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ABSTRACT

This paper discusses the active control of noise in a finite iength duct,
ARithough the case of Infinite ducts |s efficientiy treated Dy a controler
designed 3= a finlie impuise resporse fiiter (FIR). It is shown that finjte
tenath arrangements require an infinite impulse response contro!ler (IID}.
% jaboratory alr system comprised of a hcrme made ¢IIR) controlier is
presented. A calculation cf the optimal controller transfer furetlion
cbtained from sysiem responses measurements (s shown fa result in a
bread-band nolse attenvation of 10-20 oB. Simliar investications were made
in a water system, leadlng to up to 10 @B attenuatlon of sSroadhand noise.
In the aim of Implementlng adaptlve systems, recurslve lezst mesn sgquires
(RLM3) models of system responses are also presenied.

. INTRODUCTION

Active control of noise in single degree of freedom systems has often oeen
studied and today., numerous laborztory experiments are being carriea cut
lesding to convincing results <1>,<2>. These first experiments are
conducted on long ducts -with a low statlonnary waves ratio- in whizh the
acoustic feedback is substancially reduced by using unidirectiosrai
detectors snd an anecholc design of upsiream terminations. With that kind
of guasi-ideal set-up, the propagation time makes [t possibie to design the
electronlc controller as a Finite Impulse Response (FIR) digital fiiter,
The Implementation of adaptive controller using frequency domzin aigorithm
is well sulted to FIR filters and provides reliable active absorbers.
However the problem is more intricated, if we attempt *o zchieve active
noise control in a short open ended duct or In water systems. The presence
of statlonnary waves topether with the higher sound speed cause
Instabilitles which cannot be. avoided by FIR filters. Zs a result,
pecformances are drastically reduced. It s therefore necessary to use
Infinlte Impulse Response (IiR) filters although they recuire more
sophisticated electronics and contrel slaorithms.

In this paper, we descrlbe an experiment In a short apen ended duet, using
a home made versatile contrelter, It !s shown that the use of IIR fiiters
can cope with many cases of acoustic feedback in whizh the FIR technique
had falled before. Thls system has been used In two cases of zir and water.
and a significant attenuatlon has been abtained.

in order to respond to eventuai changes !n sound speed and nolse
characteristics, the system must have a great adaptability. Insofar as
there is no systematlc way to determine the coeificients which directly
provide the convenlent controller transfer function, we have Scre recursive
LMS identificatlon of the main elements cf the piant. The whcle cortrolec
has then to be a combination of these elements. Iis adeptanility wiil e
obtained by the adaptability of esch element.
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1. CONTROLLER DESCRIPTION

L microprocessor is needed for the implementation of a real time IIR filter
vhese basical bekavior jaw takes both input and output samples Into
account. A powerful signal processor (8 MIPS) has then been used In a home
made digital signal processing system. Its main advantage consists in a
high speed processing due to 3 simuitanecus data-memory and program-memory
aceess at each clock cycle. The analog signals are processed with 12 bpits
conversions. The entire system is driven by a personal computer which
achieves both computation and management of the fllter coefficlents. The
signal processing is controlled by the sampllng clock which handles a
microprocessor interrupt. The program performs a cscade bliguad TIR fiiter
which guaranties a oetter accuracy for the coefficlents than the direct
form realization of an IIR fliter coes.
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Figure 1 : Contrcller block diagram

2. AIR SYSTEM EXPERIMENTS

“he experimental set-up ¢(Fig. 2) consists of an cpen ended duct. The total
tength is 1.60m and the cross section 0,20m # 0,30m glving a cutoff
frequency of about B850 Hz. The detector and error sensor are eleciret
omnldlrectionsl mlcrophones. The sources are currently  avallable

joudspeakers, mounted with fiberglass filied enclosures.
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Figure 2 : Rir System arrangement

The main problem here is ta determine the optimal controier
characteristics in order to implement the best actlive canceilation in a
glven configuration. The methods we can choose here are either a freguency
identificatlon of the controller optimal transfer function or a f{ime
identification. Insofar as this second method reguires a complete modeiiing
of the system basical elements, we have first implemented a frequency
technique. .

