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INTRODUCTION

Considerable interest is now being shown in the techninues of active

noise control (ANC). In part this is due to recent develonments in

theory and technolmyr The anpllcation of modern control alnorithms

and the availability of fast dinital sianal nroc'essinq devices

nresents the oossibility of overcominq many 0‘. the practical oroblems

that have so far inhibited the successful innlementation of ANC

systems, However, these develonments require an analvsis From a

systems approach; this naner nresents a basic analvsis o‘ the

snectral conditions required for the active cancellation of broad—

band noise.

STRUCTURE 0" ANC

Consider a primary (unwanted) source of noise P emitting a sinnal

with frequency content given by the auto power spectral density

function GDP”). Introducing a secondary (active) source S with

a_ spectrum"given by (1553] results in a combined snectral density

Gcctf) as measured by an observer at 0.

Assuming non disnersive prouaqaticn. the primary sicnal will be
attenuated by El and delayed by t1 = rl/c to nroduce an observed

spectrum Gun“) . Similarly, the secondary source will be attenuated.

by H2 and délayed by t2 = rZ/c, In this theoretical develoument the

secondary source is assumed to be obtained directly [ran the urinary

and inverted.
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Fig.1. Theoretical structure of ANC

Using this description a measure 'of the decree of cancellation is
given by the canceIlation factor as the ratio of the cancelled
Spectrum to the primary spectrum for a given observation point.

E (f) - E (f) E (f)pp cc- = 1 _ cc (1)

Gpp(f) GPO (f)

Assuming 655m < Emu) cancellation is obtained for Eccm < nunm
giving 0 < k < 1. however, the relative delay between the two si'anals
due to the difference in distance Ar = r1 —_r2 can result in
reinforcement of the oriqinal signal, i.e. Gate) > Elma). The
worst case is given by the signal amplitude being twice that of the
primary givinq Eccfi) = 4 EDDG) with —3 < k < 0. The cancellation
factor is, therefore, bounded by +1 for cancellation and —3 for

reinforcement.

-3<k‘l (2)

In general. the cancellation will be dependent upon: the relative
time delay, and therefore At, the frequency and the relative amplitudes
of the signals. To obtain an expression for the cancellation factor

the input—output auto snectrum and cross snectrum relationships can

be used:

2

 

k

= quiz _ 2sppm Inle | an (s) _ H r: (:1 (3)
.P 1 PP

444

 



"SPECTRAL CONDITIONS FOR THE ACTIVE CANCELLATION OF BROADBAND NOISE'

—————_——_

and

— = -jwt1 _ -jwtz 2
«mm IHle Hze | cpptf) (a)

to obtain

k = — (Hz/3112 + 2(H2/H1) cos 0: Ar/c (5)

where (Hz/Hi)2 = Dom/555m is internreted as the snectral densitu
ratio at O. Fiq. 2' shows a plot of cancellation factor (0 < k < 1)
against spectral density ratio for qiven frequency and Ar.

 

For a qiven soectral density ratio, the maximum cancellation kmax
occurs for:

H2/H1 = cos (n Ar/c (6)

with a value kmax = (Hz/H1)2 = E DIf)/Ess(f) _verifyinq the intuitive
conditions that the maximum pass ble cancellation occurs for H2/Hl =

cos w Ar/c = 1. For a given frequency, the maximum cancellation will
occur at observation points where the difference in distance from the

sources is exactly an odd multiple of half wavelenuths. The

cancellation around these points will decrease with the Cosine of

the ratio 2Ar/A. The limit of cancellation (k=0) occurs for:

H
—l 2

cos — (7)
2H1

Ar= e
m

from which it is clear that the area of cancellation varies inversely
with frequency, for a given amplitude spectral density.

EXPER IMENTAL RESULTS

Using two similar loudspeakers the curves in Fig. 2 were verified.
Using a fixed frequency of 100 Hz, the distance betweenthe speakers
was varied to give various Ar values. These results aqreed with

equation (5), to within experimental accuracy. The cancellation for
broadband noise, up to 5 kHz, was investigated by driving the
loudspeakers witha prbs signal and displayinq the cancellation
factor in st. The results, shown in Fig. 3 show clearly the

cosinusoidal variation of cancellation with frequency. Cancellation
and reinforcement diminishes at hiqher frequencies due to the misnatch
in the loudspeaker characteristics. The limit of cancellation was

verified bysetting H1 = H2 and with Ar = 0.3m (d = 0.57111). The
maximum frequency for cancellation is qiven by E = 56/Ar = 187 Hz,
which corresponds to the results of Fir]. 4.
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CONCLUSIONS v

The basic theoretical relationships for ANC have been developed and ‘

verifled by experimentation. In practice. the secondary snux'ce will 1

be obtained by detecting the primary slanal, processinq and then ‘

generatinq the cancellinq waveform. Thus, the 1nversion_in Fig. l ‘

will be replaced by a transfer function which will include the

acoustic feedback path and the loudspeaker characteristic.
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2 Cancellation factor as a function of Ar
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Fiq'. 4 Cancellation for At = 0.3m


