 
well have opened a few eye, to another 
apphcalionofscienceandtoapossibJecareer 
that srudents may have never previonsly 
considered. On behalf of the School J wo~ld 
liketolhankKenforhistimeandthcAcouslic. 
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Listen Hear! 
The Economic Tmpact and Cost of 
Hearing Loss in AustraJia 

Many of uS are awarc of relatives or fricnds 
with bearing loss., and lhe significant impact 
that this has on their ability to commufiicate 
and 10 participate in society, bul few of uS 
wouldbeawaretba\hearinglossrcpre<ents 
a real fmancial cost to Australia of $11.75 
billiouper annum or 1.4% of GDP according 
t<JanewrcsearchsludyhyAIX:II:MF.ronomics 
Thcreporr,offieiallydcli~atthe 

openingoftheAudiology~iANational 

Conference in Perth, identiftelt tbu J in 6 
AU$lralians is affected by be&!inJloss, and 
Ihisnumherisprojectedto~toliu 

every 4 Auslrnlians by 20S0. Hearing loss is 
age·related,affcetiog3inevery4peupleaged 
over 70 years 

burden of disability, and &hoold be coru;idered 
as a national health priority. Hearing: 10"" 
reduces the capadty to ootnmunieate, and 
this in tum impacts "napers"n's life chances 
through the reduced opportunity to equitllbly 
participate inedw:ation, to gain cumpetitive 
skills and employmenl and to parlicipatc 
in relationships. While interventions sw:h 
as hearing aids and cochlear implant, can 
enhance a person', ability to oommunicate, 
the majority of poopJe with hearing loss 
(85%) do Dotn.e.uch device<" 

Excessive noise in the work place and social 

Report is available from www.audiology .• sn 
aulpdflListenHearFinal.pdf 

Wilkinson Murray Changes 
Wilkin."n Mnrray "penedan (}ffice in H"ng 
Kong at the eod of April. Barry MUI,dY 
hasT.located to HOfig Kong 1.0 manage aod 
deve10p the office. BarryexpeetsWilkinoon 
Murray to take advantllge of the large amount 
of infra,tructure development UCCUrrifig 
in the Asian region, particularly related to 
tunnelling works. Banycanhecontactedar 
barrym@wilkinsonmorray.com.hk. 

To contmue the (\cvelopmentofthe Sydney 
oftlce, John "",-bcg.me a director on 
1 July. John i,. to !lJtiMain the exceUerit 
reputation in ~Qd alw promote his 
sklllsinnirqulity_menl. Inline 
with these changes we have updated oor 
eorpomtelogn, changed ouremailaddr""ses 
and also separated Wilkinson Morray (W\yw 

wilkiru;onmorray.com.au) and SoundScienee 
(ww",..sDlmdscience.cum..nu) 

Davidson relocation 

Academy of Science Grants 

www.science.org.aulawaTdsl 

Acoustics Australia 



SUSTAINING MEMBERS
Thefollowing are Sustaining Mcll'll'oen of the AuSlralianAroushcal Soc~. Full CO<1lact Mlail, are a,a ilablc from

......."W.acOU>licli_asn_aulS<l~·SUSlain;ng.php

ACOUSTIC RESEARCH LABORATO RIES

ACRAN

ACU-VIBElECTRONICS

AOAMSSON ENGINEERING PTY LTC

ASSOCIATION OF AUSTRALIANACOUSTICAL

CONSUlTANTS

BO RAL PLASTERBOARD

BRUEL & KJAER AUSTRALIA

CSR BRADFORD INSULATION

DEPT. OF ENVIRONMENT & CONSERVATIONNSW

DOOR SEALSOFAUSTRALIA

GP EMBELTON& CO PTY LTC

GEBERITPTY LTC

HPS ENVIRONMENTAL PTY LTC

NOISECONTROL AUSTRALIA PTY LTD

PEACE ENGINEERING PTY LTC

SINCLAIRKNIGHTMERZ

SOUND GUARD PYROTEK

SOUNDCONTROL PTYLTC

VIPACENGINEERSAND SCIENTISTSLTC

WORKCOVERCOMPLIANCE COORDINATIONTEAM

14th ~~Intern ational Congress on ~

Sound1') II

Vibrati~'l J[IIIIIIIII'

<::: :::=- II'
CAIRNS 9-12JULY2007

Vol. 34Augo.lsl (2006) No . 2 . 95

Deadline for submission of abstracts (300 words) - 1 December 2006

hUp://www_i csv1 4. com

AcOI.lSlicsAustJa lia

SUSTAINING MEMBERS 
Th. following are Sustaining Members afm" AustmlianAcoustical Society. f ull contact ddai ls are av.ilable twm 

www.aco ... l.ie •. a.n.auloqllsu.taining.php 

ACOUSTIC RESEARCH LABORATORIES 

ACRAN 

ACU-VIB ELECTRONICS 

AOAMSSON ENGINEERING PTY LTD 

ASSOCIATION OF AUSTRALIAN ACOUSTICAL 

CONSULTANTS 

BORAL PLASTERBOARD 

BRUEL & KJAER AUSTRALIA 

CSR BRADFORD INSULATION 

DEPT. OF ENVIRONMENT & CONSERVATION NSW 

DOOR SEALS Of AUSTRALIA 

G P EM BElTON & CO PTY LTD 

GEBERIT PTY LTD 

HPS ENVIRONMENTAL PTY LTD 

NOISE CONTROL AUSTRALIA PTY LTD 

PEACE ENGINEERING PTY LTD 

SINCLAIR KNIGHT MERZ 

SOUNOGUARO PYROTEK 

SOUND CONTROL PTY LTD 

VIPAC ENGINEERS AND SCIENTISTS LTD 

WORKCOVER COMPLIANCE COORDINATION TEAM 

14th ~~. International Congress on ~ 

Sound 
Yibrati -== II 

.' CAIRNS 9 - 12 JULY 2007 
Deadline for submission of abstracts (300 words) - 1 December 2006 

