WO 3391 Active Noise Control This iPnvention relates to the control of noise
whi ch is propagated al ong.a duct, for exanple by the action of a fan
associated wth the duct. It has |ong been known that the |evel of such

noi se CQQ be reduced by locating a receiving transducer, such as a.

m crophone, to sense the noise at a position in the duct Iocatlng a’ &.,[)1
transmtting transducer, such as a | oudspeaker, to introduce sound |nto t he
duct, anplifying and changi ng the phase of the-output of the m crophone and
feedlng the resulting signal to the | oudspeaker so that the sound

i ntroduced into the duct by the | oudspeaker destructlvely interferes with
the noise at the m crophone p05|t|on The noise level at that position,
and downstream of that position, is thereby reduced. A problemwth such
basic active noise control systems is that a filter or other conpensating
means nust be used in the circuit which feeds. the | oudspeaker, in order to
conpensate for the characteristics of the f eedback path within the -duct,

bet ween the | oudspeaker and the m crophone, and this conpensating nmeans
needs adj ustment to conpensate for changes in t he feedback path to obt ai n

t he best. noi se attenuati on which can be achieved while ensuring that the
system does not how . It has previously been proposed to provide a feedback
“nmanagenent” systemin which a second ntcrophone is | ocated downstream of

t he | oudspeaker to pick up any residual noise, and thereby to - 2-
produce a signal which is then used to control the.feedback circuit to

m ni m se the residual noise. This will detect any te__éﬁ@& for the
feegpack circuit to how, and will operate to counteract it.

Active Noise Control.

This invention relates to the control of noise which is
~ propagated a]ong a duct, for exanp]e by the actton of a fan assoc1ated
with the duct.
It has long been known that the level of such noise can be
'_ reduced by locating a receiving transducer, such as a mtcrophone, to
sense the noise at a position in the duct, locating a transmitting
~ transducer, such as a Toudspeaker, to introduce sound into the duct,
"amplifying and changing the_phase of the output of the microphone and
'feedtng the hesu]ting signal to the loudspeaker so that the sound
i _ introduced into the duct by the loudspeaker destructively interferes
' | with the noise at the,mitrophone ppsittbn. ‘The noise level at that
position, and downstream of that position, is theneby_reduced.

A prob]em_with such basic active noise control systems is
that a filter or other compenséting means must be used in the circuit
which feeds the loudspeaker, in order to compensate for the
characteristics of the feedback'peth within the duct, between the
loudspeaker and the microphone, and this compensat1ng means needs
adjustment to compensate for changes in the feedback path to obtatn
the best noise attenuation which can be achieved wht]e ensurtng that
the system does not howl.

It has preﬁiously been proposed to provide a feedback
~ “management" system in which a second mtcrophone'is located downstream
of the loudspeaker to pick up any residual noise, and thereby to



~

In the previous active noise control systens in which such managenent has
been effected, the whole of the feedback | oop has been digitally

controll ed. This has required the m crophone and the | oudspeaker to be °
di spl aced rel ative to each other along the duct by such a distance aq)mll
correspond to the tine delay which is ca?sed by the digital processing
circuitry. The fact that the whol e of fhe feedback system and the
managenment system has operated digitally has nmeant that expensive digital
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Referring to , “such Her iR 2 Pedtihel Ve ation
system PEOPAGaER éﬂ°$(§ 107 56 SouRAec hf Fradqeecsiving Sransdyeer means located to

receive the propagated noise at a po1nt in a p]ane perpend1cu1ar to the
length of the duct ; transmwtt1ng transducer means located substantially at
said plane for 1ntroduC1ng sound ‘into the duct; | ana]og f1rst control means .
operat1ve in response to the no1se recewved by sa1d first rece1V1ng
transducer means to feed a s1gnal to the transm1tt1ng transducer means such
that the sound 1ntroduced thereby destruct1ve1y 1nterferes w1th the no1se at
said point, said first control means inc]uding 1ntegrat1ng c1rcu1t means
having an electr1ca]]y-control1ab1e transfer function; second receiving g_)
transducer means located further from the noise source than said plane to
recejve residual no1se propagated a]ong the duct deSp1te said destructwve
interference; and second control means, respons1ve to the residual noise
received by said second receiving transducer means, to control parameters of
said first analog control means $O as to m1n1m1se said res1dua1 noise.