The calculation of the optimal transfer function which takes into acount
the feedbsck has often been developed : for exampie by Ross <3». The value
of thio transfer function, H(f), may be written as

H(f) = HD(f)/(Ho(f)HICf)-Hz(f))

where . Hy(f) is the transfer function between detector
- and error sensor when the attenuator is off:

Hy¢fy Is the transfer function between detector
and canceiling source signal, s ¢(see Fig. 2}, when
the cancelling source alone is on;

Hch) 1s the transfer function between error
sensor and cancellling source slanpal, when the
cancellling source alone 1s on,

Given the value of the optimal transfer functicn, the probiem lies In
the cetermination of the 1IR filter coefficients which allow the kbest
agreement beiween the obtained and desired transfer function. This has been
aschieved by an iterative empirical programme. This programme allows the
user to place poles and zeros in the frequency demain and to adiust thelr
module. The main advantage of this method is that It necessarlly provides
a stable dlgital IIR filter. It !s then easy to define an IIR coefficlents
set capable of a good approach of the optimal transfer function (Fig.3). It
iz worth noting here that the synthesis of the optimal transfer function
could not be reallzed by a FIR filter.
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Flgure 3 : Dptimal transfer function

indeed. an inverse discrete Fourier Transform shows an impulse response
that couid not be reached by a reai time FIR filter, because of the
non-~ero values in the negative tlme domain (Fig.4},

~0128 s G 0128s
Figure 4 @ Jptlmal transfer functlen's inverse Fourier Transform

The application of this identlfication to our electronlc programmab!le
controller with a sampilng frequency of around 4 kHz and 30 coefficients In
6 biguad cells result in a slgnlflcant attenuation C(up to 20 dB) of a
broacdband nolse (Flg.5}. The frequency domaln In whlch the system is
efficient correspond exactly to the domalin where the error between deslred
and obtained transfer functions is sufficiently low. it is to be noted that
here, acoustic feedback i3 well taken Into account by the system which does
nct generate any stabliity.
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Figure 2 : Rir System arrangement

The main problem here is to determine the optimal c¢ontroiler
characteristics in order to implement the best active cancetlation in a
given configuration. The methods we c¢an choose here are either a frequency
identlficatlon cf the controller optlmal transfer function or a time
identiflication. Insofar as ithis second method requires a compiete modeliing
of the system basical elements, we have first implemented a freguency
technique. ‘

The calculation of the optimal transfer function which takes [nto acount
the feedbsck has often been developed : for exampie by Ross <3>. The vaiue
of this transfer function, H(f}), may be written as

HOE) = HoCf 3/ CHgCEIH C€3-Ho (D)

vhere . Hgtf) is the transfer function between detector
. and error senscr when the attenvator igs off:

Hytf} is the transfer function between detector
and cancelling source slignal, g (see Fig. Z), when
the cancelling source alone is onj

. HE(f) is the transfer function between error
sensor and cancelling source signal, when the
cancelllng source alone Is on.

Glven the vaiue of the optimal transfer functicn, the probiem lies in
the cetermination of the IIR fllter coefficients whlch allow the best
agreement between the obtalned and desired transfer function. Th!s has been
achieved by an iterative empirical programme. This programme allows the
user to place poles and zeros in the freguency domain and to adjust their
module. The main advantage of thls method is that it necessarily provides
a stable dlgital IIR fllter. It Is then easy to define an TIR coefficients
set capable of a good approach of the optimal transfer function (Fig.3). It
is worth noting here that the synthesis of the optimal trznsfer function
could not be reailzed by a FIR fllter.
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Flgure 3 : Optimal transfer functicn

indeed. an Inverse discrete Fourler Transform shows an Impulse response
that could not be reached by a reai time FIR fllter, because of the
non-zero values in the negative time domaln (Flg.4}).
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Figure 4 : Optlmal transfer function’s inverse Fourler Transform