http://www.icsv14.com 

ACOl.lst icsAustralia Vol. 34 August (2006) No.2 - 95 



Cove r nrnene support
1k F«k.T.llion of Au<tralian ScienliflC aod
TcchnolOJi:Y So.;ietie . (FASTS) gnllefu lly
acknowlcdge'S Ihe decision announced in
Ihelludgctloprllvidct800,OOO ovcrfoor
yell'" The P....idonl of F,\STS, Professor
Tom Spu.Jinglaidlhe /Unding" ill providf a
~i&n i flCllnlboosl 1<J FASTS ' poliC)' ... d ... al)'Si,
e""" hilily. Asde ",.,ribcd in tho budgcl P"I"'".
lhe funding hub=! provide<!lo suppon "'the
Fa 1oer:mon '. rolr in policy fomm l",ion and
llIisi"llJlUblica"' lIImOSS iD. and prorooring
lhe i""""""nce ofscienoc and lCd>ooIogy in
a<ldreWng i"'f""Wll national issUC$.~

I'rn fM.•..,. S"..dina .FAS TSl""'"idrnl, said the
fund,Rt ,,·nd. a c"'- " gnal 10 ,he """, nce l nd
;n"" V3lion = tO.. lhalthe GoWrn n>efll...a l......
infom"'" and cnn, lruch...e cnnttibulion . to
dch.t'e."n nalional policy.1'hc fundinllwill
nl"" enhance FASTS' capabilily lo build n"n·
I"'nisanli nk. belween workina:te Omli. r.and
Parli am~'Illarian,a,""emfl l i lied t>y lhe highly

>ucc<:"rul,annua l·Sdence lTle<'\. hrliament'
iniliali,e.M

Pathways to Technolo~ica l

l nec vetton
The Iloo.., of Rcps Science and lnno>-.,i""
Commincchasrclca<cdi ts rcportonpMh"'I )1I
lol«hoological irlDoV3lion.Thercpon Clln

be ~atll1~lI'1wu$ll/

IOiUIlIIlill.l:winlnalhwaysl report .hlm. The
.epun mak... a number of quile sen.ib le
m:o mrncndat ions a llhcmghitsoven ll J'Ol'ition
i. In lol;«pltl><: bnic policy thruSlof Oa.ckinll
Au.lf l li. ' . Ability Ind cognat e policy
.e llinp_ Thc FASTS summnl)' include.
rc""mmendation. for' lk ll.er prom,>linn of
( ;ovcmmcnl p"' gram.. DEST 10 c" ab li. h
Workilll'- party to eon, ider hellcr ' whole of
Gove rnme nt' approach and co-.., din., ti" n,
DEST 10 c"""l'd <1.>1i-I ;ca l <lara collection
10 i""lude:combined SETlBu.<i"""" dcgrcc. ;
SETllraduntuby slale and tefriIOl)';Il"'~t<T

drti il on SET qualiflCalion. and . ubjec l>
of inl""'ali"n,,l students . ,..J wo.kf"",e
participation niles, Govt ohoLLld introduce
suppo n mechani.ms 10 a..iot i"""...&lion
othc r than throughstafl-ups, lJITR lont<.'nd
support for laler Sla@e romm crd ali ""' ion
i"" luding malkcl ing and ;a]e" lralCgics

Science Education Directions
On ' Ih of Augusl, fASTS hO<l...J. me. tinil io
di.cu,s the eurrcnl Slaic and fuluredirceti"n,
of 'ICience eduention. The ralionok for ea lhnll
Ih,s m.etinlO was lhal FASTS hoc lie" e lnal
whit.: ....orking scienti,ls, educalo rs and
commUniCnlO" arc ....ell aware Iher.: ar.:
problem. in scie nce e<!oClllion, there i. not

a . ha,,-'tl VICW on; whal lhe problems arc~

how lhcy might be add,,", ;ed ; "hal role(s)
<houldorcoukl " or1<ing ~cnli'lS and l""ir

organiSllti""" r1ay in"';entt cducalion

Pan iei pams al II><: meet ing incl ud...J

represen lalives of group< wilh a wnng
flIofe..ional inlerc<1 in scieoc e e<!u.calion
includin& science and malhcmnlics leachen
as sociations, Deans o f Science , the
Academies, prof=iona l societies and puhlic
sector resca reb agellCics_ TI>emCClinll ....ill
opcn wilh a I'fCscntalion by DEST givinll an
oVff'liew nf.ci"nceeduca!ion progl1lms . nd
prclimLMl)' discus<ion of theaudiIOf scicn<.'e
skill>shu rtaj:e>, fASTS will usc lheout"om. ..
Iiwn thismccling in lheird iscussionwilh thc
(]ovcmm enlon",iencecdueali,,"puliey,

One fi""in g trom survey is the imponantt
nf showing at !be bigh ><11oo1 Ie. el lhal
l....... arci nl<:re<1ing.challcng' ngand!lllbk:
carccr rms "" rn. Thi. ;< 5lltCTy rclcvanl f....
lhe: AAS and ,boukl be !he prom pt for the
Inem!xr,;h il' 10 lake any oppo n uniucs 10

.how theopronunitie'S that~avail.blef,-"

l"'-enlcn ng lhe acou"'ics rro fCSllion

Ne ise on th e m enu ,
The tceenICitySounds .ur'-oy conducled in
Melbou rne found tholt over ,me h lf ofthe
re' l'onJe nt' fcll that cafc<had hecom. noisier
in Ihc lasl 3 year;

More than half Ihc diners under 35 had
cxpcri~'Il<:cd ditfLculty holding a eonve"alion
and7H% "v~T J5 bad experienttdditlicu hy

Sec hltp :lI...."' w.m. lboume....i( .lI:0v,aw'inf"
efm?top-46&pg-100'l

AUSTRALIAN ACOUSTICAL SOCIETY
TRAVELLING GRANT 2006 for Participation in ICA 2007

The Austra lian Acoustical SocietyTra~el1 ing Grant has been establi.hed to encourage members of the Society to atten d
the International Congresson Acoustics in Madrid, August 2007. Til'< l. ir\lelling grants will be awarded, each of S1,000.
The grant is ope . j llOW, r, Graduate, Associate or Student .