An embod1ment of the invention w111 now be descr1bed by way of
examp]e, with reference to the accompanyvng f1gure, wh1ch is a schematic

 block diagram of an act1ve no1se control system in accordance with the
invention.
. Referring to the figure, a duct 1 such as a duct in a

heatwng/vent11at1on system, is coupled to a fan 2 wh1ch feeds air along the
duct in the d1rect1on of arrows 3. As a result of the



duct in the direction of arrows 3. As a result of the -3- operation of
the fan, noise is propagated along:the duct towards the right in the

fi gure; and such noi se may be disturbing to occupants of the building. In
order tQ reduce the level of the propagated noise, an active noise control
systen14 I's provided. This conprises a m cgophone 5 which is located to
" receive the noise at a point downstream of the fan, a |oudspeaker 6 which
is at_substantially the sane-di stance al ong the ductias the m crophone, and
~a feedback circuit 7 interconnecting the mcrophone and the | oudspeaker.
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! crophone and which feeds an amp11f1ed 51gnal to a controllable

integrator 9. The integrated signal is fed to a controllable

electronic attenuator 10, the output of which is coupled to a power

amplifier 11. The output of the amplifier 11 drives the loudspeaker

6. : _ : . . .

' It will be apparent that the whole of the active noise

control loop from the microphone 5 to the loudspeaker 6 operates in an

analog mode. _ : '

The operation of the 1ntegrator 9 and the attenuator 10, and
hence the effect1veness of the active noise control system, is
-controlled by a management system 12, which includes a second

. microphone 13 which is Tocated downstream of the microphone 5 to

&'; receive any residual noise which may be propagated along the duct 1.
The output of the microphone 13 is fed to a bandpass filter 14 and
thence to an RMS detection circuit 15. The output of the circuit 15
is fed to an analog/digital converter 16, which provides a digital
signal upon which a central processing unit (CPU) 17 operates. The
CPU 17 controls the integrator 9 and the attenuator 10,

In operation of the circuit, any residual noise received by
the microphone 13 will cause the CPU 17 to adjust the integrator 9 to
achieve the required phase shift between the sound introduced into the
duct by the loudspeaker 6 and the noise which is to be cancelled at
the position of the microphone 5, to obtain optimum noise '
cancellation. The CPU also adjusts the attenuation factor of the
attenuator 10, thereby controlling the loop gain of the feedback path,
for optimum noise cancellation.



CPU 17 controls the integrator 9 and the-attenuator 10.. In’operation of the
circuit, any residual noise received by the mcrophone 13 wll cause-the
CPU 17 to adjust the integrator 9 to achieve the required phase shift
between the sound introduced into the duct by t he | oudspeaker 6 and t hey

noi se which is to be cancelled at the positpon of the m crophone 5, t

obt ai n opti mum noi se cancel | ati on. The CPU al so adj usts the attenuation
factor of the. attenuator 10, thereby controlling the | oop gain of the
f eedback path, for optinmum noi se cancellation. = -4- The algorithns

required for adjusting,th |n1 rat or d the atfenuator in dependence
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the residual nease 1588 1! bibilst tarf 3¢ the microphone 5 and the Toudspeaker 6.
Other receiving and transmitting transducers might be used in place of
' the microphones 5, 13 and the loudspeakér 6. Although the CPU 17 is
described as operating from digital signals, it could a]ternativer
operate in an analog mode. The A/D converter 16 would then be
omitted. The bandpass filter 14 is provided if spectral information
relating to the sensed residual noise 'is'requ'ire'd. If full spectral
information is required from the residual noise, the filter 14 cou]d
be replaced by bandpass filtering means having adjustable centre
frequencies which would scan through ‘the required spectrum under the
control of the CPU 17 or under the control of an aux1har_y
microcomputer (not shown). a S ' Y,
The proposed-use of a completely ana]og active noise contro] |
- system 4 in the present invention results in a far simpler and less
expensive configuration than the knowh digital systems.