Tre :pplication of this identification to our electronlc programmable
controller wlth a sampling fregquency of around 4 khz and 30 coefficlents In
6 blquad cells result in a sionlficant attenustlon (up to 20 cB) of a
broachand nolse (Flg.S5). The freguency docmain In whlch the system Is
effictent correspond exactly to the domaln where the error between deslred
and cbtained transfer functions ig sufficiently low. It is to be noted that
here, acoustlc feedback Is well taken into account by the system which does
nct oenerate any stability.
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Figure 5 : Acoustic pressure power "spectra at ihe error serssr
3. WATER SYSTEM IMPLEMENTATION

Water systems are of great interest since in many hydraulic circuits, there
Is almost no possibllity of passive atienuation. Thus, atiempt has been
made of reducing broadband noise in a steel water-duct with the system
deplicted in flogure 6. The detection is taken directly as the motion of the
primary source.

The difficulty here successively lies in he high sound speed, the
Important denslty of acoustle and vibration meodes, &nd the presence of
strong reactive components In the pressure fleid. We have then !imited this
study to lower frequency ranges In order to improve the iransfer function
measurement accuracy.
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Flogure 6 : Water System arrangement

A technlque similar to thst shown zbove has provided an attenuvation of
around i0 dB (Fig.7). Here again, the error between the desired and
cbtained transfer functions has a direct effect on the cttenvation (Fig.
8.
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Figure B : Optimal transfer function
4, ACOUSTIC PLANT RECURSIVE LMS MODELLING

Since physical systems are generally prone to the drift of thelr mean
characteristics, an active absorber has to be adaptable. It Is tihen
necessary to .mplement adaptive IIR filters, for which theoritical studies
have been developed (Feintuch <4»,Parkish <5»). The first step cf these
methods requires a model of the plant that will be adapted to aigorithms
using time samples of input, output, and error. ¥e have thus made first
investigations in the PLMS modelling of acoustic paths Jn° the duct,

represented by Hg, Hy, and Hp in 85Z.

Given the Inpui-cutput typical eguation of an IIR fliter in the matrix form

632 : Proc.L.C.A. Vol 10 Part 2 {1988)




Proceedings of The Institute of Acoustics

ACTIVE NOISE CONTROL IN DUCTS WITH RECURSIVE FI1LTERS

i=UER
where Y==0y¥y vy - v ¥p-p 2
sutput vector
ﬁ-’-('b ,....'bﬂ.ao....,in)
coefilc!en‘:s vester

U.is a block Toeplitz (H+M.L} matrix containing
input and output sampies

Sorenson <6> shows that the LMS coefficients which can fit an experimental
process Ye may be written :

Bius = ¢ twu ol tuye

Applicatlion of this method has been achieved in the laboratoty air system.
A case with 30 feedforward and 30 f{eedback taps has been treaied. The
tralning signal used in the system for this Identification iz a periocdlc
Impulsive signal with a fundamental frequency of 16 Hz. The signais were
measured with & sampiing frequency of 4 kHz and a sampie length of 1024
points included in a hcme made data acquisitjon system. Satisfactory
agreement between the actual and the modeiled transfer function has been
obtalned. An example of the results for Hy is given in figure 9.

The next step !s the comblnatlon of these elementary modules in order to
obtaine the operative controller. It is worth to notice that an adaptive
system will be then provided by an available gradient method
(Ffowcs-Wliliams <7},

! T measurement
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Figure 9 : Error sensor to detector transfec function
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5. CONCLUSIONS

in ithis gpzper, we have examined the use of IIR filters in the
implementation of active necise zontro!. We have shown that this filiering
techtinigue s particularly adapted to systems wWhere feecdback between thes

_canceliing source and the detector occurs and to arrangements comprising a
high staticnnary waves ratio (such as water systems). Significant
attenuation rzs been obtaired in both situations. A LMS modeling of the air
system has proviced promising results which wiil be applied in the near
future to an adaptive compiete system.
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