An ou t line th e prof ile of Aust ra lian
acou st ics.

App licant s

The selection committee
process, Each ap plicant
These may be pri nt ed in Acousti cs Austra lia .

Ent ires sho uld be forward:~~7~S;~~t:~~:~~~6 in e lect ro nic form . to :-

GeneraIS ecre taryOaco ust ics.asn .au
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The Federation of Au.<lralian Sc ientitic and 
Ibchnology Societies (FASTS) gratefully 
ackno wkdges t.OO d""ision :lnIKJutICcd in 
t~ budgctlO provide S800,000 ovcr roo, 
years. T~ P""i<km of FASTS, Prof~sor 

Tum Spurling said th. funding will Jlfovid. a 
.;gnir.oanlboostluFASTS'policyand allaiy>i. 
capabi lity. Asdescri~d i [\thebudgClrarcrs> 

thefulldingha':t..enpro,·ided to'"llfXlrt"t~ 

Federation'. role in policy lonnulation and 
rais ing public aW"",ncss in. ar~l promoting 
the importance of o;c ience and trchnology in 
addre.singimportantllationali .. ""," 

ProfcuorS~in8. fASTS J'fOidtnl. said the 
fundtng~ l cl<"ll"g""ll<lthe!IC~nce .nd 

innovationscciorsthattbeGovernm.nt,'a luc. 
in formcdandcons(ruc(ivccuntriootionslo 
debates on natiotl.l poli cy. ~Thcfundingwi ll 

. 1'0 enhance ~'ASTS'cap"bili ty to build non­
parti"",nlinksr.etwc"nwurltin8 scientistsand 
Parliamcntariansascxcmplintdbyo.chiSh ly 
,ue"""fuL annual 'Sci"tIC~ mttU Pnlia"",nt' 

Pathways to Technological 
Innovation 
Th. Ilous~ of Rep. Scien"" and Innovation 
CommiU>:e h"" ,de,",cd it, report on p" tbw~y" 

to Icchroologieal inno,alion. The TCrmt Can Part icip. nt, at the mc"ling: included 

AUSTRALIAN ACOUSTICAL SOCIETY 
TRAVELLING CRANT 2006 for Participation in ICA 2007 

Enti res should be forward!~~~~S;~~;t~~~~~~~~ in electronic fo rm, to:-

GeneraISecretary@acoustics.asn.au 
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Slanda.-dsA u>lralia ba. a very cXle~,.ivc lisl

ofsundani, andlbc AAS h.1.,cprl'""nlalion
on mO' 1 committ•• , wilb rl"",>n. ibilili..
for p.oduc ti,", of ' landa.ds p.ima. il) on
acouslic .an<l.·ibr.Jlioo. H""' n ... tb. ", . n:
. g,,:at nurn~. of A "'llal ianStondar"" I""1

ha.·. ,",I ). small $«I iomon ac""" lics and
vibralion andi l. not al"'a)'S ...... n:<Ilh.oIlhcsc
.mions of lhe Slancbrd. ",ill be ",f,""'"
10 lhooo: wilb c'~" i~ in .rouSlics.nd
vibralionpriOllo publieation.1bcproble"",

lhis can Icad 10 "'."" ol'-.N in I f""v iou.
is..... "f lhc journ al (Acoustoes Au<! VOl

H. No ] p ll ] ) " hcn Ian Hillock ldcnl, focd
ennrsinlhevibr.Jtion ", lal<'llaP!"'nd ix lnl
new .,pl""ivc.Stano.la.dand ~.';"n llu1l!e,.

idenlifi.d "Xl i""s of old ma. in. Idated
, I' ndanls that",.", i,,,,on.i. lCnl,,, ilh""'cnt
noi"" munagcrnenl slandanls.

The AAS C" uneil has ...,.·.nlly wnll en 10
Sland.. ds A",u alia sccki"ll 1....1 AAS bc
adv ise'" du. ing lhe we parali"n and puhlic
c'Ommenl "" riod of all \l anda.ds thai may
navcanY <""nl"nl "n aco" <tiesnr vihralion
The Coonci l will thc:o call opo n the advicc
ofa w ....p.i alc rcprcscnl.ali....,.fm m lhe AAS
10 KVjcW the pn,pooc<I "anda,d.and p.ovid e
commenl to Slano.lard. Auslr.lha. Wiln this
suppo<l from lhc memb.:rship it is hopcd lhal
io <luc~.11 1"" ..ou' lin ..nd vibral ion
"",,!i (lf1' of Au. ln lian Slanw.nls will be
8<eun'candwno;' l. lII

QL:I':ST
So u n d P, nScrin

Tbe S.,,,nd P•..,.:tl SEIDL Series ind udes
A<.h·....ed Halld H. ld Sound lc",,1 Mc' . ",
and R.a l·Time F""IUCIICY Analp ....... When
U5Cd Wilh QueslSuilCOI Profcs.. ionlll II
ilPplie:l.lions ...,tn..",. yon con simply and
rclial>ly perform ;od'~n,:ed no~ analyoa
All mel .... include 1"'0 , 'inoaalsou nd level
mc1~... 10 sirnulllonOOUSly mca""re multiple
~gUblory ""l u;rcmcnts. M. ters cqu ip~

w;lll 111andlor 113octa"e..."l-tirne frcqucncy
..nalysis . J1ow you 10 ehoosc C"ilhcr real lime
.n . lyz•• or broadband """""umnenlS fOf0....
of the virtlLl1......nd Ievd mete"' , Usc high
sl"'ed usn or rcrno....bl. SI) rncmocy In

tr..nsfer data from you. w und 1••• 1 ",Cle.
10 your coml'll1.r for fun lte. analysi• . With
• Inial of ",e1 .'e availanlc m""tel. in the
t~" Soumll'ro~ SEIDL Series. nne of lhe""
"" i, e cxpos" remct elS i. certai n 'nmeClyou.
,pceiflCre<juiremems