be repl aced by bandpass filtering neans havi ng adjustable centre
frrequenci es which would scan'through the required spectrum under the
control: of the CPU 17 or under the control of an auxiliary m croconputer
(not shqwn). The proposed use of a conpl efy anal og active noi se control
system47in the present invention results¥in a far sinpler and | ess
-expensi ve configuration than the known digital systens. CLAI M5: - 1.

An active noise control systiem conprising a duct through which noise to be
control l ed can propagate froma noi se source; first receiving transducer
means | ocated to Léégﬂﬂﬁlthe propagat ed noise at a point in a plane

per pendi culFar to the length of the duct; transmtting transducer neans

| ocat ed substantially at said plane for introducing sound into the- duct;
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co
hav g an el ect H'%aqquydc’dﬁt”%ﬂeﬁbﬁ@'ﬁ X é’ﬁé’&’c‘q%ﬂv?]dct’ﬁ'?erfg"es with thegsnodsem
as clained in Catigaill point,asand2finsteteitiro’ aiedns including integrating circuit

means having an electrically-controllable transfer function; second _
receiving transducer means Tocated further from the noise source than
said plane to receive residual noise propagated along the duct despite
said destructive interference; and second control means, responsive
to the residual noise received by said second receiving transducer
means, to control parameters of said first analog control means so as
to minimise said residual noise.

2. A system as claimed in Claim 1, wherein said first control
means includes an attenuator circuit having an

- electrically-controllable attenuation factor.
3. A system as claimed in Claim 1 or Claim 2, wherein said
second control means comprises an analog processor to which analog
signals representing the received residual noise are fed.
4, . A system as claimed in Claim 1 or Claim 2, wherein said
second control means conprises a digital data processor to which
digital signals representing the received residual noise are fed.
5. A system as claimed in Claim 4, wherein said second control
means comprises analog/digital converter means for converting analog
signals from said second receiving transducer means into digital
signals for feeding to the digital data processor.
6. A system as claimed in any preceding claim, wherein said
second control means comprises a bandpass filter.
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second control neans Conprises an anal og precessor .to whi ch anal og signals

representing the received residual noise are fed.: 4.. A system as
“clainmed in daiml or daim2, wherein said second control neans conprises

a digital data processor to which digital gignals representing the regel ved

resi dual noise are fed. 5. A system claimed in daim4, wher :

sai d second control. neans conprises anal og/digital converter neans for
converting anal og signals fromsaid second receiving transducer nmeans into
digital signals for feeding to the digital data processor. 6. A
systemas clained in any precedi ng claim wherein said second control neans
. conprises a WandpassAfsystem as claimed in Claim %.yyhmiasthﬂ bandpass nfidtarm 6,
wherein the hRdpRRAebttcat 1fRonPrb11aBrd absbdnd Eertireot regibficRassband

centre frequency. 8 ystemas clai med. in an){ precedirng clai m
wherei n said&irst cbnﬂf—’(ﬂemnﬁaﬁ%a]'ﬁ@l i canypBrRGeding il Ay whersid satd drivi ng

. the transm ttﬁ%tté@ﬂﬁ?élp(ﬁéhns Yncludes péwewagﬂw 38r Gleahs&bri @rividg Rhecedi ng
claim wherein eac aid first and second recei vi ng transducer means

conprises a rhiféndP 389 th"S UCeT. A system as_claimed in any preceding
claim wherei, the tnammtmg;lafmdsdimcmy pregedi se <l aimowlersinkesch bf.
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mi crophone. )

10. A system as claimed in any preceding c'laim, ‘wherein the
transmttmg transducer conprises a 'loudspeaker. o
11. " An active noise control system substant1a11y as hereinbefore v
descnbed vnth reference to the acconpanymg dramng.
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