InfolIllalion ,Ai.-Mel Seiemitie Ply LW. PClC.
shicls(a;.i rrnel.com.au. www.a irrnCl.com.au

Ll\lS
Mobile rnlnt-end~ a u d T... I .Xprn.~

a n a l~wr

AI lhe I nnu. 1 LMS u~. con fere... . in
:I.1un;eh. G•• many.lMS inlrod"". d a..nc.
o f ftC ...~l>I. The LMS SCAOAS family

h"" hcen . "cnded wilh " new l MS SCADAS
Mohilc , crie. of mobile "nd ultra·pon able
<t"1a acqoi, ilin" front·cnds. lMS Te<1.Lab
i, li~hlly integr:lled Wilh tM new SCAOAS
Mohi lc from...nd and gains a new solution
fo. mohilo m>i", . nd , ibra';on tc>ling, LMS
. lso sl"' ngtbrn . it.olTcrinllin lhe. '....
ofqua liflCatinn• • nd troubl. sh<>oring lcsting
wtlh l MS TCSl.XprCS' . a powerful sound
andvit>ralion aMlywr .n dd11.m:ording
solulion. t>&>c<l un the """'" LMS SCADAS
Mohil.frnnl--end

Infurmalion: infuCoi)W_jd.. ",. conuuNEW

[. '?few," : ~:, ; I.... . .... . .
SU'la lnlnKM. m bu

Smclai. Knighl Mc'l(Vic)

.\l emhrr
rr ""lon Adams (Qld)
Rcbccca l>Onovan (Qld)
Mo, k Lulal (N<iW)
Mallhew Goodfe llo" (Qld)
Savilhr Shimada (NSW)

G ra d u'uc
Simon de U sle (vie)
Aarnn Lepp (QId)

Studenl
Manh<w Vllocc (Vie)
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Rf/~rrJKt'O

H..rnillOtl W (IqQ~) . C.h bmi<Jll . t>II
i"' '' 'l'fC'I.Itiun of .acou>!'" backscl u....
"", •• u"""..nlO llf .uspcndcd ocd'm"nI
" '>nc"nlra,inn protil". in Sydncy Illfbou l
A~"".tic~ A~"-,,, lia 2l\(l ). 87·'B
R...Jhcad. M. (200 1). A•..,.... ic: c\.aylig)ll
_uUnl 1tJftcnI noi... 1O _ 1II>dcr<to11....
...........ic>Au.. "' 1.. 2't2), 61-6ll

I,.J, H",...I'Q~
lA.. H_il"", i:l Q s..~;", R...."lV'CHrfiN ,INt
l.Nfrw«S<"i<'>on' d: T~#oItoIogY~"""
fDSTOJ . IIr ..-t.o .. .- ...,..eu of,... ~~--' ...
JNb,J !fi<"'..... . ".,.,e<'S.f of "' '''1'
n· It<.... m"'''/<1'''rJ ''..· . If/Rf,'/>N1f/, .•~""""'.
tJNI"' ..Ji,z,..,.. ........ . . ,..,~......,... .. ...JvJ...-

",,_1011

The book cou ld.l•., ..., .. ilh .. ...., p ", '"

e<tilillg for "urnplc: .ili1>ULCd""""'1han
0fU .... I'w""*'->.....,,- is f.Jund...Iy
irI1hc\4~"'''"'''''''sIooooIdbe
p",,,*,,,,,,, ... _i('a. n... bI>ok"""'-"
eq....liun>, .nd thc~it.al .. ... dl.'scripliom
ofac ......lic )lftX....-nolTcrco:I,n Inlt<>duehll)'
lIXlioMII'l'COOK<.I"""'lyt<>n>C1imeo n ......
Of"l<l>IIl' ,Tbt....uodud<., oo:d""'·O\11~1O
be ~ ....... b.arescienoe .andll'l'lIKn
in1.".....ling lh.an .tni~hl te\ 1 bonk ", lout
lhcyl"'r..' h", lonl!, lnd1he"' ......I1l. 11. bc
a hrealhl...... l1I. h I" g..l Ih' ''''' lIh ,Ill:m 10
1hc maon i>sucs...Ink lh..... i"ll in ... much
.. pouibk.Sonw:rt«III_li<'otof~
oa;tiom..-wldbclotfll1hc ",WI.'r. I find
tIM: \..d, of . imrk eq....liono diffi",,1t 10
" r.dI.'ntl nd . " .....nl ... lprof....iooal••"' tM
major inlmdl.'d audil.'ncc:. I f ~\plaoalions of
.....-...... I""'~ andpruoclf'l? oftlo<:
YWiouo.-.~ ~~itN.1bo:a
OOIl1(Wlion...... .arc-xd
PtIl>liCity !Orlh.. 1n:>l Ny> it io Ib.:f,,"o>f,1>
lind. off"';"lI · c<1tIl~~o ",om ...... of
a<VU .. ..... ima&' applic.ationoil> lht ....no-
f1C'\dl. of man ...--.ll. ind lMhllt..li..1OI\,
......",ll .."c". -:lp<'otCIoon,and .... l is
..,.. """ 10 be ."...... IV 10 prof..-.-J. ill
di, ..,.,...", '"lcd r",ldo.1..."" ld""ylha! l tarvely
" ...".'Ctl. ' nl hC>C...... h .. in l""'~ ~f
b<o*-. .. hlChmal<cfor«>mPUl.i.e h is
.. dl .. """ ..."C"' .. rncan: h llb<:wy .....
... _ ..... it 1""'''' larycly by ....ay<ll.......
>fUIl;.:.,rutM:ubrl}uflhc~~1d
f o, ,,,,,ny. lhe ,II...t1'alIl'M an.dlk·•.:nptton.ol
1hc~...... "......""' ..telllIu':e-o ...ill be l(Uilt
1 m>cloliool."""' n ..... lhosn-1ly a>mpcllinIJ
buok isr.llll""lIwllacollcC1ionofpny
piclurnTheh...........ldhc l......r.ladd...
bth<w:i~inapplocalX~ofarow......

....,..,..C<.'I<nt""""&hlhc ..lIln~by <JIll:1)l'Crtf.. hich ~CUCIlIialIYI . minial=
"'"'""'"' tht llf>wIer shiftot'f pu1J<1n ia mullibc2m..-der.SU..... . "".)'. Ih..n:ttI \ es
..... "aICT. I"aramdnC il(WIaR ..... _li_
ao:nu'otlcdJ""lsto,..nenlekwo ·frtqucnci"
wblch can pmetnk the w;ob(d. 10 rd\ecl
.. 1M inlcf facn lwc.. ..m K1I,_. of
diffcrcn l K<lU'ot... i",ptdMlcn.l'(\'C,Ilinp;
seahedWUClurc.Ana<hl'" 1""'''''_
'" mo. 'in, v... ", I••n""'1 crn..·o«tion.
of lIIale< col~m" 0' ..,.l\c<I p"r.m ~1ers 10
be ...iMl. li S<"' n<b.c n' iued byrnari.....
~ be ~· Mm-
ma<k ob;ccb ~ Ta:b.pipth....... mcl
_t..~~""') be ,m.op by...~"""ic~....,..,...'ict......., l:fl'phy c. n
he lNd 10 m:nIt\l"":1 ..... th" ",-dim<lI, i""a l
1emI'ft* ...... f,dd. [If cNn!l" ;n bell COIIlenl
...~p;an.."",-~S~dn~ can
he aaN>ligol1yttadcd.~pnl'\"Kb1
.. i lOlllc ocall m-yltwU.
Who 'oold "" "" fll by "," d,ng Ihis lluoJk~
Tho:f""'............~ I""'lluoJk .... rin.." f,... lllc
...-,...."in.....-K<lU.. oo .. ho may bo:
• K imtial from.~n, fao;ulty'IJ
~....lIcr1ulen ;"~.oph)o.

ml " "" l·.COl"~ ,>C """'"'
~""phy.; c IIl"" . 1<"d fi01ll•. h '1hl ylO .....
....,ful f"' I""'.udicno. ?My . ......'m"nt i.OII
lllc .. hok 'lui... pooi!i , ...hik noci"ll j;<"JI1W

1PP" "c:<Wa'&~.
The book t.rel)' mmliunll1hc _ of ..._ \(
bu\:lli<lttelfn >tn. ingl""".m",."'a lh, ys1Cm;
1O..., i.!inc..... K ... ,;.,.. i<lnof sedi""' nt lypc
.... batlhi<: IW>ital. luthi. is 11I1 OIIl1oi",
topOco f _;",,~(>l .........y rod<b
.. , proI«toOB.lJwlog ical
d.....'fiat"'" of rflCiIl"C'd'meII~...l..,
on The book i~ ,,:n.ainly AlII I k \l bI>okon
mal'inc ;.., . ""'.., . .. .adl_ . 11do.....
_ lO hc _h. kU dcWlo "" ...
l""""ipal -...... J Ilot , -.hsoaan)
w , >Cd.,., II,.,. ~· 1Iu..-
lhey bef""') ",.ad the 1>01... . thn
yoo ",ill pmhaloly "ul kllo'" afi"" ..r ~'. l"ur
will ynu l "" ... ", ,,,,h ..bnLdllleIf U pab,htl cs,
........nn..,..dat.a~"ll""'lllirnnmt..
Ill.. 1["\.." .....1 dilJercoI l)-pc<ofmult,bcanI
......... uISl .. hlCh..... diffm:olpri...:iplesof
"f'tl"'llinn. n... boul"oo..<kr~'I>1:~ l"ber(lu,
h....... of ......lulion of oc..a... "e h"""u nd,ng:
Ihe mull ,be ..m «ho<O<Ind"" . i"",,.11
...,... ...tHooI""" profikr.and the .........1c
Uopplo'cwrmtprolilcr. lcanlhmof lt
lasI rwo """" II:OU't"' 1cdl nolop:l
.m"n..\lIe 10 i.uali... , ion t..chniq" ,,"
..·"n h I t1IClllion: """,'lon nl rtf ... \jl(IIdN
>N ,lTI(IIIronctl'U'IIionsllu'ouPtbc .. ......
col. mll by \4lb fr-cqunocy t.kM:.at1(1'
.,.-...and A...-....Dayti;bl.lhcplUCCOS
"r...;"ll .m~ lION: 10 ,ma8t obj«U.
1.<\(.' r u rnpl... of lhesetwo .pphcltlOll~ for
AoouSl 'c.AlIStral i.~mlybefOllnd
1ft lIarnill"., ( I'J'lS) and R".dh:.ad (200 1 ~

Ao:""S1"'~h.a>'....l<o """"' produIxd.

Sound Imll~es or the Ocea n In
H. e~an:h and :\Ion itoring.
p..l..r C W ille.
Sprinl\~,.""crlall, 2005, 412 . pa~c, ( h~rd
<:<>....), 4 ~ 2 illu. ,, "I'<J/1:l,. J'l l III coluur wllh
CD-RU M IlanJroo,,,,..I"tI~ ,}.s.w-24122- 1
F'nct''I'9"'IASlKlfromO.<\ llIf_iool
~,_....~com.au.
Only ill r« ..1Il~ 1Ia. the dmikd
olruc1ln'ofponionsnftMocelnlcd«po;
bc:en ruh...J Iltrou~ ....h ..- ao.:o-,,-oc
.._ion.ludlc~oIuo....d
'- btftI .:ooofintd ......1)' '" >JlCCialiou.
This book. aum ,n Jl'l" M:uW lO inlrnduo;lt'
the 'I"""1""lIlu llwlnjr;ical fomutinn. llIId..,d" nlllry l>cdfonn. in lhe <l«p ocean.
~ ~byll>c .....,..;.licmcthodak>l rn\ldl
.. idef audK"flC<r The batbymt'\ric fcalun:5
,n>:ogtd rane" from tht JIoNIscak (.. illo
l"'Mlpof"dl(TI«hn~"""has gra..."Y
. "" "", Iy det« lion) . ' pr<'admg ,id~e. ~nd
as"",iak<l t""""hn.conlincnlal shelves and
~lo li""" """""' llICh ... muclvoIo:ann$,
m:f~aIldlC:ltll'_bc<h

11I1"'.. ." I.,{IIJ ..... ,II_.rhtllo<>l<pre>tIIl$
on ,mprca. iH collect "'" of colou r-<:0de4
imagery " nbc ", .l'>edobU ilKd bymulli~;Un
... llIb t.lhymdric IOIW. The PO"" ! of
...-.-lIca ... pruv;dcJ--I).....t>cdi~ ......
Dopt.al ~~MtIdrloandtly.lhrnu~ is
"""'"""'ratc'd .. Il11 fi~ <JIlC().ROM .. lodI
... nbe ...i.....e<t."d m.1nil"' latcd .... J· l} i""'F"
"n oomflUl", ,.; rccn . u:.. nll lM r~.
."n...", lII'IOI'l M->'CfIn«.g:cnIKIn ... n
.... chant""'!b, dd ,d&C\). 2-()
ilTlljlCf)' otuo ncol ~ 1}1'C 0 f ...aIh
_ .•idc.aIl_,i>.....t ... """"plcmcrM
tIM: mullibu m dala. M~nl;1)lI i. rna"" llf
1hci""",as inll mk of Autonl1m"" , lJ d..""a
........ lcln (A UV.) in carrying It.:</: ollC
inw\Iml:nI> .., dttp maN in,
ltiper rewI data 10 otlWntd I.....

fmmourf ' -n""h.
H"", " "' . lhe book il nol conlined ln lhe
""abed, ...... tu ~<:ol"'iy. Acouo1ic ","""e
......... 1Cdon~canat....beU'>cd... pn>l\c
tht ........... o:oIumn. .prI)C\e'·~lI ..
... b-b<_P'Ufiling.l""oc:-. ""'umc ....
be ACOIlsticlllly prol>e:d to pill Inf<wrnlli""
un ,.,:" .", c" """I•• liiJI l;tnCh ••nd "' ''''''
pllctK>mcna ....h •• bul'il>b"nd p> tram r.".
_1hc""..on....r.:e.A""""oc<k>."""'
ouch • • Acou>tic~ CurnM M.......
(A OC"'), aDd oub-bon""'pnlfilero .......
• time .." ies "f acotl.lk ""'I'''n .... fn",, "
lin,lc din,cti"". ml~.., Ihan aclO'" a """lhw .......ly poinl """' ·n....nh in'olhc "" ..an
.... inIo Iht oabN.. AOC~ ClIU"'* "" ....n
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Sound lm:lges of the Ocean in 
Research and i\fflnitoring, 

In pursuit of its maio aim. lh. i>ookpre,ents 
an impressive collcction of cnlo"r-cudcd 
imagel)' of tile ,eahed obtained by mulribeam 
,w"th bathymetric ,unar, The powe, 01 

CUIR'Ilt .... ctor, thrOllgh the water columll by 
measuring (he Vopplcr >h ill ofJparticks in 
rh~ waler, Paramerric sona" use noolj""ar 
acou,tic elitets to ge""'"te low Ii"equwc ie. 
which can peol'tral.t: the seabed. to retl",,1 
al Ik illtcrfac~' belwecll sediments of 
different acou'lic impedances, fe,'ca ling In 
,eat>.d,tnO<:1urc. Attachingthtsein,rnunent' 
W rno'ing """cls allo"" CfOo5-s.eclion5 
or waler column or scawl p" .... mclcrs 10 
t>. visuali'ed. Sound, emillOO hy 'Harinc 
crealllfO nn t:.: imllgC'd as sonogram,. Man_ 
mnoo ()bjccu!IUChU" .. reeks,pipelines,Jnd 
archarologic.> l structures may be imaged by 
OC<lu'llic m(!t.."d,.Arou,tie tomography <:an 
OOU scd lO"-'<'OI>SIru<'l thethree-dimensiollal 

acoustic. t"pr"vid~ 3·l) "",bed imag"!), .ia or 

Publicity for\l"s book "'Y' it is tt.: foNlofits 
kind. offering a rom prehensi,'c "'(n''''''' of 
acou<lic imagi ... w liearion, in tho: Y1I.ioI,lS 
fidd,oflIlarine~:.n:h,jncludin~UlililSl.ioD, 

surveillance, and prolceLion, ",.J lil;,. ~ i, 
written to be a«XU ihk 10 rrofo.<ooI1IJ~ in 
divers.erdated r",ldt. lwouldSJy tlw~ brJ.'cly 

,ue<;<,',,,lsin(t...""Ioe.ims.lti,i!l(be ~,,*,,,>· of 

hook'whichLnak~for mmpul<i"e rt".odini-J( is 

weliworthad<li ",lO a==ch libnwyro< l.he 
o,,""'iew,itpfO'l .dt<>, iJrgely by w:aYO(C'IlSe 
'lL>dies.particH l ar l y"ftheb'\:ologic~Ipn.x>!'!~' 

Formany, t~illu'rrat~""at\ddescriptioo,o f 

the varioos unde"" .. nterprocesses will he qllite 
al1l\'d"Lion, irow",'<,,,-. this yi<ually oompdling 
hook is far mnrc than a oo llcctiu" "fp!l:Uy 
piclUre,,~ i>ooksoould healL<efuladditio" 

fortbosc inler.sted in aI'Plication, ofacoustie, 

Digirnl Flevarion Mooelsand fly"lhroughs is 
dcmollstrdted with lile, on CD-RO~ which 
~~n be \' i~wcd and manipulal.t:d as 3-D im"!;"s 
00 compuler "reCiiS ,"ing the Fledcrmau, 
software ( I1i~t: the vcrtic~1 ~uue.ation can 
be "hangC'd bychckLIljt"" thc"'idgOl), 2-D 
iIBal'PY obCunC'd by lnod ... ...- lYJIC or ,walb 
so"a'" i<iMQn sorw, i<usai 10 <,)mpIClllCnl 
tm, mu lribeam data . Mention i, made of 
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Le.' HamWan isa SCI! ;or R'"J,...n:/tcr .l'>rlhc 
Defe~ce Science & Tffhno/agy Org"~iSl1/ioll 
(()STO). lIe ,,"orb in wJ>'ious aspeC/5 of 
pJrpk<J ,~",.,:>gr'\I>JI)~ Il'tC/wdI"); arou,lic 
.,eQMU d~,,,jkat""", 1M pm",'$! of !is;''!; 
echoe' Jlilfl"I(1"'d"" liffglr />cd"'.j~, 

Gnd"'I< /IIiJ.:uMWlIIJI'J", /(Jd!artx~ .. '<lIxd 



:\f anaging Nois e and Vibration
a t Work: A practical I!: u ide to
assessment, me asu rem ent and
control

Elsevier, 2004,26gp.'ges(softwver). ISBN
0 750663421
Price approx A$77 from El",v ier, " ',, ......
elsev ier,corn.au,

! irnSoul l, h.. been t<'<leh ing the courses on
w\lrkplace eoisc and vibration ~ssessment

as pan of lhe UK Instilule of Acoustics
pro!"rarns. The book is • compre hensive
~~t and reference for those eoorses . It
bas. well planned , trueture and apr"ct ical
approach to pre«oting lhe malena l. In the
preface,lhc aUlhQr stales that he sl"'nl somc
time c,,", id~..-iTlg how much nun hcrnati"" 10
inc lude in lhe book, In myopinioTlhc h",
a"hievedtherightbala"ce

Part I on N"i", commences with noi,.. ,
human re'ponse aTld measurcnte nt the n
proceed, with methods fOTu ,..,."rnent of
e.po,ure. h is al thi. point a p",hle m ari...
for the Australian rcader for all the re fe rences
are 10 1he UK or EU ,tand . Td"IC\li , lalion
and directive,. Sirnilarl)", l' vts 2 and 3
on vibration conunencc ,,'ilh 1M conctp!O

and proceed 10 as.n>lllml lfIC'Ihod. ....,

ARL

lhcrc i' d k c tivcly no kl( islation in Austrulia
regarding human vibralinn,lhe UK and EU
criteria a", an appropr iale default reference
Pan 4 deals wilh methoos for "'duci ng noise
and " ihration risks.

Thc m engths ofthis booka,e that il ind u<k.
bolh oonsi<kralion ofnoi'e and vibratio n and
lhat il givespraC1ical examples including
photngrap hsof lneaSUremenl,lI>s<:>,menta nd
Conl.u l in IM " ·orkpl""". W,th t rcs...,.ation
that lh. AU>I...li;onn...tho<b of ~'mcnt a'"

nol discussed, I recommend this book to

~:;~'~n~n:~:a~1o;ith mana~i ng workplace

En ha ncing Occ upat iona l Safety
and Hea lth
G~off Ta~' lo r. K. IIi~ !':ute r Illld R,,~'

t-Je~nc~'

~I~:~~~, 600 pages {soh .over). lSR N

Price appro~ A$99 from Elsevie r, www .
"I,n'ier,com,au,

Thi' book aims to add••" all aspect. of
occu!"'tionlll hcah h and .. fely {O HSj , A,
' uehitprovi<ks liule mllTClrn.nano>'crview
of oceu!", t;ona l ooi""andv ihral;on with only
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leA 2010
ICA2007 Madrid,
2-7 September, 2007

This is the fourth in a series of regular items in the lead up to ICA in Sydney in 2010.

The previous item in this series (Dec 2005 issue) summarised the purpose and governance of the International

Commission on Acoustics and the nature of the primary activity, namely the International Conference on Acoustics.

This item provides information on the Congress to be held in 2007 in Madrid - the precursor to ICA2010 in Sydney.

The International Commission on Acoustics (ICA) is held every three years and the Commission takes great care with

the selection of the venue for the congress and the capability ofthe organizing committee to meet the high standard

of technical quality that the ICA has become known for. As an acoustics congress the ICA is similar to a number of

acoustics conferences being held simultaneously.

The ICA 2007 to be held in Madrid, Spain from 2-7 September 2007 has the theme "Acoustics for the 21st Century".

It will follow the tradition of an ICA congress with a full program over 5 days. The program will be confirmed over
the coming year and it will comprise at least one plenary lecture each day. The plenary lecturers will be selected for

their ability to provide an interesting and stimulating review of the latest technical advances in their particular area

of acoustics. Thus attending the plenary lectures is one way to broaden your knowledge of acoustics. Distinguished

lectures scattered throughout the day maybe in parallel providing achoice. The remainder of the program comprises

parallel sessions in the various topic areas either in the form of structured sessionsand contributed papers. In addition
there will be poster sessions, demonstration sessions and atechnical exhibition.

Following the ICA there will be satellite symposia which will provide a focus for two specific topic areas in acoustics.

ISMA 2007 will be the International Symposium on Musical Acoustics and will be held from 9 to 12 September in
Barcelona. lSRA will be the International Symposium on Room Acoustics and will be held from 9 to 12 September in

Sevilla. Registrations for these satellite conferences can be made in conjunction with the lCA or independently.

September 2007 may seem a long time away but the planning for attendance at this important event on the Acoustics

calendar needs to start soon. The date for abstract submission date is 30 January 2007 and the full papers will be due
in May.

The Australian Acoustical Society is encouraging a high representation at this congress to show case the high standard

of acoustics in our region and to encourage a high international participation at the lCA 2010 in Sydney. To further
encourage attendance, the AAS has established two traveling grants for attending ICA 2007. Each grant is worth

$1,000 and the application details can be found from www.acoustics.asn.au. The main assessment will be based on

how attendance at ICA 2007 will enhance the applicants career and/or studies in acoustics and how participation at the

lCA will enhance the profile of acoustics in our region. The deadline for application for these grants is 30 October

2006.

Participation in lCA 2007 provides a great opportunity to justify a trip to Europe in late summer and to extend to stay to
enjoy a holiday in the region. Spain is an exciting, historical, fascinating country and a wond erful holiday destination

and September is just after the main European summer season so travel becomes a little easier. The organizers of

ICA2010 in Sydney hope to sec many Australians and New Zealanders at lCA 2007 in Madrid.

Marion Burgess
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• LAeoq1.uZ: shows ltle stabooary of ltle noise soorce
{LAeq 1) compared 10 the background noi~ statistic leve l (L.x2is
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• LAeq(100ms)·LAeq{1 s): low value = steady signal; high value 
= impulsive noise 
• L10{1).L90(1):a high value evidences a repetiti ve pulse signal 
• LAeq1·1.x2: showstha slationary of Iha noise source 
(lAeq1) compared 10 the background noise statistic level (Lx2 is 
L90bydefault). Small va lue = stationary noise source. 
Emergence of the noise source compared to the 
background noise: 
• E(A)=LAeq(coded noise source)-lAeq(background noise)" 
overall emergence as it is defined in the regulations 
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Nor130 series of Sound level Meters

Sing le Measurement Range

Par aliellAeq an d LCpeak

Real-tim e octave

l a rge int ernal memory

Clock synchronized measurements

Sta tist ical a na lysis

Transfer sof twa re included

Norf 3 1

The Nor130 Series of Sound l evel Meter s are designe d and manu factu red

to the lates t sou nd leve l meter sta ndards and comprises two produ cts. The

Nor131 is a Class 1 (precision) inst rument whilst the Nor132 is designed in

accordance with the less accurate Class 2 requirements. Both meter s offer the

same featu res with exception of the detachable preamp lif ier which is only

available on th e Nar 131 version .

Applications

Noise hazards in the workplace

Prescripti on of hearing protection

Environ mental noise investig at ions

Prod uct noise t est ing

ElMC lfechl1lolo9loes
619 Darling Street ROZELLE NSW2039

Tel: (02) 9555 1225 Fax: (02) 98104022 Web: www.etmc.com.au

1M(Ql~$(QlIMDC 

$clUlII'l}(di [Le'lle! liViIeters 

Nor130 series of Sound level Meters 

Single Measurement Range 

Parallel LAeq and LCpeak 

Real-time octave 

Large internal memory 

Clock synchronized measurements 

Statistical analysis 

Transfer software included 

Nor131 

The Nor130 Series of Sound Level Meters are designed and manufactured 

to the latest sound level meter standards and comprises two products. The 

Nor131 is a Class 1 (precision) instrument whi lst the Nor132 is designed in 

accordance with the less accurate Class 2 requirements. Both meters offer the 

same features with exception of the detachable preampl ifier which is only 

available on the Nor131 version. 

Applications 

Noise hazards in the workplace 

Prescription of hearing protection 

Environmental noise investigations 

Product noise testing 

ElMC lI'edmoio9lies 
619 Darling Street ROZELLE NSW 2039 

Tel: (02) 95551225 Fax: (02) 9810 4022 Web: www.etmc.com.au 
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• Ne..... . nd hill or k d.t. in on .. d.labaSl'
and di\p l. yl'd tog l' lh..-_ import d. t.

from BrOel & Kj<1l'r'l Audio Analy'l'r
T~ P"' 20 1 2 o, .."p n f 'omsome non·
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Reliable Audio Analysis 
PUlSE'MElectroacou5li(,i,av""atile 
platform for t he evaluation of e lectro­
acou.t ic transduce". It include, a wide 
rangeofanaly,i,capabilit iesa llowingyou 
to determine the important feature-s of an 
electroilcou'ticdevice. 

Features 
• Frequency re<pon <es, distortion, 

dirrxtivityandmore 
• Pre-,e lectedmeasurementaccuracy 
• EasY,automatic,real-timecoffection 

oftran.ducerresponse 
• One-buttonlaunchofpr~efined 

mea,urementsequence-s 
• Newa ndhi<toricdata inone databasc 

and disp layed t ogether - import dat.J 
lromBruel&Kj<:ter',AudioAnalyzer 
Type 2012 or even lrom some non_ 
Br(;el&Kj,.,ranalyters 

• fle~ i bledocumcntatio n u.ing 
Micr",ofteWord and Excel with 
user-dclined t emplate • 

• Dedicated ha rd .... are lor re liabil ity and 
durab ility 

Modular Platform 
Combining PULSe electrOilcou,tic ..... ith 
oneofthehigh-qualityPULSEhard .... a'e 
front -end, revcal,the ideal audioanaly>er 
p latform, fu rthefmore. this platlorm can 
be expanded by adding software pack­
age< to.upport vibration analy.is, sound 
qua lity evaluation, data management, 
ar>d advanced time data rewrd ing and 
analysi,. 

Formore infOfmation go to 
www.bhv.com/audio 
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